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Preface

The idea for a symposium on global trends in fisheries management was stimulated by a
series of discussions among the conveners—Ellen Pikitch, Dan Huppert, and Mike Sissenwine-—
and by observations about the way fisheries were being managed in the United States and else-
where in the world. Clearly. fisherics are facing some very serious problems, problems that are
drawing increased attention, especially from the public, and that are being addressed around the
world. Yet these problems are being approached to a large degree independently by each region.
The many symposia and conferences held each year enable rescarchers to exchange informa-
tion on the scientific aspects of fisheries: unfortunately, few occasions offer people the opportu-
nity to get together to talk about fisheries management. This symposium was convened to pro-
vide such a forum, a forum that addresses the issues on a global scale. Moreover, a goal of this
forum was to emphasize actual experiences, not just theories of how we might manage fisheries.

An important underlying theme for this conference was. *“What can the United States leurn™”
While we were interested in the global overview, we were also interested in learning from
nations that have more experience in certain aspects of management than we do, such as those
countries that have employed individual transferable quota systems. Further, there is much we
can learn from our colleagues’ experiences here in the United States. Thus, this conference-—the
first major collaborative effort on a national level between the National Marine Fisheries Ser-
vices and the University of Washington College of Ocean and Fishery Sciences—was an impor-
tant step toward facilitating such learning and thereby improving our national perspective.

Given the goals of the conference, the University of Washington was an excellent location for
bringing together fisheries professionals from around the world to discuss and learn from cach
other’s experiences. The University s reputation as a center of excellence extends to the Schools
of Fisheries and Marine Affairs, where fisheries science and management are taught, and w here
many of our best national and international fisheries managers were educated.

The timing of the symposium also was appropriate because of the many pressing problems
fisheries management currently faces. Throughout the world, fisheries are important in terms of
commerce and recreation, in providing a source of high-quality protein and other products. and
in fulfilling cultural and life-style needs. In the United States, we are particularly fortunate to
have large and diverse fishery resources throughout our exclusive economic zone. But these
valuable assets come with responsibility for conservation and wise use. As a nation, the United
States can and must do better in fulfilling these responsibilities, and we underscore that this will
require improved, sound, and comprehensive scientific information. We must not allow scien-
tific uncertainty to fuel controversy and confusion.

Ultimately, the problems facing fisheries management—overfishing, overcapitalization, en-
vironmental degradation, habitat loss, bycatch-—relate to the conservation of living resources.
We need to better assess fish populations; we need to better regulate commercial and recre-
ational fisheries; we need to better formulate policies for aquaculture and its relationship with
wild fisheries; and we need ultimately to better maintain the economic contribution of fisheries
to society for the long term. Sound public policy in dealing with fisheries requires good sci-
ence—Dboth natural science and social science. It also requires the logical design of laws, insti-
tutions, and industry organizations.

At the time of the symposium. the biological conservation and economic goals described
above were the subject of active debate in the United States and were a high priority in consid-
ering the reauthorization of the Magnuson Act. Since then, the Act has been reauthorized, and it
does place greater emphasis on fisheries habitat protection. fish stock conservation, and avoid-
ance of bycatch waste. Unfortunately, it places constraints on new limited access programs,
especially individual quotas, in the United States. The authors of the papers contained in these
proceedings, as well as various participants of the symposium, played an important role in
contributing to the debate and thoughtful consideration that resulted in the reauthorized Act.

vii
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PREFACE

The proceedings of the symposium “Global Trends: Fisheries Management” represent coop-
erative efforts among the education. research, and management communities worldwide to im-
prove our communication towards the goal of resolving the formidable array of problems that
face fisheries management. The participants of the conference came together to communicate
with and learn from each other, and it is our sincere hope that some of what we learned will be
used in the future to improve the state of fisheries management in the United States and arcund
the world.

Ellen Pikitch, Associate Director, School of Fisheries
Ross Heath, Dean, College of Ocean and Fishery Sciences
Rolland Schmitten, Assistant Director, National Marine Fisheries Service



Acknowledgments

The symposium “Global Trends: Fisheries Management” and the preparation and publica-
tion of these proceedings were made possible through the generous support of the National
Marine Fisheries Service (NMFS). The joint sponsorship of this symposium by the University
of Washington College of Ocean and Fishery Sciences and NMFS reflects a long-standing
cooperative arrangement between the University and NMFS. This cooperation involves both
scientific research and the development of fisheries management strategies. Within the Col-
lege, the principal sponsors—the Schools of Marine Affairs and Fisheries and the Washington
Sea Grant Program (part of the Office of Marine Environment and Resource programs)}—of
the Global Trends symposium and proceedings have long historics of research and training in
the science and art of fisheries management. The more than 2,000 Fisheries and Marine Atfairs
graduates—employed as harvesters. processors, managers, and researchers—make up a sub-
stantial part of the fisheries community, particularly in the Pacific Northwest. We also appreci-
ate the affiliate sponsorship of the symposium by Wards Cove Packing Company and Ocean
Trawl, Inc.

We are particularly grateful for the participation in this symposium of distinguished experts
from other regions of the United States and from other countries. Among the nations repre-
sented here arc the People’s Republic of China, Indonesia, Australia, New Zealand, France. the
Netherlands, Canada. Norway, Great Britain, Iceland, Mexico, and South Africa—the net has
been cast wide. The time and effort expended by the authors of the papers herein, as well as
their patience and cooperation throughout the editorial and production process, are also greatly
appreciated.

We appreciate the support of and participation in the conference by Rolland Schmtten. As-
sistant Director, NMFS: Ross Heath, Dean, College of Ocean and Fisheries Sciences; and Marsha
Landolt, Director, School of Fisheries. In addition, we are grateful for the support and encour-
agement of Louie Echols, Dircctor. Washington Sea Grant Program, as well as that ot Bill
Aron, Director, NMFS Alaska Fisheries Science Center. We acknowledge the time and effort in
organizing and chairing the Individual Transferable Quota Forum and two panel discussions by
Daniel Huppert, School of Marine Affairs; Edward Wolfe: Clarence Pautzke; R. Bruce Rettig:
and Richard Marasco.

We are grateful to the following members of the local fishing industry who helped to orga-
nize this symposium: Robert Alverson, Fishing Vessel Owners® Association; Joe Blum, Ameri-
can Factory Trawler Association: Vince Curry, Pacific Seafood Processors Association; Dou-
glas B. (Bart) Eaton, Trident Seafoods Corporation; and Dave Fraser and Mark Lundsten. We
also appreciate the following people for their assistance in symposium organization: Richard J.
Marasco and William L. Robinson. NMFS; Al Millikan, Washington State Department of Fish
and Wildlife; Penny Pagels, Greenpeace; Joseph M. Sullivan, Mundt, MacGregor, Happel.
Falconver, Zulauf & Hall.

Special acknowledgment is made to the Food and Agriculture Organization of the United
Nations for permission to reproduce in this work text. graphs, and tables previously published
under FAO copyright.

We acknowledge Beverly Gonyea and her staff in the Office of Continuing Education, Uni-
versity of Washington College of Forest Resources, for their organizational support and logis-
tics management for the symposium.

We extend our thanks to the people who helped to edit and produce these proceedings:
Andrea Jarvela’s substantive technical editing is greatly appreciated. At the School of Fisher-
ies, secretary Abby Simpson was invaluable in providing editorial and proofreading assis-
tance. Graphics artist Cathy Schwartz was responsible for ensuring the high quality of the
illustrations throughout the book. Faculty member Ted Pietsch provided essential expertise in



ACKNOWLEDGMENTS

ensuring correct taxonomic nomenclature. We acknowledge the assistance in the early stages
of production by Willis Hobart, Chief, Scientific Publications Officc. NMFS. We especially
appreciate Robert Kendall, Managing Editor. American Fisheries Society, who encouraged us
to have the Society publish the proceedings-—a decision we are quite glad we made—and for
his outstanding support and endurance throughout the editorial and production process.

Finally, we especially appreciate the School of Fisheries—including Director Ken Chew
and the administrative staff—for their administrative, financial. and moral support for the pro-
duction of these proceedings.

The Editors



Contributors

Alverson, Dayton Lee
Natural Resource Consultants
4055 21st Ave W, Suite 100
Seattle, WA 98199 USA
Tel: 206-285-3480

Fax: 206-283-8263

Email: NRCseattle @aol.com

Allsopp, W. Herbert L.

Smallworld Fishery Consultants, Inc.

2919 Eddystone Crescent

North Vancouver, British Columbia V7H 1B8
Canada

Tel: 604-929-1496

Fax: 604-929-1860

Email: smafi@aol.com

Anderson, James L.

Department of Environmental and Natural
Resource Economics

University of Rhode Island

5 Lippitt Road

Kingston, RI 02881 USA

Tel: 401-874-4568/2471

Fax: 401-783-8883

Email: jla@uriacc.uri.edu

Anderson, Lee G.

College of Marine Studies

University of Delaware

Newark, DE 19716 USA

Tel: 302-831-2650

Fax: 302-831-6838

Email: Lee.Anderson@MVS.UDEL.EDU

Armstrong, David

Head of Unit Conservation Policy & Environment

Directorate General for Fisherics
European Commission

Rue de la Loi, 200

B-1049 Brussels

Tel: 322-295-3129

Fax: 322-296-6046

E-mail : Francis.Olbrechts@dg14.cec.be

Arnason, Ragnar

Faculty of Economics and Business Administration

University of Iceland
Oddi v/Sturlugotu

101 Reykjavik, Iceland
Tel: 354-525-4539

Fax: 354-552-6806
Email: Ragnara@rhi hi.is

Beckett, J.S.

RR #2

Mountain. Ontario KOE 1S0
Canada

Tel: 613-989-286()

Fax: 613-989-1644

Branson, Andrew

New Zealand Fish Industry Board
Private Bag 24-901

Wellington, New Zealand

Tel; 644-385-4005

Fax: 644-385-2727

Email: andrew @fib.co.nz

Burke, William T.

University of Washington

School of Law

Box 354600

Seattle, WA 98105 USA

Tel: 206-543-2275

Fax: 206-685-4469

Email: burke @u.washington.edu,
sealaw @ marinclaw.com

Butterworth, D.S.

Department of Applied Mathematics
University of Cape Town
Rondebosch 7700

South Africa

Tel: 2721-650-2343

Fax: 2721-650-2334

Email: DLLLL@maths.uct.ac.za

Campbell, R.A.

CSIRO Division of Fisheries

GPO Box 1538

Hobart, Tasmania, Australia 7001
Tel: 6102 325 368

Fax: 6102 325 199

Email: Rob.Campbell @ml.csiro.au

Chamberlain, George

Ralston Purina International
Checkerboard Square— 11T

St. Louis, MO 63164 USA

Tel: 314-982-2402

Fax: 314-982-1613

Email: gchamberlain@ralston.com



xii

Christy, Francis T.

IMARIBA

2853 Ontario Rd NW
Washington, DC 20009 USA
Tel: 202-483-6768

Fax: 202-328-3975

Email: imariba@netrail.net

Cochrane, K.L.

Fishery Resources and Environment Division
Food and Agriculture Organization of the United
Nations

Via delle Terme di Caracalla

00100 Rome, Italy

Daan, Niels

Netherlands Institute for Fishery Investigations
PO Box 68

1970 AB IJmuiden

The Netherlands

Tel: 31-255-064646

Fax: 31-255-064644

Email: niels@rivo.dlo.nl

De Oliveira, J.A A.

Sea Fisheries Research Institute
Private Bag X2

Roggebaai 8012

Capetown, South Africa

Tel: 2721-402-3144

Fax: 2721-25-2920

Email: JDOLIVEI@stri.sfri.ac.za

Duke, Marcus G.

University of Washington

School of Fisheries

Box 357980

Seattle, WA 98195-7980 USA

Tel: 206-543-4678

Fax: 206-685-7471

Email: mduke @fish.washington.edu

Exel, Martin

Australian Fisheries Management Authority
Burns Centre

28 National Circuit

Forrest ACT 2603, Australia

Tel: 616-272-3260

Fax: 616-272-5036

Garcia, Serge M.

Fishery Resources Division

Fisheries Department

Food and Agriculture Organization
of the United Nations

Viale delle Terme di Caracalla

0100 Rome, Italy

CONTRIBUTORS

Tel: 396-522-56467
Fax: 396-522-53020
Email: serge.garcia@fao.org

Hannesson, Rognvaldur

The Norwegian School of Economics and Business

Administration

Helleveien 30

N-5035 Bergen, Sundviken, Norway
Tel: 47-596-9000

Fax: 47-559-59543

Email: sam_rh@debel.nhh.no

Hilborn, Ray

University of Washington

School of Fisheries

Box 357980

Seattle, WA 98195-7980 USA

Tel: 206-543-4650

Fax: 206-685-7471

Email: rayh@pisces.fish.washington.edu

Homans, Frances R.

Department of Applicd Economics
University of Minnesota

St. Paul, MN 55108 USA

Tel: 612-625-6220

Fax: 612 625 6245

Huppert, Daniel D.

University of Washington

School of Marine Aftairs

PO Box 355685

Seattle, WA 98195-5685 USA
Tel: 206-543-0111

Fax: 206-543-1417

Email: huppert@u.washington.edu

Isaksson. Arni

Institute of Freshwater Fisheries
Vagnhofda 7

112 Reykjavik, Iceland

Tel: 354-676-6400

Fax: 354-567-4869

Kaufmann, Barry

Australian Fisheries Management Authority
Burns Centre

28 National Circuit

Forrest ACT 2603, Australia

Current address:

11/244 Campbell Parade

Bondi Beach

NSW. 2026 Australia

Tel: 029-130-1542

Fax: 612-913-03549

Email: bkaufman@s(054.aone.net.au



CONTRIBUTORS

Kirkwood, Geoff

Renewable Resources Assessment Group

Centre for Environmental Technology

Imperial College of Science, Technology
and Medicine

8 Prince’s Gardens

London SW7 INA

United Kingdom

Tel: 44-171-594-9272

Fax: 44-171-589-5319

Email: g.kirkwood@ic.ac.uk

Laurec, Alain

Director for Internal Resources, Conservation Policy
and Environment

Directorate General for Fisheries

European Commission

Rue de la Loi, 200

B-1049 Brussels

Tel: 322-295-9601

Fax: 322-296-6046

E-mail: Francis.Olbrechts@dg14.cec.be

Lindholm, R.

c/o Jeff Dunn

CSIRO Division of Fisheries—Marine Labs
GPO Box 1538

Hobart, Tasmania, Australia 7001

Lu, Xiangke

University of Washington
School of Fisheries

Box 357980

Seattle, WA 98195 USA

Major, Philip

Ministry of Agriculture and Fisheries
101-103 The Terrace

Wellington, New Zealand

Tel: 644-472-0367

Fax: 644-470-2669

Email: Kershawv@fish.govt.nz

Newton, C.

1655 22nd Street

West Vancouver, British Columbia V7V 4EZ,
Canada

Tel: 604-925-9121

Fax: 604-926-4854

Parsons, L. Scott

Canada Department of Fisheries and Oceans
200 Kent St.

Ottawa, Ontario K1A OE6

Canada

Tel: 613-993-0850

Fax: 613-990-2768

Pauly. Daniel

International Center for Living Aquatic Resources
Management (ICLLARM)

MC PO Box 263

0718 Makati

Metro Manila

Philippines

Tel: 632 818 9283

Fax: 632 816 3183

and

Fisheries Centre

University of British Columbia

2204 Main Mall

Vancouver, British Columbia V6T 1Z4 Canada
Tel: 604 822 1201

Fax: 604 822 8934

e-mail: pauly @fisheries.com

Pennoyer. Steve

National Marine Fisheries Service
Alaska Region

PO Box 21668

Juneau, AK 99802-1668 USA
Fax: 907-586-7249

Email: steven.pennoyer @noaa.gov

Pikitch, Ellen

University of Washington

School of Fisheries

Box 357980

Seattle, WA 98195-7980 USA

Tel: 206-543-4650

Fax: 206-685-7471

Email: ellenp@pisces.fish.washington.edu
Current address:

Director, Fisheries Programs

Osborn Laboratories of Marine Sciences
Wildlife Conservation Society
Boardwalk at West 8th St.

Brooklyn. New York 11224

Tel: 718-265-2688

Punt. Andre

University of Washington
School of Fisheries

Box 357980

Scattle, WA 98195-7980 USA
Current address:

Division of Fisheries

CSIRO Marine Laboratories
GPO Box 1538

Hobart, Tasmania, Australia 7001
Tel: 613-6232-5492

Fax: 613-6232-5000

Email: Andre.Punt@ml.csiro.au

X1l



Xiv

Sainsbury, Keith

CSIRO Division of Fisheries

GPO Box 1538

Hobart, Tasmania, Australia 7001
Tel: 613 623 25369

Fax: 613 623 25199

Email: Keith.Sainsbury @ml.csiro.au

Sissenwine, Michael P.

Northeast Fisheries Science Center
166 Water Street

Woods Hole, MA 02543 USA

Tel: 508-495-2000

Fax: 508-548-5124

Email: Michael.Sissenwine @noaa.gov

CONTRIBUTORS

Whitelaw. A.W.

CSIRO Division of Fisherics

GPO Box 1538

Hobart, Tasmania, Australia 7001

Tel: 6102-325-408

Fax: 6102-325-199

Email: Wade.Whitelaw @marine.csiro.au

Wilen, James

Department of Agricultural and Resource Economics
University of California, Davis

Davis, California 95616 USA

Tel: 916-752-6093

Fax: 916-752-5614

Email: wilen@primal.ucdavis.edu



Reviewers

Each paper in this book was reviewed by at least three individuals. The quality of this book
is a direct result of their efforts. We thank the following people and those whose commcnts
reached us anonymously for their time and effort in providing thoughtful and helpful reviews:
D. Alverson, L. Anderson, R. Arnason, R. Beverton, D. Butterworth, K. Chew, W. Clark. R.
Conser, J. Crutchfield. D. Cushing, S. Edwards. G. Ellis, P. Fricke, D. Gunderson, M. Hall, J.
Hastie, R. Hilborn, J. Horwood. D. Huppert, R. Johnston, G. Kirkwood, L. Kochin, G. Lilly. D.
Lightner, P. Livingston, A. May, ID. McCaughran, W. Michaels, M. Miller, S. Murawski. B.
Muse, S. Pooley, J. Pope, A. Punt, V. Restrepo, B. Rettig, K. Ruddle, J. Siber, M. Sinclair. H.
Sparholt, D. Squires, R. Stickney. L. Trott, and R. Trumble.

XV



STATUS AND TRENDS IN WORLD FISHERIES






Current Situation, Trends, and Prospects
in World Capture Fisheries'

S. M. GARCIA AND C. NEWTON

Abstract—Following an earlier analysis provided by the Food and Agriculture Organization of the United
Nations (FAQ 1993a), this paper gives an update of the trends and future perspectives of world fisheries. It
describes and comments on worldwide trends in landings, trade. prices, and tleet size. It illustrates the decrease
in landings in the last 3 years, the relationship between landings and prices. and the large overcapacity in: world
fishing flects. It provides a review of the state of world fishery resources, globally, by region, and by species
groups, as well as a brief account of environmental impacts on fisheries. It presents an economic perspective for
world fisheries that underlines further the overcapacity and subsidy issues that characterize modern fisheries. In
conclusion, this paper discusses management issues including the need for fleet reduction policies and the
potential combined effect of overcapacity and international trade on resource depletion in developing e¢xporting
countries, and on the overall sustainability of the world fishery system.

World fisheries play an important role in development.
providing incomes to about 200 million people, directly
or indirectly. One-third of the world catches is exchanged
through international trade, the volume of which has
doubled between 1980 and 1990. Fisheries play a sig-
nificant role in a number of developing countries where,
since 1950, more than 85% of the world demographic
growth has been concentrated. The coastal fisheries are
potentially threatened by the ongoing progressive mi-
gration of people towards coastal areas. particularly
coastal urban centers, where 60% of the world popula-
tion already lives.

The rapid and continuous increase in fishing intensity
during the last half of 1900s has had a remendous im-
pact on the aquatic ecosystem, its resources, and the
market. This impact is evident in the depletion of re-
sources, the degradation of the environment, and the evo-
lution of supply, demand, and prices. It is also reflected
in the changes in access and property regimes in the
ocean, which are still evolving.

The political changes in Eastern Europe are also lead-
ing to an important modification of the role of these coun-
trics in world fisheries. Between 1961 and 1990, a large
part of the catches of small pelagic species was made by
fleets from the former USSR, Germany (GDR). Poland,
Bulgaria, and Rumania, which specialized in the capture
of these abundant low-price species and compensated
for natural oscillations in stock abundance by “migra-
tions™ between areas of production and by pulse fishing.

!This paper was submitted in 1994. Since then, other more recent
analyses with different approaches and figures were published

as follows: Grainger, R. and S. M. Garcia. 1996. Chronicles of

marine fishery landings (1950-1994). Trends analysis and fish-
eries potential. Food and Agriculwre Organization of the United
Nations, Fisheries Technical Paper 359. Rome.

The economic consequences of these political changes
have led to a curtailment of the activities of these fleets
(largely subsidized in the past) and to a shift in their area
of operation and target species, with a return to their ¢x-
clusive economic zones (EEZs) and waters closer o
home, and a greater interest in high-value species for the
export market. In some developing regions {e.g.. io the
Gulf of Guinea) that were markets for part of the land-
ings of the Eastern European fleets, the sudden reduc-
tion in landings by these foreign fleets hus led to short-
ages in supply and significant increases in prices (v.g.,
in Guinea Bissau).

All these important changes have affected fisheries and
resources, sometimes positively, often negatively. The
perspective of the Food and Agriculture Organization of
the United Nations (FAO) on fisheries trends and their
implications has been presented in many documents pre-
pared for, and following, the UN Conference on Environ-
ment and Development (UNCED) in 1992 (Garcia 1992;
Garcia and Newton 1994; FAO 19924, 1993a). This pa-
per presents an update of this perspective, focusing on
trends in fisheries landings, trade, prices, and fleet size,
and it describes the state of the world fishery resources
(globally, by region, and by species groups). It provides
a global assessment of the world fishery resources as well
as a global economic model for world fisheries, which
underscores the huge overcapacity that characterizes
modern fisheries. In conclusion, it discusses management
issues, briefly addressing environmental impact.

Trends in World Fisheries Production

Total Landings

Marine ecosystems produce 85% of the world fish
yields. The process of intensification of marine fisher-
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ies, which started just before the World War 11, acceler-
ated notably after it and led to an exponential increase in
landings (Figure 1). During 1950-92, marine fishery
catches increased by 300% from 18.5 to 82.5 million
metric tons (mt) (Figure 2). The changes in the rate of
increase with time, however, indicate that the upper limit
of capture fisheries on conventional species has prob-
ably been reached (see later section on global assess-
ment).

From 1950 to 1992, reported landings from marine
fisheries increased at an average rate of 6.8%/year in the
1950s (18.5 million mt in 1950 to 31.2 million mt in
1959), 7.4%/year in the 1960s (to 54.5 million mt in
1969), only 1.7% in the 1970s (to 63.7 million mt in
1979), and 3.6% in the 1980s (to 86.4 million mtin 1989).
In 1990-92, however, catches decreased at a rate of 1.5%/
year (to 82.5 million mt in 1992) for the first time in
history, with the exception of the two world wars, de-
spite increased landings of anchoveta (Engraulis ringens)
of 4.0 million mt in 1991 and 5.5 million mt in 1992.

The first period of low growth, in the 1970s, corre-
sponds with the collapse of the anchoveta resource. pos-
sibly aggravated by the first oil price crisis in 1974, which
slowed down the activity of long-distance fleets. The
second period of low growth, in the early 1990s. corre-
sponds with a decrease of Japanese (Sardinops
melanosticta) and South American pilchard (8. sagax),
as well as overfishing of important demersal resources
in the northwest Atlantic. Between these two periods,
the higher growth rate of the 1980s was mainly due to
the simultaneous recovery of the anchoveta and the Japa-
nese pilchard, as well as to the intensification of exploi-
tation of Alaska pollock (Theragra chalcogramma) for
the surimi industry.
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FIGURE 1.—Evolution of fishery production since 1800.
Modified from Hilborn (1992).

Species Composition

In 1992, the marine catch consisted of 81.5%. 10.4%.
5.9%. and 2.4% for fish, mollusks, crustaceans, and other
species, respectively. An analysis of the trends by spe-
cies groups indicates that most of the increase in marine
catches since the carly 1980s (Figures 3 and 4) came
from five major pelagic or semi-pelagic species (ancho-
veta, Alaska pollock. Chilean jack mackerel [ Trachuris
murphy). South American pilchard, and Japanese pil-
chard), which accounted for 24% of the total inarine pro-
duction (including aquaculture) in 1992 vs. 30% in 1989
(Figure 4: see also FAO 1993a). These species account
for about 5% of total value in 1992 vs. 6% in 1 989. From
1970 to 1992, the catch of the four major demersal spe-
cies (silver hake [Merluccius bilinearis], haddock [Me-
lanogrammus aeglefinus), Cape hake [Merluccius
capensis]. and Atlantic cod | Gadus morhua)) decreasedd
by about 67% (5.0--1.6 million mt). Atlantic cod was the
second most important marine species in 1970 (after an-
choveta) with 3.1 million mt. It was only the sixth most
important species in 1989 (after Alaska pollock. ancha-
veta, Japanese and South American pilchards, and Chil-
ean jack mackerel) with landings of 1.8 million mt, and
the tenth most important species in 1992, falling below
capelin (Mallotus villosus), Atlantic herring (Clupea harer:-
gus), skipjack tuna (Katsuwonus pelamis), and European
pilchard (Sardinops pilchardus), with landings of 1.2
million mt. The world fish supply is increasingly relying
on low-value species, characterized by large fluctuations
in year-to-year productivity, concealing the slow but
steady degradation of the demersal high-value resources.

Between 1970 and 1992, landings of flatfish, tuna. and
shrimp (Figure 5) show that flatfish production has
been very stable (around 1.2 million mt yr "), Tuna and
shrimp landings, on the contrary, reflect the large increase
in overall pressure. Tuna landings have increased at a
rate of 7.4%/year. Total shrimp production increased by
8.3%/year, but a part of that increase came from shrimp
culture, which now represents about 25% of the total pro-
duction (Figure 5). In certain areas, however. shrimp
culture expansion seems to be reaching environment-
imposed limits; the environmental impacts observed (e.g..
in Thailand) and the severe economic losses incurred
through diseases (e.g.. in China in 1993) indicate that. in
some areas, an environmental limit has been reached that
cannot be passed without more costly methods of pro-
duction and more stringent management measures.

Economic Value

Four species or species groupings constitute about halt
of the value of the world catch (Figure 6). In 1992, by dc-
creasing order of importance, these were shrimp. redfish.
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miscellaneous marine fish, and tuna. The miscellaneous
category occupied the third rank in 1992 (Figure 6A)
whereas it did not even appear in the first 13 species in
1970 (Figure 6B). This likely reflects the trends in many
fisheries towards landing large quantities of unidentified
mixtures of small fish with low economic value (“trash
fish™) as a result of overfishing and reduction in the size
of fish. During the same period, redfish moved from fifth
to second rank (reflecting an increase in fishing pres-
sure). Overfishing is reflected in the decreased economic
importance of many high-value species such as Atlantic
cod (from third to twelfth rank) and hake and haddock
(from second to seventh rank). Values are not available
for 1992, but data on landings confirm the trends: the mis-
cellaneous category (10 million mt) has doubled between
1970 and 1992 and now occupies the first rank while
cod regressed from the third to the tenth rank.

Regional Distribution

Information on the regional distribution of fisheries is
extensively documented in FAO (1993c. d. e, f). The data
available for 1992 indicate that the Pacific Ocean pro-
vides 62.3% of total world landings. followed by the
Atlantic (29.2%) and the Indian (8.5%) oceans. The data
by FAQ Statistical Areas (Figure 7) show that, despite
some decrease since 1988 (26.6 million mt), the north-
west Pacific continues to have the highest production
(24.2 million mt) in terms of landings in 1992, followed
by the southeast Pacific (13.9 million mt), northeast At-
lantic (11.1 million mt), western central Pacific (7.7 mil-
lion mt), and western Indian Ocean (3.7 million mt) (Fig-
ure 7). The comparison of the productions in 1970 and
1992 (Table 1) shows that in 1990 the largest relative
increases have been in the southwest Pacific (+800%)
and eastern Indian Ocean (+300%), while the northwest
Atlantic decreased (-37%). These differences do not re-
flect some of the important variations between 1970 and

1992. For instance, southeast Pacific production greatly
fluctuated between 5.6 million mt (in 1972) and 15.3
million mt (in 1989) owing to instabilities in small pe-
lagic stocks. A significant decrease (20% or 645.000 mt)
was observed between 1990 and 1992 in the eastern cen-
tral Atlantic mostly because of a decrease in European
pilchard and in the tleet activity of the former USSR
countries. During the same period, the landings of the
northwest Atlantic decreased by 25% (or 650.000 mu
mainly because of continuous declines in Atlantic cod
stocks. The greatest increase (1.5 million mt) was ob-
served between 1990 and 1992 in the northeast Atlantiv
where landings were at their highest level since 1985,
mainly as a result of increases in capelin (V5% or 0.9
million mt), Atlantic herring (11% or 0.15 million mu).
and Norway pout.

Geoeconomic Distribution

In many developing countries, fisheries represent un
important source of foreign exchange with a net earning
(exports minus imports) of more than US$10 billion (all
monetary values in this paper are cited in USS) in 1990,
higher than earnings from other selected agricultural
commaodities such as coffee, tea, or rubber (FAO 1992b).
The relative contribution to world production by devel-
oped and developing countries has significantly changed
since 1970 (Figure 8A, B). In the early 1970s, the devel-
oped countries caught 57% of total landings. With the
acceleration of the process of extension of the EEZs and
the sharp rise in fuel prices (after the 1974 and 1979 il
crises), this share fell progressively to less than 50% in
1985 and less than 40% in 1992. The catches made by
long-range fleets in distant fishing areas peaked at 8.9
million mt in 1989 and have decreased since then to 5.7
million mt in 1992. Part of the increase in developing
countries’ share of the world catches reflects some trans-
fer of foreign fleets” catches under coastal countries’ flags
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through the establishment of joint ventures, thereby
changing the nationality of the catch if not of the real
operations. A large part of the increase, however, is due
to active fisheries development programs, which are of-
ten supported by national credit and subsidy schemes
and underwritten by international and regional develop-
ment banks.

National Distribution

In 1992, the 20 largest fish producers included 11 de-
veloping countries, dominated by China and Peru, and 9
developed countries, dominated by the former USSR and
Japan. The cumulative curve (Figure 9A) shows that these
20 countries contributed close to 80% of the world pro-
duction. The first six (China, Japan, Peru, Chile, the
Russian Federation, and USA) produced 50% ot the
world landings whereas in 1970 (Figure 9B), four coun-
tries produced 50% (Peru, Japan, USSR, China). China

increased its production from 3.1 million mt in 1970 to
more than 15 million mt in 1992, progressing from the
fourth to first rank as a result of intensive mariculture
expansion, more liberal trade and price policy, and long-
range fleet expansion. Chile progressed tfrom the four
teenth to the fourth rank (1.2-6.5 million mt). The Re-
public of Korea also expanded its distant-water fishing.
increasing its production from 750,000 to 1.3 million mt
and passing from the eighteenth to the tenth position.
In 1992, Japan’s catches increased slightly, from 8.3
to 8.5 million mt. Its catches in distant waters decreased
by 41%, from 1.6 million mt in 1982 to 0.9 million mt
in 1992. Japanese total production has only been main-
tained, however, because of the natural increase in its
sardine stock between the mid-1970s and the mid-1980s.
yielding more than a third of their total production, and
a decrease might be expected as sardine stocks return
to long-term average levels of abundance. The USA and
Canada have increased their catches from the north
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Atlantic and the Pacific during their post-EEZ era
(1970s), but the recent collapse of demersal resources
in the northwest Atlantic (particularly cod) has severely
affected the economic and social conditions ot coastal
communities.

Landings from distant-water fishing (in the EEZs of
other nations and on the high seas) increased from 7.4
million mt in 1982 to a record level of 8.9 million mt in
1989, after which catches decreased to 7.5 million mt in
1991 (-16%) and 5.7 million mt in 1992 (-44%), or a
total decrease of about 37% in 3 years, mainly as a result
of a sharp decrease in the activities of the former USSR
countries. With the formation of the Independent Repub-
lics, the shift to market economies has led to a retrench-

ment of the long-range fleets of these countries to less
distant waters and in their own EEZs. Between 1991 and
1992, the catch by the distant water fishing tleets of thesc
countries, consisting mainly of small pelagic fish, de-
creased between 20% and 71% depending on the coun-
try (Table 2), with a total decrease for all former USSR
countries of about 50% in 2 years. Landings of the other
Eastern European countries started to decrease in 1986
87. Between 1986 and 1992, the decrease was 24%, 30%,
and 76% for Poland, Rumania, and Bulgaria, respectively.
and 41% for these three countries together (from 729.000
10 430,000 mt). The total decrease in activity of the East-
ern European fleets has affected fish-food supplics and
prices of small pelagic species in West Africa, and it is



WORLD CAPTURE FISHERIES 9

TABLE |.—Total marine landings (metric tons [mt]) in 1970
and 1992 and relative increase.

Landings (1¢*' million mt)

Fishing area 1970 1992 % increase
Northwest Pacific 12.1 24.2 +100.0
Southeast Pacific 13.8 13.9 +0.7
Northeast Atlantic 10.6 1.1 +4.7
Western central Pacific 39 8.2 +110.3
West Indian 1.6 38 +137.5
East Indian 0.8 33 +312.5
Eastern central Atlantic 2.5 33 +32.0
Northeast Pacific 2.6 32 +23.1
Northwest Atlantic 4.1 2.6 -36.6
Southwest Atlantic 0.7 2.1 +200.0
Western central Atlantic 1.4 1.7 +92.8
Mediterranean 1.1 1.6 +45.5
Southeast Atlantic 2.5 1.5 -40.0
Eastern central Pacific 0.8 1.4 +75.0
Southwest Pacific 0.1 0.9 +800.0
Anlarctic 0.4 0.4 +0.0

not yet clear whether the development of local fleets to
harvest these species is an accessible and economic al-
ternative. In addition, there has been an increase in
changes in flags to open registers without corresponding
reporting on catches by the related flag states.

Trade

Detailed data on international fish trade are available
for the period 1960-90 (FAO 1992b). The volume of
internationally traded fish has increased from $2.5-$2.8
billion in 1969-71 to $35-40 billion in 1990. an increase
from about 5% to 11% of the total trade in agricultural
products. This increase indicates that fish trade devel-
oped faster than agricultural trade. The growth in fish
trade has slowed down, however, from 18%/year in 1969—
76 to 8%/year in 1979-90. The trends look similar for
developed and developing countries, but the data avail-
able for 1979-90 show the following:

« In the developed countries, imports increased faster
than exports (8.6% as opposed to 7.4%/year), indi-
cating a net deficit, which increased from $700 mil-
lion to about $15 billion between 1969-71 and 1990.
These countries are the largest importers with more
than 85% of the imports in value from 1969 to 1990.
Japan’s share of world imports tripled during the
same period (8-28%), illustrating the impact of the
EEZ process. On the contrary, U.S. imports de-
creased from 25% to 16% of the world imports. in-
dicating an opposite effect.

« In developing countries, high-value species are ex-
ported while low-value species find their way into
the national and regional markets. These countries
are responsible for 70%, 84%, about 66%. and over
80% of the trade in cephalopods, frozen shrimp,

fresh and frozen tuna, and canned tuna. respectively

Their imports increased less than exports (7% as
opposed to 8.8%/year). Their share in worldwide
exports increased from 32% in 1969-71 (before the
establishment of EEZs) to 44% in 1990 while then
relative share of the imports increased only from
10.7% to 12.9%. These countries appear, therefore.
as net exporters with a positive trade balance that
increased from $500 million to $10.6 billion be-
tween 196971 and 1990, representing a significant
source of foreign exchange. Thailand, lor instance.
multiplied by 6 its share of world exports (from 1%
to 6%) while the Republic of Korea and Taiwan
(province of China) increased their share from prac-
tically nothing in 1970 to 5% in 1990. The coun-
tries principally responsible for this net trade bal-
ance are China, Chile, and Thailand. In the case of’
Thailand, expansion of trade is related to the veny
rapid development of tuna canning and a 400% in-
crease in shrimp culture, although there was a re-
duction of Thailand’s fish meal exports. which were
redirected towards its aquaculture industry.

The global balance of fish and fishery products is nega
tive for developed countries, with a deficit of about $15
billion/year, with western Europe (including the Euro-
pean Union) accounting for more than $12 billion. De-
veloping countries have a positive balance of more than
$10 billion, with East Asian countries accounting for $7
billion. It is notable that, in a rather grim context of de-
creasing terms of trade” of agricultural products, fish trade
in developing countries has progressed and represents a
significant opportunity in terms of foreign exchange.

Foreign exchange and national food security objectives
may often be conflicting as the incentives to increase cx-
ports are reducing the relative availability of food fish for
domestic consumption in the developing world. In the
medium to long term, demand will continue to grow faster
than supply, as a consequence of demography in the de-
veloped world and continued increase in demand for food
fish in the developed regions. During the 1980s, devel-
oped countries started to tighten their controls on levels ot
effort, decreasing harvest rates, fleet sizes, and access. The
recent crisis in Europe, Canada and the USA should ac-
celerate the process. Combining forecasts of population
growth with stagnation in fish supplies indicates that the
world availability of fish for food, which had increased
from 9 to 13 kg per capita (FAO 1992c) between 1961 and
1990, will decrease to 11 kg per capita between 1990 and

*The “terms of trade™ of a particular product is the ratio be
tween the average unit value of this product and the average
unit value of all commercial trade. This ratio reflects the evolu-
tion of the relative purchasing power derived from this product
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2030 (Brown 1995). Developed countries may have the
means to stabilize the availability to them by purchasing
the necessary quantities. As a consequence, fish availabil-
ity in developing countries is likely to decrease further
because of increased exports. The overall shortage in sup-
plies will probably further increase the price of fish and
fishery products. This should compensate, at least partly,
for decreased abundance and quality, particularly as the
price of low-value species will be pushed upwards through
substitution (e.g., surimi). By stabilizing revenues, how-
ever, this increase in price will not provide the necessary
incentives to reduce fishing effort as much as is required
to rehabilitate fisheries.

Since 1980, the proportion of the total world fish pro-
duction going to human food has been around 70% with-
out any clear trend, and estimates arc that 95 million mt of
fish for direct human consumption will be required by

the year 2010 to maintain present per capita consumy-
tion. During the same period, about 30% of the world
fish production was used essentially for animal feeds in
agriculiture and aquaculture. The absolute quantities go-
ing to fish meal and oils have increased, however. In the
developed countries, they increased from 5 million mt to
more than 12 million mt between 1961 and 1990. During
the same period, in the developing world, the quantities
going to fish meal and oils increased frorn 6 million mt to
16 million mt, with oscillations due to the collapse and
recovery of the anchoveta, which provides between 25
and 49% of the world production depending on the years.

Prices

Prices of fish in international trade are essential to the
understanding of the evolution of world fisheries. They
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are affected by various factors including demography,
trade circuits (e.g., 90-95% of shrimp imports in Japan
come trom Asia, and 65-75% of shrimp imports it the
USA come from Latin America), competition with local
species (c.g., competition between tropical penacids and
cold water shrimp in European markets} and products of
substitution (such as surimi}, all of which may limit im-
ports and constrain prices. In the long run, the price of
fish is affected by its availahilicy; the overall availability
of fishery products per capita had started to level off in
197G (Figure 1)), and since then the gap between supply
and potential demand has been increasing rapidly.

An analysis was conducied of the relationship between
deflated prices (base = 1978) and hundings lor specics
uscd for human consumption (Figure 11 and for specics
used mainly tor industrial reduction (Figure 12). For jacks
(Trachurus spp.). mullet (Mugif spp.). wuna, cephalopods
(Figure [ LA}, and Alaska pollock (Figurc 11B), the price
has remained faitly constant despite positive changes in
landings, indicating that the demand is fairly elastic
{i.e., large changes in supply have little effect on prices),
the market is demand-driven, and the increased supply
has been sufticient to satisFy the increased demand with-
out pushing prices upward. The downward lrend for tuna
and cephulopods during the last decade may reflect some
market saturation and increased production of sccond-
ary species, particularly tor tuna. as well as cost decreases

resulting from new harvesting technology, The demand
appears fairly elastic also for shrimp and salmon (during
the last decade at least), indicating probably that the ad-
dittonal production lrom aguaculture has been able to
compensate tor the increased demand. The price of crab
has increased despiie increased production. indicating
that the increase in demand has outstepped the supply
despite the success of surimi as a substitute. The demand
appears very inflexible (supply-driven) for lobster (Fig-
ure [1A), flatfish, and redfish {Figurc |1B), reflecting
their increasing scarcity and the fact that they are dilTi-
cult 10 substitute. Notably, the price of cod, hake, and
haddock has remained stable despite the significam de-
crease in landings (mainly as a result of overfishing),
probably illustrating the fact that these fish have been
substituted on the market by Alaska poliock, whose price
remained stable despite large increascs in landings.

TABLE 2.—Reporied landings from long-range fleets (m).

Couniry 1591 1992 i difference
Russian Federation 1,7(1 87} 1,02 876 -An
Ukraine 728,466 86 145 -47
Lithuwania 438,515 145238 -67
Latvia 3357X) 04 349 =72
Listonia 286.714 81,998 =71
Georgia 51,108 40,125 =20
Former USSR 3,546,394 1,778,681 Bl
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The picture is less clear lor the small pelagic specics,
partly because of their large fluctuations. Specics that
are partly used for humen consumption (Iigurc 12A)
showLD decreasing prices regardless of whether sup-
plies increased during the last decade (sardine and her-
ring) or remained fairly stable, stabilizing at about $200/
mt. The price of pilchard, partly used also for human
CONSUNPNON, dppears o have increased {Figure 12B) de-
spite very large increases in landings mostly related 10
environmenlal Muctuations (Bakun 1995). On the con-
trary, the price of anchoveta, menhaden (Brevortia
tyrannus}, Chilean jack mackerel. and capelin has tluc-
mated apparently independently of their landings, con-
verging at a common price around $60/mt. This situa-
tion probably reflects the fishes’ common destmation (fish
meal) and that the impact of their price fluctuations is
dampened by the much larger production of soya, the
main substitule for fish meal.

State of World Fishery Resources
and Environment

In 1971, FAQ first published (Gulland 1971) a world

revicw of fishery resources, which cstimated the world
theoretical potential of traditionally cxploited species to
be arcund 100 million mt. of which just 80 million mt
was probably achievahle [or practical reasons related to
the impossibility o optimize management on every wild
steck in a complex multispecies system. Since then, evi-
dence clearly indicates an increase in the number of stocks
reported as being under severe fishing pressure and a
simultaneous decrease in the number of stocks oftering
potential for expansion (Figure 13).

The last review made by FAO on the state of world
fishery resources (FAO 19944} has yielded a more de-
tailed picture (Figure 14}, On the basis of an extensive
analysis of the literature and the work of the FAQ
regional fishery bodies working groups, this review
categorizes, region by region, Lhe slocks for which an wsess-
ment exists as underexploited (U}, moderately exploiled
(M, heavily to fully exploited (F), overexploited (O3,
depleted (10, und recovering (R). The category (F) com-
prises stocks that are exploited at a level of fishing close
0 F,,, (the fishing mortality corresponding with the
maximum sustainable yicld [MSY]) and whose abun-

dancc is close to B, (the biomass corresponding with
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FIGURE 13 —Changes in the number of overexploited and
underexploited species ram 1980 to 1990, Source: Alverson ot
al, (1994 ) hased on FAQ dala.

the maximum sustainable yield)." The other categories
are exposed (o respectively higher (O, D) or lower (U,
M) fishing intenxity than that corresponding to MSY.
When there is uncertainty as (o the exact stock status,
the stock has been put in the 1wo most likely categories
(c.g., F=0)) and counted twice. Some stocks or groups of
stocks arc in an unknown state and have not been taken
into account in the following analysis. Figure 14 shows
the distribution of all stocks or species aggregarted among,
these categories together with the position of the category
in a system of coordinates defined by the fishing mortal-
ity (us X axis) and biomass (as Y axis). It shows that
326 of the stocks for which data are available in TAQ
appear as underexploited or moderately lished and might
be able Lo supporl some increase in fHishing. 1t also shows
that 69% arc cxploned at or beyond the level correspond-
ing to MSY. This does not imply that 69% of the stocks
are improperly utilized. “Full” utilization is generally the
goal of fisheries development, and the figure indicates
mainly that little scope exists for further development.
However, hecause of (a) the uncertainty in the positions
of F,.. (b) the non-precautionary nature of MSY as a
management target for many stocks, and () the incrtia
in {leet dynamics and the fishery development process,
“the (ully lshed™ stocks are obvious (and likely) candi-

‘In Figure 14, the two subcategorics “heavily” and “fully™ ex-
ploited have been combined to account for the high level of
uncertainty in the estimate of the current fishing level and for
the level corresponding with “full” fishing {i.e.. conventionally
MY} For stocks 1o this catcgory, increased effort will not kead
Lo any significant increase in landings.

Biomass

Underexploited =

9%

Moderately
explaited

Heawily fully
explaited

Recerering Depleted .
e
Frsy Fishirg mortaity

KIGURE §4... - State of world lishery resources: Proportion of
the assessed stocks that are underexploited, moderately or fully
exploited, overfished, depleted, or recovering. Source: FAQ
(1994c).

dates for overfishing in the near future it past behavior
persists.

If the situation is examined region by region. the analy-
sis is more difficult because the proportion of stocks and
aggregates of stocks for which assessments are not avail-
able may sometimes be relatively high, varying from 53%
in the northwest Pacitic 1 7% in the southwest Atlantic.
Because they are very aggregated, these values should
be taken cautiously, but they are intended to stress that
cven though the situation appears serious in tnany re-
speets, the database available to tully asscss it is dra-
matically incomplete. With this caveat, we have caleu-
lated for each region the proportion of the assessed stocks
that appeared to be exploited beyond F__ and below B ;
further, in this last FAQ review, the proportion of the
assessed stocks and stock aggregates that are either fully
exploited, overfished, and depleted or slowly recover-
ing from depletion varies from 138 in the northwesi
Pacific to 29% in the castern centra] Pacitic (Figure 15).

In the FAO regular revicws, the situalion is also ex-
amined stock by stock (FAQ 1994a). The state ol the
stocks varies obviously between species and regions. A
staternent about the average state of a species or species
group, bascd on many stocks in different regions and
receiving different levels of fishing mortality. has little
operational and statistical valve. However, as similar
species end to have similar market value and are con-
[ronted with similar fishing pressures, an attempt has becn
made to provide for a qualitative classitication of the state
of stocks as follows. Values from 1 to 5 have been given
to stocks considered, respectively, undertished. moder-
ately fished, fully fished (i.e., at MSY or F, ), over-
fished, and depleted and recovering (considered as
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FIGURE 15.—Slate of regional fishery resources: Propor-
tion of the assessed stocks that are very intensively exploited
(L.e.. fully exploited + overexploited + depleted + recovering)
by major FAQ fishing area. Source: FAQ (1994¢).

depleted).* The average value was caleulated tor each
major species as well as for species groups across all
regions (Figure 16).

Keeping in mind the caveats about the data, it is inter-
esting to see that redfish, hake. Antarctic cod, lobster,
shrimp and prawn, cod, and trepical demersals are, on
average, fished beyond full exploitation, In addition,
despite the general statement often made that small
pelagics are still underfished, sardine, pilchards, men-
haden, and anchovy appear fully fished on average.
Mackerel, bivaives, and traditional tuna stocks are closc
to full exploitation {the potential of tropical, small
coastal tuna is not well known). The resources that. on
average. appear moderately to fully fished are cephalo-
pads (mainly oceanic ones) and horse mackerel
(Trachurus spp.}.

These overall statements on average status of species
or regional resource aggregates should be cautiously in-
terpreted. In an aggregate, some stocks are in a much
worse state than average und would require more strin-
genl measures while others are in a better state than av-
erage and could. in theory, stand higher fishing effort.
There are, for example, indications that silver hake in
the northwest Atlantic could be further exploited and that
anchoveta in the eastern central Pacific is now
underfished. Mesopelagic resources are also known to
offer a large potential, but regular assessments are not
available. Krill is usually also considered as a resource
offering « large potential for increased catches although
some concern has recently been expressed about the po-
tential impact of the ozone hole and ultraviolet light on
these stocks. While the importance of interannual vari-
ability is progressively being recognized for most

*See Figure 14 for a significance of these terms.
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FIGURE 16.—Average state of major lshery stocks and groups
ol swecks.

pelagics and a growing number of demersals, the assess-
ments of many stocks clearly would need to be more
frequently revised than they are presently, particularly
in the tropics where the rescarch capacity is often defi-
cient. Nonetheless, these overall statistics indicate that
the state of world fishery resources should he a subject
of major concern and that this global assessment s sulfi-
ciently confirmed at regional, country, or stock level to
be taken seriously.

Environmental Issues

Reflecting the general pressure excerted on natural sys-
tems from devclopment activities, environmental is-
sues—as established after the United Nations Confer-
ence on Environment and Development and considered
here in the broadest sense o concern living resources
and their hubitat—have become increasingly signiticant
in fisheries, posing difficult challenges. Some problems
are internal to fisheries and concern depletion of the re-
source base, insuificient selectivity of gear and practices
with significant consequences on bycatch and discards,
direct damage to the environment by fishing techniques
{e.g., trawling, dynamite fishing}, and at-sea and onshore
processing facilities and fishing ponts. Other problems,
among the most serious ones, are related to impacts made
on the fishery resources and environment by other users.

Inscards during fishing operations are & major source
of concern. Alverson et al. (1994) have estimated 1hat
the annual quantities caught and discarded (probably dead
and including unknown large quantities of juveniles) by
the world marine fisheries amount to about 27 miflion
mt. The world reported landings being 82.5 million mt,
this means that about 25% of the fish caught is discarded
and returned to the sea where it is naturally recycled.
The distribution of total marine catches (average 1988
92y and estimated discards by major FAO Statistical Area



16 GARCIA AND NEWTON

(Figure 17) indicates that, in general, the most produc-
tive areas are also those where discards are the highest.
Although the technical and economic implications of the
potential solutions to the problem are not easy to address,
this issue is one of the most critical facing fisheries to-
day and the most damaging for their image.

The progressive degradation of the marine environ-
ment is another important source of concern. The major
environmental problems come from the coastal zone
degradation; this zone includes the critical habitats, nurs-
eries, and feeding and spawning areas that sustain about
90% of the exploited world fishery resources. Produc-
tivity in this area is being affected by an increasing de-
mand for coastal space and resources from a growing
coastal human population. The marine environment is
affected locally by fishing and competing coastal activi-
ties but also by inland industrial activities and urban de-
velopment, the impact of which is transferred to the
coastal zone through rivers and rainfall. According to
the Joint Group of Experts on the Scientific Aspects of
Marine Pollution (GESAMP 1990), 77% of the pollu-
tion reaching the coastal areas comes from land-based
sources. The consequences can be particularly acute for
small-scale fishing communities and fish farmers.

An extreme illustration of the problem and its poten-
tial consequences is given by the ecological collapse of
the productive system in the Black Sea which, because
of its magnitude and doubtful reversibility, could prob-
ably be considered the marine ecological catastrophe of
the century. The fishery resources of this area. which
produced about 1 million mt of landings in the late 1980s,
have collapsed through overfishing and eutrophication
to 100-200,000 mt in 1991 in a degraded ecosystem, 90%
of which is now anoxic. The cost of this ecological di-
saster has been estimated at hundreds of millions of dol-
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SW Atlantic
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NW Atlantic
NE Pacific
W Indian
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WC Pacific
NE Atlantic
SE Pacific
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lars, leaving more than 150,000 people without a liveli-
hood and an important fishery sector in total disarray
(FAO 1993b; FAO 1994b). In the future, similar prob-
lems may also affect other closed or semi-enclosed, low-
energy, and strongly stratified water bodies such as the
Baltic Sea and large lakes. Although the above example
is an extreme one and is not representative of the risks in
an open ocean, it shows that the problem is serious and
that without a change towards integrated management,
the fate of coastal resources may be similar to. and pos-
sibly worse than, the fate of wild, freshwater resources.
A reasonable level of organic contamination may, how-
ever, have positive effects and indeed increase fish pro-
ductivity, particularly in shallow and enclosed or semi-
enclosed seas (Caddy 1993); thus, current efforts at
reducing organic pollution from land-based sources may
indeed reduce tisheries potential.

Natural variations in the abundance and resilience of
fishery resources and the potential impact of global
climate change are also a source of uncertainty for fisher-
ies planning and management. A complete analysis
of the trends and future perspectives of fisheries supply
and management should consider the impact of climate
variability and global climate change on fishery systems.
Both phenomena relate to the dynamics of the ocean--
atmosphere coupling and its evolution under global
environmental change. The issue is particularly well
documented for pelagic resources. For example, the dev-
astating effects of El Nifio on the pelagic resources of
Peru and Chile (Glantz and Thompson 1981) were de-
scribed long ago. The impact of less catastrophic but
possibly more frequent environmental oscillations tends
to be blurred by fishing impacts and to remain unde-
tected or difficult to demonstrate. Such oscillation (or
“regime”) changes are now being reported for a large

[J Estimated average annual discards (103mt)

@ Average annual landings (1988-92)
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FIGURE 17.—Average annual marine catch (1988-92) and estimates of discards by major FAQ statistical division. Source: FAO

and Alverson et al. (1994).
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number of stocks, both demersal and pelagic, coastal or
oftshore, for shallow or deep resources. Coherent oscil-
lations of groups of species are detected (Csirke and Sharp
1984; Lluch-Belda et al. 1992), but the overall trends
are hardly predictable. Important resources have under-
gone increases in potential from the mid-1970s to the
mid-1980s, such as sardine in Japan, Peru. Chile, Cali-
fornia; anchovy in South Africa-Namibia: north Pacific
Alaska pollock and other demersal fish; and lobster and
other reef resources in the tropics (Bakun 1994). Some
species, such as anchovy and sardine, seem to vary in
opposite directions. It is expected that some important
pelagic stocks will continue to decrease, but the overall
impact on world resource potential and landings remains
unpredictable. The impacts of climatic oscillations can
be very serious when they effect a series of low recruit-
ment for a fishery where effort is largely in excess of the
average F . thereby resulting in sudden recruitment
collapses. Exceptionally good recruitment can also be a
problem in the sense that, temporarily improving the state
of the stocks, it may delay the necessary management
measures and allow fishing to grow well beyond sus-
tainable levels.

Global Economic Perspective

The information available at the beginning of the 1970s
already indicated that the fishery resources of the world
had a limited potential (Gulland 1971) that was being
reached rapidly, and the need for improved management.
particularly of effort controls, was clearly expressed at
the FAO Technical Conference on Fishery Management
and Development held in Vancouver, Canada. in Decem-
ber 1973 (Stevenson 1974). As clearly stated in the
Chairman’s summary (Needler 1974):

It has been unanimously recognized that the resource is
not unlimited, . . . that there is a tendency for prices to
rise faster than the general level of commodity prices,
.. . that the pressure (on the resource) is already intense
but will become more so . . . and that the need for man-
agement to sustain the yield is already the rule rather
than the exception.

Unfortunately, the process of extending national jurisdic-
tions in the 1970s seems to have turned this central issue
into a secondary one for 2 decades. leading to a largely
uncontrolled increase in the world fleet size and to the
poor situation in which fisheries are today. In the follow-
ing sections, we cxamine the trends in world fleet capac-
ity and in its performance in terms of landing rates as well
as the relationship between the two, leading to a global
bioeconomic assessment of the world fisheries, the limi-
tations of which are discussed in the last section of the

paper.

Trends in World Fleet Size

Statistics on world fishing fleet, although not entirely
complete, indicate the extent of the size ol these fleets
The 1992 Lloyds Register of Shipping lists ships of it
least 24 m or, in terms of gross registered tonnage (21t),
100 grt, and fishing vessels (industrial fishing fleet) com-
pose 30% of the total number of all ships in the Register.
Although their tonnage is only 3% of the total tonnage
of all ships, the replacement value of the fishing fleet 15
estimated at $173 billion (FAO 1995, Table 1), or almost
45% of the total replacement value of all ships included
in the Register (Figure 18A; FAO 1995).

The FAO Bulletin of Fishery Fleet Statistics lists the
industrial fishing fleet at 38,400 ships with a lonnage of
16.6 million grt (compared with the 24,400 vessels and
13.0 million grt reflected in the Lloyds Register). The
FAO data also indicate that the number of decked ves-
sels less than 100 grt or 24 m is about 1.14 million with
a total tonnage of 9.4 million grt. The FAO Bulletin lists
2.3 million undecked vessels in the world, of which only
329% are powered open boats. The tonnage of these pow-
ered vessels is not recorded, but it can reasonably be as-
sumed (based on FAQ’s practical experience) that their
tonnage is between 2 and 4 grt. If a rough average of 3
ert per undecked powered vessel is assumed, the tleet
would represent about 0.74 million gt or about 3% of
the world’s total gross registered tonnage. The distribu-
tion of the world tonnage in fishing vessels by continent
in 1989 (Figure 18B) illustrates the large proportion of
vessels from Asia and the former USSR fleets.

A time-series of fishing fleet data is available in the
FAO Bulletin of Fleet Statistics 1994 for ships above
100 grt or 24 m (Table 3, column 2). For the purpose of
any comparison of catches per grt in a time-series. using
these data as a measure of world fleet size tor decked
vessels would underestimate the actual tonnage of the
world fleet by only the tonnage of the undecked vessels
(i.c.. by about 3%). This time-series indicates that, be-
tween 1970 and 1989, the actual tonnage increased at a
rate of 4.6%/year, from 13.6 to 25.3 million grt (how-
ever, in the latest revisions of the FAO data, which arc
not taken into account in this paper, this value for 1989
appears to be 26.0 mt).

There are intercsting comparisons to be made. During
the same period (1970-89), when a large number of EEZs
were claimed, the size of coastal developing countries’
fleets increased from 26.7% of the total number of fish-
ing vessels to 58%. while the tonnage increased from
12.7% to 28.8%. The developed countries had started
their increase much earlier. For example, in Iceland,

SFor further comparisons, see Table 1, page 19.in FAO (1995).



18

[ General cargo
B Specialized general cargo
[ Other activities

A B Fisheries
O Bulk fiquid cargo
B Bulk dry cargo

7%

GARCIA AND NEWTON

B B Africa 0O N. America
O Asia B Oceania
8 Europe {3 USSR
0O S. America

FIGURE 18.—Importance of the world fishing flect numbers in relationship to (A) other types of ships (>100 mt gross registered
tonnage [grt] and 24 m) in the world merchant marine fleet and (B) distribution by continent of the world total fishing fleet in gri
(>100 grt and 24 m). Source: World Flect Statistics. December 1992, Lloyds Register. London.

between 1945 and 1983, the capital cmployed in fisher-
ies increased by 1.300%, catches increased only by 300%.
and the output/capital ratio decreased to less than one-
third of what it was in 1945 (Arnason 1994). Many coun-
tries (e.g., Europe, Australia, New Zealand) have started
programs to control and reduce fishing fleets, sometimes
with great opposition. Following economic transition in
Eastern Europe, a significant part of the fleet ot these
countries is to be scrapped.

Trends in Landings per Unit of Capacity

The tonnage data available in the FAO Bulletin on Fleet
Statistics, which underestimate the total world fleet size
by only about 3%, can be used as an index of world fleet
size, assuming that the observed trend is representative
of the trend in the overall fleet.

The data summary provided in Table 3 (column 3) in-
dicates that, during 1970-89, the total marine landings
increased from 59.2 to 86.4 million mt at an average rate

of only 2.4%/year. An examination of the fleet statistics
of countries exploiting the main pelagic specics hy type
of vessels shows that very little of the increase in fleet
capacity has been directed to fishing those low- value and
pelagic species that have produced most of the increase
in world catches during the last 20 years. If the five prin-
cipal low-value and pelagic species (Alaska pollock,
anchoveta, Japancsc pilchard, South American pilchard,
and Chilean jack mackerel) are subtracted from the total
marine catches. the landings of the other species-—here-
after called sclected landings—have increased from 42.9
to 61.3 million mt (Table 3, column 4) at a. rate of 2.3%/
year, that 1s, at half the rate of increase of the w orld fish-
ing fleet size (4.6%/ycar). From 1975 to 1989, the total
landing rate, which was obtained by simply dividing the
total selected landings by the grt index (Table 3, column
6), varied around 3.4 mt grt’l without trend and with the
1970 value of 4.4 appearing as an outlier. The sclected
landing rate (Table 3. column 7) decreased. however.
from 3.2 10 2.4 between 1970 and 1989 with an average

TABLE 3.—Fleet capacity (>100 grt or 24 m), total landings. selected landings (excluding the five main pelagic species). total
deflated value (1989 base). and indexes of catch per unit of capacity (mt) and value (10° US$/grt).

Total Selected Total value Total Selected Value/grt
grt landings landings (deflated) landing rate landing rate (deflated)
Year (10° my (10" my (10° mu (107 $ 1978) (mu/grt) (mt/grt) o' $ 1978)
1970 13.5 59.2 429 28 4.4 32 2.1
1975 17.3 38.6 49.2 NA 34 28 NA
1978 19.3% 63.0 2.7 15 33 27 1.8
1980 19.8 64.5 52.8 NA 33 27 NA
1981 20.0 66.5 52.8 NA 3.3 2.6 NA
1982 20.8 68.3 52.3 NA 33 25 NA
1983 212 68.3 hEN NA 32 25 NA
1984 218 739 34.6 NA 34 2.5 NA
1985 22.5 757 55.2 NA 34 25 NA
1986 235 81.1 573 NA 35 24 NA
1987 24.1 81.7 59.9 NA 3.4 2.5 NA
1988 24.8 85.7 614 NA 35 2.5 NA
1989 25.3 86.4 61.3 58 34 24 23
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of 2.5; in this case, the 1970 value of 3.2 fits perfectly
with the rest of the data. It seems. therefore, that during
1970--89, the apparent maintenance of the world fleet
productivity in global terms (around 3.4 mt ert’!) con-
ceals the fact that its yield in higher-value species de-
creased by 25% despite technological progress (spotter
planes, factory and motherships, satellite navigation.
sounders, wide opening nets, etc.).

One could expect that this relative and progressive deg-
radation of the species composition of the landings would
have resulted in decreasc in the value of the landings (or
revenues) and economic yields, providing the necessary
economic signals of overcapacity and of the need to regu-
late fishing more efficiently. For this assumption to be
verified, the deflated value of the total landings (1978
US$), or total revenues, was examined for 1970, 1978,
and 1989, the only years for which this type of data was
available when preparing this paper.’ together with the
index of revenue per grt. The data given in Table 3 (col-
umns 5 and 8) and Figure 21 show that, while the overall
fleet size increased by 87.4%, total landings by only 46%.
and selected landings by only 43%, the total value of the
landings increased by more than 107%. The same data
show that while from 1970 to 1989 the total landings per
grt appeared stable around 3.4 mt grt! and the selected
landings per grt decrcased by 25%, the revenue per grt
increased by 38% (from $2.100/grt to $2.300/grt). This
trend indicates that the economic incentive for growth in
fleet capacity has becn at least maintained and possibly
increased over time, despite the repeated signs of over-
fishing of individual stocks and the repeated warnings
of scientists at national, regional, and international lev-
els.

The fact that the total catch and value per grt remained
stable from 1970 to 1989 does not mean that fisheries
were performing well. The consequences of the expan-
sion have been a drastic reduction in abundance and
spawning potential with an increase in resource instabil-
ity. The phenomenon has been verified at the national
level and some examples can be given. In San Miguel
Bay (Philippines), for example, available data on spe-
cies abundance indicate that four species accounted for
75% of the biomass in 1947, against five in 1980-81,
and more than seven in 1992-93. In the meantime, stock
density decreased by more than 80%, from 10.6 to 2.0
mt km2 (E. Cinco, J. Diaz, R. Gatchalian. G. Silvestre,
International Center for Living Resources Management,
Manila, unpubl. rep.). In the Philippines’ Samar Sea, the
resource abundance dropped from 8.0 to 3.5 kg d"' be-
tween 1981 and 1990 while the number of commercial

“These data (starting from 1990) are now available (FAO 1993g.
Table K).

species of major importance dropped from 250 to 10 and
the standard of living for 100% of the fishermen dropped
below the poverty line and even below the food thresh-
old (Saeger 1993).

Global Biological Assessment

At the beginning of the 1970s, FAO predicted that the
potential of the world traditional fish resources (small
pelagic, large pelagic, and demersal fish) was close to
100 million mt excluding discards (Gulland 1971). This
work stressed, in addition, that “in practice no more thai
80% ot the potential in an area may be harvestable be-
cause of the difficulties of ensuring the best inanagement
of each individual stock.” For all practical purposes, and
because it would not be feasible to extract MSY from
every stock (assuming that this would cven be an advis-
able objective), the world potential of traditional specics
would be close to 80 million mt. The landings from ma-
rine fisheries passcd this level in the mid-1980s. Adding
to these landings the average 27 million mt of fish caught
but discarded (Alverson et al. 1994) would bring the
present catches above 100 million mt. It seems, therc-
tore. clear that the maximum production of traditional
fishery resources is either being approached or already
has been reached (see Figure 1); this seems to be con-
firmed by the tact that the annual rate of increase of the
world marine landings is approaching zero (Figure 19).

The data available on world fleet size. sclected fand-
ings, and landing ratcs from 1970 to 1989 (Table 3) puint
to an inverse relationship between fleet capacity and land-
ing rates, which would indicate the possibility to fit a
global production model to the data provided that the
data on grt represent the trend in fishing mortality and
the landing rates represent the trend in global abundance
of world resources. During the same period, however.
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FIGURE 19.- Evolution of the rate of growth of world mi-
rine fisheries landings (1950-92).
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the average fishing power of the components of the world
fleet increased owing to technological progress. and the
changes in landing rates (quantities landed per grt) may
not retlect the true changes in resource abundance and,
indeed, may underestimate its decrease.

Fitzpatrick (1996) estimated the relative value of the
“technology coefficient” calculated for 13 different types
of fishing vessels ranging from super trawlers (of 120 m)
to pirogues (of 10 m) in 1965, 1980, and 1995. taking the
value of the coefficient in 1980 as a basis. On average.
this coefficient has increased from 0.54 £ 0.26 in 1965 to
1.0 in 1980 (the basis) and 2.0 £ 0.9 in 1995. The evolu-
tion of this relative coefficient approximates the changes
in the efficiency of these vessel types from a technologi-
cal viewpoint. The coefficient applies to new vessels and
not to entire fleets where vessels of various ages and tech-
nological levels are mixed. However, new technologies
tend to be incorporated rapidly into existing vessels. often
with government subsidies. We assumed, theretore, that
the trend indicated by Fitzpatrick reflected the trend in
efficiency for the world fleet and that these relative effi-
ciency values could be combined with data on world tleet
size in grt to better reflect the likely increase in tishing
pressure exerted by this fleet. Interpolating between the
1965, 1980, and 1995 values given by Fitzpatrick. we have
estimated the relative technology coefficient for the years
1970-89 (Table 4). Multiplying the world fleet capacity
in grt (Table 4, column 2) by the relative coefticient of
technological efficiency (Table 4, column 3). a corrected
index of world fishing fleet capacity in “‘standard” grt (in-
dicated hereafter as grt*) has been developed (Table 4,
column 4). The corrected fleet capacity and index of fish-
ing mortality appears to have increased by 332%, from
9.3 million grt* in 1970 to 40.2 million grt* in 1989. Ex-

TABLE 4.—Fleet capacity (>100 grt or 24 m). technology
coefficient, corrected fleet capacity, and landing rates for se-
lected and total landings.

Total

Selected  landing
art Technology grt* landing rate rate

Year (10°mt)  coefficient (10" mt) (mu/grt*y  (mt/gr)
1970 13.5 0.69 9.3 4.6 6.4
1975 17.3 0.84 14.5 34 4.0
1978 19.3* 0.93 17.9 29 KN
1980 19.8 1.00 19.8 27 33
1981 20.0 1.07 214 25 32
1982 20.8 1.13 235 22 29
1983 212 1.20 254 2.0 2.7
1984 21.8 1.26 27.5 2.0 2.7
1985 225 1.33 29.9 1.8 2.5
1986 23.5 1.39 327 1.8 25
1987 241 1.46 352 1.7 2.3
1988 24.8 1.53 379 1.6 2.3
1989 253 1.59 40.2 1.5 2.1

*The tonnage for 1978 has been interpolated.

cluding the five main low-value and small pelagic spe-
cies, the selected landings per unit of fleet capacity and
abundance index of the selected species decreased from
4.4t0 1.2 mt grt*"' (Table 4, column 5). The total landings
per unit of capacity, which appeared stable in Table 3. de-
creased trom 6.4 to 2.4 mt grt*"! (Table 4, column 6).

The relationships between the fleet corrected capac-
ity, landings, and landing rates for selected and total land-
ings arc graphically represented in Figure 20. The limi-
tations of the available data are easily recognized as well
as the problems of applying the production model theory
to an aggregated world “stock.” For want of a better glo-
bal approach to the dvnamics of the world fishery sector.
and because the relationships appear coherent, a simple
exponential model (Fox model) has been fitted to the
data to take into account the nonlinear appecarance of the
relationship. The results are as follows:

A. For selected landings

n: 13

R*: 0.95

a 5.180

b: -0.033

MSY: 57.7 million mt
f.: 305 million grt*

The results indicate that the MSY of the selected spe-
cies (excluding the five principal pelagic species) would
be at 58 million mt and that the corresponding index ot
effort would be 30.5 million mt of corrected grt*. The
comparison of this cstimate with the effort and landings
in 1989 (the latest data point available in the analysis)
shows that the grt* in 1989 was 132% of the MSY level
for selected species and that the landing in 1989 was
106% of the estimated MSY. The results indicate. there-
fore, that the world resources of selected specics is ex-
ploited beyond the MSY level with an overcapacity of at
least 30%.

B. For total landings

n: 13

R 0.95

a: 5.41

b: -0.025

MSY: 82.8 million mt
fiy:  42.0 million grt*

The results indicate that the MSY of the (otal world
resource would be at about 83 million mt and that the

"By reference 1o the capacity required to produce MSY. A more
precautionary approach would require larger reductions in ca-
pacity.
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FIGURE 20.—World landings and landing rates as a function of the total world fleet size index (in corrected gret). Upper
curves = all species. Lower curves = selected species (i.e., excluding the five main pelagic species).

corresponding effort would be 42 million grt*. The com-
parison of this estimate with the effort and landings in
1989 (the latest data point available in the analysis) shows
that the grt* in 1989 was 98% of the MSY level for the
total world resource and that the landings in 1989 were
practically equal to the MSY. The results indicate there-
fore that, when all species are considered together (in-
cluding the five main pelagic species), the world resource
appears as exploited at MSY Icvel.

The two results would confirm that the species of
higher value (the selected species) are more affected by
overcapacity and require more drastic management mea-
sures than the small pelagic species. The results tend to
confirm that the progressive inclusion of tluctuating.
small pelagic species in the world landings has concealed
the overfishing of the high-value species. The results are
also in close agreement with the more detailed resource
assessments provided previously in this paper. which
showed that 69% of the resources for which data are avail-
able are either fully fished or overfished (Figure 14) and
that, excepting some pelagic resources and mollusks.
most types of resources are fully fished or overfished
(Figure 16).

Global Economic Assessment

The production curve obtained previously for the to-
tal world fishery resource may be combined with data
on value to produce a total world revenue curve, which
may be combined with data on the cost of fishing for a

very approximate bioeconomic assessment of world fish-
eries. On the basis of data from FAO (1993a, page 17,
Table 21). which shows the estimated total value of ma-
rine landings in 1989, an average price of $862/mt has
been calculated for the world landings in [989. When
the production curve for all species is multiplied by their
average unit value. a total world revenue curve (US$) i3
obtained (Figurc 21). Rough and conservative estimates
of both the total and operating costs for 1989 (not in-
cluding the opportunity cost of capital and debt servic-
ing) have been caleulated by FAO (1993a, page 52, Table
29). These values are, respectively, approximately
$3.600/grt and $4.600/grt (uncorrected)® leading to total
and operating costs of about $91 and $116 billion. r2-
spectively, for a fleet size of 25.3 million grt or 40.2 mil-
lion corrected grt*. These two points have been plotted
(Figure 21) and joined to the origin of the graph to repre-
sent the relationship between total world fleet capacity
and operating or total costs, assuming a simple linear
function. For the sake of comparison and validation. the
calculated deflated values (base = 1989) of the total catcts
for 1970. 1978, and 1989 (respectively $34.0), $57.5, and
$70.0 billion) have been reported on the graph at their
corresponding levels of corrected capacity. Their poxi-
tion in relationship to the calculated revenue curve

"The present cost for a grt of a fishing vessel is about 10 tmes
the cost for a grt of any other type of vessel excluding military
ones (J. Fitzpatrick, FAQ, Rome, pers. comm. ).
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(calculated without using them) shows a surprisingly good
agreement and indicates that, despite the obvious approxi-
mations in the analysis, the results are coherent. The fol-
lowing conclusions might be drawn from the analysis:

¢ The maximum sustainable revenue (MSR) for the

global resource of traditional species (at 1989 prices)
is $71 billion, corresponding to a tleet size of 42
million grt*.

The theoretical value for the revenue at equilibrium
corresponding to the fleet capacity available in 1989
(40.2 million grt*) is practically equal to the MSR
and very close to the actual value of the landings,
estimated at about $70 billion (FAO 19934, Table
21, page 17). One could, therefore, conclude that
the situation prevailing in 1989, both in terms of
fleet size and economic yields, corresponded prac-
tically with the MSR.

The total costs (~$116 billion) and running costs
($91 billion) incurred in 1989 are much higher than
both the actual and equilibrium revenues for that
fleet size (~$70 billion). The deficit (excluding the
opportunity cost of capital and debt servicing) is
$46 billion (in relationship to total costs) and $21
billion (in relationship to running costs). These lev-
els of deficit have already been emphasized by FAO
(1993a).

» To make the world fishery sustainable on an eco-
nomic basis at 1989 levels of fleet size would, there-
fore, require lowering the costs per unit grt by about
43%, or increasing ex vessel fish prices by 71%. or
a combination of the two. Fish price increases will
be limited by the price of substitute products. Pro-
duction costs could be lowered substantially by
making more efficient use of artisanal fisheries and
reducing the use of long-range fleets.

» To reduce the deficit by only adjusting the fleet ca-
pacity, it would be necessary to reduce the fleet to
the point where the cost and the revenuc functions
intersect. For the revenues to cover operating costs.
(point X, Figure 21) the world capacity should be re-
duced by 25% (from 40.2 to about 30.0 million grt*)
with a loss of revenues of about 4% only. For the rev-
enues to cover total costs (point Y, Figure 21), the
world fleet should be reduced by 53% (from 40.2
to about 19 million grt*)° with a loss of revenues of
only 21%. These reductions in fleet capacity would

“The draft objectives for the European Union fisheries for the
period 1994-97 foresee a 30% reduction in effort in most of the
important fisheries (Commission of the European Communi-
ties 1993).
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lead to a significant improvement in catch rates of
about 20% in the first case (point X) and 60% in the
second case (point Y).
In practice, an overall economic rationalization of the
world fishery likely would require a combination of
measures related to prices, unit costs, and tleet capacity,
particularly when one of the objectives will be to maxi-
mize employment.

Conclusions and Discussion

After a long history of fisheries growth. all available
data point to the conclusion that the total potential of
traditional species has been reached on the average, even
though there are differences between species groups and
regions. The species composition of landings has changed
over time, showing that the world fish supply is increas-
ingly relying on variable, small pelagic and other-low
value species, thereby concealing the slow but steady
degradation of the demersal, high-value resources.

The problem of overtishing. stressed in the 1946 Lon-
don Conference on Overfishing. has clearly become gen-
eral and now concerns all regions of the world. Follow-
ing the extension of exclusive economic zones.
developing countries are progressively taking a “lead-
ing role” in the overfishing problem as they develop their
own fishing capacity (from 28% to 38% of the world
fleet complement), which has been prompted by a high
demand on their local markets as well as on the devel-
oped countries’ markets. More than half of the 20 top
producers in the world are developing countries. The trade
in fish and fishery products has increased from 5% to
11% of the trade in agricultural products, and the devel-
oping countries appear as net exporters while developed
countries appear as net importers. Trends in prices de-
pend on species groups and reflect increased scarcity for
some high-value species as well as the effect of substi-
tutes (surimi) and aquaculture production. For industrial
species used for tish meal, the fluctuations in price are
dampened by the much larger production of soya, their
main substitute.

The analysis of the state of stocks by species groups
and by region shows that about 70 % of the fish resources
for which data are available are either heavily or fully
fished, overexploited, overfished, depleted, or recover-
ing from depletion. High-value demersal resources (cods.
hakes) are the most affected, but many small pelagic
stocks are also affected. The analysis also shows that in
all regions, the expansion of effort needs to be controtled
more strictly and effort needs to be reduced in most cases.
Despite the approximations affecting the analysis, we
suggest that the results confirm that the state of world
fishery resources should be a subject of major concern
and taken seriously by all governments with respect to

their EEZs and the high seas. We also stress that the situ-
ation created by the world overcapacity is compounded
by the progressive degradation of critical environments
in the coastal areas and, possibly, by climate change.

The analysis of the trends in the size of the world {leet
(in grt), landings, and landings per grt show s that, while
the total world tleet size and technological capacity o
fish increased, the world fleel landing rates were main-
tained at about 3.4 mt grt’!, but the landing rates ol the
higher-value species decreased by 25% despite techno-
logical progress. Revenue per grt, however, increased
by 38%, providing the incentives for fisheries growth
despite the resource decline. This decline. already ap-
parent in the selected species group without correction
for the fleet efficiency, becomes even more conspicuous
when taking into account the effects of technological
improvements. indicating a 62% decrease 1n the global
abundance index and 73% decrease in selected specics
index between 1970 and 1989.

When the main pelagic and low-value species are ex-
cluded. the world resources appear to be overfished with
an excess capacity of about 30%. When all species are
included in the analysis, the world resource appears to
be fished at the level corresponding to MSY'. This result
hides the fact that many resources are severely overfished
and some are still moderately exploited, but it indicates
also that there is little or no room for major increases in
world catches of traditional species, and that the world
priority should be on arresting the growth of lishing fleets
and in implementing fleet reduction schemcs to return to
safer and more economic levels of resource biomass. The
analysis confirms that there is little hope that Jandings of
traditional species can be sustainably increased with the
current fishing regimes and discard practices.

The economic analysis shows that despite the decrease
in the resource base, the incentive to fish and to increase
fleet size remained because prices increased, maintain-
ing and even raising the revenue extracted per grt. [talso
confirms that the present revenues from fisheries at cap-
ture level cannot cover the cost of fishing and thata glo-
bal deficit of $46 billion exists. Eliminating this deficit
would require a reduction of fishing costs (-43%). or an
increase in price (+71%), or a reduction of the world
fleet capacity (-25% to -53%), and probably a combina-
tion of all threc measures.

Review

In preparing this paper, we had to face the challenge
imposed on us by the organizers of the meeting (i.c.. o
show and explain the global trends in fisheries). We were
aware of the dangers of aggregating data to such high
levels and of the difficulty to interpret their changes.
However, as the data were pooled together and the analy-
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sis progressed, a coherent picture emerged despite the
sources of potential bias in the data and the analysis,
which have probably been pushed to their limits. We are
aware that it is perilous to apply non-weighted “aver-
ages” of relative levels of exploitation to species groups
across discontiguous regions and to regions across spe-
cies with widely different life cycles and resilience. Us-
ing indexes of world fleet capacity (from an incomplete
database), global indexes of fishing efficiency. and total
landings (of dubious accuracy) to develop a production
model for the whole world is also certainly dangerous
and may even appear unreasonable to some scientists.
However, we argue that, in the absence of better data
and alternative analysis, this is the best scientific evi-
dence available of global level at the moment (using the
terminology of the 1982 UN Convention for the Law of
the Sea) and that it would not be very “‘precautionary” to
totally disregard it because it does not satisty some of
the traditional statistical requirements.

We cannot be sure of the accuracy of the findings, but
the emerging picture is so bleak that we believe it is our
duty to put out the information and the warning it con-
tains (once again). A global picture is required by gov-
ernments, by the news media, and by nongovernmental
organizations because world fisheries have attracted at-
tention at the global level, in the U.N. General Assem-
bly, at the U.N. Conference on Environment and Devel-
opment (UNCED), at the U.N. Conference on Straddling
Fish Stocks and Highly Migratory Fish Stocks. and at
FAO where an International Code of Conduct for Re-
sponsible Fishing was adopted in 1995. There is no doubt
that better analyses could certainly be undertaken at the
regional and national level with less aggregated data.
Some have already been done. Too many are lamentably
lacking. We hope that this paper will promote more analy-
sis of this kind, particularly at the national level. where
the dynamics of the entire fishery system is often yet to
be properly understood, if only to disprove locally the
global conclusions arrived at in this paper.

The analysis indicates that the world fleet presently
available is practically at the f, ., level and that no sig-
nificant additional landings or revenues can be expected
by simply increasing tishing capacity. The present fish-
ing pressure is not evenly distributed, and the conclu-
sion that fish resources are fully fished “globally™ con-
ceals the fact that some are already overfished while a
few others may be able to produce more. The results
obtained in this paper seem to confirm, at the global level,
the diagnosis already repeatedly established for many
national and international fisheries (for which a lack of
economic analysis is obvious). The results imply the fol-
lowing:

At current levels of costs and prices, global fisher-

ies can only be maintained through significant

direct and indirect subsidies to the capture sector,
partly externalizing its high costs and dissipatiny
all or most of the economic rent. This conclusion is
confirmed by many analyses carried out at the na-
tional level.

« At current capacity levels, costs could be reduccd
by making bettcr use of artisanal fisheries and us-
ing fishing techniques that reduce costs such as pas-
sive gears (e.g.. set or drifting gillnets. longlines)
and concentrate fish (e.g., fish aggregating devices
and artificial reefs).

 Substantial reductions in effort levels would reduce
costs or boost productivity or both. One of the first
measures to contain and reduce flest sizes will be
to reduce or suppress subsidies or redirect them to-
wards effort-reducing measures (buy-back schemces.
etc.).

+ Ex vessel prices may be too low and vertical inte-
gration between the capture, processing. and distri-
bution subsectors may also be required to ensurc
that part of the profits made by processors and re-
tailers is redistributed to better cover the cost of
capture. Alternatively, prices could be improved
through more competition by increasing the in-
dependence of fishers in negotiating prices from
buyers.

Stock productivity could be boosted by rehabilitating
degraded critical habitats and reducing irapacts on juve-
niles (by closing arcas and seasons). It is impossible (o
assess the potential impact of reducing discards, and
improving their marketing would not improve sufticiently
the total revenue to be of relevance (even though the prob-
lem must be addressed for biological and ethical reasons)
All of these measures would move the vield curve up-
wards.

We are not certain that this global assessment depicts
correctly what would happen if capacity was substan-
tially reduced, since the model cannot capture the com-
plex reactions of the fishery sector and the depressed
resource base to such a reduction. The abundance and
landings of large predators and other preferred species
would certainly increase, and this would tend to improve
prices. In many areas, protecting juveniles by closing
areas and seasons could raise the production curve sub-
stantially in tonnage and value, as shown in Cyprus and
in the Philippines where biomass and MSY could be
doubled in 18 months (Garcia and Demetropoulos 1986).
However, if these improvements were obtained too rap-
idly, the prices could also fall abruptly through market
saturation, as shown in Italy where such a closed season
was experimentally introduced.

Altogether, it scems difficult to prevent a large part of
the presently hidden costs of fisheries from being made
more transparent (i.e.. known to society) and progressively



WORILD CAPTURE FISHERIES 25

reduced or passed to the consumer in the future. There
are limits to this, however; for instance, Westlund (1995).
in a perspective analysis of pelagic fisheries in West Af-
rica, confirmed that “small pelagics are available in the
sea but it seems that consumers (i.e. low income groups)
cannot pay the price covering the costs of ( industrial)
production.”

The large imbalance between the cost of fishing and
its revenues has already been underlined in Garcia (1992)
and FAO (1993a). In this last paper, it was roughly esti-
mated that, in 1989, the investment in fishing fleets was
about $320 billion. The opportunity cost of this capital.
based on a 10% annual return on capital, is $32 billion/
year, or 46% of the ex vessel value of the world landings
(which amounts to ~$70 billion). Despite the approxi-
mations involved, this figure illustrates the dispropor-
tionate share of the wealth extracted from the ocean fish-
ery resources being absorbed by a fleet capacity that
grossly exceeds what would be required from the eco-
nomic and biological standpoints. The large deficit ob-
served would indicate that the world capture fisheries
are operating under conditions of overinvestment and
overcapacity. If the excess of technology is largely im-
ported, as in many developing countries. the wealth gen-
erated by fisheries in these countries may be partly trans-
ferred abroad (e.g., the acquired excess tlects generate
employment and revenues in the developed countries’
shipyards).

The progress of world landings in the last 30 years
has concealed the worrying and sometimes alarming situ-
ation of some of the major fish resources and, in particu-
lar, the high-value demersal species. The real situation
was, however, very well known. Global assessments such
as presented here may not have been so frequently avail-
able, but a number of important assessments published
at national and regional level have been accessible to
managers and policy makers. Put together, they left very
little doubt about the relative state of the world resources

been disregarded.

A perspective view of the process of world fisheries
development since 1945, the date FAO was established,
has been provided (Garcia 1992: Garcia and Newton
1994). These papers described how the heavy fishing
rates (and often the overfishing) that characterized the
north Atlantic before World War 11 progressively spread
to the north Pacific in the 1950s, to the eastern Atlantic
(West Africa) and eastern Pacific (Latin America) in the
1960s, to the Indian Ocean and the Antarctic in the 1970s,
and to the south Pacific and southwest Atlantic during
the 1980s. This extension of fishing pressure has been
supported by remarkable progress in technology (boat
design, gear, positioning systems, detection equipment,
onboard fish preservation), which has allowed long-range

fleets to stay away from home for longer and longer pe-
riods of time.

The increase in fleet size and the development of larger
and safer vessels have resulted in significant excess fish-
ing capacity, which can be rapidly transferred from one
overfished stock or area to the next. The Jdrastic mea-
sures being taken to reduce etfort or restructure fisheries
in the north Atlantic and Eastern Europe are releasing an
important excess cffort, which is on the market at very
low cost. As a consequence, the full exploitation and
depletion of the remaining world resources. which in the
1950s would have taken 10 years or more 1o reach. can
now be reached nearly instantly. In addition, the exten-
sion of jurisdiction and restriction of access to resources
have led to transfers of at-sea processing capacity from
developed to developing countries through barter wr-
rangements (processing capacity against fish). Last, but
not least, modernization of artisanal fisheries gear (¢.2 .
introduction of monofilament and multi-monofilament
set gillnets, medium-scale driftnets, modern purse seines
with outboard engines, portable echosounders. and po-
sitioning systems, etc.) can greatly increase fishing ca-
pacity and pressure on the resources rapidly. dramati-
cally, and at a relatively low cost.

The process of “colonizing™ distant fishing ground-.
originally conducted by a limited number of developed
countries (USA, Japan, Eastern and western Europe). was
accompanied by resource collapses provoked by a com-
bination of exceptional climatic conditions and exces-
sive fishing (e.g.. anchoveta, Namibiun pilchard
|Sardinops ocellatus), Atlanto-Scandian herring) or
purely through overfishing (e.g.. Mauritanian lobster.
western Sahara sea bream, Gulf of Thailand demersal
tish, Philippines coral reef resources). This colonization
has generated contlicts between coastal countries and dix-
tant water fishing nations, leading to extension of ni-
tional jurisdiction to 200 miles through a process that
started in 1947 and which eventually was completed with
the entry into force of the 1982 United Nations Conven-
tion on the Law of the Sea (UNCLOQS) at the end of 1994.
High-seas resources, which represent about 10% of the
world catches, have been progressively deteriorating
(FAO 1992h, 1993a; Garcia and Majkowski 1992) be-
cause of inadequate or lacking national and international
control of high-seas fishing and noncompliance with
management measures agreed to, with difficulty, in in-
ternational or regional fishery management fora.

All these developments, added to the powerful incen-
tive represented by rising prices in a market globally lim-
ited by supplies, has led to a very volatile situation for
most world fishery resources that have a high risk of
overfishing, particularly in developing countries. The
impact of mismanagement (including lack of consider-
ing natural variability in stock potential and resilicnce)
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on northwest Atlantic stocks is costing hundreds of mil-
lions of U.S. dollars per year, with a loss of an important
number of jobs in the fishery itself plus many more in
the related industries and activitics. The economic di-
saster in the Black Sea is of the same order of magni-
tude, and it is doubtful that developing countries could
afford such an economic shock.

It is, therefore, too late to argue about the probability
of occurrence of something that has already become a
sad reality. It is time to “bite the bullet” and ask the ques-
tion, “How much should the capacity be reduced?” The
UNCLOS requires that stocks be maintained at the level
at which they could produce their MSY. Recognizing the
scientific uncertainties about this concept and the exact
position and value of MSY, and the need for a precau-
tionary approach to fisheries management, the UN Con-
ference on Straddling Fish Stocks and Highly Migratory
Fish Stocks (New York, 1993-94), with the advice of
FAOQ, proposed to consider MSY as a minimum interna-
tional standard, particularly for stock rebuilding strate-
gies and not as a target for catch levels. Under that inter-
pretation, stocks should be exploited, in most cases, at
levels of effort below f .. and stock biomass should be
maintained at levels higher than B, _: these reference
points would be considered as thresholds at which cor-
rective action has to be taken (Garcia 1994; FAO 1994b).
Similarly, overfished resources should be rebuilt at least
to B,,,, and preferably at even higher biomass levels.

The large direct and indirect subsidies required to
maintain the world fishery indicate that it represents a
significant cost to the world society (even when other
costs are excluded, such as those related to environmen-
tal degradation from tishing and damage to biodiversity).
World fisheries may generate social and other benefits,
particularly in the coastal areas. that are not reflected in
the fisheries revenue curve, thereby justifying the subsi-
dies. But it is not clear whether society, when confronted
with an objective choice, would not prefer to see its con-
tribution used differently (e.g., for better schools or health
systems). Such an analysis at the global level is impos-
sible and meaningless, but it should be undertaken at na-
tional and regional levels (in the case of shared resources).

As a consequence of strengthened management
schemes, the real or opportunity price of access to fish
stocks in developed countries is likely to increase. On
the contrary, in developing countries the need to obtain
foreign exchange through fishing agreements and the
deficiencies in management schemes (including moni-
toring, control, and surveillance systems) will put the
price of access to their resources at a lower level, par-
ticularly if developed countries subsidize the “expatria-
tion” of their excess flects. As already stressed by Garcia
and Newton (1994), the consequence in environmental
and economic terms is that the risk of depleting the de-

veloping countries™ fish resources to the benefit of the
developed markets is increasing through international
trade. The trends observed since the early 1970s. in both
fleet transfers through joint ventures and international
trade, may indicate that the process has alrcady started
and that the ditferential in the price of access to the re-
source between the two worlds, combined with sub:.i-
dies, has led to incrcased use rates in developing coun-
tries. The recent examples of economic disasters in the
northwest Atlantic demonstrate without any doubt that
the risk is not just theoretical for countries thit will never
have the economic capacity of developed countries to
withstand the soctoeconomic consequences of such a cri-
sis.

The interaction between environment and trade is one
of the most explosive 1ssues following UNCED. It should
be obvious that a world fishery system bascd on active
exchange through trade. particularly as a consequence
of the Uruguay Round of the General Agreement on Tar-
iffs and Tradc, and large exports to the developed world
can only be globally sustainable if the resources in the
developing exporting world are exploited in a sustain-
able manner. This is obviously not the case in most arcas
and, if developed countries continue to export their ex-
cess fleet capacity to the developing world, the system
can only continue to deteriorate while fisheries will fur-
ther increase the debt of the developing world.
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Economic Waste in Fisheries: Impediments to Change
and Conditions for Improvement

FRANCIS T. CHRISTY

Abstract——Extraordinary amounts of economic waste exist in open-access fisheries. Very rough global exti-
mates indicate annual waste may be on the order of $60 billion. For the United States, the estimates indicate
waste of $2.9 billion per year, This waste may well become more severe in the future. Demand in the year 2010
is likely to be more than 45% greater than present production. Supplies from capture fisheries are probably now
at their maximum limits. Supplies from aquaculture will increase but tace significant constraints in view of
scarcity of space, clean water. and feed. The result will be continued increases in the real prices of most [ish
species. placing greater pressures on the stocks and increasing the need for effective management. Means tor
the prevention of this waste (although imperfect) are generally well known. Yel. with a few exceptions, the
dissipation of economic rents continues in both international and national fisheries.

Generally, fisheries management analysts assume that fishery administrators will make the right decisions if
there is reliable and credible information about the benefits to be gained {or losses to be avoided) and if there is
adequate knowledge about the various technigues for eftective management. Thus, considerable effort has been
devoted to improving knowledge. reducing uncertainty. and developing refinements in management measures.
These investments in research. however, have had little noticeable effect. It is worthwhile to examine the basic
assumptions made by fishery analysts and to question why the results have been so meager. Asking this ques-
tion provides a basis for identifying those conditions and the forces that impede movement to better manage-

ment as well as those that may contribute to improvements.

Extraordinary amounts of economic waste exist in
open-uccess fisheries. Very rough estimates for the world
as a whole indicate that annual waste may be on the or-
der of $60 billion. For the United States, the estimates indi-
cate waste of $2.9 billion per year. Means for preventing
this waste, although imperfect, are generally well known.
And yet, with a few exceptions, the dissipation of eco-
nomic rents continues in both international and national
fisheries.

Generally, analysts of fisheries management assume
that fishery administrators will make the right decisions
if there is reliable and credible information about the
benefits to be gained (or losses to be avoided) and if there
is adequate knowledge about the various techniques for
effective management. Thus, considerable effort has been
devoted to the improvement of knowledge, the reduc-
tion of uncertainty, and the development of refinements
in management measures. These investments in research,
however, have had little noticeable eftect.

It is worthwhile to examine the basic assumptions that
have been made by fishery analysts and to raise the ques-
tion as to why the results have been so meager. Asking
this question provides a basis for identifying those con-
ditions and forces that impede movement to better man-
agement as well as those that may contribute to improve-
ments.

Fisheries management is defined here as the set of
controls and institutions that lead to the production of
economic rents from the use of the resources. This sub-
sumes maintenance of the sustainability of the stocks.

28

The Global Situation

The USA is by no means alone among nations sufter-
ing from deficiencies in fisheries management. The Food
and Agriculture Organization of the United Nations
(FAO) has made some rough estimates of the total eco-
nomic waste in marine fisheries. These estimates are
based on estimates of the total costs of the world’s ma-
rine fishing tleets and the total gross revenues from ma-
rine fisherics in 1989, with some assumptions about the
amount of surplus capital and labor.’

Total costs were estimated to amount to about US$124
billion in 1989 (Table 1: FAO 1993). The cstimates are
believed to be generally conservative.”

The gross revenues in 1989 were estimated to amount
to about US$70 billion* for total marine landings of 81
million metric tons (mt). Estimates of average unit valucs
of fish at points of landing are extremely difficult to make.
The FAO. the only collector of such information on a glo-

"This section of the paper borrows heavily from work the I did
for FAQ in the preparation of a study on changes in global ma-
rine fisheries (FAO 1993).

*FAO welcomes criticisms and comments on the basic infor-
mation and calculations and is actively seeking to improve the
estimates. Comments should be sent to Dr. Christopher New-
ton, Chiet of the Information, Data and Statistics Service, UN
Food and Agriculture Organization, via delle Terme di Caracalla.
00100 Rome Italy (Fax: 011 39 6 5225-3020).

'All monetary values in this paper are cited in USS.
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TABLE |.—Estimates of annual total costs of globat fishing
fleet, 1989.

TABLE 2.---Estimated landed value of major species and spe-
cies groups, 19894

ltem Estimated costs in US$ billions
Maintenance and repair 0.2
Supplies and gear 18.5
Insurance 7.2
Fuel 13.7
Labor 226
Total operating costs 922
Capital costs 39

Total operating and capital costs

bal basis, collects landings data for about 1.000 species
from 227 countries and administrative or political enti-
ties. A large amount of landings in developing countries
occur on isolated beaches along extensive coastlines. The
prices among individual species range widely from trash
fish at less than $0.05 per pound to luxury fish, such as
bluefin tuna (Thunnus maccoyi), at $10 per pound. In ad-
dition, prices of any individual species vary according to
size, quality, and place and time of landing.

Although there arc few sources of accurate data on the
prices of most species, information on prices for the ma-
jor species landed is available. About 50% of the estimated
value of global marine landings comes from eight indi-
vidual species or uniform species groups. for which there
is relatively good information (Table 2). With cxception
of Alaska pollock (Theragra chalcogramma), these spe-
cies and species groups are of relatively high unit value.
The cephalopods and some of the tuna (skipjack
[Katsuwonus pelamis] and yellowfin [Thunnus albacares))
are not fully exploited, but the rest are heavily fished and,
in some cases, the stocks are severely depleted.

There are various possible sources of error in the cal-
culations of costs and revenues. One is under-reporting
of landings or gaps in the collection of landings data.
Under-reporting is known to be significant in the north
Atlantic where fishers catch greater quantities than the
quotas allocated to their countries and where fishers fly-
ing flags of convenience fail to report their landings. It
also tends to occur in some national fisheries that are
managed under systems of individual transferable quo-
tas (ITQs). Gaps in data collection occur in some coun-
tries owing to the difficulties of monitoring catches that
are landed in isolated spots. Thus, total revenues may
actually be higher than those estimated.

Errors may also exist in the quantification of total num-
ber of fishing vessels. Some of the large vessels listed in
various sources may no longer be actively fishing. On
the other hand, records of quantity and size of vessels
are inadequate in many countries, including certain de-
veloped countries, and the amounts may be lower than
those estimated.

A particular difficulty in the analysis is that of esti-

Species or species

group (US$ millions) Landed valuc G of total
Shrimp 7,370 11
Tuna 6,775 10
Cephalopods 5.344 7
Crab 4,189 6
Salmon 3278 5
Lobster 2275 3
Alaska pollock 2,072 3
Atlantic cod 1,904 3
Total 33,207 48

“The estimates arc for 1989. Interannual variations are significant,
s0 present values may be quite different. Shrimp and xalmon prices
have recently been affected by supplies from aquaculiure and crab
prices by production of artificial crab from surimi processing.
The estimates of average unit values were prepared by A
Crispoldi-Hotta, FAQ Fishery Information, Data and Statistics
Service.

mating the capital value of the fishing flect. In the ab-
sence of information on the age of the vessels, deriving
estimates of current value is impossible. The use of re-
placement costs overstates present capital investment.
But for the purposes of the exercise, it is not the total
amount of capital invested that is important but the an-
nual cost of that capital. This should include sufficient
amounts to produce a satistactory return on the owner’s
investment as well as the amounts necessary to pay off
the costs of the vessel. [n the calculations, annual cost is
estimated to be 10% of the replacement value. For oldcr
vessels that have been amortized, this is clearly too high
a figure. But for newer vessels, it may be too low.

Replacement costs are also used as a basis for esu-
mating operating costs. In the case of fuel and labor, the
estimates derived as percentages of replacement cost have
been double-checked with other approaches and appear
to be relatively accurate. For insurance, the percentages
of replacement value were modified to make some al-
lowance for presumed present value. The total estimates
may, nevertheless. be somewhat higher than they should
be. It can be noted that insurance preraiums, including
those for liability, are considerably higher for fishing
vessels than for commercial vessels. Also, during the
1980s there was considerable construction of large new
vessels globally. It seems appropriate to use replacement
value as a basis for maintenance and repair because the
costs of spare parts and labor are at present prices. These
possible errors indicate that the results of the calcula-
tions must be considered with caution.

On the basis of the estimates of costs and revenucs.
the operating costs of the global marine fisheries flect.
in 1989, were $22 hillion movre than the gross revenues.
If the estimated capital costs are inclucled, the deficit in
that year amounted to $54 billion.

Aside from possible errors, the most likely explanation
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for the gap between operating costs and gross revenues
is the heavy subsidies that are provided to many of the
world’s fishing fleets, particularly for large-scale opera-
tions of many developed countries. Most notable are the
subsidies that were provided by the former USSR in 1989
and previous years. On the basis of information in 1989,
the operating costs of the former USSR fleet ranged from
$10 to $13 billion while gross revenues may have been
less than $5 billion. The subsidies are currently believed
1o be considerably lower due to the retrenchment of the
fishing operations and the move to privatization.

Japan also provided significant support for its fleet.
According to the Japan Fisheries Association (1991),

the current credit balance extended to fisheries from both
the commercial and government sectors is about $US19
billion . . . In order to support business entities in finan-
cial difficulties. the government financing system will
assume their liabilities. The amount of liability taken
over by the government has been substantial in recent
years due to the severe cconomic status of the fisheries
industry.

In addition, European countries provide large subsi-
dies. not only for construction of vessels and fishing op-
erations but also for the purchase of fishing rights in other
countries. These purchases provide an inducement for
the foreign vessels to maintain excessive effort in the
coastal states’ zones since the fishers themselves do not
incur the costs of access and have no incentive to reduce
their amount of effort.

Although overall government support for fishing op-
erations may be declining, a signiticant deficitin the glo-
bal fishing economy is still apparent. If the total support
by the former USSR is removed, the estimate of the deficit
would decline from $54 billion to $41 billion.

In addition to the deficit in operations, Jarge amounts
of economic rents are also being dissipated. The actual
amounts of this form of waste are not known. A very
rough indication can be derived by assuming that, in
open-access fisheries, the potential rents may be on the
order of 30% of gross revenues. This is based on an analy-
sis of potential or actual rents in Australian fisheries
(Campbell and Haynes 1990), which showed that rents
ranged from 11% to 60% of gross revenues with a
weighted average of 30%.

If this factor is applied to the current global marine
gross revenues of $70 billion. the potential rents would
be $21 billion per year. However, rehabilitation of de-
pleted stocks could lead 1o higher global catch levels and
increased total revenues. Previous estimates indicate that
effective resource management could lead to an addi-
tional catch of 20 million mt (FAO 1993). but this is now
thought to be unlikely. In addition, it is also believed
unlikely that total marine catches will increase in the

future: if they do, the increase will come from fishing
further down the food chain for species with low aver-
age unit values (see Garcia and Newton 1997) Although
some of the rents are currently extracted by coustal states
in the form of access fees, they are likely to be less than
$1 billion. Thus, the total amount of economic waste in
global fisheries might be on the order of $60 billion per
year (about $4 [ billion in actual deficit and another $20
billion in dissipated rents). Moreover, this ¢stimate makes
no allowance for the costs associated with the implemen-
tation of satisfactory access controls.

In addition to subsidies, another basic reason for the
economic waste is the condition of free and open access
that marks most national as well as international fisher-
ies. The behavioral pattern of exploiters of an open-ac-
cess resource is well known. Surplus profits in a fishery
appear as a new stock is discovered, as real prices rise.
or as costs fall with innovations in technology and tech-
niques. These surplus profits attract new investments,
which result in excess fishing effort and in lower aver-
age yields and revenues. Although the benefits of con-
trols over access to fish stocks are abundantly clear, the
record of successful interventions is sparse.

Future Outlook

Without some significant improvements in fisheries
management, the future situation is likely to worsen as
increased demand encounters diminished opportunities
for increased production. Present global production is
about 100 million mt of fish from marine, inland, and
aquaculture sources. Of this, about 70 million mt is used
for direct human consumption and 30 million mt is re-
duced to fish meal, mostly as a feed for animals.

With regard to future demand, simply to maintain
present levels of per capita consumption, the production
of fish for food use will have to increase from 70 to 90
million mt by the year 2010, an increase of 28% (Table
3). Itis expected that many countries will increasc levels
of per capita consumption in response to rising incomes
so that total actual demand will be even larger Estimates
cannot be made satisfactorily because of the lack of in-
formation on income elasticities of demand.

The demand for non-food use is also expected to in-
crease. The growth rate in the catch of fich for fish meal
was about 2.5% per year from 1960 to 1990, If this ix
rate is extrapolated to the year 2010, it would indicate 4
demand of about 47 million mt for fish reduced to fish
meal for animal feed and other purposes. In fact, this is
likely to be greater because of the rapid growth in aquac-
ulture production of shrimp, salmon, and other carnivo-
rous species, which makes heavy use of fish meal as &
feed ingredient. Total demand for fish in the year 2010
may thus approximate 138 million mt (Table 4).
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TagLl 3. —Projecied demand for fish for food, from all
suurees, based on present levels of per capita consumption (mel-
ric tons [mt]),

Supplies, 1988/90  Demand. 2010

Country or region (107 i) (10 mit) % change
Jupan 346 4,940 i)
Former LISSR §,333 LR 3.8
Western Europe 8.270 RARA RE
Fastern Furope 1,206 1,288 6.8
Noth Americy 5027 6,73 137
Other developed 753 1024 RN
Tetal developed 33,833 A7.077 9.6
Alrica 5,427 04K 841
China 11.875 14761 243
Other Asia 15,857 23,467 482
Tatin America 3748 5,273 40.7
anil Caribbean
Totad developing 36,902 53513 430
Cirund total 70.737 G300 28.1

These figures are admittedly highly speculative. They
are presented, however, to provide a rough indication of
the nature ol the problems. The most important ong is
that the caleulations indicate a demand for a 399 increase
in global preduction over the present level (withoul ac-
counting for increased per capita consumption). There
arc no indications that such an increase is feasible. Est-
mates of total sustainable supply from capture fisherics
are extremely difficult to make, but the leveling off of
total calch in the past Few vears indicates the limit may
already have been reached (sce Gareiz and Newton 1997).

Increased production from aquaculture is guite likely
hut may be constrained by several factors. Aquaculture
production in 1990 was abour 12 million mt (excluding
scaweed). If capture production remains at the present
level of less than 90 million mt. aquaculiure production
would have to increase about four times to meet the in-
dicated demand.

About 453% of aquaculture production in 1990 was
produced by China, mostly Irom various species of carp
grown in conjunction with agriculture, Opportunities
exist in other countrics for increased production of her-
hivorous species. Excluding China, increases in Asia may
be cxpected from improvements in culture techniques
but are Tikely to fuce limitations in space and in supplics
of ¢clean water. In Africa and Latin America, culture of
herbivorous species has barely tuken place in spite of
considerable investmenis. In Africa, investments in
aquaculture development amounted w about $150 mil-
lion between 1975 and 1987 while production from
aquaculture declined over that period at a rate of 10%
per year (Huismann 1988). There is little tikelihood of a
significant reversal in the next decade.

Aquaculture production of carnivorous species has in-
creased rapidly in the past few years. Shrimp culture cur-
rently accounts for about 25% of total shrimp production
from all sources, and salmon culture accounts for about

TABLE 4.—Projected total demand (mt) tor o] fish, 2010.

End use 198820 () 2000 (mt)
Food 7 at)
Feed 282 47
latal 949 137

405 of toral saimon supplies. Further increases can cer-
tainly be expected. but they face eventual constraints with
regard to feed. Alternative sources ot feed would have to
be found. For example. in China. musscls are grown 1o
use as feed for the cultre of shrimp and finfish.

Mollusks (such as oysters, mussels, scallops, and
clams) appear to offer opportunities for increused pro-
duction through cultivation. As planktan leeders, they
do not face the same feed constrainis as carnivorous Tish;
and as marine creatures, the need for clean water und
space is not so severe as it is for freshwaler specics (al-
though the 95% decline in vyster production in the Chesa-
peake Bay since the peak years indicates that production
will not be without its problems),

The significant shortfall in supply will lead to increases
in real prices for most specics of fish. With limited natu-
ral supplics and increasing demand, real prices are driven
upward and continue to atiract more fishing effort even
though both average and total yields continue to decline
(Figures | and 2). Real prices for most fish products are
likely to continue to rise in the future. until they reach g
point of consumer resistance.

The increase in real prices hus two contrary effects. Tt
increases the values that would be created by effective
controls uver [ishing access; on the other hand, it rewards
the open-access condition by making it feasible for fish-
¢rs to continue to cam profits in a depleted fishery.

Impediments to Change

[t is frequently assumed that effective fisherics man-
agemeni will be achieved 1t there is sufficient reliable
nlonmation, il the participants understand and appreci-
ate the need for management, and i appropriate and ac-
ceptable management measures arc availabie. Thus, much
of the rescarch and literature focuses on increasing (he
information. educating the participants, and devising or
improving management measures. Although cach of these
steps may be desirable, a different approsch might be
taken and used as a means for identifying the impedi-
ments to change and the problems of implementing f-
fective management. This approach entails asking the
question, “Why have management measurcs not been
adopted more widely?™

A first step in answering this question is to examine
some of the basic implicit and explicit assumptions (hat
underlie management attempts:
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FicuRE 1. —Relationship between catch (mt) and deflated av-
erage unit values for sclected species.

1. Administrators have the authority lo control aceess,
directly or indirectly. This assumes that there is sul-
ficient legal or institutional authority to restrict cn-
try and that the scope of the authority is sufficient
to cover the use of the stocks satisfactorily.

2. Administrators have the mandate to make the neces-
sary decisions. This assumption implies that admin-
istrators have the mandate w make decisions to de-
termine wha should have aceess and who should not.

3. The ebicetives for tisheries management can be
clarified and conflicts among objectives can be re-
solved. This assumption is sometimes derived from
the suggestion that management can be achieved if
there are clearcut, conforming ebjectives.

4. Administrators are willing to make managemcnt
decistons controlling access.

5. Administrators do not perceive the need for con-
rrolling access. 11 iy sometimes assumed that edu-
cating administrators about management needs will
lcad them to make the right decisions.

6. Administraters need more information before adopt-
ing management mcasurcs. Fisheries are marked by u
high degrec of unceriainty regarding potential yields
and stock. interrelationships. It is often assumed that
such uncertainty must be reduced to an acceptable
level before management measures can be introduced.

7. Administrators need to know more about manage-
ment technigues before they can adopl the most ap-
propriate ones.

8. Participants in large-scale fisheries will be better

200
180
160
140
120
100

Bl
6

Average unit value

40 4
20 4

— 1 T ¥ o
GAES A0 1 ¥R A3 4 TR TR T7 8 /3 80 81 B2 B3 g4 85 86 &7 88
Year

FIGURE 2.—[Deflated average unit values for lish in selecied
countries (USS 1970 = 100).

oft under systems of controlled access. This assump-
tion is derived from the simple logic of the conven-
tional model of an open-access fishery, which dem-
onstratcs that considerable cconomic rents could be
gaimed by limiting capital and ctfort. On the basis
of this assumption, efforts are made to convince (he
fishers that they should accept access controls.

9. Participants in small-scale fisheries will be betier
off when fishing is managed. This assumption has
the sume derivation as the one above but is differ-
entiated on the base of opporiunily costs for labor.

10. Saciety will be better off if aceess is controlled. Tt is
generally assumed that comrolled access will result
in major benefits to society by reducing misalloca-
tion of capital and labor and by producing economic
rents, whether the rents accrue (o the fishers or 1o
society, and that there may be a reduction in the costs
of management. including those of rescarch and cn-
forcement (depending on the system in effect).

The assumptions discussed above have varying de-
grees of validity in Jifferent situations and different coun-
trics. Some are widcly held and some not, But, in gen-
eral. they provide the basis fur most of the attempts being
made to adopt and implement fisherics management mea-
sures. However. since thesc attempts are not noteworthy
for their success, reexamination scems desirable. This
will he helpful in identifying and evaluating the condi-
tions that need to be met to achieve effective manage-
ment and to elicit general principles that have validity,
usetulness, and acceptability.

With regard to identilying important conditions and
factors, the various assumptions can be divided into four
categorics. These include assumptions about (1) institu-
tions, {2) wealth distribution, (3} perceptions ol prob-
lems, and (4} costs and benefits.

Institutions

The first assumption mentioned previously refers gen-
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erally to national and international institutions and whether
these facilitate sufficient authority to make the necessary
management decisions. Within national economic zones,
there are wide variations in decision-making authority. In
some situations, authority is relatively unconstrained. For
example, until recently, the State Trading Organization in
the Maldives was able to purchasc almost all fish pro-
duced by domestic fishers at about half the export price.
Since almost all of the fish caught are exported, this form
of tax led to the production of sizable economic rents. In
Saudi Arabia, u concession awarded to a single company
has allowed it to cxercise full control over capital invest-
ment in the shrimp fisheries. In the Mar de] Plata ground-
fish fishery in Argentina, the fishers are organized to con-
trol the market and restrict production in order to maintain
high prices. Fisher's cooperatives in Japan have been
granted exclusive rights to manage certain local fisheries.
There are, however, some situations where authority is
used to prevent controls over access.

At the other extreme, decision-making authority is
diluted. In the USA, responsibility is divided between
the states and the federal government. The members of
the regional councils come from various and often dis-
parate interest groups within and outside the industry.
Their role in preparing management plans is overseen
by the federal government. There are, of course, other
reasons why management in the USA is far from per-
fect, but the institutional weakness is important.

The number of national governments that have adopt-
ed appropriate institutions is increasing and, as benefi-
cial experience grows. it is likely that more and more
states will take the necessary measurcs. Nevertheless, con-
siderable effort is required to devise institutions that will
have authority for management and that will fit into the
particular situations of individual countries.

For shared, straddling, and high-seas stocks, there are
few institutions, and those that exist have little authority
for making decisions that would allow access controls, as
indicated by the problems in the European Pond, the “do-
nut hole” in the Bering Sea, and the northwest Atlantic.

An outstanding exception in the past was the Conven-
tion for the Preservation and Protection of Fur Seals, cre-
ated in 1911. Under the agreement, the four parties (USA,
Russia, Japan, and the United Kingdom on behalf of
Canada) agreed to forgo pelagic sealing and harvest the
stocks only on the breeding islands of the USA and Rus-
sia. In exchange for giving up their rights. Japan and
Canada received rents in the form of a portion of the
skins.* Today, the only international institution that
comes close to this is the South Pacific Forum Fisheries
Agency, which fosters cooperation among the member
states through facilitating negotiations over access rights
with foreigners, and which maintains a Regional Regis-
ter of Foreign Fishing Vessels.

Clearly. in international waters there is difficulty in
creating an institution with sufficient authority to make
decisions on controlled access. This is due not only 1o
the reluctance of states to relinquish portions of their
sovereignty but also to the fact that, ir some situations
such as the northeast Atlantic, access agreements require
negotiations over the distribution of job opportunities
among the concerned countries. Negotiators who agree
to the reduction of jobs for their fishers do not last long
in their positions. This is a major impediment to the es-
tablishment of effective fisheries management.

The problems of misuse are increasing. along with the
threat of extensions of national jurisdiction beyond 200
nautical miles. As these costs increase and as the ben-
efits of multinational institutions become more appai-
ent, new forms of international institutions may possibly
emerge. Two examples illustrate the contrast between the
status quo and the advent of institutional tools that may
bring about more effective management: Burke and
Christy (1990) suggested new approaches for dealing
with the tuna in the Indian Ocean, which were largely
ignored in the adoption of the Indian Ocean Tuna Com-
mission. However, FAO initiated and, less than 1 year
later, obtained international acceptance of an “*Agreement
to promote compliance with international conservation
and management measures by fishing vessels on the high
seas.” This agreement provides an important tool in deal-
ing with vessels flying flags of convenience.

Wealth Distribution

The second and third assumptions, dealing with the
mandate to make decisions and the establishinent of man-
agement objectives, are perhaps the most important and
difficult since they deal with the distribution of wealth.
Access controls, whether ITQs, license limits, or territo-
rial use rights in fisheries (TURFs), create forms of prop-
erty rights under which some users acquire the rights and
others are excluded from free entry. This necessarily con-
stitutes a distribution of wealth, whether it is between
sets of present users or between present and future users.
Such decisions are essentially political in nature and not
generally within the mandate of fishery administrators

*An interesting footnote to history is that the Japanese with-
drew in 1941. not because they were on the verge of war, but
because “both direct and indirect damage had becn afflicted on
the Japanese fishing industry by the increase in fur seals”
(Whiteman 1965). The number of fur seals reportedly increased
from 125,000 in 1911 to approximately 2.3 million in 1941. A
new agreement was reached in 1957, with the provision that the
determination of the total allowable yield would take into ac-
count the predation by fur seals on the productivity of other
living marine resources.
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In most cases, fishery administrators are limited to
decisions that equalize the screams of outrage of the con-
tending groups. Rather than control access, they resort
to measures that presume to be non-distributional in ef-
fect, such as restrictions on gear, time, and season or area
of fishing. In some cases, particularly those based on gear
restrictions, the presumption of non-distributionality is
inaccurate.

This has led to a plethora of controls, greatly compli-
cating the life of the fishers, as well as making them ill
disposed to administrators and additional controls, and
creating problems of enforcement. Such mcasures, al-
though they may be desirable in certain situations, do
nothing to prevent the economic waste.

For appropriate decisions to be made, it is nccessary
to involve politicians. The political process can be in-
voked in various ways. The most frequent is that of ¢ri-
sis, which can occur when average catches of fish fall
faster than increases in real price or when different user
groups come into conflict over a common resource. The
conflict can be between fishers using different gear for
the same stock, between fishers from different areas or
different countries using the same stock, or in “value-
conflicted” fisheries where there is incompatibility among
different uses or values (e.g., recreational vs. commer-
cial, commercial fishers vs. animal preservationists).

These kinds of crises tend to lead to decisions atfect-
ing the distribution of wealth and sometimes result in
access controls within the commercial fisheries. In the
case of Indonesia, a

sudden, growing invasion of 20 to 30 ton gt [sic| trawl-
ers in the traditional grounds was soon felt as a serious
unfair competition and threat to the socioeconomic bal-
ance among the masses of the fishermen, which led to
disturbances like physical clashes between trawlers and
traditional fishers, followed by arrests and demonstra-
tions in several fishing villages. This situation attracted
very much attention of the press and even the parlia-
ment, who were very sympathetic with the big masses,
as was the public. (In response to this) the Government
reached the political decision to ban the operations of
trawlers (around Java and Sumatra) (Sardjono 1980).

In this case, the decision was not followed by direct or
indirect controls limiting access in the fishery. In other
cases, however, the crises have led to access controls
(e.g., the salmon fisheries of Alaska and British Colum-
bia and the northern prawn and southern bluefin tuna
fisheries in Australia).

The major problems with crisis decisions are that there
is little room for maneuverability by administrators and
little time to prepare effective management measures.
The resulting decisions are generally imperfect.

Invoking the political process prior to crisis would be
desirable, although difficult. The constituencies in favor of
effective management tend to be weak while those opposed
arc generally strong. However, a change in the strength ot
the interests of the different constituents is possible and 1s
already occurring in some situations. This offers an oppor-
tunity for actions and studies that would help ¢ further in-
fluence the changes. Some of the major present or potential
constituents can be identified and described.

Fishers.—Fishers are clearly the most directly affected
by access controls. Generally they tend to be in opposi-
tion, but their interests are not clear. Much depends upon
their perceptions of the problems and their position in
the fishery. Some speculations follow.

The “highliners™ (the small proportion of fishers who
have high skills and take the largest share of the catch)
are able to manipulate the existing regime of regulations
in their favor and tend to oppose any change rhat would
diminish their flexibility or require them to operate dit-
terently. They are usually the first ones to leave a dis-
tressed fishery and develop a new one (if they have the op-
portunity). Since such treedom is threatened by access
controls, they are likely 10 be in opposition. In cascs where
they may not have the opportunity to develop alternative
fisheries, they may support access controls. They may
also choose this option if they feel that access controls
can be manipulated to the disadvantage of their com-
petitors. The highliners also tend to be the most vocal
fishers, and they exercise a relatively strong influence.

The fishers with less skill and less willingness to take
risks may also have less understanding of the issues and
less ability to vocalize their interests although they tend
to greatly outnumber the highliners and thus may carry
more weight in the political process. Part-time fishers
are likely to be excluded by access controls and can be
expected to be strongly in opposition. Crews on large
vessels (and their labor unions) may also tend to oppose
access controls because of the likelihood of reduced
employment opportunities.

Fishers’ positions are also complicated by differences
in their views of the status quo. For the highliners, there
is a tendency to view the status quo as that of an earlier
period when they took larger shares and had fewer com-
petitors. For the other fishers, they tend to belicve that
next year is the year when they will strike it rich. “For
measured access programs like ITQs, where initial rights
are granted according to some available suite of criteria.
the conflict between those looking to preserve historical
harvest levels (backward-looking) and those with high
hopes (forward-looking) is a major stumbling block to
reaching industry agreement” (J. Hastie, Alaska Fisher-
ies Science Center, National Marine Fisheries Service.
Seattle, Washington. pers. comm.).
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In some situations, participants in large-scale fisher-
ies have found it advantageous to adopt thcir own con-
trols on access. In some cases. this emerges from an in-
terest in controlling the market. One example is the
groundfish fisheries of Mar del Plata, Argentina. where
about 200 vessel owners collaborate in negotiating prices
for their products (A. Alberto Gumy. FAO, Rome, pers.
comm.). They then agree to limit total production at the
level appropriate to the market and allocate shares among
themselves. In other cases, the objective of collabora-
tion is to reduce conflict. This approach is found among
the shrimp trawler owners in Chilaw, Sri Lanka. where
they collaborate to forestall government intervention in
resolving conflict with small-scale operations. They have
rigid controls on time and place of fishing and limits on
the number of vessels. In the Philippines, tuna fishers
have agreed among themselves on the placement of
“payaos” (fish aggregation devices), and they exercise
exclusive use rights within their areas. There are some
situations where management. in the sense that economic
rents are produced, is achieved illegally. In some coun-
tries, fishers must bribe local officials in order to fish.
Bribery constitutes a form of tax which serves to restrain
entry and reduce overcapitalization (see Christy 1978b).

Small-scale fisheries are generally community-
oriented. There are many situations where the commu-
nity supports controls against access by the large-scale
vessels that intrude into their community waters. Within
communities that participate in small-scale fisheries,
access controls among the fishers may or may not be
acceptable. In situations where the community has ac-
quired, by tradition, a de facto TURF, the community
generally controls access and limits the number of mem-
bers of the community who can fish (although some of
these systems are now being threatened by population
growth within the community). However, for newly de-
veloped fisheries, different approaches may be taken.

In situations where no traditional TURF exists, the
interests are less clear. Two contrary approaches, for ex-
ample, were found in the state of Kerala in India (Kurien
1991). In one community, an artificial reef was erected
by a group of fishers who then controlled access, limit-
ing it to themselves. In another community. the invest-
ment was made by the community as a whole, on the
basis of “whatever each one can give happily.” and ac-
cess was open to all members of the community.

Overall, if a group of fishers perceives that the ben-
efits to them of having exclusive use rights are greater
than the costs (political, legal, economic). they will ac-
cept, or even institute, access controls.

Shipbuilders.—The interests of shipbuilders are gen-
erally strongly in support of maintaining open access
since this provides opportunities for more vessel con-

struction. Their response to economic hardshup in the fish-
ing industry is to encourage the government to provide
subsidies.

Consumers.—All consumers are facing rising real
prices and diminishing supplies of fish products. Impor-
tant exceptions are products that are cultivated. such as
salmon and shrimp. and products that provide substitutes
for luxury commodities, such as crab and lobster ana-
logs produced through protein restructuring. These ¢x-
ceptions, however, provide only a small part of total con-
sumption. Moreover, they also may experience real price
increases as feed and the raw materials become scarce

Improved management, to the extent that it allows re-
habilitation of stocks, will alleviate (at least temporarily )
some of the price pressures. Overall, consumers would
thus tend to support stock conservation measures (though
not necessarily access controls). However, the impetus
for involvement in management decisions does not ap-
pear to be strong at present. The rise in prices has been
gradual and consumers have been able to substitute un-
familiar, but satisfactory, fish species for hitherto pre-
ferred species.

Taxpayers and finance and planning agencies.— At
present, in open-access situations, the losses in terms of
dissipated economic rents are not tangible to any par-
ticular group of constituents. Although therc is sorne
evidence of misallocation of capital and labor (e.g.. 2-d
seasons for halibut), it apparently is not yet sufficient 10
raise effective outcry. There may even be u negative el
fect. Maryland’s requirement that oysters can only be
dredged by sail boats produces graphic Sunday newspa-
per supplements of the “romantic” life of the oystermen
on the beautiful skipjacks and bugeyes. Economic ratic-
nality is not a goal that wins many supporters, other than
academics (who wield relatively little intluence).

The large potential revenues, however, should be of
interest to taxpayers and government agencies concerned
with economic revenues and national economic welfare
(finance ministries and planning agencies). Recent pub-
lic attention in the USA to the negligible fees paid for
mineral lands and grazing fees may be useful in strength-
ening the interests of taxpayers and the government.

Environmentalists.—Perhaps the strongest constitu-
ents for change are environmentalists and animal pres-
ervationists. Although these two interest groups are of-
ten lumped together, it is useful to make a distinction
between them. Genuine concerns about environmental
degradation have attracted increasing public attention,
some of which is now focused on overfishing and deple-
tion of fish stocks as well as improving the quality of the
coastal zone. Some environmental organizations have
played a usctul role (in the USA) in influencing the po-
litical process in tavor of access controls although they
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tend to oppose ITQs apparently because they believe that
these will facilitate domination of the industry by “big
business.”

The interests of animal preservationists are different
in that their concern about access control is that of achiev-
ing zero mortality of marine mammals resulting from
incidental take. This would be accomplished by preclud-
ing commercial fishers from accessing fish stocks, ei-
ther directly or by controls over gear and fishing tech-
niques. The political constituency of the animal
preservationists is largely restricted to the USA, even
though it has widespread effects. The opposition of the
animal preservationists to ITQs may result from their
awareness that the attribution of values to the resources
would create a market in which they would have to com-
pete monetarily in order to achicve their goals. At present,
it costs them nothing to express their demands while the
fishers and society in general bear the costs when pres-
ervationists’ demands are met.

Although the political constituency of the environmen-
talists is strongest in the USA and some other developed
countries, it is increasing its power in some developing
countries. Marine reserves, for example, have recently
been adopted in a number of southeast Asian countries.

Perceptions of Problems

Assumptions 4, 5, 6 and 7 (p. 32) are generally related
to the question of awareness of the problems of open-
access fisheries. These assumptions have driven a great
deal of research in the past on the conviction that the
provision of information and education of the adminis-
trators will lead to their taking the appropriate actions.

A first question to ask is whether administrators are
willing to make decisions to control access. Historically.
this has not been universally true. The thrust for eco-
nomic development during the 1950s and 1960s induced
many countries to invest heavily in large-scale fishing
operations. This was generally supported by development
agencies such as the World Bank and regional develop-
ment banks, which provided investment funds to devel-
oping countries for construction of vessels and ports.

In this context, fishery administrators have been re-
warded on the basis of the amount of funds they have
brought into the country and on growth in capital invest-
ment. Staff of development agencies have also been re-
warded by the amount of loans they have generated. The
attitude that there are large potential resources that can
be tapped by increased fishing effort persists today in
some countries, and is maintained by agencies created
in the past to serve as conduits for development funds.
This reward system is not conducive to attempts Lo con-
trol access.

In some cases, the desirability of controlling access is
not readily apparent. There may be opportunities for in-
creasing total catches owing to the exclusion of foreign
fishers or because of the presence of newly marketable
stocks. Invariably, however, there will be other stocks
within the country’s exclusive economic zone being
fished at or beyond maximum sustainable yield. [n these
cases. rising real prices, due to shortages of supply. may
produce high revenues and obscure the fact of declining
yields.

It is often argued that deficiencies in information about
the status of the stocks preclude decisions on adopting
access control measures. This argument may be advanced
by administrators unwilling to make the necessary deci-
sions, by fishers unwilling to accept access controls, and
by scientists interested in maintaining or increasing their
rescarch funds. There is no question but that fisheries
science is difficult and that the results are fraught with
uncertainty. A big part of the problem is the nature of the
beast, which swims in an opaque, threz dimensional
medium and is subject to extrancous influences and com-
plex interrelationships with its predators, prey. and com-
petitors. These difficulties are compounded by imper-
fect information and actual disinformation (c¢.g., when
fishers misreport their catches to avoid regulations).

Nevertheless, there is often sufficient biological or
economic information, or both, to know that u fishery is
in bad shape and that management is essential to prevent
it from becoming worse. An example with regard to bio-
logical information is the North Sea and the Baltic, which
have been investigated for several decadcs by the Inter-
national Council for the Exploration of the Sea (ICES).
Information on the status of the stocks is about as good
as it gets. And yet, in spite of abundant evidence of over-
fishing, that condition persists. For exaraple. in 1981,
ICES recommended that Baltic cod catch be limited to
197,000 mt. However, the International Baltic Sea Fish-
ery Commission could only agree to 272,000 mt and the
actual catch was 380.000 mt.

Biological information may be marked by a high de-
gree of uncertainty, but economic information is usually
more clear. Most economic analyses of fisheries have
amply demonstrated malaise in the particular fishery
being studied. They have also frequently indicated the
necessary steps to reduce that malaise. For example,
thorough economic analysis was done of the U.S. Pa-
cific halibut fishery by Crutchfield and Zellner (1963).
Although access controls are now in the process of be-
ing adopted, information on the need for such controls
was available 30 years ago, and nothing was done.

Economic and biological information will never be
available to determine precisely the point ol optimum
yield, no matter how that is defined. But in most cases,
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sufficient information is available to make decisions that
will lead to improved benefits to society.

Costs and Benefits

The last three assumptions (p. 32) mentioned relate to
the costs and benefits of adopting access controls, the over-
all assumption being that the fishers and society will be
better off under systems of access controls than they are
under open access. These assumptions warrant some ¢x-
amination to determine whether the costs of formulating,
adopting, and implementing access controls are greater
than the benefits. The answers depend upon both the forms
of controls adopted and the particular fisheries.

Most systems of access controls create some form of
property right in the fishery. whether it is in the form of
a license (as in a license limit scheme) or in the form of
a share in the allowable catch (as in an ITQ scheme).
Automatically, the creation of a property right establishes
a value in that right, the amount of which will vary with
the degree of exclusion and the economy of the fishery.
If the right is transferable, the value is expressed in the
sale price. Some countries (e.g., Japan, Namibia, Ma-
laysia) have attempted to make the privileges nontrans-
ferable. Such attempts generally do not work and serve
to obscure sale prices by driving the negotiations under
the table.

The value may accrue entirely to the individual fish-
ers or may be shared with society through the imposi-
tion of taxes or user fees. That portion that accrues to the
fishers 1s a “windfall gain” that goes to those who ob-
tained the privileges at the initial allocation. The second-
generation fishers who buy the privileges incur the costs
of amortizing the purchase price as well as the ordinary
costs of fishing.

Whether the net incomes of the second-generation fish-
ers, on the average, are greater or lesser than the incomes
of those who were in the fishery prior to the access con-
trol depends upon a number of factors. Theoretically, the
price that second-generation fishers pay for the privi-
lege would result in income levels sufficient to cover
their opportunity costs. If all fishers were the same, then
their incomes would be the same in both the controlled
and uncontrolled fishery. But it may well be that a fish-
ery subject to effective access controls attracts fishers
with higher opportunity costs than an uncontrolled fish-
ery. If the fishery is well managed, it will, presumably,
be more stable to the extent that the factor of fishing
mortality is controtled. It could be subject to less risk,
allowing the fishers to plan their effort and investments
more effectively. There could also be a reduction in the
complex regulations that mark open-access fisheries and
a more uniform and orderly distribution of fishing effort

through the season. However, there likely will be imper -
fections in the management system. For example, I'TQs
in fisheries with intraseasonally declining yields may
continue to attract excessive effort, or ITQs where land
ings cannot be monitored satisfactorily may be unenforce
able (Christy 1973). The initial allocation may allow
excessive effort, cither by licensing too many vessels.
allowing cxcessive quotas, or exempting vessels of cer
tain size.

Since such problems may impede participation by fish-
ers with higher opportunity costs or fishers w ho are more
efficient, it is not clear that the controls would result in
higher income levels to the fishers (other than those n
the first generation receiving windfall gains).

For operators in small-scale fisheries, particularly thosc
in developing countries, the question depends upen
whether access controls are already in effect and how
they operate. As noted previously, there are many situa:
tions where informal, traditional TURFs are in existence
(Christy 1993a). These TURFs essentially constitute the
exercise of management authority at the local level, and
they have been adopted for a variety of reasons. In some
cases, TURFs are used to achieve enhancement of the
resources through planting of seed stock or anificial reets.
In others, they are used to produce economic rents by
the use of fees or auction or to control markets. Rents
may also be captured through other means such as pro-
pitiatory payments to gods, high interest rates to money
lenders, bribery or pay-offs to licensing or ¢nforcement
agents (Christy 1982). And some TURFs have been
adopted to ensure community stability.

These systems tend to be fragile and are being threat-
ened by intrusion of large-scale operations from outside.
by pressures of non-members to enter, and by popula-
tion growth within the communities. Many TURFs have
already been wiped out by national development efforts
(often supported by international aid), which failed o
recognize the existence of the systems and their poten-
tial for management.

Where the TURFs do not exist, or have been destroved.
it would generally be difficult for national or state gov
ernments (o put access controls into effect other than by
allowing the local communities to create or reestablish
TURFs. Small-scale fisheries generally rake place in iso-
lated communities and frequently operate {rom beaches.
Monitoring and enforcing ITQs or license limits would
not be feasible in these fisheries.

The creation or reestablishment of TURFs may or may
not improve the welfare of the fishers in small-scale operi-
tions. Where the community is suffering from the intru-
sion of large-scale operations, the exclusion of these opera-
tions would benefit the community as a whole. But the
provision of property rights to a community is a difficult
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task and could result in the acquisition of access rights by
one or a few individuals within the community. Extraor-
dinary care would be required to prevent the creation of
“sea lords” who might worsen the lot of the most impov-
erished.

An additiona) difficulty in small-scale fisheries is the
general absence of alternative employment opportuni-
ties. Indeed, in some developing countries, fisherics are
considered to be the “employer of last resort.” and evi-
dence indicates that labor displaced from agriculture and
other activities enters those fisheries that have no com-
munity barriers. Limitations on the amount of fishing
effort in these situations may not be appropriate if they
stimulate significant unrest.

With regard to society. access controls may generally
be beneficial, but this again depends upon the kinds of
controls, their effectiveness, and the particular situation.
In the short run, in some situations there may be very
large transaction costs in adopting and implementing the
management measures. Considerable time and effort may
be spent on research (to produce information to satisty
opponents) and on negotiation among various compet-
ing groups. In order to deal with objections to the pro-
posals, the measures may be compromised to the point
where they produce small benefits and incur high con-
tinuing costs of research and enforcement. In these situ-
ations, society may possibly be better off by benignly
neglecting the industry and letting the open-access con-
dition flourish, short of species extinction. If this policy
were to be adopted, regulations and controls could be
significantly reduced if not entirely abolished. With re-
moval of regulations, there would be no necessity to con-
duct expensive research or enforcement programs, lead-
ing to large savings to the country (see Christy [978a).

In the long run, closed-access systems may produce
several benefits to society including improved alloca-
tion of capital and labor; the production of economic
rents, previously dissipated, which may be shared with
society; reduced costs to the taxpayer in the management
of the fisheries; and stable supplies of high-quality prod-
ucts for consumers. Whether these benefits materialize,
and the degree to which they do so, depends on the ef-
fectiveness of the system and the costs of maintaining it.

Although it is quite likely that there will be positive
net benefits, examining the question will help in deter-
mining the most effective measures that can be adopted
and implemented.

Summary and Conclusions

The condition of open access that is prevalent in ma-
rine fisheries is the source of large amounts of economic
waste, as well as a cause of depletion and conflict. It has
long been known that closing off access to the stocks is

necessary to prevent the waste. But there are relatively
few examples of success in adopting and implementing
such management measures.

There are several reasons why success is so elusive.
The most important one is that decisions to close access
affect the distribution of wealth and are, therefore, po-
litical rather than administrative decisions. Institutional
arrangements also appear to be unsatisfactory in many
instances, particularly for stocks that are shared or that
straddle economic zones and the high seas. Deficiencics
in the availability of information do not appear to be a
major impediment to decision making, at least for the
adoption of measures that will improve the contributions
of fisheries to national economies. Overall. it is likely
that the adoption of closed-access systerns will produce
net benefits to fishers and society, if the systems are well
designed.

The prevailing approach to fisheries management is
to avoid decisions until a crisis emerges. This has sig-
nificant deficiencies. When the crisis becomes apparent.
the problems have already reached a stage of intractabil-
ity and constrain the range of possible solutions. This gen-
erally results in imperfect, if not unsatisfactory. measures.

It is difficult to act before the appearance of crisis.
largely because the problems have not entered the con-
sciousness of the politicians. There are. however, sev-
eral approaches that might be followed by those who scek
to promote economic rationality in fisheries. One is to
identify. mobilize. and strengthen the constituents who
favor closed-access systems. In this regard. more eco-
nomic analyses of the costs of open access and the ben-
efits of controls might be undertaken and provided to
taxpayer groups, planning agencies, and finance minis-
ters. Analyses of biological waste resulting from excess
fishing effort could be given increased publicity.

Another approach is to create institutions that will fa-
cilitate the necessary decisions and the implementation
of the measures. This may require revision of legislation
in cases where present legislation impedes the adoption
of access controls. The devolution of management au-
thority to local levels of government offers opportuni-
ties for local controls in small-scale fisheries. Proposals
for new forms of institutional arrangements might be
made, including multilateral and international institutions
as well as national ones. For example, fishery manage-
ment districts might be formed with representation from
various interest groups.

There are certain conditions that may encourage groups
of fishers to create their own access controls, particu-
larly, though not exclusively, in the case of TURFs. Some
of these conditions can be influenced by governments
(Christy 1993b).

Past approaches have not been noticeably successful
in improving fisherics management, and generally for
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very good reasons. For improvements to be made, we
must acknowledge the major impediments and adopt new
approaches that will remove or alleviate the constraints.
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Small-Scale Fisheries in the Tropics: Marginality,
Marginalization, and Some Implications
for Fisheries Management

DANIEL PAULY

Abstract.—A brief analysis of tropical small-scale fisheries is presented. structured by two areas of empha-
sis: marginalization—actual and perceived---und Malthusian overfishing. a concept | proposed previously. Itis
suggested that marginality is. in part at least, a construction resulting from faulty mental maps, which leads to
even more marginalization for small-scale tisher communities. Marginalization is the ultimate cause for Malthu-
sian overfishing, whose identification and prevention, or at least mitigation. should be foremost on the agenda
of fisheries scientists and policy makers. Some of the implications of these ideas for multidisciplinary reseurch

on coastal fisheries systems are outlined.

In early 1994, a number of articles in major interna-
tional magazines appeared, which—for a while at least—
shifted fisheries from their marginal position in the pub-
lic discourse to the center of attention. There was no
objective reason for this outburst of articles: the methodi-
cal grinding down of successive fisheries resources was
no worse in 1993-94 than in preceding years (see Garcia
and Newton 1997). Yet something of this sort had to hap-
pen at some stage, just as it happened in the 1980s for
tropical rain forests: the unconstrained and massive de-
struction of potentially renewable resources by indus-
trial fleets could not go on much longer before the press
noticed.

The press, being what it is, could be expected to mix
insights with drivel. Thus, for example, the Economist.
in an anonymous article smartly titled “The catch about
fish” (March 1994) correctly identified subsidy-driven
overcapitalization as the major culprit for the state of
fisheries in developed countries (Garcia and Newton
1997), but also stated that “increasingly. boats will head
for third-world waters, where the decline in stocks has
not yet started.”

This paper is not the place to demonstrate that boats
from Europe, North America, and Northeast Asia have
been exploiting, for decades, the fisheries resources of
developing countries, and that their stocks have long
started to decline; these topics have been well covered
in recent literature. Neither do I deal explicitly with the
development of large industrial fisheries in third-world
countries, this topic also having received much attention
(see Panayotou and Jetanavanich 1987). Rather, 1 con-
centrate on tropical small-scale fisheries. In spite of the
important, indeed crucial, role of small-scale fisheries in
most developing countries and in many developed coun-
tries (Figure 1), they continue to be perceived as mar-
ginal to the mainstream of fisheries science as illustrated,
for example, by their coverage—or lack thereof—in
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major texts. This perception may be strengthened by the
emphasis in the next section on features of tropical smail-
scale fisheries not often considered by fisheries scien-
tists. but which, I believe, explain the dynamics of many
of these fisheries better than standard bioeconomic ac-
counts. These features are as follows:
« the interactions between the factual and perceived
marginality of these fisheries, and
« their tendency to drift toward what has been called
Malthusian overtishing (Pauly 1988, 1990, 1994
Pauly et al. 1989; McManus et al. 1992).
Emphasis is given here to the interrelationships between
these features and what they may imply for fisheries
management and research in the next decades.

The Marginality of Tropical
Small-Scale Fisheries

One of the characteristic features of tropical small-
scale fisherics is their marginality, that is. their geo-
graphic. socioeconomic, and, ultimately, political remote-
ness from decision makers in major population centers
This feature is strengthened by mental maps, that is, the
mental constructs through which we interrclate facts,
experiences, and values (see Hampden-Turner 1982 and
Peters 1983 for examples from psychology and cartog-
raphy, respectively) that fail to account for management
implications.

Physical remoteness, wherein “the landings may be
dispersed over a great length of shoreline” (Munro 1980),
is not only a matter of geographic coordinates. Rather. 1
is exacerbated by the lack of infrastructure (roads, mar-
kets, ice supply, communications) that characterizes most
developing countries and by the nature of the gears com-
monly used for small-scale fishing, which are either fixed
(e.g., weirs or traps) or applied from crafts with a small
operating radius (Stauch 1966; Smith 1979: Horemans
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FIGURE 1.—How large-scale (industrial) and small-scale
(artisanal) fisheries compare globally in terms of catches, eco-
logical impacts and social benefits (from Thomson and Food
and Agriculture Organization of the United Nations 1988
[NAGA, the International Centre for Living Aquatic Resources
Management Quarterly 11(3):17 with permission]: values are
for US$). The balance of social benetits can be expected to tilt
even more toward small-scale fisheries when only the tropics
are considered.

1993). The latter constraint may lead to localized (or sea-
sonal) resource depletion, leading to influxes into alter-
native, land-based jobs (Munro 1980), when available,
or to alongshore migrations of increasing amplitude (see
contributions in Haakonsen and Diaw 1991). The re-
sponse of government agencies, nongovernment organi-
zations (NGOs), and multilateral or bilateral develop-
ment agencies to this aspect of marginality has generally
been to improve existing infrastructure or create new
infrastructure, and especially to implement motorization
schemes designed to increase the operational radius of
small-scale vessels (see Smith 1979, Pollnac 1981. or
Neal 1982 for early critiques of this approach, which
largely ignored resource access issues).

Physical remoteness also causes problems in collecting
catch and landing statistics (Munro 1980; Vakily 1992),
severely hampering management schemes that require

real-time data, that is, data based on transferable or non-
transferable quotas. Socioeconomic remoteness from the
mainstream of society 1s related in part to the low incomes
of small-scale fishers in most developing countries-—cven
in relative terms—and to the fact that they often belong 1o
ethnic groups (tribes) or social classes (or castes) of low
status. This is often compounded by illiteracy or limitced
formal education (Bailey 1982; Lunianga 1939). This form
of remoteness can thus occur in small-scale fisheries
immediately adjacent to major cities.

Perceptions of low status—definitely the products of
mental maps—have particularly pernicious eftects. They
often mask-—at least to managers and policy makers.
usually persons with a high level of formal education- --
the informal biological and ecological knowledge pos-
sessed by successive generations of small-scale fishers
(Ruddle and Chesterfield 1977) to catch fish, which also
serves as a basis for traditional, community-based fish-
eries management (Johannes 1981; Ruddie 1988, (9894,
1989b; Okcra 1994).

The geographic and socioeconomic marginality al-
luded to previously leads inexorably to lack of political
power (whether the country has elected officials or not).
which itself increases marginality: marginalization be-
comes systemic. Protest, when it occurs, may take vio-
lent form, for example, when industrial trawlers encroach
into inshore. traditional fishing grounds (Sarjono [980).

Further, fisheries, even when industrial or enormously
important to food security and foreign exchange carn-
ings, do not usually gualify for a full ministry (Peru 1s
one of a few exceptions). They are usually administered
by a department of fisheries (DoF) that is part of a min-
istry of agriculture, which tends to lack political clout.
Indeed, investment decisions directly or indirectly affect-
ing fisheries, such as port development or major flect
expansions funded by international development banks.
are usually made through planning or finance ministries.
without reference to stock assessment work that might
have been done by DoF scientists and without account-
ing for the ecological costs of such development (sce
Meltzoff and LiPuma 1986 for a case study).

These various aspects of the marginalization of small-
scale tropical fisheries are closely matched by the mar-
ginality of the science and scientists studying them.
Within developing countries, law, medicine, and cven
agriculture are far more prestigious disciplines for the
sons of the elite to study. The lower status of fisheries
science may explain, for some countries at least. the rela-
tively high number of female fisheries scientists (Dizon
1995). Researchers from developed countries who work
on tropical small-scale fisheries are frequently resource
economists, anthropologists, rural sociologists, or NGO)
activists, but less commonly fisheries scientists, as cvi-
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denced by the dearth of stock assessments in the litera-
ture on tropical small-scale fisheries (Roedel and Saila
1980: Platteau 1989a; Pollnac and Morrissey 1989.
Agiiero 1992).

Common Property, Limits to Entry,
and New Entrants

Recent contributions (Aguilera-Klink 1994) have suc-
ceeded in overcoming the confusion caused by the ap-
plication of schemes to tropical small-scale fisheries in
which the term common property was thought (o neces-
sarily imply open access, and thus resource destruction,
as might be assumed after reading Hardin (1968). In-
deed, barriers to open access—some subtle. some rather
direct—now appear to have been the key charactenstics
of traditional small-scale fisheries exploiting commons
(see contributions in Ruddle and Johannes 1985), as 1s
the case for pastoralists (Behnke 1994). However, this
realization may have come too late. Colonial authoritics
and various development projects have eroded these
open-access traditional systems, leaving sociologists and
anthropologists only residues to describe, weakened sys-
tems that are unable to effectively limit access to com-
monly owned resources.

This weakening of access limitation benefits particu-
larly the operators of industrial vessels (trawlers, purse
seiners, etc.), which can and do force their way onto tra-
ditional small-scale fishing grounds. However. this prob-
lem is easy to conceive and straightforward to control
once the political decision to do so has been made. It
may be hard to make, however, given that decision mak-
ers, or their political allies, often own stakes in such ves-
sels (Platteau 1989b). Here again, the Indonesian trawl-
ing ban of 1980 may serve as an example (Sarjono 1980).

More insidious are developments occurring within the
small-scale sector itself, which are more difficult to no-
tice and to conceive as problematic—especially when
they occur in response to real or perceived competition
from the industrial sector, as in West Africa, Sénégal
(Chauveau and Samba 1989), or Ghana (Acquay 1992).
Thus, to maintain their catches against pressure from
trawlers operating inshore, small-scale fishers might be
provided by international aid agencies with more effec-
tive gear (e.g., synthetic monofilament gillnets) or sub-
sidized motors, or otherwise enabled to expand their ra-
dius of operation, resulting in a massive increase of
effective effort, not noticed because of the simultaneous
increases of industrial fleets.

What I believe is the most worrisome development
within the small-scale fisheries of tropical developing
countries in Asia, Africa, and South America is the entry
of nontraditional fishers into these fisheries such as Pe-

ruvian highlanders, members of traditionally pastoralist
groups in Sénégal, or landless rice farmers in the Philip-
pines. In all cascs. these people enter fisheries becuuse
they have been forced out of their traditional occupa-
tions. because there 15 excessive pressure for land. o
because lack of access to grazing range has marginalized
livestock production in inland areas. Fisherics have be-
come an occupation of last resort (Neal 1982). The new
entrants have been able to become fishers because coastal
tisheries resources are vulnerable to simple gear or even
to gleaning without gear, and because whatcver access
limit may have existed was not strong enough to prevent
them from fishing.

Recalling Some Basic Principles
of Fisheries Science

There are different ways of managing fisheries sys
tems: the most elaborate are probably those that evolved
in the Sahel in Africa to regulate access to floodplain
resources (Fay 19894, 1989b) and in the South Pacific.
where tradition-based rules still mostly regulate access
to nearshore resources, without explicit knowledge or
their status (Johannes 1981; Hviding 1991; Ruddle et al.
1992). In developed countries, however, a different tra-
dition evolved, which looked first at the biological sta-
tus of the fish stocks, then at the fisheries depending on
these stocks (Went 1972; Smith 1994). This is well illus-
trated by the historical sequence of scientific concepts
used to define overfishing, viz:

1. growth overfishing, the form of overfishing that wa
first to be identified and theoretically resolved
{Baranov 1918; Hulme et al. 1947; Beverton and
Holt 1957; Figure 2A);
recruitment overfishing, the second form of over-
fishing recognized by fisheries scientists. follow-
ing the seminal work of Ricker (1954; Figure 2B):

3. biological overfishing, the combination of growth
and recruitment overfishing leading to catch decline
on the right, descending side of surplus-production
models (Schaefer 1954, 1957, Fox 1970; Ricker
1975: Figure 2C) and related to ecological overfish-
ing in multispecies fisheries (Pope 1979: Pauly
1979a, 1994).

4. economic overfishing, initially defined in terms ol
economic theorv by Gordon (1953). then combined
by various authors with the surplus-production mod-
els in (3) to yield the Gordon-Schaefer model (e.g..
Anderson 1977; Figure 2D);

These forms of overfishing are well-described in text-
books, and the suggested remedies traditionally involve a
mix of management measures aimed at reducing effective
fishing effort (such as mesh size regulations. closed sea-

19
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FIGURE 2.—The four “classical” forms of overfishing, illustrated by the models used ro define them: (A) An example of a vield
per recruit (in g year') isopleth diagram for red snapper in the South China Sea. defining growth overfishing (from Pauly 1979h).
This model is used for mesh size and related regulation. (B) Example of a stock-recruitment curve for southein bluefin tuna
(Thunnus maccoyi), defining recruitment overfishing (from Murphy 1982). This model is now used to identify replacement spawning
stock levels (Goodyear 1989: Mathews 1991: Mace and Sissenwine 1993). (C) Surplus production model, detining biological
overfishing and related parameters (MSY, f,s,) of the small pelagic resources of the Philippines (from Trinidad-Cruz et al. 19923).
This model is used for effort regulation. (D) Simple biceconomic model of a fishery in model C, defining econoniic overtishing
and associated parameters (MEY. f,.) (from Trinidad-Cruz et al. 1993). Each model implies a certain research progran, includ-
ing field sampling of raw data. collation of secondary data. as well as certain “levers™ to implement suggested action.

sons or limits on gear sizes or on craft designs. with indi-
vidual transferable quotas (ITQs) recently added to the
panoply; see Anderson 1997, Hannesson 1997). These
measures assume that the fishers concerned are actually
in a social and financial position to either implement or
comply with those measures. In developed countries, they
can. because the textbooks are written in and for such coun-
tries, in which fishing is done by corporations (often sub-
sidized by government) or by independent (if small) en-
trepreneurs who can generate enough political pressure to
also obtain governmental subsidies or to take shore-based
jobs if all else fails. The situations of various aboriginal
groups within developed countries and of small-scale fish-
ers in the Atlantic Provinces of Canada (Ommer 1991,
1995) provide exceptions to this, and resemble more the
developing country situation presented in the following
text.

Malthusian Overfishing Defined

Small-scale fishers in tropical developing countries are
usually poor and lack alternative employment opportu-
nities: that is, once they start fishing, they are forced to
continue, even if the resource declines precipitously. The
numbers of small-scale fishers tends to increase, both
because of internal recruitment and through destitute new
entrants. Malthusian overfishing is here defined as what
happens when these new fishers, who lack the land-based
livelihood of traditional fishers (e.g., a small plot of land
or seasonal work on nearby farms or plantations). are
faced with declining catches and induce wholesale re-
source destruction in order to meet their immediate needs.

Overfishing may involve, in order of seriousness and
generally in temporal sequence, (1) use of fishing tech-
niques, gears or mesh sizes not sanctioned by government:
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(2) use of gears not sanctioned within the fisher commu-
nities or catching of fish “reserved” for a certain seg-
ment of the community; (3) use of gears that destroy the
resource base; and (4) use of destructive techniques such
as dynamite and fish poisons that endanger the fishers
themselves. (Note that this parallels slash-and-burn ag-
riculture in upland areas, which also leads to environ-
mental degradation and which is also exacerbated by im-
migration from the lowlands). This sequence. generally
misunderstood by administrators and fisheries scientists
as based on the ignorance or shortsightedness of tishers,
reflects attempts to maintain incomes in the face of de-
clining catches.

The reason [ chose the adjective “Malthusian™ to char-
acterize this process is not because I wanted to join the
chorus lamenting the impacts of rural population growth
on natural production systems—-these impacts arc now
obvious (Southgate and Basterrechea 1992: Homer-
Dixon et al. 1993). Neither was it because I belicve that
one should put “population control front and center
among the possible ways to confront the problem of over-
fishing,” as suggested by Sunderlin (1994) in an other-
wise thoughtful discussion of what he calls “the struc-
tural antecedents of poverty and high fertility.” Rather, |
wanted to emphasize. through this choice of words, what
I believe is the key to Malthus™ writings—his conlention
that production (of food) cannot in the long run Keep up
with an ever increasing demand (Malthus 1798).

There are still many people who believe that. globally.
terrestrial food production will continue to increase as it
has done since 1798 when Malthus published his major es-

say, despite well-documented, widespread destruction of

agricultural production systems as the result of such prob-
lems as erosion and salinization (Lightfoot 1990): South-
gate and Basterrechea 1992: Mathews 1994: Harris 1996).

Even optimists will have to agree, however, that the
biological production of aquatic ecosystems must have
an upper limit, and that fish catches will, over time.
remain at best constant once a fishery is “developed”
(see Pauly 1990). In such situations, catches tend to
fluctuate and then gradually decline because of exces-
sive tishing effort (Figure 3) because of the reduction

of biodiversity induced by fishing itself and because of

impacts from adjacent sectors such as logging-induced
stltation of highly productive coral reefs {Hodgson and
Dixon 1992). Thus, for capture fisheries at least,
Malthus’ contention applies: once the *boom™ is over,
fisheries production will stagnate at best. and certainly
not accommodate an ever-growing demand. Further,
this ever-growing demand need not be due to local
population growth: globally increasing incomes. lead-
ing to increased tish consumption and prices. may.
through remote markets, affect otherwise isolated fisher
communities.

Yielcs

Years

FIGURE 3.-—Schematic representation of the evolution of
typical tishery, emphuasizing that catches cease to (A) increase
after a short development phase, (B) increasing y {luctuate. then
(C) head toward a collupse fueled by the competition between
groups of fishers or gears or both. Phase C is when fishenes scien-
tists are requested to help while the private fishing costs of Fleet
1 or 2 or both are reduced through subsidies trom pullic tunds.

Causal Pattern and Diagnosis of
Malthusian Overfishing

Given the prior description and the elements of Fig-
ure 4, the following causal pattern is hypothesized o
oceur in a fishery sutfering from Malthusian overtish-
ing:

» Stagnating overall catches and an increasing num-

ber of fishers lead to

* decreasing catch per fisher (this may be masked. at
the income level, at least for a while by increased
value of the catch). which with the firsr element.
Jjointly lead to

= evidence of (at least localized) biological and cco-
logical overfishing and gradually to

» classical economic overfishing (when the value of
the catch does not increase as fast as the costs of
fishing), which may coincide with an increased ten-
dency for fishers to undertake seasonal alongshore
migrations, a gradual breakdown of traditional man-
agement schemes. and non-enforceraent of’ “mod-
ern” management regulations.

Important additional symptoms are as follow::

» New fishers are recruited from ethnic groups (c.g..
of traditional pastoralists) or regions rc.g.. high-
lands) without a tradition of fishing. The new fish-
eries will require cheap and easy fishing gears. hence
there will be

* increasing use of destructive gears (explosives, poi-
sons). An important. but often neglected corollary
of poverty is an

* increasing contribution of women in fisher commu-
nities to overall tamily incomes (i.c., women subsi-
dizing the fishermen).

This causal pattern may appear hard to diagnose. How-
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ever, some fisheries in South and Southeast Asia contain
most of the elements of this pattern (sec McManus et al.
1992 or Saeger 1993). The last element in this list, which
I deduced from observations in several fishing villages
(emphasized in Figure 4), still needs empirical verifica-
tion. However, gender-disaggregated data suitable for
verification are rarely collected or analyzed under the
prevailing mental map, which tends to relate women to
fisheries only when they act as middlermen.

Malthusian overfishing, which is widespread in Asia,
notably South and Southeast Asia, can be expected to
spread in the next decadcs to and within Atrica and South
America, often in the wake of dynamite fishing. Anec-
dotal evidence suggests that dynamite tishing is spread-
ing into areas where it was previously unknown. such as
the Caribbean or West Africa (see Vakily 1993 for one of
the few well-documented cases outside of Southeast
Asia). Modern technology will not help in such cases
since, as might be seen from Figure 2D, any decrease in
fishing costs (such as those induced by economically
more cfficient gears) tends to further deplete the resource
base of the fisheries.

Overcoming Marginalization

Marginalization and Malthusian overfishing. its de-
rived phenomenon, need not occur. A number of reme-
dial actions that would help to alleviate or at least miti-
gate some of the effects of marginalization are possible.
An obvious short-term measure, for which Figure 1 may
be seen as providing much of the required justitications.

Movements
of people
‘)o of fish products

ng of money

is for central governments to ban commercial fishing on
the inshore fishing grounds of small-scalc fishers or to
enforce existing legislation forbidding such incursions.
Such bans have been implemented for the explicit pur-
pose of reallocating coastal resources, and evidence in-
dicates that the intended purposes were achieved, at leasl
in part (Sarjono [980; Saeger 1981; Martosubroto and
Badrudin 1984: Martosubroto and Chong 1987). How-
ever, such short-term measures tend to produce ooly
short-term benefits, as are the benefits accruing from
enforcing prohibitions on destructive gears such as dy-
namite or poisons.

In the longer term, dealing with Malthusian overtish-
ing will involve providing the women in fishing com-
munities—obviously in the context of nalionwide pro-
grams-—reasons and the means to limit child-bearing. (1
option they are largely denied at present by their hus-
bands and such powerful men as conservative politicians
and religious leaders. and by economic conditions that
make it seem rational to invest in large families (Stevens
1994; Anonymous 1994).

Better educated women are now recognized by devel-
opment agencies as crucial agents of change in rural sct-
tings. Hence. overcoming the marginalization of fisher
communities cannot be achieved without empowenng
women (see contributions in Ocestergaard 1992). This niay
involve the partial devolution of government functions
to local fisher communities, leading to wrangements
wherein the communities would have the right and the
means to establish and enforce exclusive Tishing arcus.
sanctuaries, and gear restriction schemes (Alcala and

FIGURE 4.—Schematic representation of the processes leading to Malthusian overfishing. A comparatively larze agricuttural
sector releases excess labor, landless farmers who migrate either to urban. upland. or coastal areas. Under this infiux, traditional
arrangements preventing open access to the tisheries gradually collapse. leading to excessive fishing pressure. This is exacerbared
by inshore commercial fishing, by new entrants to fishing as the male children of fishers pick up their fathers” trade. and by 1he
contribution of many young women who leave the communities to work in urban arcas. providing a subsidy for mer: to continue ¢
fish even when resources are depleted. The migrants to uplund areas accelerate and complete the deforestation nitiated by logging
companies, which leads to siltation of rivers and streams, and eventually to smothering of coral reefs and other coasial habituts.
thus further reducing coastal fish yields. This mode] implies a research program and levers to affect events. just as the traditional

fisheries models in Figure 2 do.
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Russ 1990; Russ and Alcala 1994). Several of the indi-
vidual ITQ schemes discussed elsewhere in this volume
may be useful here as well.

Devolution—to the extent that it does not permit local
elites to replace a more distant and perhaps more benign
central government and leads to more decentralized
modes of governance (described in Putnam 1992)—
would represent a lessening of the marginalization pres-
ently besetting small-scale fishing communities, which
would become the partners, rather than the “target” of
government agencies (sec contributions in Kooiman
1993). This is particularly important as governments the
world over have shown themselves largely unable to
manage natural resources without the cooperation of key
stakeholders, however large the bureaucracy that is de-
ployed. Also. it is only in the context of devolution that
communities can use traditional (“local™) knowledge for
fisheries management, for example. to establish seasonal
or area closures based on empirical knowledge of spe-
cies life history or to formulate and enforce equitable
resource access rules.

For local management o result in increased incomes
for fisher families, alternative employment will huve to
be found for those leaving the fisheries. However. few
detailed and realistic plans for phased reduction of fish-
ing effort through alternative livelihood projects exist.
The work of McManus et al. (1992) is one of the few
exceptions. This work, and related publications on coastal
area management, make abundantly clear that eventu-

providing alternative livelihood opportunities such as
mariculture and others—must involve intersectoral ar-
rangements. Hence, fisheries managers must interact with
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representatives of sectors operating in coastal areas such
as agriculture, tourism, and manufacturing.

Coastal transcets, adapted from the transects used in
farming systems rescarch, can be used to formalize
intersectoral relationships in coastal areas (Pauly and
Lightfaot 1992). and thus facilitate the previously men-
tioned intersectoral conceptualizations and perhaps even
consultations. Interestingly, while small-scale fisheries
are usually marginal in conventional mental maps, on
land’s end. they emerge at the core of coastal arcas when
they are plotted on graphs (Figure 5). Such transcets show
that biomass cxchanges in coastal systems cannot be ac-
curately quantified without accounting for the fish caught
by small-scale fishers or gleaned by women and chil-
dren (Chapman 1987: Talaue-McManus 1989; Wynter
1990). That part of marine production, important in tropi-
cal waters, that is derived mainly from terrigenous in-
put, and gencrated close inshore is recycled back infand.
The cycle applies to incomes generated by small-scale
fish processing, a major contributor to the coastal
economy of communities and one in which women of-
ten play the major role (Nauen 1989; Arnal et al. 1992).

For these and related reasons. coastal arca manage-
ment, an important area of systems research, must focus
on small-scale fisheries, and thus render them less mar-
ginal. Similarly. studies of the world’s biodiversity. a new
integrative framework ror several biological disciplines.
cannot but encompass tropical coastal fisheries-—coastal
systems such as coral reefs being, after tropical forests.
the main global sources of biodiversity (sec Reid and
Miller 1989). For coral reefs, as is the case with the
Amazonian rain forest, local knowledge-—suitably re-
corded and validated—will be crucial in complement-
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FIGURE 5.—A coastal cross-section, or transect, illustrating the central and structuring role of small-scale fisheries in coastal
arcas and showing main resource uses and activities along a transect, along with their impact on the coastal zone proper (items in
parentheses have no icons). Such graphs, derived from farming systems research (Pauly and Lightfoot 1992) can be used to
reconceptualize small-scale fisheries away from their present marginal location on our mental maps toward a central role at the

heart of coastal systems.
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ing scientific knowledge of endangered species or of

unique events or processes. such as spawning aggrega-
tions, an area of fisheries biology that is largely driven
by local knowledge (Johannes 1981).

A change of mental maps is required for all the factors
involved in reducing the marginalization of fishers—
changing gender roles, the devolution of political power
toward fisher communities. the new governance that de-
volution implies, and the perception of coastal fisheries as
only one sector in coastal areas. albeit an important one.
Some of the graphs presented in this paper (Figures 1, 4,
and 5) are proposed as elements of new mental maps for
fisheries scientists, particularly those working on tropical
small-scale fisheries. Small-scale fishers would be at the
center of these new maps, not at the edge. Such new
maps, I believe, would guide us better than the old maps
that I suspect most of us still use to orient ourselves.
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TRENDS IN INTERNATIONAL LAW
FOR HIGH-SEAS FISHERIES MANAGEMENT

W. T. BURKE

Abstract—This paper discusses trends in international law relating to high-seas fisheries management. After
briefly describing the major elements of the current regime for such management, I examine the recent develop-
ments intended to improve the international legal framework for high-seas fisheries management. The major
efforts to this end consist of the contemporary general international negotiations under the auspices of the United
Nations and of the Food and Agriculture Organization (FAO) of the United Nations. The first of these, to which
FAO also contributes, aims at improvements in jurisdictional, substantive. and procedural principles for strad-
dling fish stocks and highly migratory fish stocks. These negotiations are underway at this writing (they were
concluded in 1995). Under FAO auspices, states have adopted an agreement to improve compliance with aigh-
scas management measures that is designed to resolve the difficulties caused by vessel reflagging in orcer 1o
avoid compliance with otherwise applicable conservation and management measures. Reference is also made
some specific international agreements aimed at straddling stocks and to unilateral actions relating to these stocks.

It is useful initially to identify the deficiencies of the
existing high-seas legal regime that help account for the
continuing controversies about high-seas fisheries. The
basic problem is that the regime provided for in the 1982
Convention on the Law of the Sea, or in customary in-
ternational law prevailing for high seas fishing, is not an
effective one. An cffective regime is one that would ad-
equately provide for the following:

+ the acquisition, collection. analysis, and dissemi-
nation of information necessary for making conser-
vation and allocation decisions about the stocks
harvested in high-seas fishing operations:
aregulatory system that (a) would maintain accept-
able (sustainable) levels of abundance of target and
incidentally caught species and (b) would deal with
overcapitalization and allocation ot benefits; and
the authority and the practical means to enforce
regulatory measures.

It should go without saying that such a regime should
be implemented rather than exist on paper only.

Past Atempts to Modify or Eliminate
Freedom of Fishing on the High Seas

A key to understanding the major trends in high-seas
fisheries management is to consider the last half-century
of actions by states in relationship to fisheries. Over this
entire period of time, we have witnessed, and continue
to witness, a series of attempts to escape from the prin-
ciple of freedom of fishing on high seas. Therefore, the
most noticeable trend today, consisting of the various
attempts to restrict freedom of fishing on the high seas,
is only a continuation of one of the main characteristics
of international decision making since 1945, In these
remarks, 1 briefly document this point, although surely it

is beyond serious cavil, and then examine the present
array of efforts in that same direction, which are still for
the most part underway.

There is one critical difference between the current
and previous contexts. In some ways, this problem is
its most critical stage because failure to resolve the con-
flicting regimes now applicable to the harvest of marine
fish could undermine broader understandings about the
general regime of law governing events at sea. This as-
sessment is not a product of a fevered academic imagi-
nation. It is the expressly stated view of diplomats now
struggling to develop solutions to the primary contro-
versies involving straddling stocks (Nandan 1993).

The effort to modity and control high-seas fishing be-
can, as all know, almost simultaneously with the end of
World War 11 when the USA issued, unilaterally. its fish-
erics and continental shelf proclamations. The former has
often been portrayed as nothing more than an cffort to
encourage international agreement on regulation of fish-
eries adjacent to national territory, whether of the USA
or of any other nation.

That is an incomplete and somewhat distorted view of
the object in mind in the fisheries proclamation. This
proclamation was clearly an effort to extend unilateral
U.S. control over salmon harvesting in the adjacent high
seas. a possibility which had agitated the U.S. govern-
ment since the 1930s when great excitement followed
reports that Japancse vessels were entering the fishery
off Alaska (Hollick 1981). The control to be established
under the proclamation did not depend on the acquies-
cence of foreign fishing states unless they were already
participating in the affected fishery, a circumstance that
definitely did not apply to salmon. If the proclarnation is
read carcfully, keeping in mind that it had been cxtremely
carefully drafted, it is obvious that it includes the intent
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of exercising unilateral control over foreign fishing al-
though this is not expressly stated. However. the under-
lying memorandum distributed by the U.S. Department
of State to support this proclamation made it clear that a
major objective was to prevent the entry of Japan into
the northeast Pacific Ocean salmon fishery (Hollick
1981).

It is helptul to recall that the USA never had to exer-
cise unilateral control over salmon. By the time Japan
was again able to fish outside Japanese waters after WW
II. the USA had gotten their agreement, if it can be called
that considering the disparity between the two countries’
positions in 1950-51 to fish west of longitude 175°W
despite their freedom to fish east of that linc under pre-
vailing international law. Scheiber (1989) provides an
insightful account of the evolution of the 1952 Conven-
tion for the High Seas Fisheries of the North Pacific
Ocean. The USA felt so strongly about the abstention
principle that it attached a declaration to its ratification
of the 1958 Geneva Convention on Fishing and Conser-
vation of the Living Resources of the High Scas 1o the
effect that the convention did not affect the principle.

Shortly after the Truman Proclamation in 1943, the
west coast states of South America extended their juris-
diction to at least 200 nautical miles in language that
appeared to be more consistent with extension of the ter-
ritorial sea than for fisheries or oil and gas alonc. Al-
though these claims were not generally observed by other
nations, they did lead to more moderate claims to exclu-
sive fishing zones and thus to recognition of the special
interest of the coastal state to fisheries beyond a narrow
limit of national jurisdiction. The later widespread agree-
ment on the exclusive economic zone (EEZ) resulted in
the adoption of the 200-milc (370-km) limit espoused in
the Chile, Ecuador. and Peru claims, but not their expan-
sive view of the scope of national jurisdiction within that
limit.

The first United Nations (UN) Conference on the Law
of the Sea (UNCLOS) in 1958 was the next attempt to
reduce freedom of fishing in disregard of efforts to es-
tablish conservation measures. At that time, the pressure
against freedom of fishing had two consequences. The
first, and most important, was that it forced the negotiat-
ing parties to separate the concept of jurisdiction over
fisheries from the concept of territorial sovereignty. Al-
though no precise formula to that effect was endorsed at
the 1958 UNCLOS conference, the only serious propos-
als for agreement on a fixed width for the territorial sea
provided for an additional area of limited fishery juris-
diction, subject to a grandfather clause for a period of 10
years (McDougal and Burke 1985).

This approach was continued in the second United Na-
tions Conference on the Law of the Seain 1960 where it

was even clearer that the principal problem was to agree
on a limit on the territorial sea and a separate linut for
fisheries (McDougal and Burke 1985). Although agree-
ment narrowly eluded the conference, the stage was set
for later successful negotiations as well as for the prolif-
eration of unilateral claims to fishery jurisdiction bevond
the territonal sea.

The second consequence of the pressure on freedom
to fish in the 1958 conference was the successful con-
clusion of the 1958 Convention on Fishing and the Con-
servation of the Living Resources of the High Seas (17
UST 138, TIAS 5969, 559. UNTS 285)." which is cur-
rently in force for 36 states, including the USA, Canada.
Iceland. and France. This agreement has never been
implemented, but it does have continued significance fol
contemporary straddling-stock controversies, as dis-
cussed later. Onc possible implication of this treaty was
that there was no need for extended fisheries jurisdiction
or the establishment of exclusive fishery management
zones since a coastal state could achicve its conserva-
tion objectives either by international agreement or uni-
lateral action. However, the ensuing vears show that this
interpretation did not carry much weight with coastal
states, virtually all of whom extended their jurisdiction
for fisheries reasons and purposes.

After the Second UNCLOS in 1960, the data show
that, through 1975, national claims to fisheries jurisdic-
tion took mainly the form of extending the territorial sea
to 12 milces or, in a few instances, establishing fisheries
zones beyond the territorial sea. The latter were normally
rejected before 1975. Some states extended the territo-
rial sea beyond 12 miles (Burke 1994), sometimes much
beyond. By and large, the encroachment on frecdom ol
fishing was relatively modest during this period. but 1t
does show the continuing tendency to separate fishing
from territorial jurisdiction. During this period. almeost
all fisheries management, such as it was, was high-seas
management, Virtually all the international fishery agen-
cies. with minor exceptions, and all the bilateral and
multilateral agreements on fisheries were aimed at high-
seas fisheries, although territorial seas were included in
the coverage of some. The reason for this focus was that
significant harvesting occurred beyond the territorial sea
where regulation could only be by international agree-
ment. There was no basis for national jurisdiction out-
side the territoriul sea, and there was no nced for interna-
tional fishery agencies to deal with territorial seas in mosl
instances except tor bilateral agreements. Carroz (1934)
summarized as follows: “Over the ycars. more than

'United Nations, multilateral treaties deposited with the Secre
tary-General. status as of Dec. 1992, p. 755.
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twenty regional fishery commissions were established
to cover nearly all the world’s seas and oceans. This net-
work developed when the application of conservation
measures and regulation of the conduct of fishing opera-
tions on the high seas could only be achieved through
international agreements.”

Since 1975, the most obvious trend in law of the sea is
the great extension of national jurisdiction, and it i1s now
universally accepted that the area out to 200 miles is sub-
jectto coastal state jurisdiction. The freedom to fish with-
out effective restraint, but subject to the obligation to
conserve, was gradually pushed farther and farther from
the coast.

The preoccupation with high-seas fisheries has not yet
abated. As was recognized by some states during the

UNCLOS negotiations, but glossed over for the sake of

more general agreement on other issues, the extension
of national jurisdiction was not a complete solution to
the high-seas management problem (Burke 1989). Left
over as a result were the new issues arising from the fact
that some fish stocks, partially within national jurisdic-
tion, were still available for harvesting outside the new
EEZs. The result is the embarrassingly difficult problem
of fish stocks that are subject to contradictory jurisdic-
tional principles. the effect of which has been to obstruct
effective management.

What have attracted so much attention lately are the
controversies generated by this lacuna in jurisdictional
arrangement and the gap left by the creation of the EEZs.
By lacuna I mean the absence of management owing to
the concept of freedom of fishing applicable to purely
high-seas stocks although a duty to conserve does apply
to such stocks. No single nation can regulate such stocks
nor can any group of nations unless agreement is reached,
and the general obligation to conserve is difficult or im-
possible to enforce without agreement. Thus, no agree-
ment, no management—usually. The gap is represented
by the 200-mile EEZ limit, which only bounds part of a
fish stock, some of it being subject to freedom of fishing

while the inside stock is subject to the sovereign nghts of

the coastal state. The lacuna is the absence of manage-
ment over a portion of a stock. which is also detrimental
to management of the portion subject to a single decision-
making process. Here again, no agreement, no manage-
ment. And sometimes in this instance, where there is
agreement, there is still no effective management (such as
under the North Atlantic Fisheries Organization [NAFO]).

The Concept of Straddling Stocks
and Highly Migratory Stocks

A few background facts about this pattern of fishing
are useful to know. These stocks are called straddling

stocks for obvious reasons, but the precise coverage ol
this term is not so simple. Some straddling stocks occur
predominantly within the EEZ, but straddle out to some
degree. Others occur predominantly outside the EEZ but
straddle in to some degree. This relationship is not nec-
essarily stable, but apparently it tends to onc or another
orientation over time. In each instance, the specific stock
characteristics determine whether fishing in one area does
or does not aftect the same stock in another area. Dis-
cussion and illustrations of high-seas fish and different
types of straddling stocks are provided by the U.N. Food
and Agriculture Organization (FAO 1993 and in a Rus-
sian Federation document (U.N. 1993a).

Morcover, some straddling stocks move more than oth-
ers and do so over great distances outside national juris-
diction, such that some perceive them as having little
real relationship to coastal states within whosc jurisdic-
tion they also appear. These stocks are labeled highly
migratory species—a group of species ideniified and
listed in the UNCLOS wreaty, albeit with numerous omis-
sions and errors. A distinction among these difierent cat-
egories of straddling stocks is urged by some states, es-
pecially the USA. arguing that legally, biologically. and
politically, highly migratory species differ from other
straddling stocks.” From a management perspective, il
is difficult to understand that this distinction makes «
difference except in the number of coastal states whose
measures must be coordinated for effective management.
In either instance, eftective management raquires agrec-
ment of coastal and high-seas fishing states. In both in-
stances, coastal states assert interests in high-seas fish-
ing on straddling and highly migratory stocks. interests
that are recognized in article 116 of the UNCILOS treaty.

The aggregate landings of straddling stocks are not
trivial. FAO statistics are considered to give a “crude
order of magnitude.” with a range of 11.4-13 7 million
metric tons (mt) between 1988 and 1991, ¢xcluding
“highly migratory species” (Burke 1989, FAO 1993y,
For example. if all tuna in the latter category were in-
cluded, the total world landings would be increased by
about 4 million mt, amounting in total to as high as 17
million mt, which is greater than 20% of the total world
marine landings. No one should think these estimates
are very accurate, just as the total world landings figure
is not very accurate, but the best that imperfect informa-
tion will disclose.

“U.S. objective for sessions of the United Nations Conferences
on Straddling Fish Stocks and Highly Migratory Fish Stocks.
5-6 Feb. 1994. Manuscript prepared by Office of Marine Con-
servation, Bureau for Oceans and International Environmental
and Scientific Affairs, U.S. Department of State.

*FAO Fisheries Circular. note 11 above, at 5.
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The species that composes the largest single part of

the reported world fish catch, and the largest in the U.S.
annual harvest, is the Alaska walleye pollock (Theragru
chalcogramma), which is a straddling stock in the cen-
tral Bering Sea as well as in the Okhotsk Sea. In the
former instance, the high seas enclave (the “donut™ hole)
is surrounded by the EEZs of Russia and the USA. In the
Okhotsk Sea, the “peanut” hole is an enclave wholly
within the Russian EEZ.

This same general problem arises in several places
around the globe, notably oft eastern Canada, Argentina,
Chile, Iceland, Norway, and New Zealand, and there is a
potential for considerably more instances as the search
for high-seas stocks intensifies (Meltzer 1994). If tuna

are included as straddling stocks. a very large number of

additional states are involved. As noted previously, an
alleged difference between tuna and other straddling
stocks was an important U.S. criticism of the Negotiat-
ing Text resulting from the second substantive session
of the U.N. Fish Stock Conference.

The reason for controversy in this context is that the
combined species and zonal approaches that prevailed
in the 1982 treaty do not provide (or have not been per-
ceived to provide) adequate or clear guidance for deci-
sions about straddling stocks. Under that treaty, coastal
states have sovereign rights over fish within 200 miles
of their coastlines, but beyond that all states continue to
have the right to excrcise the principle of freedom of
fishing on the high seas. Thus, sovereign rights apply to
a portion of a stock and freedom of access to another
portion.

A truism of fishery management is that to be effec-
tive, regulations must apply to an entire stock and to the
entire range of its movement. This assumes that appro-
priate regulations are actually adopted and enforced—a
hazardous assumption.

Continuing Efforts to Resolve High-
Seas Fishing Management Problems

The contemporary actions regarding this problem
range from the broadest forums, such as the General
Assembly and large diplomatic conferences such as the
United Nations Conference on Environment and Devel-
opment (UNCED) (Burke 1993) and the follow-up U.N.
conference on fish stocks, to specitic multilateral etforts
and unilateral actions by particular states. I believe the
involvement of the U.N. General Assembly in address-
ing high-seas fisheries issues is probably idiosyncratic
and not indicative of a trend toward such intervention.
In 1989 and 1991, the U.N. General Assembly adopted
resolutions directed at the use of large-scale driftnets on
the high seas. Resolution 46/215, adopted in 1991. rec-

ommended that this use be terminated. For an argument
that these resolutions have fragile scientific support. cit-
ing available scientific data. see Burke et al. (1994). [r-
respective of the merits of this particular intervention. it
is unlikely that the U.N. General Assembly delegations
as a whole have the background and expertise to cope
with issues of fisheries conservation and management
and it is inappropriate that they attempt to do so. I the
following sections, 1 discuss the 1993-94 U.N. Confer-
ence on Straddling and Highly Migratorv Fish Stocks.
the FAO Agreement to Promote Compliance with Inter-
national Conservation and Managernent Mcasures by
Fishing Vessels on the High Seas, the 1994 Convenuon
on Conservation and Management of the Pollock Re-
sources of the Central Bering Sea, and recent unilateral
actions by Argentina, Canada, Chile, and the USA.

The 1993-94 United Nations Corference
on Straddling Fish Stocks and Highly
Migratory Fish Stocks

Addressing high-seas fisheries management involyes
three sets of international law principles: procedural. ju-
risdictional, and substantive. The current negotiating text
(revised) of the U.N. fish stock conference preserves the
main procedural principle that flag states continue o have
exclusive jurisdiction over their fishing vessels on the
high seas, except as agreed otherwise. but seeks to make
more explicit and sharpen flag state obligations over flag
fishing vessels. [n addition, the related new international
pact—the FAQ Compliance Agreement—addresses new
obligations in the registry and re-registry of fishing ves-
sels related to compliance with high-seas fishery con-
servation measures. as noted in following text. Flag states
arc particularly important for enforcement and compli-
ance by fishing vessels on the high seas. which are also
provided by traditional international law.

The main thrust of the negotiations in the U.N. fish
stock conference concerns the jurisdictional and substan-
tive principles that determine who makes conservation
decisions and what their substantive content must be

Jurisdictional principles.-—Thus, in the specific con-
text of the U.N. fish stock conference, obviously the fore-
most jurisdictional question is how to get around the
constraint of freedom of fishing and to address who
should be authorized to prescribe and to apply law lor
high-seas straddling and highly migratory stocks (i.e.
stocks that are found within and beyond national juris-
diction). The key issue is the relative influence or com-
petence of coastal and flag states in determining conser-
vation and allocation of stocks. The lack of a single entity
with competence to make decisions has been one ob-
stacle, perhaps not the most important, to effective con-
servation.
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In traditional international law. the high-seas principle
of freedom of fishing insulates any fishing vessel from
regulation or enforcement by other than the flag state.
This is certainly a formidable constraint for a confer-
ence whose terms of reference specifically include the
requirement that its outcome must be consistent with the
UNCLOS treaty, which provides for continued freedom
of fishing on the high scas. Part 3a of U.N. General As-
sembly Resolution 47/192 which convened the confer-
ence, reaffirmed that

the work and results of the conference should be fully
consistent with the provisions of the U.N. Convention
on the Law of the Sea, in particular the right and obliga-
tions of coastal states and states fishing on the high seas.
and that states should give full effect to the high-scas
fisheries provisions of the convention with regard to fish-
eries populations whose ranges lie both within and be-
yond exclusive economic zones (straddling fish stocks)
and highly migratory fish stocks. . ..

In general, at the stage of negotiations in 1994, the
U.N. fish stock conference had made no large change in
the existing distribution of authority to prescribe conser-
vation measures. However, the Revised Negotiating Text
(RNT) for the fish stock conference (U.N. 1994) has pro-
visions that mildly, but definitely. erode the sole compe-
tence of the flag state. These strive to place greater weight
on coastal state mcasures on the same stock and to
strengthen regional organizations relative to the flag state.

The first of these provisions is para. 1 (“Objective”),
which declares that conservation of straddling and highly
migratory stocks requires that measures on the high seas
and within national jurisdiction must be compatible. In
achieving compatibility, the states concerned are to “re-
spect any measures and arrangements adopted by rel-
evant coaslal states in accordance with the Convention
[UNCLOS] in areas under national jurisdiction’ and, inter
alia, “shall . . . ensure” that high-seas measures are no
less stringent than those for areas of national jurisdic-
tion. Note that this provision applies to both categories
of stocks, straddling and highly migratory.

If the states involved are unable to agree on compat-
ible measures for the high-seas area. they shall resort to
dispute settlement. But pending the completion of that
process, the high-seas fishing states shall observe mea-
sures equivalent in effect to those applying within the
EEZ.

In combination, these arrangements give priority to
coastal state measures hevond national jurisdiction. The
interesting development is the provision on dispute settle-
ment which, to the extent all states are parties to
UNCLOS. is as provided there unless agreed otherwise.
According to Part XV of UNCLOS, disputes about high-
seas fisheries are subject to compulsory dispute settle-
ment. This arrangement means that disputed coastal state

measures are in effect applicable to high-scas fishing
unless overturned by 1 review in a dispute settlement
proceedings.

Two other sets of arrangements temper flag state domi-
nance: the provisions on mechanisms for international
cooperation and on tlag state responsibilities for com-
pliance and enforcement (Sections IV and V. It these
arrangements are implemented successfully. they cither
lessen the need to rely on flag state authority to regulate
its own vessels or improve the likelihood of successtul
flag state regulation.

In the high-scas context, it is not surprising that a new
agreement would stress the use of international mecha-
nisms as means of cooperating for high-seas conserva-
tion. Such cooperation is the major obligation of states
under the UNCLOS provisions on high-seas fishing. In
the RNT, the central position of the regional fishery or-
ganization (RFO) or arrangement is evident in the provi-
sion—but not cast in mandatory form—that only par-
ticipating or cooperating states should have access to the
managed fishery (para. 15). Complementing this are the
mandatory provisions aimed at inducing new entrants
into a fishery to becorne members of an existing RFC
(para. 21).

Paragraph 2! states that these new members of a RFO
“shall be entitled to accrue benefits in exchange for the
obligations that they undertake.” However, these ben-
efits need not necessarily take the form of direct partici-
pation in the fishery. An allocation of a right to partici-
pate is dependent on a decision by the RFO that takes
into account a variety of factors, including the follow-
ing:

* status of the stock;

« existing levels of fishing effort;

« the interests of existing participants;

» the needs of coastal communities that depend mainly

on fishing for the stock involved;

* the fishing patterns and practices of the new par-
ticipants and their prior contributions to conserva-
tion, including collection and provision ol accurate
data and the conduct of scientific research; and

« the special requirements of developing states from
the region or subregion, particularly where they are
culturally or economically dependent (or both) on
marine resources.

The thrust of the provisions on tlag states (para. 24-
26) is to require the exercise of effective control over
their flag fishing vessels, including an authorization for
specific fishing operations through a license, permit, or
some other form. Flag states are to issue an authoriza-
tion only if they can exercise their responsibilities with
respect to such vessels under UNCLOS and the new
document (para. 25). As noted below, flag states are re-
quired to participate in a systerm designed to achieve ef-
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fective compliance and enforcement, rather than act as
an obstacle to it.

The other jurisdictional principles in the RNT con-
cern compliance and enforcement. The main emphasis
is on clarifying the duties of flag states in ensuring that
their flag vessels comply with applicable high-seas mea-
sures. The RNT spells out the domestic measures that
must be taken by flag states to implement their duties (o
support effective management (para. 24) and specifies
the roles of the RFO and flag states in arrangements for
compliance and enforcement (para. 31). In general. the
exclusive jurisdiction of flag states on the high seas is
maintained. but within that principle the RNT spells out
clearly how that jurisdiction must be exercised in order
to have effective high-seas fishery management.

The required flag state measures run the gamut of pro-
cedures for ensuring that fishing vessels observe conser-
vation and management measures. The tlag state is spe-
cifically obligated to exercise effective control over its
fishing vessels (paras. 24 and 25). This is achieved by
prohibiting fishing practices that undermine high-seas
conservation and management measures. This prohibi-
tion is implemented by requiring authorizations for high-
seas activities through licenses or permits or other forms.
The flag state is required to undertake monitoring, con-
trol, and surveillance of the operations of its tishing ves-
sels and related activities. including monitoring in ac-
cordance with regional schemes. The flag state must
require regular reporting by its vessels of position, catch.
and effort information. It must implement national and
regionally agreed observer and inspection schemes.

The flag state must effectively enforce applicable mea-
sures wherever violations occur, including physical in-
spections of vessels (para. 25). It violations are estab-
lished and sufficient evidence is available. the flag state
must institute proceedings and possibly detain the ves-
sel. Penalties shall be sufticient to secure compliance and

act as a deterrent. In the event of a serious breach of

applicable measures, the flag state must ensure that the
vessel is prohibited from fishing until all outstanding
criminal and civil judgments are satisfied. In addition.
the flag state compliance measures shall include cancel-
lation or suspension of authorizations to serve as vessel
masters or tishing masters.

Although the flag state retains ultimate authority, a
member of an RFO to which it belongs may by agree-
ment stop, board, inspect, arrest, and detain a vessel for
violation of applicable measures (para. 31). and may pro-
visionally cancel a vessel's authorization to fish in the
region concerned until the flag state takes appropriate
enforcement actions (para. 32).

The RNT envisages the use of port states as 4 means
of promoting effective conservation and management
measures (Part VI). In this scheme, a port state may as-

sist flag states, which may be remote from the ares of
operation of their tlag vessels, to enforce flag state Luws
by inspecting documents and catch onboard vessels v ol-
untarily in port. Such action might detect unlawful
catches or fishing without an authorization or permit.
which would be reported to a flag state and the offend-
ing vessel detained for such reasonable period as is nee-
essary for the flag state to take over.

The RNT Part VII addresses the problem of fishing
states who do not choose to participate in an RFO. Such
states are obliged to cooperate in conservation of high-scas
stacks even if they choose not to join the relevant RFO. "The
RNT seeks to encourage participatior. by directing that
nonparticipating flag states not authorize their flag vcs-
sels to operate in the regulated fishery and that they not
fish contrary to the measures established by the RFO.

Part VIII deals with dispute settlement. an essential
element of an effective management system. Paragraph
45 provides that if disputing states are parties to
UNCLOS, provisions of Part XV are applicable unless
the parties agree otherwise. If UNCLOS does not apply.
the dispute process called for by the RNT would st be
compulsory and binding.

Substantive principles: conservation and allocation
measures.—While adequate jurisdictional bases for
management action are necessary, it is al least as no-
portant to ask how the RNT proposes to deal with over-
fishing and overcapitalization, recognizing that we arce
talking here about high-seas fishing, not all fishing. The
main contribution of the RNT in this respect is to pro-
vide some specific content for the general provisions
and principles that are found in UNCLOS and to intro-
duce the notion of a precautionary approach to fishery
management.

Section A of Part 1l of the RNT, entitled “General
Principles,” addresses “The nature of conservation and
management measures” where language from article 19
ot UNCLOS is repeated and enlarged upon Specific con-
servation measures are mentioned in para. 3(b), includ-
ing total allowable catches (TACs) and quotas, limits on
fishing effort, size limits, gear and operational restric-
tions, and area and seasonal closures. This listing makes
clear, inter alia. that management by TACs is only one
of the approaches that can be emploved, a proposition
not that clearly stated in UNCLOS.

Paragraph 3(c) is a verbatim extract :Tom article 119(b)
and is notable for its reference to species, rather than
“fish stocks.” To this extent the outcome of the U.N. con-
ference concerns marine mammals and 1s not limited
solely to fish. Also worth notice is that this formulation
concerns conservation of the species affected, as opposed
to protection against any and all mortality

Section B of Part III addresses “precautionary ap-
proaches to fisheries management,” which “shall be applied
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widely.” A set of appended guidelines for applying the
precautionary approach declares that in the conservation
context, “maximum sustainable yield [IMSY| should be
viewed as a minimum international standard.” However.
this is followed immediately by the statement: “Conser-
vation-related reference points should insure that fisher-
ies mortality does not exceed, and stock biomass is main-
tained above, the level nceded to produce the maximum
sustainable yield.” This sentence is significant also be-
cause it strengthens and reaffirms the UNCLOS formu-
lation of the conservation obligation to restore and main-
tain the “maximum sustainable yield as qualified by
relevant environmental and economic factors. ... More-
over, the qualifying words are significant because they
make it evident that the conservation obligation is not
solely a problem of biological determination ot stock
abundance and “'safe” yields. These words are frequently
omitted in discussion of Articles 61 and 119 of CLOS.

In essence these guidelines also support the coastal
state position that high-seas measures must also aim at
maintaining a stock biomass that is favorable to maxi-
mizing the economic benefit of fishing. Thus, such a level
is greater than that associated with MSY. Specifically.
this appears to support Canada’s position on the appro-
priate level of fishing mortality in the high-seas fishery
off Canada’s east coast.

These provisions on the precautionary approach do
not go as far as those in the five-power dratt conven-
tion.* Annex II, entitled “Selective Precautionary Mea-
sures on the High Seas,” provides that a coastal state
may assume management authority for an initial interim
period “at the outset of the development of a fishery di-
rected at a newly discovered stock.” This provision is to
be followed immediately by consultation with interested
states that have fished in the region on interim catch and
effort levels and appropriate interim management and
conservation measures. On termination of the interim
period, the duration of which is unspecified, the fishery
is to be subject to the authority of the relevant RFO or, 1t
none exists, “shall be subject to consultation™ hetween
coastal and other states interested in participating in the
fishery. The Annex also prescribes some specific pre-
cautionary measures.

A similar approach is also provided for existing fish-
eries on straddling and highly migratory stocks when a
coastal state determines that an emergency exists. The
coastal state may prescribe emergency measures “for a

Draft Convention on the Conservation and Management of
Straddling Fish Stocks on the High Scas and Highly Migratory
Fish Stocks on the High Seas. submitted by Argentina, Canada,
Ching, Iceland and New Zealand, U.N. Doc. A/CONF.164/1..11/
Rev. 1, 28 July 1993.

reasonable period.”™ During this period, the coastal and
other interested states are to consult about the measures
10 be applied after a rcasonable period.

The provisions of the RNT aimed at the problems of
overcapitalization are pretty skimpy compared with those
for conservation. Paragraph 3(c) in Section C (General
Principles) provides that states shall “take measuares to
deal with overharvest and overcapacity and to ensure a
level of fishing effort commensurate with the sustain-
able utilization of fisheries resources.” However. to the
extent that the basic reterence points of the precaution-
ary approach are also applicable to the problem of over-
capacity, there is reason to be hopeful. Paragraph 4(r)
indicates that this is indeed the case for new or explor-
atory fisheries. so presumably the approach applies to
all fisheries.

The important point is that it is not enough to make
provision for overall catch quotas. The level of fishing
effort allowed is significant for the level of benefits avail-
able from the fishery, especially for coastal states fish-
ing a stock that regularly mixes across the ERZ. which
makes stock density important for the catch per unit of
effort in the EEZ. The reverse also applies for high-scus
fisherics.

These considerations also bear on the issue ol new par-
licipants or new parties. This is not simply a question of
avoiding overfishing. The addition of new entrants into
the fishery is most important for its impact on the value
ol the harvest to existing participants. The effect of add-
ing more fishing vessels is to reduce the share of all ves-
sels and to increase the cost of taking that diminished
share. Paragraph 21(a) specifies that in allocating partici-
pating rights to newcorers, account is to be taken of ex-
isting levels of fishing effort in the fishery. Unless this is
done, there would be little hope for an effective regime.

The FAO Agreement to Promote Compliance
with International Conservation and
Management Measures by Fishing

Vessels on the High Seas

The objective of this agreement, which was concluded
within the framework of FAO under Article XIV of the
FAO Constitution (no official citation for it yet), was (o
prevent the use of transferring registry of fishing vessels
to avoid compliance with international conservation and
management measures. This is done by specitying the
obligations and responsibilities of flag states for their
registered vessels in implementing the obligation to co-
operate for conservation of fisheries on the high seas.
The flag state is the key actor because it alone can take
action on the high seas affecting its tlag vessels that
seek to avoid compliance with international conserva-
tion and management rneasures.
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In addition to obtaining registry with a particular flag
state, fishing vessels must also be authorized to under-
take fishing on the high seas. No party is to allow its flag
fishing vessels to fish on the high seas unless it has au-
thorized them to do so. The fishing vessel must fish in
accordance with the conditions of its authorization. For
a vessel previously registered under another flag, the new
flag state cannot issue an authorization to fish unless it is
satistied that the suspension of any previous authoriza-
tion by another party has expired and that no authoriza-
tion to fish has been withdrawn within the past 3 years.
These conditions also apply to previous registrations with
anon-party provided that sufticient information is avail-
able on the circumstances of the suspension or with-
drawal. These conditions are not applicable where own-
ership of a fishing vessel changes and the new owner
provides sufficient evidence that the old owner has no
further interest (legal. beneficial, financial) in. or con-
trol of| the fishing vessel.

An authorization to fish on the high seas ceases when
the fishing vessel is no longer entitled to fly the flag of
the authorizing state. Accordingly, loss of registry means
loss of authorization to fish on the high seas. Presum-
ably, authorization to fish can be withdrawn or suspended
or terminated for undermining the effectiveness of inter-
national conservation and management measures.

When a fishing vessel seeks registry, a party must en-
sure that the fishing vessel provides it with such infor-
mation as it needs to tulfill its responsibilities under the
agreement, including its areas of fishing operation, and
its catches and landings. Therefore, a fishing vessel trans-
ferring its registry must supply the new flag state with
any information relevant to whether it has previously
undermined international conservation and management
measures. A fishing vessel’s previous operating history
must be disclosed if it bears on its record of compliance
with such measures.

Assuming the flag state issues an authorization to fish
on the high seas, it is obligated to take steps to ensure
that the authorized fishing vessel does not engage in any
activities that undermine the effectiveness of international
conservation and management measures. These steps
should ensure that the undermining activities cease.

Before issuing an authorization to fish on the high seas.
a flag state must be satistied that it is capable of effec-
tively exercising its responsibilities under this agreement.
The flag state is obligated to maintain a rccord of all
fishing vessels registered under its flag. More importantly,
the flag state is obliged to ensure that its fishing vessels
provide it with information about the area of their fish-
ing operations and their catches and landings. The flag
state is obliged to report promptly to FAO “all relevant
information” about fishing activities by its fishing ves-
sels that undermine the effectiveness of international

conservation and management measurss. The FAO com-
pliance provides that, where a non-party Tishing vessel
is believed to have undermined effectiveness, a party shall
draw this to the attention of the flag state and FAO and
provide full supporting evidence to the flag state and o
summary to FAQ?

Convention on Pollock Resources
of the Central Bering Sea

After several years of negotiation, the Convention on
the Conservation and Management of thc Pollock Re-
sources of the Central Bering Sea was concluded in Feb-
ruary 1994 between the USA, the Russian Federalion,
Japan. Republic of Korea, the Peoples Republic of China,
and Poland (no official citation for this agreement avail-
able at time of writing). The agreement established an
international regime for this area, comprising an Annual
Conference of the Parties to decide upon the allowable
harvest level in the Central Bering Sea based upon an
assessment of the total Aleutian basin pollock biomass
by a Scientific and Technical Commitree.

The Annual Conterence also establishes the individual
national quotas tor parties fishing in that arca. No fishing
is allowed unless the Aleutian basin pollock biomass
level is determined to exceed 1.67 million mt. This deter-
mination is to be made by consensus, failing which cither
the USA and Russia jointly, or in the absence of adequate
scientific information, the USA alone effectively decides.
The annual harvest level is graduated in accordance with
the increase in the biomass level above the minimum.

Each party is authorized to enforce the regime in the
Convention area, although only the flag state may con-
duct the trial and penalty phase. In the accompanving
Record of Discussion, the USA and Russia state ther
intention to suspend fishing within their respective zones
if the central basin biomass is below 1.67 million mt.
They also said they should set appropriate harvest levels
in their zones, taking into account the annual harvest lev-
cls in the Convention area.

What can one say about this in relation to the Striud-
dling Stock Confecrence? An obvious observation is that
this appears to be more like a regional fisheries arrangc-
ment than a formal institutional mectanism with a sct
of entities assigned various functions. At the least. ths
signifies that a formal institutional structure is not re-
garded by some states in one context as necessary 1o cope
with a specitic problem such as the harvest of pollock in
the central Bering Sea. An obvious question is. “What
factors are responsible for this outcome? Why didn’t the
participants create a formal institution?”

SFAO Compliance Agreement, Art. VI(8).
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One answer might be that the states concerned with fish-
ing in the central Bering Sea have been working together
for several years to understand the nature of the stocks
there—distribution. abundance, catch, natural and fishing
mortality. age structure, spawning behavior, etc.—and
that they are confident of their collective capacity (o deal
with the problem. Another answer is that there are two
major coastal states involved, the USA and the Russian
Federation, who have significant negotiating power and
were able to use that strength to negotiate an arrange-
ment that does not involve a significant institutional ele-
ment. The treaty effectively delegates the most significant
decision to these states. the determination of the pollock
biomass in the central Bering Sea. A more complicated
institutional setup might also complicate this decision.

Another component worth notice is that the parties to
the agreement are assigned the task of creating an inter-
national regime for the high-scas portion of the central
Bering Sea. The treaty does not confer any authority on
the Annual Conference to make provision for pollock
stocks within the Russian and U.S. zones of jurisdiction.
In other words, the agreement contemplales measures
applicable to the high seas alone. as opposed to mea-
sures that would be applicable to pollock stocks through-
out the Bering Sea, including the U.S. and Russian EEZs.

It appears, at least, that this arrangement differs some-
what from the position the USA has taken in its assess-
ment of the Negotiating Text for the U.N. Straddling Fish
Stock Conference. In a paper released in February 1994,
the U.S. Department of State® stated:

Conservation and management measures for straddling
fish stocks and highly migratory fish stocks. to be etfec-
tive. should address the entire fishery stock as a biologi-
cal unit throughout its entire geographical area or range
of distribution, not just when the fish are on the high
seas. We believe that management ieasures taken on
the high seas have a strong interrelationship to the same
or other measures taken in EEZs. Furthermore, some
fundamental management measures, such as TACs,
should apply to the stock as a whole. The current text,
by contrast, does not promote this relationship strongly
enough. Instead, it focuses almost exclusively on the
need to improve conservation and management of these
stocks only on the high seas.

The pollock agreement has an appended Record of
Discussion that does not commit the coastal states to
extend or adopt any of the high-seas measures to the ar-
eas of the EEZ, but it does contain statements that indi-
cate the close relationship between high seas and coastal

¢U.S. Department of State, Office of Marine Conservation. Bu-
reau for Oceans and International Environmental and Scientific
Affairs, U.S. objectives for conference sessions in 1994 (Feb.
1994), p. 9 (paper in file of author).

measures. Thus, Part B records several “sharcd views”
pertinent to what needs to be done on the high seas and
in the areas of national jurisdiction. All the states record
their view that the Bering Sea is a large marinc ccosys-
tem and that because the pollock occur within the EEZ
as well as in the enclave “the effectiveness of manage-
ment measures adopted for the Aleutian Basis pollock
within the zones and the Convention Area respectively
cannot be ensured unless both of such measures are based
upon the best scientific information available and fully
compatible with each other.”

The USA and the Russian Federation also record their
views that the

measures to be taken in their respective 200-n.mi. zone
should include, inter alia, the following:

i. suspension of directed fishing for the Aleutian Basin
polluck, when the Aleutian Basin pollock biomass es-
tablished in accordance with the relevant provisions of
the Convention is less than 1.67 million metric tons, and

1. limiting of the allowable harvest for the Aleutian Ba-
sin pollock to an appropriate level, taking into account
any allowable harvest level to be set in accordance with
the relevant provisions of the Convention.

In the final paragraph of the Record of Discussion, all
the parties declare that

in adopting conservation and management raeasures for
the Aleutian Basin poliock within the Convention Area.
all Parties to the Convention should take into sccount
the compatibility of such measures with measures udopted
within the zones and should, as well take into uccount
the effect of measures taken in the Convention Area on
ecologically related species throughout thenr range
based upon the best scientific information available.

These statements are not provisions that impose bind-
ing obligations on those making them. Thus. we have
very important statements about the nature and impact
of conservation and management measures excluded
from the actual agreement between the parties. The USA
and Russia “should™ prohibit fishing and “‘should” limit
their allowable harvest level, but these are not obliga-
tions that other parties might dispute or use as the basis
for challenge. [t would be interesting to know why this
arrangement was concluded in this form, in light of the
negotiations simultaneously underway or. general prin-
ciples for straddling stocks.

Another interesting feature of the Bering Sea pollock
agreement is the provision for producing fishery science
and other information for the Annual Conference. The
agreement establishes a Scientific and Techmical Com-
mittee. which is the only subgroup created other than the
Annual Conference of the Parties, and it is to compile,
exchange. and analyze fisheries information; receive such
information from the parties; and make recommenda-
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tions to the Annual Conference for the conservation of
pollock and for the annual harvest level in the Conven-
tion Area. The Committee is to work in accordance with
a Plan of Work established by the Annual Conference.
It is interesting to note that the contracting Parties did
not make reference to. for any scientific or other pur-
pose. the North Pacific Marine Science Organization
(known as PICES), which was established also in 1992,
It is to be recalled in this connection that the creation of
PICES was foreshadowed by amendments made in 1978
to the Convention on the High Seas Fisheries of the North
Pacific Ocean, which anticipated the creation of just such
a scientific body. The purpose of PICES is to coordinate
marine scientific research in the North Pacific, and its
members include most of the members of the Bering Sea
Pollock Convention, omitting only Poland and Korea.

Unilateral Actions

Recent unilateral state actions relating to straddling
and highly migratory stocks include Canadian legisla-
tion authorizing enforcement of NAFO regulations
against specifically named flag of convenience (FOC)
states whose vessels have been operating in the NAFO
area (Canada 1994). This is an area beyond the 200-mile
Canadian fishing zone. It is well known that fishing en-
tities from member states of the European Union have
sought to escape NAFO regulations by flagging out.
There is no doubt of the Canadian government’s inten-
tion to seek to deter these and other vessels from operat-
ing in the NAFO region contrary to NAFO regulations.

Thus far, this effort has been successful since all chal-
lenged vessels of the FOC states have departed from the
NAFO area upon being told that they would otherwise
be arrested. The legislation does not spell out the juris-
dictional bases for this action, which is bound to be con-
troversial. The European Union has already responded
by a letter expressing the view that the unilateral action
calls into question the principles of management and ex-
ploitation found in the 1982 Convention on the Law of
the Seca and that it deeply regrets this action.”

In another sector of the Atlantic Ocean, Argentine leg-
islation provides that its national conservation legislation
applies beyond 200 nautical miles to migratory species
and to species “which form part of the food chain of spe-
cies of the EEZ of Argentina” (Argentina 1991). Within
the past year, Argentina has pursued and sunk two Tai-
wanese vessels fishing in the region. In each instance, the
crews were removed before sinking the fishing vessels.

Letter of May 20, 1994 from European Commission to Cana-
dian Minister of Foreign Affairs Andre Ouellet and Minister of
Fisheries and Oceans Brian Tobin (letter in file of author).

Chile has recently promulgated legislation providing
for the establishment of an area beyond 200 miles within
which Chile may exercise an undetermined authority for
fishing and other purposes (Chile 199:). Itis not entircly
clear what Chile proposes to do in this so-called “mer
presencial,” but it is believed likely that actions will be
taken unilaterally it agreement is not reached on resolv-
ing conservation problems in the area.

The U.S. unilateral action concerns highly migratory
stocks, not straddling stocks. The International Dolphin
Conservation Act {IDCA) of 1992 prohibits any person
or any vessel from setting nets on dolphins in the eastern
tropical Pacific after 28 Feb. 1994 (Pub. L.. 102-523. 106
Stat 3425, 16 U.S.C.A. §§ 1411-118 (West Suppl. 1993))
(Pedrozo 1993). The prohibition applizs to U.S. captains
aboard foreign flag vessels and subjects an oftender both
to civil and criminal penalties (and a vessel to forfeiture)
for this substantive offense and also for failure to permit
an authorized official to conduct an inspection or search
in enforcement of the legislation.

There seems clearly to be a tendency toward unilat-
eral actions to resolve high-seas fisheries management
problems, and the question now is whether the U.N. ne-
gotiations will be able to satisfy coastzl states” and high-
seas states” concerns sufficiently to inspire general con-
currence in the resulting document, whatever its form
might be. The current Revised Negotiating Textis a step
or two forward. but whether it is encugh is unclear. A
key issuc is whether a compulsory dispute mechanism
can be devised that will be adequate for the purpose. It
seems to me that this will require recognition of the in
terim authority ol the coastal state to apply temporury
conservation measures, or otherwise the system i< not
likely to work.
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The European Common Fisheries Policy
and Its Evolution

A. LAUREC AND D. ARMSTRONG'

Abstract~—-The Common Fisheries Policy (CFP) covers all aspects. from resource conservation to market-
ing, of fisherics management in the Member States of the present European Union. The CFP covers 1 wide
variety of situations, which this paper first describes in terms of resources, fleets, jobs, industry and the admin-
istration organization, and markets. The CFP is also the result of a specific history, the benchmarks of' which are
recalled. Special attention is paid to the description of the decision-making processes, to the part played by the
various European institutions, and to the analysis of the difference between prerogatives that remain those of
the Member States and decisions thit must be taken at the European level.

The main frame of the CFP was established in 1983, Total allowable catches (TACs) divided into national
quotas by the application of fixed allocation keys were adopted as the simplest way to allocate fishing rights
between the Member States. which could and can define in their own way access rules to the various quotas. A
mid-term review led to a revision in 1992. This revision aims to complement output management (TAC" and
quota) with input management (fishing ettorts and capacities), achieving a better integration among the various
elements, defining a multiannual framework beyond the annual decision-making process, and securing more
efficient control and monitoring. The effective implementation of the reform based on principles decided in
1992 has, however, not yet been achieved. We analyze what still has to be decided to complete this reform, and

indicate how the Member States might prepare for possible further evolutions

While the European Common Fisheries Policy (CFP)
is imperfect, some criticisms it receives result from mis-
understandings about its purposes. The CFP cannot be
compared with a policy developed by one country in iso-
lation. In this paper. we describe what the CFP is, and
what it is not and cannot be.

The first two sections—Fishery Resources in Euro-
pean Waters, and The European Fishing Industry—are
an overview of the fisheries within the European Union
(EU).? The third section, Basic Principles of the CFP,
takes stock of the rules governing the CFP defined in the
1970s and implemented since 1983; the CFP is also sub-
ject to regular changes. The fourth section, The Second
Decade of the CFP, outlines the main features of its evo-
lution since 1992, which is still in progress.

Fishery Resources
in European Waters

Large vessels in distant waters operate from most
Member States of the EU. They operate in tropical tuna
(Thunnus spp.) fisheries, in bottom fisheries off Africa,
and in the north Atlantic. However, most of the catches

'The views expressed in this paper are those of the authors and
do not necessarily represent those of the European Union.
*The European Union compriscs the following Member States:
Belgium, Denmark, Germany (post-reunification), Greece, Fin-
land. France, Ircland, Italy, Netherlands, Portugal. Spain, Swe-
den, and the United Kingdom.
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come from fishing grounds surrounding Europe. A very
brief review of the most important resources in the vari-
ous zones follows. For the Atlantic fisheries. more de-
tailed information than that contained in the following
pages can be found in Salz (1991). Such a review unfor-
tunately does not exist for the Baltic or the Mediterra-
nean seas. Nevertheless, information can he obtained in
Salz (1993) or from the European Commission, Direc-
torate Générale XIV.

Pelagic Species

Of the small pelagic species, Atlantic herring (Clupea
harengus harengus) and sprat (Sprattus sprattus) are pre-
dominant in the Baltic and in the North seas, whercas
anchovy (Engraulis encrasicolus) and sardine (Sardinops
pilchardus) are important stocks from the Bay of Biscay
to the Iberian Peninsula, and within the Mediterranean.
Mackerel (Scomber scombrus) and horse mackercl
(Trachurus trachurus) are found on most of the Euro-
pean continental shelf. Blue whiting (Micromesistius
poutassou) occurs on the continental slopes in most ar-
eas. In the Baltic and around the British Isles, apart from
Atlantic salmon (Salmo salar), and sea bass (Dicentrar-
chus spp.) in the western English Channel, medium-sized
pelagic species do not support significant fisheries. In
more southerly areas, sea bass and sparids may be im-
portant, especially in the Mediterranean Sca. Fisherics
for wna, primarily atbacore (Thunnus alalunga) and biuc-
fin (Thunnus thynnus) and tuna-like species, mainly
swordfish (Xiphias gladius), are geographically limited
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(in European waters) Lo the Mediterranean and to the
oceanic waters of the Atlantic south of Ireland.

Roundfish Stocks

The main roundfish species are cod (Gadus morhua),
haddock (Melanogrammus aeglefinus), pollock (saithe,
Pollachius virens), whiting (Merlangius merlangus), and
hake (Merluccius merluccius). In the Baltic Sea. only cod
is important. The Celtic Sea, to the south of Ireland. is the
southern limit for cod, saithe, and haddock. the abundance
of the two latter species being low in this area. Hake, which
is not a major species in the North Sea or west of Scot-
land, is the most important roundfish stock trom the Celtic
Sea to the Mediterranean. Red mullet (Mullus spp.) is
important in southern fisheries. especially in the Mediter-
ranean. Finally, Norway pout (Trisopterus esmarkii) is an
important species in the northern part of the North Sea for
industrial (fish meal) fisheries.

Benthic Resources

Of the flatfish in the Atlantic and adjacent seas (Irish Sea,
English Channel), sole (Solea solea) and plaice (Pleuro-
nectes platessa) are important in many fisheries from the
Bay of Biscay to the north, particularly in the North Sea.
Sole is also fished in the Mediterranean. Anglerfish (or
monk{ish, members of the family Lophiidae), and megrim
(Lepidorhombus spp.) are important in most European
Atlantic benthic fisheries. Anglerfish is also importantin
the Mediterranean. Sandeels (mainly Ammodyvtes spp.,
Gymnammodytes spp.) are of paramount importance in the
North Sea for industrial (fish meal) fisheries.

Various species of shrimp and prawn. apart from
Nephrops norvegicus, which has a very broad distribu-
tion, are taken by several local fisheries. Crab and lob-
ster are important in the Atlantic (south of Ireland) and
English Channel fisheries. Lobster are also important
north and west of the British Isles. Fisheries for bivalves
are limited to mussels (Mvtilus spp.) and scallops (Pecfen
maximus, Chlamys spp.) in northern waters but are much
more diversified in the south. Around the Iberian Penin-
sula and in the Adriatic Sea, bivalves support very im-
portant fisheries. Apart from sporadic events, fisheries
for cephalopods are negligible in northern waters, but
they are important in more southerly areas, including the
Mediterranean.

Status of the Stocks

The status of the various stocks is described in great
detail within various reports of the International Council
for the Exploration of the Sca (ICES) and the Interna-
tional Commission for the Conservation of Atlantic Tu-

nas (ICCAT). The Mediterranean stocks have not been
subject to systematic assessments. However, the reports
trom the General Fisheries Council for the Mediterra-
nean offer a very useful source of information, as well as
various recent reviews (Anonymous 1991a: Lleonart
1993: Caddy 1996).

Large roundfish species (cod, hake, haddock, saithe)
are the most severely overfished stocks Flatfish.
Nephrops, and most stocks of small pelagic species have
been considered unti! recently to be within sate biologi-
cal limits. However, scientific diagnoses have become
more pessimistic for various stocks of flatfish and small
pelagic species (Anonymous 1996a), including sardimnes
off the Iberian Peninsula, and various stocks of mack-
erel and herring.

Biogeographic Variation and Its
Consequences

Even in waters under the jurisdiction of a single EU
Member State, there may be much biogeographic het-
erogeneity. Although it is widely accepted that the Medi-
terranean cxhibits the greatest ecological diversity, similar
diversity also exists in other areas. Atlantic waters south
of the Iberian Peninsula exhibit many biological simi-
larities to the western Mediterranean and Adriatic seas
while the more eastern part of the Mediterranean has quitc
different species conipositions. Diversity also increases
from the Baltic Sea to the North Sea and, hence. to the
west of Scotland, from north to south in Atlantic waters
and from west to east in the Mediterranean.

The breadth of the continental shelf is also important
It is wide in the North Sea and adjacent seas. and from
west of Scotland to the Bay of Biscay, but it is quite nar-
row around the Iberian Peninsula and in most of the Medi-
terranean. Apart from fleets operating outside European
waters and Spanish vessels operating in Atlantic waters
north of the Bay of Biscay, offshore fisherics {wherein
vessels make trips from a few days to a few weeks) are
not significant in southern Europe whereas they are very
important from the Bay of Biscay to northern Europe,
including the North Sea. Coastal fisheries predominate
on fishing grounds in southern Europe.

The consequences of this situation arc numerous an
important. In large-scale fisheries, catches are mainly
taken by relatively few ships (from a few hundred to u
few tens), and landings are made at a limited number of
sites. The opposite is the case for coastal fisheries, which
are conducted by many more vessels landing at numer-
ous locations. making the monitoring of fisheries much
more difficult. Alternatively, the narrowness of the con-
tinental shelf can give a local character to certain fisher-
ies. simplifyving their management in comparison to fish-
eries requiring international organization and regulation.
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However, cotlecting lishery statistics is more dilficult
lor small-scile tisheries.

The European Fishing Industry

Fieets

It was only at the beginning of the 1990, alter a diffi-
cult debate on the issue of overcapacity, that it was pos-
sible to establish a cemral computerized fleet register
regularly updaled by the Member States. Some standard-
ization problems are stilk evident for the measurement of
tonnages and horsepower. For instance. tonnage figures
correspond to a mixture of gross tonnes and gross regis-
tered tonnes, Information on vessel equipment is also
Limited. Nevertheless, this fleet register is a major tool
for the CFP.

Most of fleet-related elements in Table | come lrom
this register, This tuble illustrates the grealer importance
of small-scale fisheries in southern Europe. cspecially in
the Mediterrancan, The level of motorization cxpressed
in terms of kilowatts (kW) per erew member, which is
an indicator of the levels of capitalization. also illustrates
discrepancics among Member States. This would also
be apparent when constdering equipiment for navigation
or fish detection.

Vesscls are, on average, more specialized in northern
than in southern Europe. Within the North Sea. there are
specific vessel designs tor trawlers targeting fatfish
(heam traw), roundfish (otter trawl). and small pelagic
species (mid-waler trawl and purse scine). In the Atlan-
tic fisheries north of the [berian Peninsula, multipurpose
vessels employ various gears according to their target.
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In Spain or Portugal. or in the Mediterrancan. a trawler
can simultancously caich species ranging from angler-
tish to various pelagics, such as mackerel. horse mack-
erel, and blue whiting, while purse seiners concentrate
on small pelagic species such as anchovies and sardines.

Vessel age composition and profitability are also very
different among the various fleets. Some {leets, such as
the North Sea beam trawlers. have been so profitable
that, without uny subsidy, they could be renewed rap-
idly. On the other hand, some fleets are quite old and in
need of modernization. Still other groups of vessels,
sometimes quite new and heavily subsidized when they
werg built, have been facing severe losses in recent years.

These differences make it more difficult to discuss the
issue of overcapacity. Some Member States conyider that
they must promote the medernization of their {leets,
through subsidies if required, giving their fishers access
o sufer and more comfortuble fishing vessels that are
technologically competitive with vessels from other
Member States. Other Member States do not subsidize
shipbuilding and nevertheless have (o face a continuing
overcapacity situation.

Employment and Crews

Table | gives the estimated number of fishers in the
various Member States. These figuras are to be taken
with caution due inter alia to the existence of part-time
fishers, especially in souithern Europe. These figures in-
dicate the varying social importanee of fisheries. Remote
areas such as islands, where alternative sources of in-
come would be very difficult to create, are of special
sensitivity. Tt must be recognized, however, that the

TaABLE L. —Key statisucs for fisheries of the Member States of the European Union.

Landings” Fishing (lees” Jobs Key ratis

Weaght Vilue Number of Toial ‘Total horse- at sea”  Average it kWY KLCU/ LCU/
Maniber Suie imelric tonsy (000 FCTD vossels  tonngge (TJ"J power (kWY (number)  per vessel  man? man® - kilogram
Helgium 21819 37500 137 23001 (38K 720 140.6 G91.5 9.9 264
Denmark 1.R33 436 AR0200) 4,093 08372 412,723 0,507 1.8 628 2709 nxl
Germany' 119,626 ST 00 2452 76,890 167.692 4142 314 10.5 236 182
Greove 1714155 325K} 21,354 120,325 662,708 40,164 5.9 16.5 "1 1.54)
Spain 1162963 | 786300 15,103 613521 1845 993 79,309 a2 233 223 L34
Franee 335005 075 800 H.650) 81,760 497,548 23,000 273 434 2494 202
Treland 291,215 | 36 61K 1421 55,238 190,501 4919 NG 387 278 (47
Italy 333197 L2000 16131 256 981 1.313.871 ERRELY 158 3.6 ki) 289
Netherlands 544,562 36,000 08 152928 436,197 28M KR 1539 1115 (L34
Porugal H0.717 271,200 12,347 131,123 416,010 34154 6 12.1 79 1.13
Linited Kingdom GOHT 584 1.04 1,900 9983 236,783 1,104,406 23.00K) 240 480 453 1.56
Tanlaned 103421 I3.0(4) 24959 174,604 174608 2350 59,0 635 9.1 (L35
Sweden 70014 26,400 4,340 3U.A42 28,686 3.000 13.7 109.6 321 (L25
It 02436017 6,231,900 10| HEO 2147582 320 M2 208919 213 Rith 231 1.00

*1995 figures tor all testimated).

"Figures as of 1 July 1995; tor Ttaly, Sweden and Finland, provisional figures.,
“Twa part-time Nshers are considered as equivalent 1o one full-ime jobr ;. Geoees as 1993 cacept Greece 119907 and Ireland (1991

ITotal horsepower divided by the number of equivalent lull-time Jobs
“Vilue of landings divided by the number of squivalent [ull-time jobs.
“Post-reunitication.
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present level of knowledge is especially poor with re-
gard 10 social issues in fisheries within the EU.

Differences among tishers in Member States are con-
siderable, for instance in terms of educational level, age
structure, and other variables. In some Member States,
fishers cannot retire before the age of 65, but in others
the age limit is 55 or cven 50 where early retirement
schemes exist. Labor costs are also quite different among
Member States. These ditferences make it difficult to ob-
tain a full assessment at the European level of the socio-
economic consequences of management decisions. They
may sometimes also lead to contlicting interests, such as
when some Member States promote the development of
new fishing technologies to alleviate high labor costs,
while for other Member States such innovations would
disrupt profitable fisheries associated with a high num-
ber of jobs at sea.

Relationships Between Public
Authorities and “Fishers”

The structure and the relative “weight” of professional
organizations are heterogeneous within Europe. For ex-
ample, in northern Europe, fishers who are members of
producer organizations, which benefit from special rec-
ognition within the CFP, are responsible for a large part
of the landings, but this is by no means the case in the
Mediterranean.

The political relationships between the tishers and the
authorities vary among Member States, and in each Mem-
ber State it varies over time. In most Member States, the
political impact of {isheries issues goes far beyond their
economic importance. Some governments are more sen-
sitive and responsive than others to concerns of the fish-
eries sector. The ability of fisher groups. and other sec-
tors, to promote publicly and politically their point of
view is also highly variable. The definition of a fishery
policy is of interest not only to the fishers and primary
producers, but also to processors, traders, related ship-
building industries, and consumers. Furthermore, the tax-
payers who provide the financial resources for public
action and citizens who are sensitive to ecological ques-
tions or who sympathize with the economic ditticulties
of fishers are also instrumental. Clearly. the relative in-
fluence of the processing industries and of the fishers
differs radically from one Member State to another. The
same is true for the balance of influence between fishers
and environmentalists.

With regard to public financial interventions in the fish-
eries sector, some Member States have favored subsi-
dies. Others, especially in northern Europe, arc cager to
limit interference in the free market economy. Taxation
regimes also vary considcrably.

The way in which monitoring and control (enforce-

ment) arc organized is again variable. In some cases. the
same services and cven the sare people within an ad-
ministration deal with monitoring and control and alsc
provide social assistance to fishers and to their families
In other Member States. some of the control tasks are
dealt with by another administration (e.g., the navy) rathe
than a ministry in charge of fisheries. In still other Mem-
ber States, control may be devolved entirely (o a special
administration. Legal systems also differ among Mem-
ber States. resulting in different possibilities for apply-
ing administrative sanctions.

Markets

The EU market for fish and shellfishis very impor-
tant, with total value in excess of 13 billion ECUs (first-
sale values equivalent). About one half of this total is
accounted for by imported products. Food consumption
patterns differ from one part of Europe ro another. and
essentially from north to south, as suggested by the lasi
column in Table 1. Seafood plays a much more impor-
tant role in southern Furope, where consumers are pre-
pared to pay a higher price. The demand also covers a
broader range ot products. There exists in southern Eu-
rope specific markets for small finfish ard shellfish. of-
ten considered delicacics, which are not widelv marketed
in northern Europe. The diversity of landings from the
Mediterrancan is due to a combination of biological and
market tactors.

There is a strong synergy with the preponderance ot
coastal fishing in the south where. in small-scale fisher-
ies. shellfish and small fish assume important roles. Land-
ings that include a large variety of species constitute a
safeguard against the variations in abundance of indi-
vidual species. However, the existence of attriactive mar-
kets for the smallest tish does not facilitate *he protec-
tion of juveniles.

Basic Principles of the CFP

Need for a CFP

Despite regional ditferences in European ‘isheries. a
common fishery policy is essential. The shared stocks
that migrate from one exclusive economic zone (EEZ;
to another constitute the main part of the catches (apart
from small-scale fisheries). The fleet of a Member State
may have had traditional access to other Member States’
waters, both before and after 1976, when EEZs were
extended. The overexploitation of crucial stocks required
then, and still requires, a form of action exceeding any
national framework. In addition, distant-water fisherics
operating outside the waters of the Member States of the
EU (Community waters) create similar requirements for
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the participant Member States, and the definition of com-
mon positions increases the possibility of achicving sat-
isfactory fishery agreements with third countrics. Except
for some strictly local markets, the relative importance
of which has decreased over the years, price-setting in a
harbor depends on events largely beyond the region to
which it belongs. In several cases, a fishery developed
by a fleet of one Member State supplies the market of a
second state, and sometimes operates in the EEZ of a
third. For example, important fishing grounds exist in
the northern European waters. but the most attractive
markets are located in the south. Finally. it is inappropri-
ate that a Member State would ignore the risk associated
with fleet overcapacity in another statc when the two
states” fleets are in direct competition.

Even if it is impossible to build a totally uniform policy.
it is necessary for the reasons just cited to lay down a
common fisheries policy covering at least the manage-
ment of resources located in the EEZ of the Member
States, negotiations with third countries on the manage-
ment of high-seas fisheries and straddling stocks. mar-
ket regulations, and the policy regarding fleets.

Historical Dates

The current CFP, defined in 1970s. was implemented
in its present form in 1983 for a period of 20 years. A
detailed analysis of the first 10 years of the CFP ¢an be
found in Holden (1994). A mid-term review was envis-
aged, based on a report to be drawn up by the European
Commission (hereafter the Commission) in 1991. Spain
and Portugal joined the European Community (EC) in
1986, and this led to the definition of a regime that should
have persisted until 2002, except for adjustments that
were to be decided on the basis of a report by the Com-
mission in 1992. However, Spain and Portugal were ea-
ger to obtain before the year 2003 their full integration
within the CFP. The principle of such an integration was
agreed upon in 1994. The corresponding effort manage-
ment rules were defined in 1995 (Anonymous 1995a, b:
see ensuing subsection entitled The Mid-Term Review).

The Scope of the CFP

The CFP covers markets, structures (including fleets),
access to “external” resources located in international
waters or in the waters of third countries, and the man-
agement of internal resources fished in the EC waters.

The market organization was first put in place in the
1970s. Unlike the Common Agricultural Policy in its
initial version, the CFP does not aim to guarantee price
levels, but simply to remedy excessive fluctuations in
prices. Its mechanisms were updated in 1994. The struc-
tural policy was originally designed to assist the mod-

ernization of the fishing tleets and the processing and
marketing sectors. Reducing overcapacity of the fishing
fleet was not originally a priority. Biological advisors
had repeatedly suggested reducing exploitation rates, but
other arguments werc successfully pushed forwards te.v..
existence of non-overfished stocks, needs for fleet mod-
ernization, scientific uncertainties, socioeconomic and
political factors). The reduction of overcapucity has only
eradually become a major target.

This paper focuses on the so-called conservation
policy, which covers the management of stocks occur-
ring within Community waters. The first principle con-
cerns free access (o Community waters, such that any
ship flying the flag of a Member State may fish in the
waters under the sovereignty or jurisdiction of its own
or any other Member State. This first principle, how-
ever, was conditioned by exemptions keeping the coastal
zone for the regional, and therefore national fleets. and
by special provisions controlling access to an area sur-
rounding the Shetland Islands (the Shetland Box). More-
over, at the time of the accession in 1986 of Spain and
Portugal, access to waters was subject to additional limi-
tations (the North Sea and the so-called Irish Box sur-
rounding Ireland were not accessible to Spanish and Por-
tuguese vessels).

Technical measures relate to rules regulating the use
of the various fishing gear, aiming mainly at improved
fishing patterns. They include mesh sizes, minimum land-
ing sizes, closed arcas (boxes), and other measures. Ex-
ploitation rates have been mainly managed by annual
total allowable catches (TACs), shared among Member
States via national quotas through fixed allocation keys.
Those keys quantify the principle of relative stability- -
a political keystone of the CFP. The decision to rely on
management of output (catches) through TACs and not
of input (fishing effort) is sometimes astonishing to ex-
ternal observers. It must be understood first as a political
choice making it possible to arrive at relative stability
on as simple—and therefore politically readable—a basis
as possible, and leaving to each Member State a broad
margin of freedom to decide in its own wity how to use
its fishing opportunities. In addition, antecedents con-
nected with the international fishing cornmissions in place
before the new Law of the Sea, and also in scientific
practice, made it possible to provide advice on annual
TACs. which would not have been the case in 1983, for
example, for a management regime based on control of
fishing effort.

Direct effort regulation did not form part of the arse-
nal set up in 1983, except for minor exceptions (e.g.. n
the Shetland Box). However, at the time of the accession
of Spain and Portugal, rules were enacted to combine
quotas and effort limitations by area, gear, and target
species. Those limitations mainly affected mutual access
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in their respective EEZs for Spain and Portugal and the
Spanish fleet operating in the EEZs of France. the United
Kingdom, and Ireland. Access to the groundtish fisher-
ies was subject to an effort limitation regime: only ves-
sels from a basic list were allowed to fish, and the num-
ber of vessels that could fish simultaneously was limited.

Finally, it must be stressed that the Mediterranean wus
not initially covered by the said conservation policy. The
first package of technical measures for the Mediterra-
nean was not adopted until 1994.

Decision Mechanisms

Within the EU (previously the European Community).
the most important decision-making body is the Coun-
cil, which holds meetings of the ministers in charge of
fisheries within the various Member States. Decisions
require a “qualified” (large) majority, each Member State
having a certain number of votes (from 10 each for the
United Kingdom, Germany. Italy, and France to 2 for
Luxembourg). Within the Council, Member States as-
sume the presidency in rotation for periods of 6 months.

Council decisions are based on proposals from the
Commission. The Commission is led by a college of com-
missioners, designated by Member States’ governments.
The Commission is divided into a number of specialized
general directorates of which Direction Générale X1V is
in charge of fisheries. The Commission is in charge of
taking initiatives. This corresponds essentially to vari-
ous reports, or “communications,” and proposals for
Council decisions.

Before introducing proposals, the Commission consults
the Scientific Technical and Economic Committee, which
groups experts from the Member States designated by the
Commission. The ICES also plays a very important part.
Its Advisory Committee for Fisheries Management is sys-
tematically consulted for all relevant biological issues.

In most cases, the European Parliament must be con-
sulted, but the final decision is made by the Council. The
Council discussions may lead to departures from the
original proposal from the Commission. A so-called presi-
dency compromise may then be necessary. Unless it ob-
tains unanimity from the Member States, this compro-
mise must also be accepted by the Commission.

This complex decision-making process can be sim-
plified. In some cases, it is not necessary to consult the
European Parliament (e.g., for annual TACs and quo-
tas). The Council can also agree to rely on “Commission
regulations,” in which case the Commission can submit
aproposal to a management committee, where decisions
can be made more easily. However, even for what would
appear as minor issues, the Council has often been eager
to maintain making decisions at the highest political level.

Most of the decisions covered by the conservation
policy require a Council decision. Agreement with third
countries must also be submitted to the Council. The
evolution of the fishing capacities for the various Mem-
ber States is guided by a multiannual guidance program
established for 5-year periods. The decision-making pro-
cess on fishing capacities was originally that of a “*Com-
mission regulation™; it now requires a Council decision.

Subsidiarity

According to the subsidiarity principle, a decision
should be made at the lowest possible level. This im-
plies that what can be decided within a Member State
should not be brought up within the previously described
European mechanisms.

Important responsibilities are not covered at the Eu-
ropean level and correspond to the competence of the
Member States. Well before the subsidiarity principle
became one of the most common topics of European
debates, the CFP had left essential prerogatives to the
Member States.

The most important question for economists is the
definition of tishing rights, including possible individual
fishing rights, and transfer rules governing these rights.
Here again. situations are so different amony the Mem-
ber States that homogeneous rules could not be adopted.
The TACs are established and allocated among Member
States according to CFP rules. Further allocations of quo-
tas or other fishing rights between individual fishers or
groups of fishers (e.g., producer organizations) are ad-
dressed at a national level. The decisions made by the
Council must solve debates between Member States. not
between individual fishers. This question touches a ma-
jor prerogative of Member States—the possible leasing
of a public resource-—and any discussion of such a sub-
ject causes echoes that reverberate far beyond the fisher-
ies sector. The problem was tackled in different ways by
the various Member States. The distribution of national
quotas may or may not be done by producer organiza-
tions. and may or may not go as far as individual fishing
rights. In some Member States, no such procedures have
been initiated.

Practically all conceivable systems have been or are
being used, including that of individual transierable quo-
tas (e.g.. tflatfish fisheries in the Netherlands). Complete
systems have been devised in which quotas are succes-
sively smaller than what fleets could freely catch. In a
number of fisheries, Member States underutilize their
quotas for various reasons. In such a case, no precise
allocation procedures have been built. On the other handl.
when constraints are too severe, fishers tend not to com-
ply with any rule.
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Another issue that deserves specific comment is that
of enforcement. The credibility of any fisheries policy
relies on its effectiveness. The various groups of fishers
always fear that the CFP is applied with unequal rigor
from one Member State to another. Thus, there are im-
portant arguments for implementing direct European
control. However, the concept of subsidiarity implies the
avoidance of any expansion of interventions by the Com-
mission that do not appear strictly necessary. One touches
here, as for the delimitation of the rights of private prop-
erty. on major prerogatives of Member States with re-
spect to policing and justice. This is why the role as-
signed to the Commission within the CFP was not that
of direct control, but that of supervision of controls. One
sometimes speaks about a control of controls, which must
guarantee each Member State. with overall transparency.
the equity of the efforts made by everyone.

The Second Decade of the CFP

The Mid-Term Review

As requested, a report was prepared by the EC in 1991
(Anonymous 1991b). The “91 Report.” as it was called.
was discussed and unanimously approved by the Coun-
cilin 1992. In the EU, just as in many other areas through-
out the world, fisheries could be summarized by the
phrase “too many fishers, using too efficient fishing ves-
sels. chasing too few and too small fish.”

Although TACs were mostly in line with the “scien-
tific” recommendations within the Commission’s proposal.
the Council often agreed on less conservative figures. In
addition, actual catches were sometimes much Lirger than
the agreed quotas. Not surprisingly, it appeared that a fish-
ery policy relying on catch limitations had not solved the
overfishing problem, which had worsened from 1983. Up
to 1991, this had not resulted in a major stock collapse nor
in an abrupt socioeconomic crisis, but such crises could
be feared. In 1993 and 1994, especially in France, such a
crisis occurred, owing to a combination of structural fac-
tors (overcapacity resulting through reduced stock levels
in lowered catch rates) and unpredicted external events
(e.g., changes in currency rates).

Without denying the merits of what was done and at-
tempted. it was concluded that the CFP needed major
improvements. Among others it appeared necessary 0

» complement output (TAC) management by an in-
creased use of input (effort) management,

* establish a better integration between the “conser-
vation policy” (resource management) and the struc-
tural (fleet) policy,

¢ set the annual decision-making process within a
longer-term framework, and

« implement much more efficient monitoring of the

fisheries.

While the so-called 91 Report was being discussed, a
difficult debate took place about the overcapacity ques-
tion. On the basis of comparisons between current ex-
ploitation rates and biological reference point, mainly
F,,,.. an independent group of experts had concluded in
a previous report (made in 1990 at the request of the EC.
and known as the “Gulland Report”) that fishing capac-
ties within the EC should be reduced by 40%.

A multiannual guidance program had to be established
for the period 1992--96. Difficult discussions took place.
on the basis of a proposal from the Commission that ai-
tempted to tirmly address the overcapacity question, even
if it did not appear reasonable to reduce the European
fleet by 40%. Member States could only accept the prin-
ciple of a moderate reduction of fishing capacities. They
were also eager to avoid any “unilateral disarmament.”
and wanted a community decision ensuring balanced re-
strictions for all Member States. The finul reductions
agreed upon (20% for roundfish trawl fisheries, 15% tor
towed gear fisheries for flatfish and other benthic spe-
cies, stabilization for pelagic species, and fixed gears)
could not bring back exploitation rates in the vicinity ot
reference points. such as F,, ., F_., or F, . but the de-
bate established the necessity for active management ot
fishing capacity and effort.

Another report prepared in 1992 (Anonymous 1992a)
reviewed the consequences of the spec:al regime result-
ing from the accession of Spain and Portugal. The report
concluded that the corresponding special effort manage-
ment (sub)regime should be integrated within an overall
effort management regime applied to all flcets.

First Steps Following the Conclusions
of the Mid-Term Reviews

By the end of 1992, a new basic regulation was adopted
(Reg. 3760/92: Anonymous 1992b). It established a
framework for achicving the first three improvements to
the CFP (described previously under “The Mid-term
Review")—effort management, integration between con-
servation and structural policies, and a multiannual framc -
work.

In 1993, a new monitoring and control regulation was
adopted (Reg. 2847/93; Anonymous 1993a). It contirms
the role to be played by the Commission monitoring ser-
vices (mainly supervision of the national administrations)
but creates better conditions for it (e.g., the possibility of
unannounced controls). It extends the competence of the
European inspectorate, previously limited 1o the moni-
toring of the conservation policy (TAC and quotas, tech-
nical measures), in order to cover all aspects of the CFP,
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including the structural policy through monitoring of fish-
ing capacity. Furthermore, national administrations
should establish computerized databases, storing the in-
formation issued from various sources such as loghooks
and landing declarations. Member States must define
validation and cross-checking procedures for the vari-
ous data. the Commission services having full access to
the databases and the possibility of evaluating the vali-
dation procedure efficiency. Where derogations fron this
system for the smallest vessels are applied. sampling
schemes should be established by national administra-
tions to estimate globally the catches and effort of such
fleets. The way has been paved for effort managecment,
since the required information will be collected and
stored. Concurrent approval was given for pilot projects to
evaluate the potential use and cost-benefit relationship of
satellite monitoring of fishing vessel activity.

The new basic regulation (Reg. 3760/92), and the new
monitoring regulation (Reg. 2841/93) were necessary first
steps for achieving the improvements suggested by the
91 Report. Further steps have been achieved recently.

* Various regulations were adopted in 1993 and 1994,
which relate to licenses and fishing permits. in or-
der to establish legal bases for effort management
and to put an end to the “open entry” situation at
the European level.

» Regulations were adopted in 1994 and 1995 (Anony-
mous 19954, b) to manage the “western fisheries™
from west of Scotland to the Strait of Gibraltar and
also the Irish Sea and the English Channel. This over-
all effort management regime applies to all Mem-
ber States and eliminates. in a homogeneous way.
specific previous effort regulations resulting from
the accession of Spain and Portugal. even if Span-
ish vessels still have no access to some areas (e.¢..
Irish Sea). The keystone of the new effort regime
corresponds to the definition of effort quotas (ex-
pressed in KW days) per Member State and per fish-
ery. fisheries being defined by the combination of
fishing areas, gears. and target species. It does not,
however, replace TACs and catch quotas. which
remain the basic management t0ols.

On the other hand, the Council still has to decide how
to establish a multiannual framework tor stock manage-
ment. A communication from the European Commission
(Anonymous 1993b), analyzing how the new elements
included in the new basic regulation (Reg. 376(/92) could
be used in practice, was submitted to the Council. In ac-
cordance with the content of this communication, two
complementary proposals were made.

The first proposal (Anonymous 1993c¢) deals with
medium-term objectives, mainly expressed in terms of
spawning biomass thresholds and exploitation rate tar-
gets, established on the basis of stock assessments as

conducted mainly within the ICES framework. It alsc
suggests associated strategies for achieving the medium-
term objectives. This proposal results {rom repeated sci-
entific advice stressing the need to reduce exploitation
rates on a number of overfished stocks, and to rebuild o
protect minimum spawning stock biomasses. It has de-
liberately avoided quaatitative references to long-term
objectives such as maximizing yield profits, rents. or jobs.
Scientists would sometimes be eager to obtan a single
objective from managers so that strategies could be de-
fined in order to maximize this objective. However, this
would imply choices. between producers and consum-
ers for instance. Such choices would vary between the
various EU Member States. Thus, it would be impos-
sible to obtuin an immediate consensus. In fact. even
within a Member State, priorities are likely 1o change
over time. Belore a long-term objective is reached. it
could well become obsolete. It is not now possible 1o
tind a consensus for the definition of long-term objec-
tives (). Horwood and D. Griffith, MAFE. Dircctorate
for Fisheries Rescarch, Fisheries Laboratory, Lowestolt,
United Kingdom. and Department of the Marine, Fish-
eries Rescarch Centre. Abbotstown, Dublin. Ireland, re-
spectively, unpubl. rep.; Anonymous 1993b). On the other
hand. the first priority is to ensure a step in the right di-
rection (e.g.. reducing significantly the exploitation rate
of stocks of large roundfish). As progress is made to-
ward first-step targets, further analyses will make it pos-
sible to detine long-term objectives, or at least to cstab-
lish a second step.

The second proposal (Anonymous 1994a), ahout which
the Council reached a decision in 1996, irtroduced tlex-
ibility for the management of annual quotas. A Member
State could benefit in the following year from the
underutilization of some annual quotas. Conversely. if
the State overshoots an annual quota, a deduction should
apply in the following year, using a penclty coefficient
that increases with the magnitude of the overshoot. The
mechanism includes some safeguards, especially to pre-
vent an accumulation over the years of the discrepancies
between quotas and catches. This system will be more than
a minor adjustment since it will facilitate management
within Member States. Previously. for all fishers concerned
when a quota has been allocated among groups within
Member State, it was necessary 1o stop fishing when the
national quota had been caught because some groupis)
had exceeded their share(s) even though others had not.
The more (lexible approach will make it possible to avoid
such drawbacks. It will facilitate quota allocation within
Member States, as well as co-management involving fish-
ers’ organizations. as is being presently attempted n
several Member States. In addition, a more tlexible ap-
proach for annual quota management could complement
the more ambitious mid-term objectives.
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What Has Yet to Be Achieved

Completion of regulations.—The first item. comple-
tion of regulations, corresponds to decisions to be taken
by the Council on the basis of existing proposals from
the Commission, as previously mentioned. If the Coun-
cil reached a decision in 1996 introducing tlexibility in
annual quotas( Anonymous 1996b). this had not yet been
achieved for medium-term objectives. Once decisions
have been made, they will have to be implemented. This
is especially true in terms of enforcement. The existing
regulation (2841/93) offers a number of possibilities,
which up to now have been only partially exploited. Some
elements were to become compulsory only in 1996 (com-
puterized databases) or 1999 (logbooks and Janding dec-
larations in the Mediterranean). A number of specific
complementary regulations also have to be decided.

Moreover, in some Member States, progress still has
to be made to establish more reliable enforcement of the
various components of the CFP. The EC will help, espe-
cially in terms of financial assistance for purchasing the
proper cquipment, but in terms of personnel or adminis-
trative organizations, as well as for ensuring sanctions
that act as deterrents, the responsibility lies with the
Member States. The Commission will. however, report
annually on the results achieved by Member States. This
will offer the basis for a public debate, which should
stimulate the less efficient Member States.

Revisiting effort management and overcapacity.-—If
the first impetus for a change in the CFP can be associ-
ated with the mid-term review. the adaptation process is
continuous. For instance, technical measures have to be
adapted to improve the protection of juvenile fishes and
to reduce bycatches of nontargeted species, including
non-commercial ones (Anonymous 1995¢).

Since the decision-making process is more compli-
cated within the CFP than it is for the management of
other fisheries, even more persistence is necessary. This
is especially true for the overcapacity issue. Regardless
of the management tools applied. no sustainable solu-
tion will be found before this question is resolved. When
the next multiannual guidance program is discussed. it
will be possible to make use of important progress, such
as a much larger acceptance of the overfishing diagnosis
and the collection of more precise data for effort man-
agement. However, precise, quantitative decisions have
still to be made. Between annual TACs and decisions on
the evolution of the fishing fleet, a multiple-ycar time
lag exists: TACs arc calculated mostly for a single spe-
cies in a specific area for a single year, while a vessel is
operational for several years, if not decades, and oper-
ates in various areas for various specics. To some extent.
regulating fishing effort corresponds to an intermediate
management tool. Effort can be managed in fisheries that

group various species. It is easier to obtain scientific .-
vice regarding the evolution of fishing mortalities over
several years. which in turn can be related to fishing cf-
forts, than to establish the level of TACs several years in
advance. A well-balanced policy will be achicved when
agreement is reached on harmonized, multiannual franme-
works covering capacity reduction and effort managc-
ment schemes that are in line with the fishing mortality
targets (see medium-term objectives as explained in the
previous discussion of the first proposal submitted by
the Commission in 1993).

Toward a better debate among scientists. fishers. and
other partners.—Flanking measures can provide tund-
ing, for instance, for pre-retirement schemes or develop-
ment of alternatives to fishing. This will make it casicr
to achieve the difficult adjustments still facing the Euto-
pean fisheries, but painless evolution appears impossible.
This is why it is more necessary than ever to promoie
dialogue among the various partners involved in tisher-
ies, including fishers, administrators, and scientists. L1-
fective management cannot be imposed on tishers if they
are not convinced that constraints are recessary and ey-
uitable.

More sophisticated research may be less important for
successful management than communication with non-
scientists about basic concepts, such as yield per recrint
or spawning biomass. Until now, within the CFP, scien-
1ific results have been largely “underexploited”™ because
they have not been accepted by nonscientists. A number
of basic scientific conclusions are not yet accepted by
numerous fishers. or at least fishers’ representatives. The
need to reduce exploitation rates, and thus fishing cu-
pacities, 1y still denied by too many people. A year-to-
vear increase in a stock abundance because of some ini-
provement in recruitment is commonly interpreted us
proof that the scientific “pessimism” was unfounded.

Securing better acceptance of the basic scientific con-
clusions is a priority, but it will not be easy. Fishers ea-
ger to avoid constraints underestimate their influence on
stock abundances. Conversely, if they feel overwhelmed
by competition with other fishers, especially those oper-
ating under a ditferent flag, they will tend to exaggerate
the overfishing problems. If scientists are too close o
fishers, it may become more difficult for them to make
unbiased assessments. If they are not close enough. they
will not be trusted. Moreover, public opinion tends to
tavor black and white answers. A subtle scientific diag-
nosis in which a population, whether it corresponds to a
target species or (o bycatches of marine mammals, s
depleted by fishing but not put in danger of collapse will
be disappointing. The recognition of scizntific uncertain-
ties, although absolutely necessary, will make it cven
more difficult to establish a dialoguc between scientists
and nonscientists.
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Improving dialogues is absolutely necessary. It implies
direct discussions involving fishers, scientists. and man-
agers. Whenever possible. such debates should take place
at the smallest possible geographical scale. For instance.
within the CFP, discussions can bhe established among
fishers, administrators, and scicntists at the scale of the
Irish Sea.

The establishment of appropriate fora must also ac-
count for the growing worries of the public concerning
the environmental impact of fisheries. The CFP must take
the corresponding effects into consideration. Fishers are
not the “owners” of the sea. On the other hand, it is some-
times too casy for nonfishers to promote restrictions on
fishing activities. It will never be possible. because of
conflicting interests. to build solutions that will please
all groups, but compromises will be easier to reach if the
proper discussions take place, taking into account the
various points of view. Solutions will be facilitated if
each group is aware of the expectations and fears of the
other partners, and if scientists can quantify the likely
consequences of the various decisions. It will also make
it possible for scientists to compare their analyses with
practical expericnce.

Paving the Way for the long-Term Future

Limited entry schemes and their consequences.—It
might seem premature to anticipate the evolution of Eu-
ropean fisheries. Nevertheless, the evolution of the CFP
corresponds to a classical process observed in other fish-
eries. Overfishing is well known as the symptom of over-
capacity, which is due to the open-access regime. The
first management attempts tend to be limited to remedies
for the symptoms, corresponding with output limitations
and the definition of TACs. The second step usually fo-
cuses on the reduction of fishing capacities and on effort
management. The third level, which may not be the final
one, establishes limited entry schemes. Within the Euro-
pean Union, the evolution is made more complicated by
the existing differences among the Member States and
by the necessity to combine Community decisions, made
at a European level, and decisions that fall under the
Member States’ responsibility. The CFP, established in
1983, focused on TACs and quotas and took a low pro-
file on the overcapacity question, leaving Member States
responsible for deciding when it was appropriate to ap-
ply effort regulations or limited entry schemes. More em-
phasis has now been put on capacity reductions and ef-
fort management whilc a symbolic end to the open-entry
principle has been enacted by license and fishing permit
regulations. As detailed previously, much has yet to be
done to ensure an efficient combination of TACs and quo-
tas, effort management, and capacity regulation. Going
further and fully defining rules for the allocation of fish-

ing rights probably will not be achieved at the EU level.
This does not imply that the Commission ignores the
likely evolution toward more refined systems that allo-
cate fishing possibilities. It simply corresponds to the
subsidiarity principle. Nevertheless, at Community lev-
els it will be necessary to do the following:

» ensure that the common framework does not ham-
per attempts by Member States to efficiently man-
age their fishing possibilities;

 ensure that the rules established witkin each Mem-
ber State do not contradict the basic CFP and EU
principles—for instance, distorting competition
among fishers from the various Member States:

+ tuke advantage of the experience gaincd by any
Member State, which should be made available to
the other Member States; and

» promote the development of proper socioeconomic
research.

Such research should include the classical analyses of
the bases 10 be chosen for defining fishing rights (catches.
effort, territorial rights. etc.) as well as possible keys 1o
establish the initial allocation and transter rules to be
applied later. It should also compare systems that allo-
cate individual rights with those that limit the allocation
procedure to a sharing of the total possibilities among
groups of fishers. The research should araly /e the role
that public authorities might play in regulating the mar-
ket of fishing rights, protecting employment in specific
areas. or ensuring that part of the rent can be recovered
for public budgets.

Securing efficient research.—Research is by no means
the panacea. As previously noted, much needs 10 be done
to make use of the most basic research results available.
Nevertheless. no munagement is possinle without a
proper understanding of the likely consequences of the
decision to be made. Research must be continued. en-
larged, and improved. The situation in this respect within
the EU was reviewed by a report from the Commission
(Anonymous 1993d). Priorities were recently adopted
for the 4 ycars from 1995 to 1998, corresponding within
the European terminology to the fourth framework pro-
gram (see Anonymous 1994b and the corresponding work
program). The reader can refer to the corresponding docu-
ments for a more complete review.

The priorities retained for the fourth framework cor-
respond to the following:

» the effects of environmental factors on fish and fish-

eries.

* the ecological impact of fisheries and aquaculture,

+ the biology ol species of interest for optimization
of aquaculture,

¢ socioeconomics, and

« methodology.

Beyond these priorities, research on the processing of
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fish products will be promoted in scientific programs not
necessarily limited to seafood. (This last point, as well
as the third point in the previously mentioned prioritics
will receive no further comment in the present paper.)
The first two priorities correspond to the necessity to
anticipate future dialogues covering fisheries manage-
ment and environmental issues, and to establish a solid
scientific ground for those dialogues. The priority given
to socioeconomics corresponds to the urgent need for
precise answers to specific questions (illustrated in the
preceding section, “‘Limited entry schemes and their con-
sequences”) and to the present weakness of this domain
within the EU. The last topic acknowledges that much
of what is presented as fishery research is not innovative
in nature; rather, it is a routine use of existing methods.

While innovative research must be promoted, it is ab-
solutely necessary to ensure collection of basic data cov-
ering biological and socioeconomic issues, as well as data
related to fleet structure and activities. In this respect,
the situation is far from satisfactory within the EU. In
some areas, such as the Mediterranean, the improvements
have been very slow, and much basic information is still
unavailable. In other areas (e.g.. the North Sea) where
the situation had been more satisfactory, the situation is
in danger of worsening because of the unreliability of
some official statistics and because of a decrcase in some
Member States” data collection budgets. This develop-
ment could well be the most severe danger facing fish-
ery research. If it has to be more innovative. it cannot
exist without the proper time-series of basic statistics,
the collection of which is unavoidably costly. especially
when research vessels are required. The famous sentence
from J. Gulland, according to whom “the right to fish
implies the duty to provide data,” remains valid, which
is why this matter has been given a high priority within
Directorate Générale X1V, including in terms of budgets.
This is also why discussions about improved adminis-
trative statistics, which cannot be separated from the im-
proved monitoring and control, must take into account
the needs of reliable, disaggregated, comprehensive sta-
tistics for research.

Conclusion

The CFP is evolving rapidly on the basis of the expe-
rience gained since 1983. The limits of certain approaches
have been recognized. No one is naive enough to be-
lieve that once the adaptations suggested by the mid-term
review have been adopted all problems will disappear.
But it is clear that within such a heterogeneous domain
as the European fisheries, there cannot be a simple pana-
cea. Moreover, imposing solutions imagined by any
group of experts in a top-down way will never result in
efficient management.

There is. however, almost a consensus about the di-
rections to choose for improving the CFP, and it is clear
that significant progress is being made. The key gucs-
tion is whether this evolution moves fast enough. taking
into account that, simultaneously, some problems could
become more and more difficult to solve. such as in-
creases in overcapacity due to technological improye-
ments. The faster the progress, the less difticult will be
the adjustments faced by fishers and associated sectors.
The progress rate will depend on the ability to better is-
sess the whole range of consequences of various deci-
sions, and on social or political acceptance of the corte-
sponding conclusions.
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Fisheries Management in Canada:
The Case of Atlantic Groundfish

L.S. PARSONS AND I.S. BECKETT

Abstract.—Canada’s marine fisheries have undergone mujor changes in recent decades. In just 25 yoars.
these fisheries went from underdevelopment to overcapacity. Regulatory interventions have mushroomed.
Despite the benefits that flowed from extension of fisheries jurisdiction, Canada’s marine fisheries continue to
be plagued by instability because of a combination of fuctors. including (1) natural resource variabilizy, (2) the
common-property nature of fisheries resources leading to overcapacity and overfishing, (3) market fluctua-
tions, (4) heavy dependence on fisheries as the employer of last resort in isolated coastal communities, and (5)
conflicting objectives for fisheries management. Atlantic cod (Gadus moriiia) stocks have collapsed in recent
years, necessitating the imposition of moratoria on fishing. We musterr on the side of caution to promote stock
rebuilding. There is an urgent need to bring harvesting and processing capacity into balance with sustainable

resource levels.

There has been a multinational tishery in the north-

west Atlantic for nearly 500 years. The present status of

fish stocks is, however, in marked contrast to the abun-
dant resources exploited by early visitors from the east.
The declines in Canadian Atlantic groundfish fisheries
as shown by total allowable catches (TACs) and catches
from 1988 to 1994 (Figure 1) should not, however, mask
the fact that most Canadian fishcries do not show these
drastic declines—for example. salmon on the Pacific
coast (Figure 2) or lobster (Homarus americanus) (Fig-
ure 3) on the Atlantic coast. In the case of lobster, there
was a rapid increase in the 1980s to levels higher than
those seen in the previous 100 years.

Management measures were first introduced in Canada
as carly as the 1700s for Atlantic salmon (Salmo salar).
Salmon can be seen readily as they ascend rivers, which
attracts attention to possible problems. Indecd, by the
end of the 1700s, there were concerns about the need for
fishways, about the impact of effluents, and—even at
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FIGURE |.—Recent trends in Atlantic groundfish catches.

that carly time—about driftnets in the province of New
Brunswick. The early development of fisheries manage-
ment in Canada was facilitated by the introduction of
the Fisherics Act in 1868, which set out the federal
government’s jurisdiction over fisheries. Federal juns-
diction is not all-encompassing, however. because the
provinces license fish plants and stimulate hoatbuilding.
both of which impact the level of fishing cffort. Quotas
were introduced as early as 1920 in some freshwater fish-
eries and individual transferable quotas (ITQs) were even
implemented before World War I in one freshwater fish-
ery.

After World War I1, there was cuphoria in Canada about
fisheries; reports extolled the great potential of the fish-
eries and advocated expansion of trawling and seining.
As Canada entered a period of expansion, so did the rest
of the world. Distant-water fleets from many westcrn
European countries and the USSR came to the western
Atlantic, and there was an enormous build-up of effort
in the 1960s and 1970s. Catches increased rapidly through
the 1960s, followed by a decline in the 1970s, until the
extension of jurisdiction to 200 mi (320 km) (Figure -4).
The Canadian groundfish catch also declined through the
1970s but increased considerably as stocks recovered up
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FIGURE 2.—-Canadian landings (metric tons) of Pacific salmon.



74

PARSONS AND BECKETT

Landings (105 mt)

-t .“l L . T e e A R R T I I )

[T - - w PO WO W D WD

a & B L ®MHDBPW D WD WO R®®E N ®
Figure 3. - Atlantic lobster lamdings.

(o the early 1980% (Figure 4), Alter thai, a different set af
difficultics began. The operations of all enterprises, par-
ticularly large vertically imegrated companies, were in-
fluenced greatly in the carly 1980s by changes in markel
conditions, currency exchange rates, and inlerest rates.
These factors resulted in major restructuring of the in-
dustry. Indeed, the Atlantic groundfish fishery went
through a series of boom-and-bust perieds from the 1960s
to the 1990s—some due to market downturns, same due
to resource downturns, and others due to both (for a de-
tailed analysis of these wrends and their underlying fac-
tors, sce Parsons 1993,

Management Strategies and Problems

Canada has experimented with virtually all available
management techniques: annual guolas. seasonal quo-
tas, allocation by gear sector, resiricted fishing power of
vessels, limitations on fishing gear type, limitations on
fishing gear amount, limitations on the gear specifica-
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tions, requirements for sorting grids. closing spawning
areas, closing nursery areas, managenment based on con-
stani fishing mortality, ITQs. stock enhancement, restric-
tinn on vessel sive, and strict vessel replacement rules
(Parsons 1993,

Modern management has focused as much on control-
ling the behavior of tishers as on the method of capiure
and amount of tish caught. Other important l2ssons have
been that fishing practices are not constant; rather, there
are steady increases in fishing efficiency, and attempts
to contrel fishing practices can have unintended results.
The developmenl of fleets that are specialized or licensed
for single fisherics creates problems when the stock de-
clines. Allowing choices of target fisheries in multispe-
cies tisheries can also engender problems if the system is
o flexible and effort concentrates on high-value spe-
cies. [n addition, problems are generated by discarding,
dumping, and underreporting that have a dramatic im-
pact on the accuracy of stock estimales and confound at-
tempts te achieve target exploitation rates (Parsons 1993,
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Figure 4 —Atlantic groundfish landings, 1950-92,
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The Canadian experience also demonstrates the dif-
ficulties of achieving the objective of conservation while
maintaining employment in the fisheries. In many in-
shore fisheries, the seasons can be very short: thus, the
problem becomes how to balance continued use of smail
boats and processing plants that handle the catches with
their replacement by fewer, larger vessels that can fish
year-round and service fewer plants. Another compli-
cation for conservation is industry’s search for increas-
ing efficiency. This results in the conundrum of trying
to control harvesting effort while trying to design better
nets, better fishing boats, better fish-finding equipment,
better positioning equipment, and so on. Standard con-
trols on effort can be undermined by increased fishing
efficiency. Even when each competing fishery sector
has its own share, changes in efficiency for onc sector
will disrupt the balance by changing the distribution of
the catch among different fleets. The distribution pat-
tern can be distorted further if priority of access changes
for one fishery component relative to others, or if mar-
ket factors change the behavior of the fishery.

A further problem arises from the dependency of
many communities on the resource. In Canada, there
are many small isolated rural communities. especially
in Newfoundland, where the dependency on the fishery
is extreme. This dependency is particularly vulnerable
to changes in resource availability, whether as a func-
tion of changes in resource abundance or of other fac-
tors, such as the environmental lobby that caused the
loss of markets for seal skins in the early 1980s. Im-
pacts have been dramatic because there were large num-
bers of people dependent on the seal fishery. The north-
ern cod (Gadus morhua) fishery, which produced a catch
of 800,000 metric tons (mt) in 1968, was closed down
in July 1992. For 1993, all other cod quotas were re-
duced drastically, and some were reduced further dur-
ing the season. In 1994, most of the remaining cod fish-
eries were closed. The government responsc has been
an expenditure of CAN$1.7 billion over 5 years for the
Atlantic Groundfish Adjustment Strategy for those af-
fected by the moratoria. Measures being taken include
income support and. more importantly, programs to train
fishers for other activities, to reduce effort when the
fisheries do reopen, and to develop a more resilient and
rational industry. Whether these efforts will be success-
ful remains to be seen. Recent survey assessment re-
sults indicate that the northern cod stock may not re-
cover for another decade.

Assessing the Stocks

The patterns of change in the abundance of the At-
lantic cod stocks are reasonably well documented, but
the causcs are not. The growth rate of individual cod de-

~1
[

clined through the 1980s, recruitment has been poor since
the early 1980s. spawning stocks are low, and apparcnily
predators have increased, food species have decreased,
and natural mortality has increased. The latter factor is
subject to scientific debate, but, given that the northern
cod population continued to decline after not being ha-
vested for 2 years (Figure 5) and that many lightly fished
stocks are also declining (Figure 6), there appears to be
an environmentally driven component to the decline in
the cod stocks. The decline in the individual growth rates
for six cod stocks is shown in Figure 7. The cod were
much smaller in the early 1990s than they were at the
beginning of the 1980s. They appeared 10 be thinner in
the early 1990s (Figure 8). This means that a given caich
by weight implies an increase in the number of fish har-
vested and an increase in fishing mortality, if catch is
held constant. The increasing number ot grey and harp
seals has led to concern about the impzct of such preda-
tors. Grey scals consume 138,000 mt of prey of which
17.000 mt is Atlantic cod, while harp seals consume
$8.000 mt of Atlantic cod, mostly 1- and 2-vear-old fish.
and hence could impede stock recovery (Mohn and
Bowen 1994; Canada Department of Fisheries and
Oceans [DFO] 1995).

Adverse environmental conditions off Newfoundland
and Labrador during the late 1980s and early 1990s may
be partly responsible for the decline of the northern cod
stocks. Mean annual air temperatures from St. John's.
Newfoundland, were relatively low from 1880 to the early
1900s, rose sharply in the late 1920s, peaked in the 1950s,
and remained high through the 1960s (Drinkwater and
Mountain, in press). Since the 1960s, temperatures have
declined gradually and also tluctuated at 10-year inter-
vals; minima occurred in the early 1970s, the mid-1980s.
and the early 1990s.

Cold temperatures occur in years when northwest winds
push Arctic air masses farther south. The strong nonth-
west winds result from a deepening of the Icelandic Low,
which in turn produces an increase in the North Atlantic
Oscillation index (Dickson et al. 1988). Conversely, warm
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Figure 5.-—Continuing decline in northern cod.
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Figure 6.—Decline in lightly fished stocks (survey biomass
index in Division 2J).

years occur when northwest winds and the lcelandic Low
are weak and the North Atlantic Oscillation index 1s low.
Ocean temperatures, monitored since the late 1940s at
Station 27 (near St. John's, Newfoundland), were near
normal through the early 1960s and have been declining
ever since, with the lowest bottom temperatures in the se-
ries being observed during the early 1990s (Drinkwater
and Mountain, in press). The adverse environmental con-
ditions probably affected recruitment, since recruitment
levels of Atlantic cod off west Greenland, Labrador. and
Newfoundland have generaily been high when ocean tem-
peratures are warm and decrease when tempeyatures are
low (Petrie and Anderson 1983). In the late 1980s and
early 1990s, when temperatures were extremely low in
the northern regions, recruitment from Labrador to the
Grand Bank was poor.

Some people have argued that the collapse of Atlantic
cod stocks has been solely the result of excessive fishing
pressure. Clearly, the high stock levels off Labrador and
eastern Newfoundland during the early 1960s were co-
incident with environmental factors that were highly fa-
vorable. The low stock levels in the [990s occurred at a
time when the environmental conditions in the area were
extremely harsh. While fishing was clearly a major fac-
tor, it was not the only factor. A more likely explanation
is that the combination of high fishing mortality and the
emergence of harsh environmental conditions contrib-
uted to the collapse of some stocks (e.g., northern cod).

It is interesting to examine fishing mortality over time
as it illustrates the problems fisheries management taces.
Exploitation rates increased through the 1960s as for-
eign fleets came to the northwest Atlantic, and they con-
tinued to increase steadily in the 1970s until extension
of jurisdiction. At that time, the sense was that the fish-
eries would be controlled and exploitation rates would
be maintained at reasonable levels. Fishing mortality did
drop, but not as low as had been hoped. Then it crept
slowly up (Figure 9).

The initial drop was as expected, given the major re-
ductions in TACs associated with the extension of coastal
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Figure 7.—Growth changes for various cod stocks.

state fisheries jurisdicton. The basis for TACs changed
from seeking the catch that would cause no further stock
decline to setting removals at the level commensurate
with the fishing mortality at the F,,' level. The reduc-
tion in effort necessary to bring fishing mortatity down
to this level was achieved by cutting the fishing oppor-
unities of distant-water tleets that previously had ac-
cess to fishing grounds that were. as of Jaruary 1. 1977
inside the Canadian 200-mile fisheries management zone
In theory, subsequent TACS were sel commensurate with
the F, | level of fishing mortality, but in practice actual
fishing mortality was olten well above the E, | level. The
trend increased with time despite annual recalculation.
for many vears. of the expected catch at the F, | Tevel.
There were a number of possible reasons for the almost
universal—for groundfish stocks-—pattern for fishing
mortalities to exceed the expected level. Different rea-
sons were applicable depending on the stock in question.
Thus, for example. underestimation of the real catch. be-
cause of unreported discards, or misreporting of landings.
would not only have produced an underestimate of fish-
ing mortality but an overestimate of population size for
the following fishing vear. Furthermore, uncertainties in
the scientific database. the need to make assumptions
about recruitment levels and productivity “growth), and
changes in fishing cfficiency of the fleet compromiscd

E,, is the level of fishing mortality at which any ‘urther in-
crease in fishing effort would yield only a 10% ncrease in the
catch per unit of effort that would have been realized {'the sume
effort had been applied in a very lightly exploited ti~hery. Thix
represents the value of fishing mortality beyond which any m-
crease in fishing effort gmortality) would not be worthwhile.
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Figure 8. —Changes in condition factor (length/weight®) for
cod of the northern Gulf of St. Lawrence.

the accuracy of the forecasts. which were exacerbated
by the tendency for fisheries management decisions to
be made in favor of the fishers, not the fish. This is simi-
lar to problems experienced in Europe (Parsons 1993).
It was not until the mid-1980s that it became clear
that fishing mortalities in previous years had not only
been higher than expected when the TACs were set. they
were also higher than had been estimated in the assess-
ment immediately subsequent to the fishing vear. The
scientists were not able to quantitatively isolate the source
of the divergences. nor could they forecast how much
influence the factors might have in the future. Hence, no
“corrections” could be devised to adjust for what proved
to be continuing problems. Management decisions in
Atlantic Canada exacerbated the divergence from the

F, | level harvest by reason of the "50% rule™ (only half

the adjustment necessary to bring fishing mortality back
to F,, was made in one ycar. subject to provisions about
fishing mortality level associated with maximum sus-
tainable yicld) and by reason of multiyear plans in which
the TAC was maintained unchanged for several years.
usually 3.

The increase in effective fishing power. despite efforts
to prevent it, distorted the stock assessments. which as-
sumed that a unit of fishing effort was constant from year
to year. The more effective the effort, the more rapidly
TACs are reached. TACs, together with the need to off-
set the capital costs of improving efficiency. increase fish-
ers” motivation to maximize the value of their catch within
the controls in place by high-grading” and misreporting
catch species or volume, particularly as TACs arc re-
duced. The uncertainties in the amount of real fishing
effort were compounded by other management measures.
such as seasonal quotas and 1TQs. that changed the pat-

*The practice of discarding less valuable fish so fishers can get
the most money possible for their caich.
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Figure 9.--—Exploitation rate of major groundfish stocks

tern of effort over the total fishing seascn. As an example.
measures were imposed by government or industry it-
self to distribute the catch more evenly over time to avoid
glutting the market, hence reducing prices. These mea-
sures meant that there was less effort concentrated in the
period of maximum catch rate, which would bias down-
ward the calculations of overall catch rate as a measure
of abundance.

The net result is that tishing capacity greatly exceeds
the availablc resource, and as fishers have sought to maxi-
mize the value of landings, particularly as siocks decline.
all the factors noted previously have combined. Conse-
quently. fishing mortality increased steadily.

New Initiatives

Many of the dilficulties experienced in managing
groundfish fisheries in Atlantic Canada underscore the
need to make indusiry an integral part of fisheries man-
agement. Canada has undertaken a nurnber of initiatives
to address this need. including using “index fishers™ 1o
collect biological and catch-per-unit-etfort data. In 1994,
on the Atlantic coast, the DFO initiated a sentinel fisher-
ies program for stocks under moratoria in which limired
numbers of fishers use a limited amount of commercial
gear 1o fish according to a scientific survey design. In
addition, fishers participate in research vessel surveys.
A major initiative is the establishment of the Fisherics
Resource Conservation Council (FRCC) on the Atlantic
coast. The council consists of people knowledgeable of
the fisherics, university researchers, representatives of
provincial governments, and DFO scientific and man-
agement staff. In the past, DFO scientists provided caich
projections to managers. who then made recommend.-
tions to the Minister of Fisherics and Oceans on caich
levels after consultation with the industry. The FRCC
receives scientific conclusions from the annual stock
assessments and consults with industry on implications
of the stock assessments. Subsequently, there is a turther
round of consultations as to what conservation measures
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should be taken. The independent FRCC then makes
public recommendations on TACs and other conserva-
tion measures to the Minister of Fisheries and Oceans.
This process results in a much greater transparency, as
advice on conservation is completely open to public scru-
tiny. The council also makes recommendations on sci-
entific research, assessment priorities, and methodolo-
gies.

The creation of the FRCC has given more visibility to
conservation requirements for groundfish on the Cana-
dian Atlantic coast. The FRCC members, by their par-
ticipation in various public events, have also contributed
toward developing a better understanding of science and
of conservation issues. The FRCC has broadened the
forum for discussing conservation and reaftirmed the
importance of erring on the side of caution when mak-
ing management decisions.

The biggest task facing Canadian fisheries manage-
ment, however, is how to reduce excess capacity in both
the harvesting and processing sectors of the Atlantic
groundfish fishery, irrespective of the current resource
crisis. Efforts to reduce excessive capacity have been
foiled in the past. As noted earlier. the control of fishing
effort proved very difficult. Attempts to limit the num-
ber of licenses were compromised by the reactivation of
inactive licenses when the economic conditions became
attractive because of good fishing or reduced employ-
ment in other sectors. This has applied mainly, but not
exclusively, to small-boat fisheries, particularly where
multiple licenses were available based on historical in-
volvement. Attempts to cancel inactive licenses produced
extremely negative reactions, as did attempts to freeze
fishing power on the basis of vessel size, hold capacity,
or engine power. Naval architecls have proved to be very
successful in designing vessels that meet the rules for
vessel replacement reductions while achieving increased
tishing power. Modern technology has led to increased
fishing power—bigger and stronger nets, and improved
fish-finding gear, positioning equipment, and gear han-
dling. Even attempts to limit the amount of gear have
been frustrated by human behavior. The limit (number
of traps, gillnets, etc.) is usually chosen to inconvenience
only the most aggressive fishing units and is well above
the level used by most licensees. Following the intro-
duction of the measure, all participants considered that
they must use the upper limit.

During the 1980s, the concept of individual quotas
(enterprise allocations; 1Qs) as a management tool for
Canada’s marine fisheries was widely debated and tested
in several major fisheries on the Atlantic coast. These
experiments met with varying degrees of success. The
success of enterprise allocations in the Atlantic offshore
groundfish fishery indicates that a system of individual

quotas can have considerable benefits, chiefly the damp-
ening of the incentive to race for the fish to maximize an
enterprise’s share of the TAC. Experience in several fish-
eries has confirmed that 1Qs provide flexibility as to
when, how, and whether an enterprise will harvest its
allocation during a given year. The Atlaatic oftshore
groundfish fishery has provided some evidence that 1Qs
foster fleet rationalization. However, some disadvantages
exist for 1Qs. Chief among these is the problem of high-
grading, misreporting, and underreporting of catches and
the consequent difficulty of ensuring compliance with
1Q management regimes. As a consequence. 1Qs must
be carefully tailored to the different characteristics of par-
ticular fisheries. In appropriate tisheries and with appro-
priately designed compliance mechanisms, 1Qs consti-
tute a useful addition to the wide array of lisheries
management tools.

In October 1996, a new Fisheries Act was introduced
into the House of Commons. This new bill will substan-
tially modernize the legal basis for fisheries. conserva-
tion, and habitat management in Canada. The bill will
allow industry a direct voice in fisheries management
through partnering agreements. The proposed legislation
emphasizes selt-regulation and self-reliance, and sets a
climate for long-term stability in the industry. Itis hoped
that this bill will help eliminate the “gold rush™ mental-
ity that has plagued Canada’s fisheries for too long.

Conclusions

Twenty-five vears ago, many Canadian Atlantic fish-
eries alrecady had more harvesting and processing capac-
ity than was needed, particularly given that foreign fleets
had free access to fisheries within the 12-mile (19-km)
territorial limit. The problem is worse today, yet regula-
tory interventions have mushroomed, including TACs.
allocation of access among fleet sectors, limited entry
licensing, and 1Qs. Major benefits flowed from the 1977
extension of fisheries jurisdiction to 200 miles. How-
ever, Canada’s marine fisheries continue to be plagued
by instability because of various problems and con-
straints. These include the following:

« natural resource variability, often environmentally
determined;

« the common-property nature of fisheries resources
and resultant overcapacity;

» market fluctuations:

« heavy dependence on fisheries in isolated coastal

communities;

» recurrent conflict among competing users: and

» conflicting objectives for fisheries management.

Despite abundant resources, various combinations of
these factors have contributed to recurrent boom-and-
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bust patterns in many marine fisheries. Extended juris-
diction and various post-extension initiatives have not
solved the problems of the fisheries sector. There is an
urgent need to bring harvesting and processing capacity
into balance with sustainable resource levels. It is un-
clear whether recent cfforts 1o reduce capacity through
government-funded withdrawal of some vessels from the
fleet will substantially reduce overall capucity. As the
first signs of stock recovery began to appear in 1996,
pressures to reopen certain fisheries before the stocks
had recovered to sustainable levels began 1o intensify.
This situation will be compounded by the termination of
compensation payments to groundfish fishers in 1998.
There is considerable risk that the benefits of the sub-
stantial investments in conservation (moratoria for sev-
eral years) will be dissipated by premature opening of
certain fisheries. Periodic fisheries criscs and demands
for government assistance can be expected to continue
unless viable alternative economic opportunities can be
developed in coastal regions.
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Management Procedures:
A Better Way to Manage Fisheries?
The South African Experience

D. S. BUTTERWORTH, K. L. COCHRANE, AND J. A. A. DE OLIVEIRA

Abstract —Whether the costs of the conventional fishery management process—an annual assessment that
Jeads, tor cxample, to a total allowable catch (TAC) based on a biological reference point—-are justified by the
benefits is questionable. Perhaps fisheries should instead be regulated by means of “management procedures™
pre-agreed sets of possibly quite simple rules for translating data from the {ishery into a TAC cach yeur. Selec-
tion by managers between candidatc management procedures should be based upon inspection of the trade-offs
among anticipated levels of medium-term reward (catch/profit), risk of stock “collapse,” and interannual catch
variability, where these are calculated by simulation. The concept is illustrated by reference to two of South
Africa’s major fisheries that have been regulated on this busis since the late 1980s. For cxample, an amibitious
procedure for the mixed-species South African pelagic fishery was put in place at the beginning of 1994: this
procedure makes allowance for operational interactions by taking nto account the inevitability of a juvenile
pilchard (sardine. Sardinops sagax) bycatch whose magnitude will be related to the size of the anchovy (Engraulis
capensis) TAC awarded. The approach has been well received by the fishing industry and is a cornerstone of the
draft marine resource policy put forward by the majority party in the new South African government. The
greatest problems of the approach are considered to be in defining risk in comparable manner for different
fisheries, and in interpreting the results of simulations that test candidate procedures for robustness of perfor-
mance (o uncertaintics about the model structure assumed to describe the system’s dynamics. The future role
for assessments is seen not as a basis for management advice but to assist in defining the simulations used w0
compute anticipated procedure performance as procedures typically are refined on a 3- to S-year time scale.

The Present Norm—Annual
Fishery Assessments

In many of the world’s fisheries, the typical process
followed currently for providing scientific recommen-
dations for management is roughly as follows. First, sci-
entists will assemble on an annual basis to argue out—
usually at some length—their current best assessment of
the status of the resource concerned. Then. for example,
a total allowable catch (TAC) will be recommended aris-
ing out of that assessment, usually based upon some bio-
logical reference point in whose choice scientists have
typically (though not entirely property) played a greater
role than managers.

A considerable portion of the resources of government
fishery research institutes is expended on this exercise.
But in times of funding cutbacks. this practice is starting
to come under scrutiny. For example. at the International
Council for the Exploration of the Sea (ICES), which
coordinates an enormous set of assessment exercises in
the eastern north Atlantic for report to the European
Union, there are the beginnings of questions from some
countries whether they can afford to have their scientists
invest so much of their time in this process. For example,
N. Daan (Netherlands Institute for Fishery Investigations,
CP IJmuiden, the Netherlands, pers. comm.) comments
that while requests for advice from ICES are increasing,
available manpower is effectively reduced as a conse-
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quence of the privatization process of many research in
stitutes. He adds that although improving the logistics
and efficiency of assessment meetings would bring some
relief, there is also a clear need to prioritize assessment
requirements.

Do the costs of such scientific efforts justify the ben-
efits? How frequently is the often cumbersome process
of an annual update of management reasures really nec-
essary? Though not immediately aware of any quantita-
tive study in this regard, we suspect that the benefits
obtained from such annual reviews are usually not large
For developed fisheries, the impact of but one further
data point on parameter estimates is likely to be small
This is not a general argument for TACS set at a fixed
level a number of years ahead because annual adjust-
ments are clearly needed in fisheries for which annual
recruitment constitutes a sizable fraction of the exploit-
able biomass. But does the method used for assessing
that recruitment need to be changed so much from yea
to year that it could not be pre-agreed upon for a multiyear
period?

We suggest that substantive changes in the scientific
understanding of developed fisheries occur on i time
scale much closer to 5 years than 12 months. A particu-
lar problem of the present norm of an annual cycle in the
assessment process is that fisheries scientists focus too
much time on the short term instead of on more impor-
tant problems that can be addressed properly only over a
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longer period. Subsequent arguments in this paper seek
to show that a valuable spin-off of the alternative “man-
agement procedure”™ approach that we advocate is the
automatic achievement of this refocusing of research on
the longer term.

South Africa’s
Most Valuable Fisheries

The application of a management procedure approach
to provide scientific recommendations for the regulation
of some of South Africa’s major fisheries was an initia-
tive with roots in research along these lines that com-
menced in the International Whaling Commission (IWC)
in the mid-1980s (IWC 1989). But before we go into
more detail about these procedures, a few brief comments
about the fisheries themselves are needed for perspec-
tive.

South African fisheries are of medium size on the world
scale, with the largest annual catch of any one species
seldom exceeding a few hundred thousand metric tons
(mt) (Table 1). The west coast rock lobster fishery (Jasus
lalandii) (Pollock 1986) provides a valuable export but
has been going through increasingly difficult times re-
cently (Figure 1A). The pelagic fishery (Buttcrworth
1983; Butterworth and Bergh 1993) followed the pat-
tern of its Californian counterpart—albeit about a de-
cade later—with a collapse of the pilchard (sardine,
Sardinops sagax) resource in the mid-1960s, after which
the less valuable anchovy (Engraulis capensis) has be-
come this fishery’s mainstay (Figure 1B). The hake
(Merluccius capensis, M. paradoxus) resource (Punt
1994; Payne and Punt 1995) was overexploited as a re-
sult of rising catches by foreign fleets during the 1960s
and early 1970s, but it has shown a steady though slow
recovery under cautiously regulated local harvests since
the implementation of a 200-nautical mile (320-km) ex-
clusive fishing zone in 1977 (Figure 1C).

Since 1990, the hake fishery has been managed under
fm1 harvesting strategy TACs calculated by applying
a non-equilibrium production model to catch-per-unit-
effort (CPUE) data and biomass indices from research
surveys (Payne and Punt 1995). The particular model used
provides a reasonable fit to the CPUE data (Figure 2).

This may sound like a standard fisheries annual as-
sessment—-management process, but it differs from that
in two important ways. First, the model fit and f,, TAC

'An f strategy is a constant effort strategy. with the effort level
calculated from a surplus production modcl. For the f , strat-
egy. this effort level is that for which the slope of the equilib-
rium yield vs. effort plot is 20% of the slope of this curve at the
origin.

calculation is an automatic process repeated annually—
Hilborn and Luedke (1987) would call it “‘clockwork.”
The model fit does not pretend to necessarily correspond
to the ““best” possible assessment of the status »f the re-
source at any one time. Second, this process was chosen
over other possibilitics for regulation based on exten-
sive simulation studies of the anticipated performance
of the fishery in the medium term (Punt 1991, 1993).
These characteristics shift the process into the realm of a
“management procedure.”

Management Procedures

What exactly is a management procedure? The under-
lying philosophy is that all parties (scientists, industry,
managers) should agree upon clearly defined rules be-
fore the management game is played.

These rules specify exactly how the TAC (or the level
of some other regulatory mechanism, such as fishing ef-
fort) is to be computed each year and what data are to be
coliected and used for this purpose. The rules need not
necessarily relate to a fairly complex assessment process.
as was described briefly for hake, but can be quite simple.
For example, under the present procedure for the South
African anchovy and pilchard fisheries (Anonymous,
Sea Fisheries Research Institute WG/JAN94/PEL/3. South
Africa. unpubl. rep.; Figure 3), the annual TAC for pil-
chard-directed fishing is simply 10% of the biomass esti-
mate of fish of age-1 and older, which is obtained from
the most recent November hydroacoustic survey. but sub-
ject to the constraints of a maximum reduction ol 25%
trom the previous year and a minimum of 25.000 mt. Nev-
ertheless, an important difference exists between the an-
chovy--pilchard and the hake examples: the parameters of
the “catch-control laws™ of the anchovy—pilchard proce-
dure remain fixed, at least until the procedure as o whole is
revised after a number of years; in contrast, the hake pro-
cedure incorporates a more developed form of feedback
control, with the control-law parameter autornatically
adjusted each year as further data become available.

What is the basis for such rules? Not the so-called bio-
logical reference points (such as the F | or F | values
evaluated from age-related data) of the traditional fish-
eries assessment and management process but, rather.
consideration of outputs of direct interest to industry and
managers. These relate to the anticipated performance
of the fishery and resource in the medium term (e.g., 10
to 20 years®), which is evaluated by Monte Catlo simu-
Tation.

*Periods longer than this are unlikely to be of much concern o
industry or politicians and become important in regard to the
resource only for very long-lived species (e.g., whalcs).
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TABLE 1.—Some statistics [or South Atrica’s most valuable fisherics. Catches are in metric tons (mt).

Type Species

Largcest annnal catch (year) 1993 catch

Inshone {waest coast Rock Jobster Lleasns sp.)

Pelagic Agnchovy {Eirgroedis spop
Pilehurd ([ Seredivies sp.)
Demersal Huke ( Merluecins sp.t

18,500 {1951 2,200
50600 (1987 236,000
F10.000 {1902} S1INKD
295000 (1972) 141000

“Performunce™ encompasses three essentially conflict-
ing objectives. which have pertinence in most fisherics:
maximize rewards in terms of catches or profits; mini-
mize the risk of something nasty happening, such ax the
collapse of the resource: and maximize stability. We em-
phasize the desirability of showing the trade-otfs between
measures related 10 these ditferent objectives when a choice
belween different candidate procedures is discussed with
industry and managers. By choosing measures that are
operationally meaningful to the industry, we feel that
much greater understanding is achieved. This leads to
more sensible cheices than would an appeal to some util-
ity function approach that altempts to combine these
qualitatively different features inlo o single measure,

Thus, the management proccdure chosen Tor South
African hake is based on a non-cquilibrium production
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FIGURE | —Annual catch rends for South Alrice s most valo-
able fisherics. 1950-93: (A) west coast rock lobster, (B) pil-
chard snd anchovy (the major components of the pelagic
fishery), and {C) hake.

model rather than virtual population analysis (VPA) he-
cause simulations indicated that the latter would lead to
much greater interannual catch fluctuations with no real
corresponding gains in terms of average catch levels or
risk (Punt 1991, 1993},

Attention has been drawn te a disadvantage of this
averall approach (P Sullivan, International Pacific Hali-
but Commission, Seattle, Washington, pers. comm.):
given the importance that models underlying any TAC-
setling process remain appropriate, the approach can sacri-
fice the valuable “realily check™ of the annual exposure of
an asscssiment (o critical review. Of course, this begs the
question, given limited human resources in practice, of
whether such comprehensive “checks™ ean be entertained
lor every stock—priorities have to be set based upon some
combination of resource value and the level of uncertainty
associated with the assessment. Nevertheless. this would
scem to be outwelghed by the many advantages. both
scientitic and practical:

» With the possible exception of some fisheries for
very short-lived species, risk cannol be meaning-
fully cvaluated for a carch limit for a single year,
but only for the repeated application of some TAC-
setting process over a nuniber of years.

= Simple pre-agreed formulac allow lor quick deci-
sions: this is impertant . for example. the South
African anchovy fishery, which is based predomi-
nantly on the recruits of the year. Environmental

—— Annual CPUE

NN - - - Predicted CPUE

N\ I

Vo S

CPUE (mv/d)

AL e L Ll

5% 80 B5 F0 75 A0 85 80
Year

FiGURE 2 —The CPUE for the South African west coast hake
fishery. 1955-93. together with the rend predicted by the fii of
a non-equilibrium production nwdel to both these data and bio-
mass indices from research surveys,
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and weather conditions usually make these avail-
able to the fishery for only 2 to 3 months after the
annual recruitment survey so that any TAC increase
awarded in the light of the survey results needs (o
be announced speedily.

* The demarcation between scientific and policy re-
sponsibilities becomes clearer: scientists caleulate
the anticipated perlormances tor diftferent proce-
dures, managers select one of these procedures
based on the trade-offs reported, and the TAC is
then calculated automatically over the next fow
years. This has the particular advantage of less scope
for politicking (i.e., industry intraducing question-
able arguments to attempt to increase the TAC to
meet their short-term requirements, and scientists
euilty ot the identical practice in trying (o lrustrate
them; see, lorexample, Hilborn and Luedke | 1987]).

o A firm basis for TAC evaluation, coupled with sci-
entitic predictions ol the likely outcomes, Tacilitates
industry planning under clearcr, longer-lerm per-
spectives and security.

* A management procedure can be viewed as a test-
able hypothesis: one can retrospectively cvaluate
how well altiernative procedures would have per-
formed, unlike the situation for ycar-to-year deci-
10T,

» Fishers are likely 0 be happy to agree o an ap-
proach that specifies how TACs will increase if
things gel betler, and vice versa, because their nec-
essary optimism leads them to think that the former
1s the much more likely to oceur.

Despite such optimism. what if things de get worse:
will the lower TACs indicated by the procedure be ac-
ceptable? Qur approach to this potential problent has been
1o have procedures include a limit 16 the percentage by
which the TAC may be reduced in any one vear. The
tighter this limit, the more conservatively the overall pro-
cedure needs 1o be tuned. as shown by the correspond-
ing lower anticipated average annual catches Tor the South
African anchovy tishery (Table 2). The local pelagic lish-
ing industry was prepared 1o agree to raise the maximum
percentage reduction allowed for the anchovy TAC from
25%: to 40% in anticipation of an associated 1% increase
n the average annual catch,

Given such rules. some allowance also needs to be
made [or freak situations where keeping to the rules could
damage the resource. For example, for the South Afni-
can anchovy, “exceptional circumstances™ can be invoeked
by managers under the pre-agreed criterion of a
hydroacoustic survey indicating a spawning biomass
below 500,000 mt. Though the anchovy procedure is
designed to manifest a low probability of the spawning
biomass falling below 20% of its mcan pre-cxploitation

A

Follewing the November biomass survey

TAC " = 0.7%300| 0.7 + 0.3 %:
Following the May/June recruit surv(;y

racz, = 20[01 % o35
Subject 10:

L 200 5 TACT? = 600
11, Annual drep in TACTS™ < 4% (relauv to previous TACS )

WO £ TACT, - TACTE, < 150

1%, Exceptions] Crvumstaoees. £, < 500

B

Fellowing the November biomass survey
TAC, = 0.18,
TACI = 7.5 + 0.06 TAC™,

Following the May/Jun¢ recruit survey

TAC ;" = 1.5 + x TAC -

anch

o - :
Rined 3 Rined
Pilchard recruit estimate
Subjecr 1a:
I TAC,, = 25

e

M. Annual drop i FAC,, < 25%

1. Exeeplionul Cireumsanes’ B, < 150

FIGURE 3.—A diagrammatic representation of the joint
anchovy-pilchard management procedure adopted at the be-
girning of 1994 for the South Adtican pelagic lishery. The
component that pertains o the anchovy TAC (1,0005 miy is
set in (A} B, and B, reler to estimates of current and aver-
age past [+ biomasses from hydroacoustic surveys. with a
similar convention Tor R and R [rom the recrnitment surveys.
The pilchard component is set out in (B}, where “dir” refers to
the directed pilchard fishery and “byc™ 1o pilchard bycatch in
lisherics directed at other species {primarily anchovy). The pil-
chard bycatch TAC depends both on the anchovy TAC and on
the current ptlchard recruitment estimate (from a hydreacoustic

survey ) in relationship to the median of past estimates (R, ).
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TABLE 2.—The present management procedure for the South
African anchovy (Anonymous, Sea Fisheries Research Insti-
tute WG/JANY4/PEL/3, Cape Town, South Africa, unpubl. rep.)
was selected on the basis of the trade-off between predicted
average annual catch and interannual catch variabihty across a
number of variants of a candidate procedure. The performance
statistics in question were computed for the same level of risk

(a 30% probability of spawning biomass falling below 20% of

the mean pre-exploitation level within a 20-year period) for each
variant, by adjusting a control parameter of the procedure. The
variant selected incorporates the following constraints:  maxi-
mum annual TAC, 600,000 mt; minimum annual TAC, 200,000
mt; maximum downward adjustment of TAC from one year to
the next, 40%: maximum increase of initial TAC following re-
cruitment survey results, 150,000 mt. The table shows the per-
formance statistics for this and the other variants considered.
on the basis of which the final selection was made

Average annual  Average interannual

Variant catch (mt) catch variability (%)
Variant selected 315,000 25
Maximum TAC = 450,000 mt 314,000 23
Minimum TAC = 150,000 mt 328,000 25
Maximum downward

adjustment =50% 321,000 23

= 25% 285,000 22

Maximum increase after

recruit survey = 200,000 mt 326,000 28

level, allowance must also be made for stringent remc-
dial measures to be taken if this should nevertheless oc-
cur. The criterion chosen takes account of survey sam-
pling error, trading off probabilities of not taking further
action when it is actually necessary with the disruptive
possibility of taking action that is not needed. We look
for criteria that should amount to invoking “exceptional
circumstances” no more frequently than once every 10
to 15 years on average, and we are currently evaluating
options for meta-rules to be applied in such circum-
stances. We have found that a major difficulty in these
circumstances is that industry will argue to define an
acceptable risk level to be whatever will maintain their
present level of catches.

Facilitating User Participation

When developing or updating management proce-
dures, we consider that facilitating a sensible choice by
industry and managers between alternative candidates is
of particular importance. This is especially difficult for
short-lived pelagic species such as anchovy. for which
the high level of recruitment fluctuation renders com-
parisons of deterministic projections valueless. Our ex-
perience is that the summary statistics of the probability

distributions necessary to describe such circumstances
are not immediately meaningful to industry and manag-
ers. Therefore, we have concentrated on first getting them
to play computer simulation games, which show indi-
vidual realizations of catch and biomass tiine-series un-
der alternative procedures, to give them a better feel for
the trade-offs involved.

This overall approach has generally been well received
by our industry, particularly in the case of a recent up-
date of the procedure for anchovy (Table 2). However.
we are perhaps fortunate, at least in this context. in deul-
ing with fisheries dominated by a few large industrics
with long-period planning horizons. Whether this ap-
proach would work as well with a large nusnber of small
operators, for whom cash-flow considerations dictate a
shorter-term focus. is debatable.

The Problem Area: “Risk”

The aspect of management procedures that we find
the most problematic is the definition of “nsk™ although
the same problem does also arise in the conventional
assessment-management approach. The statistic we have
been using for risk for the South African pelagic fishery
is the probability of spawning biomass falling below 20%
of the mean pre-exploitation level within a 20-year pe-
riod. We note that Hilborn (1997) strongly criticizes the
use of criteria of this form, suggesting instead that analy-
ses should specitically incorporate a stock—recruit rela-
tionship and uncertainties about its form. with a quanti-
tative basis for the latter provided by the information
available on similar species. If these uncertainties en-
compass the possibility of depensatory effccts, then the
probability of stock collapse can be computed explicitly
instead of using measures of “risk” such as that adopted
here as a surrogate for this probability. Our concern is
only that such an approach should not be secn as a de-
fensible way to reduce the three fundamental attributes
of procedure performance (i.e.. average catch. risk, and
short-term variability of catches) to two by absorbing
risk into average catch. The reason is evident from con-
sideration of the following two scenarios: very high
catches for a short period, followed by a rapid “collapse™
and subsequent stable but low catches; and stable catches
at an intermediate Jevel throughout the overall period of
interest. These two scenarios would have nearly identi-
cal average catches and short-term catch variability, but
industry and managers would almost certainly have o
strong preference for the second. Essentially, what is
lost in such an attempt to reduce the number of attributes
to two is a measure of long-term catch variability, tor
which “risk’ is a surrogate. Hilborn (1997) implicitly ac-
knowledges this, by suggesting four attributes: “average
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yield, short- and long-term variability in catch, and the
probability of stock collapse.”

Recently, we have as scientists been pulling the wool

a little over the South African pelagic industry’s eyes by
pre-specifying a risk level ourselves and giving them
options from which to choose that involve only the aver-
age catch versus interannual TAC variability trade-off.
For anchovy, the risk level specified has been 30% . How-
ever, Figure 4 shows that there is actually a wide scope
for alternative choices, and these could be considered
explicitly. It also indicates. incidentally, the much greater
rewards available from an approach that varies TACs in
response to resource survey results in comparison with a
constant catch policy, which would be the only possibil-
ity were surveys to cease.

There are a number of difficulties related to risk:

* Anacceptable level of risk. if defined in this manner,
cannot be argued 1o be invariant across different
fisheries. The larger the extent of recruitment variabil-
ity, the lower the level to which the population might
drop in the absence of harvesting as a consequence
of these natural fluctuations: therefore. presumably,
the population would be more resilient to depletion
to a certain level. This means that as appraisals of re-
cruitment variability change. so too should accept-
able levels of risk as we have defined it.

» While performance computations can readily incor-
porate the consequences of survey imprecision, there
is no straightforward approach to account for “qual-
ity” aspects, which are difficult to quantity. For ex-
ample, the primary reason we have set a much lower
acceptable risk level for our pilchard procedure,
compared with the 30% for anchovy, is concern that
target identification problems in analyzing hydro-
acoustic survey results are much greater for the sub-
dominant pilchard resource.

» At the beginning of 1994, a joint management pro-
cedure (Anonymous, Sea Fisheries Research Insti-
tute WG/JAN94/PEL/3. South Africa, unpubl. rep.;
Figure 3) was put in place for our pilchard and an-
chovy resources. This proved necessary because we
needed to take account of the unavoidable bycatch
of juvenile pilchard in the anchovy fishery., where
the magnitude of this bycatch depends in part on the
size of the anchovy TAC. However. we have the diffi-
culty of not being surc whether we are dealing with
recruitments for both species that fluctuate inde-
pendently about fixed average levels or a possible
recovery of pilchard at the expense of anchovy. This
is compounded by concerns about the reliability of
estimates of juvenile pilchard numbers from hydro-
acoustic recruitment surveys, which seem not 1o cor-
relate well with subsequent estimates from VPA.

08F =~ - - No surveys (constant catch) .
: — With surveys \
x 06|
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FIGURE 4.—Plots of risk (see text for definition) against re-
ward (average annual catch) for simulations of alternative man
agement procedures for the South African anchovy fishery
(Butterworth and Bergh 1993, Butterworth et al. 1993). The
dashed line reflects results in the absence of any survays, which
would necessitate a constant catch strategy: the achieved aver-
age catch is actually less than the constant catch set because the
increasing probability of slock collapse as the level of the intend-
ed catch is raised results in a greater {requency of failure to
achieve that catch. The solid line shows results for different val-
ues of a control parameter for the procedure operative at present:
the actual value of the control parameter set corresponds to a
30% risk level (see “Variant selected,” Table 2, for more de-
tails).

Risk relates to uncertainty, which has two components
The first is measurement error, and the consequent im-
precision of estimates of model parameters. which can
be taken into account fairly straightforwardly in compu-
tations of management procedure performance The sec-
ond component involves the much more difficult ques-
tion of exactly how best to deal with model structure
uncertainty. Particularly important concerns relate to the
form of a stock-recruitment relationship and yuestions
about the number of stocks present and the dernarcation
of their boundaries.

It is easy to state the “in principle” approach to ad-
dress this problem: the performance statistics for a can-
didate management procedure need to be robust across
the range of plausiblc hypotheses for the sysiem’s dy-
namics. A procedure may well include a feedback mecha-
nism (as does that for the South African hake fishery:
see Management Procedures), which adjusts appropri-
ately even though the system’s dynamics ultimately be-
have somewhat difterently from what the model under-
lying the procedurc might assume. However. this still
leaves the question of how to interpret the results ol the
simulations corresponding with such alternative hypoth-
eses, particularly as performance must degradc to an in-
creasing extent for more extreme hypotheses—how much
degradation in performance can be tolerated i1’ the pro-
cedure under examinalion is to be considered still ad-
equately robust? The IWC Scientific Committce seems
to be moving towards a “worst-case scenario” basis in a
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risk context,” but we do not see this as a viable approach.
Procedures can always be made to “fail” on this basis
simply by including a sufficiently extreme scenario: this
is readily accomplished if, for example. no limits are
placed on the number of stocks that may be postulated to
be present in the fishery. What is or is not plausible?
Perhaps Sir Isaac Newton's rules of reasoning in his
“Principia” (Cajori 1934) give us some guidelines. His
Rule IV states:

In experimental philosophy we are 1o look upon propo-
sitions inferred by general induction from phenomena
as accurately or very nearly true, notwithstanding any
contrary hypotheses that may be imagined. till such time
as other phenomena occur. by which they may either be
made more accurate, or liable to exceptions,

This rule we must follow, that the argument of induc-
tion may not be evaded by hypotheses.

This suggests that we should be guided by data in pref-
erence to pure speculation.

If a man considers crossing a road, the hypothesis that
he will be knocked down by a bus and killed is perfectly
plausible. This is effectively his worst-case scenario, but
the fact that such an eventuality cannot be excluded does
not mean that he, therefore. decides not to cross the road.
The reason he does decide to cross is that he assesses the
probability of this undesirable event to be small. The
moral in the context of management procedures is that
the only defensible approach for interpreting the results
from a range of models for system dynamics is a proba-
bilistic one. But how then are relative weights (probabili-
ties) to be assigned to the different models? The man-
agement procedure approach does not solve all problems;
some it merely translates into another form.

The Future

The application of management procedures in South
African fisheries thus far has essentially been de facto at
the scientific level. It is encouraging that the draft Ma-
rine Resource Policy of the majority party in the new
government seeks to change this to a de jure situation.
This document incorporates the following principles:

i. Stocks are to be harvested to optimize socictal ben-

efits without placing them at undue risk.
ii. Management plans, including harvesting strategies,
are to be developed for each fishery.

*As indicated, for example, by their recommendation from
among the variants of the Revised Management Procedure
(Kirkwood 1992, 1997; IWC 1994a) for implementation for
southern hemisphere minke whales, following simulation tri-
als for this specific resource (IWC 1994b),

ili. Plans are to be gazetted with procedures to allow
amendment by agreement.

iv. Plans are o aim to stabilize the TAC. while recog-
nizing the inherent variability of fish stocks.

It. thus, also gives high weight to the objective of less-
ening interannual TAC variability—presumably with stu-
bility of employment in mind-—though it recognizes the
inherent variability of tish stocks nevertheless. The for-
mulation of 4 management procedure approach for man-
aging the other major South African marine resouice,
the west coust rock {obster, is now in hand. Indeed. one
can arguc strongly for the management procedure ap-
proach instead of year-by-year, assessment-hased scien
tific recommendations from the South African experi
ence. The argument is based on the relative case with
which recommendations for TACs for anchovy and hake
have been agreed upon by scientists over recent years, in
contrast to ongoing disagrecments for west coast rock
lobster (though this difference is admittedly not the only
factor that distinguishes these cases).

Does any role remain for assessments in this new ap-
proach? Certainly. but not for the direct provision ot
management advice: rather, the results of assessments
can be used to bound the range of possibilities consid-
ered in the simulation evaluations of procedure perfor-
mance. The aim of research becomes the reduction of
the overall range of plausible hypotheses, allowing re-
vised procedure choices that will achieve areater rewards
for the same perceived risk. We see this updating of pro-
cedures as having a typical time scale of 3 (o 5 years
(i.e., arequisite time period for substantive improvements
in the scientific understanding of developed fisherics),
and we are attempting to dovetail local, longer-term re-
search projects with such a schedule.

For example, an update of the procedure for South
African hake fishery is now in progress. In recent years,
the model-predicted and observed CPUE trends in this
fishery have increasingly diverged (Figure 2). Although
the procedure used has broadly self-corrected for this
(as it was designed to do) by not increasing TACs as
rapidly as projected a few years ago, the divergence sug-
gests that the new data now available will indicate better
performance from a procedure different from that selected
some years back.

On the wider front, we see a major goal as being able
to treat risk in a manner that allows for consistency of’
evaluations across different fisheries (i.e., something akin
to the role that has been played by the I, reference
point). The justification for an effective choice for risk
level, as for F, |, will likely be empirical (it works:i.c.. it
does not collapse fisheries too often), but comparability
is 4 necessary prerequisite to allow such an evaluation.

Thus, do we really yet know how to deal properly with
uncertainty in fisheries management decisions? We doubt



90 BUTTERWORTH ET AL.

this, and instead are awaiting first a practical basis for a
consistent approach to the matter of model structure un-
certainty—a key issue which is addressed further in this
volume (Hilborn 1997).
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The Revised Management Procedure
of the International Whaling Commission

G. P. KIRKWOOD

Abstract.—Prior 1o its 1982 moratorium on commercial whaling, the International Whaling Commiission
(IWC) based catch limits on stock assessments developed by its Scientific Committee. These analyse. were
similar in nature to standard fishery assessments of the day. For each stock. all available data were used (o
obtain best estimates of current and historical stock sizes and productivity. Catch limits were then set with the
aim of keeping the stock at or above the level at which the maximum sustainable yield could be taken. or
moving it toward that level. One major reason for deciding to impose the moratorium was the difficulty the
Scientific Committee experienced in reaching consensus on the status of stocks, given the prevailing uncertain-
ties in the data and their interpretation. Over the past 7 years, the IWC Scientific Committee has developed a
revised management procedure designed to resolve these difficulties. The development process. described in
this paper, involved a thorough reexamination of management objectives, a realistic view of the uncertainties
inherent in current and future data, and very thorough testing via Monte Carlo simulation of the robusiness of
proposed procedures in the face of these uncertainties. Effectively, allowances for risk and uncertainties have

been directly incorporated into the management procedure.

Before the 1980s, most scientific advice to fishery
management was presented in terms of “best” estimates.
Uncertainties often were glossed over in the interest of
reaching consensus on international tfishery commissions.
and they typically were acknowledged only when the
advice transpired to be clearly wrong. Even enlightened
institutions apparently have failed to heed messages of
uncertainty and risk, as judged by the management mea-
sures they actually adopted. (Throughout this paper, the
term “risk” is used to denote the probability of some-
thing bad happening. It is not used in its technical sense
in a decision theoretic framework as meaning expected
loss.)

This failure to take proper account of uncertainty oc-
curred because fishery management is an inherently po-
litical process, particularly in international fishery com-
missions. Biological advice on the current and likely
future state of fish stocks is essential information needed
for management, but it is by no means the only informa-
tion needed. Thus, the final decisions on catch quotas
may appear to fly in the face of scientific advice. Some-
times this is an unavoidable feature of the conflicting
objectives or conflicting pressures on managers. [ also
believe that it occurs in part becausc the scientific ad-
vice is given in such a way that managers find it very
difficult to interpret.

A simple example illustrates the issue. Advice that a
95% confidence interval for a recommended total allow-
able catch (TAC) is 8,000-12,000 metric tons (mt) may
be better than a single estimate of 10,000 mt, but not a
lot. How is the manager to choose an appropriate num-
ber within that interval? Different pressures may incline
managers to opt for a TAC near the middle of the range,
or toward either the lower or upper end of the range.
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Lobbyists will almost certainly argue for either extrenie.
The situation becomes much worse when more than one
possible range is presented (corresponding, for example.
to the results from two assessment techniques or two n-
terpretations of data). These were exactly the types of
difficulties faced by the International Whaling Commis-
sion (IWC) and its Scientific Committee in the late 1970s
and early 1980s prior to the imposition of the moruio-
rium on commercial whaling.

The recent emphasis on assessing risks of breaching
biological thresholds in fisheries (Smith et al. 1993),
rather than just assessing statistical uncertainty, is cer-
tainly a big step in the right direction, but it is not the
end of the road. What is really needed is clear scientific
advice, couched in understandable terms. of the risks of
failing to meet the management objectives. It is the re-
lating of biological (or economic) risks to management
objectives, which usually are not couched in terms of
such risks, that is crucial to bridging the communication
gap.

If agreed-upon. quantifiable management objectives
can be developed (which may be asking a lot, since many
managers appear reluctant to articulate their objectives).
there are at least two ways of proceeding. The obvious
one is routinely (o associate appropriate risk statements
with each element of scientific advice. leaving the nman-
agers to deal with that information as they will. Even if
desirable, this is not always straightforward. The ap-
proach taken by the IWC, apparently quite paradoxically,
was to seek to return to the days of consensus advice.
This was to be achieved by seeking a management pro-
cedure, applicable across all stocks and species of ba-
leen whales (Balaenoptera spp.), that could he demon-
strated to produce catch limits for which the risks of not
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meeting the objectives were acceptably low. Application
of such a management procedure would then produce a
single recommendation for catch limits.

In describing the IWC'’s revised management proce-
dure (RMP) in this paper, | concentrate primarily on the
approach the IWC used to develop and test the RMP.
rather than on the procedure itsclf, and I omit most of
the technical details. It is the approach, rather than the
procedure itself, that could with merit be considered for
use in other fishery management situations. For similar
reasons, most discussion is devoted to development of
management procedures for a single biological stock.

The International Whaling
Commission

The IWC (the Commission) is an intergovernmental
organization whose member countries are signatory to
the 1946 International Convention for the Regulation of
Whaling. The Commission meets annually, and major
decisions, such as the setting of annual catch limits, are
made by a three-quarters majority. The IWC is advised
by a standing Scientific Committee consisting of scien-
tists nominated by member countries and invited experts.

The first attempt to specify a formal set of rules for
calculating catch limits for commercial whaling was
made in 1974, when the so-called New Management Pro-
cedure (NMP) was adopted. Details of this procedure
are unimportant here, and only two features will be men-
tioned. The first is that stocks estimated to have been
reduced to less than 54% of their unexploited level were
classified as Protection Stocks. and no commercial
catches were allowed. The 54% cutoff point was chosen
on the basis that it was 10% below the conventionally
assumed stock level at which the maximum sustainable
yield (MSY) could be taken. It was a device designed to
ensure that stocks did not fall much below their “opti-
mum” level, and if they did to rectify the situation as
soon as possible. In no sense was the protection level
intended to be associated with the stocks being in dan-
ger of extinction, though frequently it has been inter-
preted that way. The second feature of interest 1s that
even as far back as the mid-1970s, the need to make some
allowance for uncertainty had been recognized in that
the maximum allowable catch limit was only 90% of the
estimated MSY, thus explicitly incorporating a 10% al-
lowance for uncertainty, albeit a fixed one.

The NMP apparently worked reasonably well for a
few years, but problems began to be noted in the late
1970s. Most problems arose because of difficultics in
reliably estimating the MSY and the current and initial
stock levels. Even when acceptable estimates were made
for a particular stock, the changes in the estimates as
they were updated annually often ied to widely fluctuat-

ing catch limits. By the early 1980s, the IWC Scientific
Committee found it almost impossible to reach consen-
sus on recommendations for stocks subject (¢ commer-
cial whaling, other than for Protection Stocks. Partly as
a result of these difficulties, in 1982 the IWC agreed to
implement a pause in commercial whaling (the so-called
moratorium), which would take effect from the mid-
1980s. This provision was to be kept under review based
on the best scientific advice. Subsequently. the Commis-
sion would undertake 4 comprehensive assessment of the
effects of this decision on whale stocks and consider its
modification.

In 1986, the Scientific Committee agreed that a key
element of a comprehensive assessment should be the
development of an RMP. The development process oc-
cupied the years 1986-93. A procedure for seiting catch
limits for single baleen whale stocks was adopted by the
IWC at its 1992 meeting, and a comprehensive manage-
ment procedure for possible multiple stocks in a region
was completed in 1993,

Management Objectives

As I have already asserted, an essential elerent in the
search for an improved management procedure is a speci-
fication of the objectives that must be met. This specifi-
cation must be sufficiently precise to determine objec-
tively how well the management procedure meets the
objectives.

In principle. the primary source for IWC objectives is
the convention governing its operations. However. the
wording in that document is very general. A number of
joint meetings of scientists and commissioners finally
led the IWC to accept the following statement of its ob-
jectives (IWC 1988:36):

i. stability of catch limits, which would be desirable
for the orderly development of the whaling indus-
try;

ii. acceptable risk that a stock not be depleted (at a
certain level of probability) below sorme chosen level
(e.g.. some fraction of its carrying capacity). so that
the risk of extinction of the stock is not seriously
increased by exploitation;

iii. making possible the highest continuing vield {rom
the stock.

These objectives are partly incompatible in that they
cannot be fully satisfied simultaneously. Trade-offs be-
tween these objectives are inevitable, especially between
the first two and the third. Generally, the higher the level
of continuing yield, the higher will be the risk of deple-
tion below acceptable levels, and vice versa. Similarly.
the greater the catch limit stability required, the lower
will be the continuing yicld. Further progress required
that weightings be given to the three objectives.
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After further discussion, the IWC agreed that an ac-
ceptable management procedurc must first satisfy the
conservation objective (ii). Subject to that, the manage-
ment procedure was free to maximize catches under (iii)
while performing satisfactorily in (i). One gap in the
specification of the conservation objective was filled by
the requirement that the RMP should not be apparently
less conservative than the old NMP. A stock assessed to
be below 54% of its initial level (i.c., below the old pro-
tection level) should have a zero catch limit. Acceptable
risk was then to be judged in terms of the possible ef-
fects of inadvertently setting non-zero catch limits when
the stock was actually below the protection level but was
assessed to be above it. If the risk were deemed sufti-
ciently low, then objective (ii) would be satistied.

Development of a Management
Procedure for a Single Stock

For an RMP to be judged satisfactory, it must mect
the IWC’s management objectives, and it must do so re-
gardless of existing and continuing uncertainties in the
basic data, stock identity, and whale population dynam-
ics. A management procedure was sought that was ro-
bust in the presence of these uncertainties. Whether a
potential management procedure is robust can only be
decided by examining its performance across a wide
range of plausible situations. Development of a revised
management procedure proceeded on two fronts: (1) iden-
tifying and refining potential management procedures.
and (2) specifying means for testing these procedures
for robustness and ability to meet objectives. No attempt
was made to develop an optimum management proce-
dure in the sense of one that maximized some utility func-
tion derived from the management objectives. Given the
preceding objectives, itis unlikely that such a utility func-
tion could be derived; in any case, the relevance of such
an approach is unclear in view of the robustness require-
ments. Rather, the aim was to develop a procedure that
exhibited satistactory. robust performance in meeting the
management objectives.

For this paper, a management procedure is taken to be
a set of rules for calculating annual catch limits from
available stock information. Traditionally, for both fish-
eries assessment in general and whale assessment in par-
ticular, setting rules has involved fitting models of the

stock dynamics to available historical catch and abso-

lute or relative abundance data. Catch limits were then
calculated based on the resulting estimates of model pa-
rameters and their sizes in relationship to appropriate
biological reference points. These models may be of vary-
ing complexities, but typically the more that is (thought
to be) known, the more complex has been the model fit-
ted. In terms of the NMP, however, this approach did not

seem particularly successtful for the reasons already out-
lined.

Five potential management procedures were fornie-
lated and investigated by members of the IWC Scicn-
tific Committee. Three procedures (developed by
Butterworth and Punt, by Cooke, and by de¢ la Mare) in-
volved the fitting of simple stock production models. The
other two procedures (developed by Magnusson and
Stefansson and by Sakuramoto and Tanaka) at least ini-
tially eschewed fitting of any population model; rather,
they set catch limits primarily on the basis of recent trends
1n relative abundance. Later versions of the Magnusson
and Stefansson procedure did, however, incorporatc a
population model. Space does not permit a proper c-
scription of the five procedures. Instead, interested read-
ers are referred to IWC (1992a:93-103). n which the
five procedures are described as they stood when one
was selected.

Simulation Trials of Management Procedures

Since experimental application of potential procedurcs
for managing actual whale stocks was out of the ques-
tion, the IWC applied a computer simulation of whale
stock management using techniques similar to those in-
troduced by Hilborn (1979). An initially unexploited
whale population was set up on the computer and sub-
jected to a series of historical catches prior to the onset
of management. The dynamics of the simulated stock
were governed by models similar to those used regularly
by the IWC Scientific Committee. Abundance data were
simulated in such a way that they had the same nature
and properties believed to occur in observed data of those
types. Computer programs then applied potential man-
agement procedures to this simulated stock. This ap-
proach has several advantages: it allows many tests to
be done relatively quickly, the state of the simulated stock
is known exactly at any time so that how well the man-
agement procedure performs can be accurately deter-
mined, and extinction of a simulated population is of no
consequence.

All five potential management procedurcs werce sub-
jected to a lengthy series of computer-based trials. Each
trial examined management of a simulated whale stock
over a 100-year period. This was repeated 100 times (400
for some trials) for each trial scenario. Summary staus-
tics monitoring the procedure’s performance in relation:
ship to the three management objectives were collected
for each trial. These statistics are described in a later sec
tion.

The prime concern in the screening trials was to sub-
ject the potential management procedures to a set ol se-
vere performance tests. However, it was also intended to
assist in developing and improving the procedures. When
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a procedure was found to perform worse than expected
on one or more trials, it was often possible to modify it
to rectify the problem. The modified version then had to
be subjected again to the full set of trials to ensure that
improvements for one trial did not lead to unacceptable
performance on others. This feedback, and the develop-
ment of common approaches, was a key feature of the
development process.

It was also recognized that some trials may be so se-
vere that all potential procedures may fail. This was not
to be taken as a signal to abandon further development.
Rather, if it became clear, for example, that the manage-
ment procedures would only perform satisfactorily if true
stock boundaries were well known, then this would
clearly signal that research to delineate stock boundaries
was an essential prerequisite to successful management.

Assumptions Common to All Trials

Stock dynamics.—In early trials, the dynamics of the
simulated stock or stocks followed a simple population
model similar to that used in past assessments of baleen
whale stocks. In the later development stages, a fully age-
structured model was used, and in robustness trials a
variety of alternative forms of population models were
used. In all trials, however, the form of the underlying
dynamics model actually used and its parameter values
were hidden from the management procedure.

Data availability.—The extent and types of data avail-
able for different whale stocks vary widely. Seeking
maximum applicability, the Scientific Committee con-
centrated on procedures that made minimal data demands
and did not require prior estimates of biological param-
eters that led to past difficulties in applying the NMP.
Consequently, the following data were assumed to be
available to the procedures:

« the annual catches (including, in most trials, all his-
torical catch data for a simulated stock exploited
prior to application of the management procedure);

« estimates of abundance, which were available at the
beginning of the first year of management and then
at regular intervals thereafter (typically every 5
years), regardless of whether catches were taken.

The most common estimates of whale abundance re-
sult from sightings surveys. The variability and possible
biases for these estimates examined in the trials were
based on past experience of such data. In early trials,
catch-per-unit-effort (CPUE) data were also assumed to
be available; however, they were subsequently not used
in view of interpretation difficulties (IWC 1989). Man-
agement procedures were allowed to use all, part, or none
of these data as the developer desired. The levels of vari-
ability and bias in relationship to the truc abundances
were not known by the management procedurc.

Specification of Individual Trials

Specification of trials was an iterative provess, as was
development of the management procedures. and the sct
of trials has been revised and extended over ime. Even-
tually, two categories of trials were identified: base case
and robustness. Base case trials consisted ol a short sc-
ries of relatively mild trials that examined the ability of
procedures to manage unexploited, moderately depleted.
and heavily depleted whale stocks with different produc-
tivity levels in cases where the stock dynamics followed
conventional models. The robustness trials were longet
series of much more stringent trials designed to examine
the effects of a wide variety of failures in assumptions

Base case trials.—The base case trials examined all
combinations of the following scenarios:

« At the onset of management, the stock was either
unexploited (a “development” case). reduced to 304
of its unexploited abundance (a “rehabilitation”
case). or reduced to 60% of its unexploited abun-
dance (a “‘sustainable” case).

« The MSY rate (the MSY, as a percentage of the MSY
stock level. and thus a measure of potential produc:-
tivity) for the population was either 1%, 4%, or 7%
Only the 1% MSY rate was used in the sustainable
case.

o The estimates of abundance were unbiased and
available in the first year of management and every
fifth year thereafter.

Robustness trials for single stocks.—Robustness tri-
als examined a very wide range of plausiblc departures
from assumptions commonly made in past assessments.
Following the initial specification, each trial was repeated
for a selected subset of the base cases mentioned above.
The robustness trials examined the following (for a full
list, see IWC 1993a:224a):

« Incorrect assumptions about the dynamics of the true
stock. This formed the largest category. Cases ex-
amined included widely differing MSY levels and
density-dependent responses, differing ages at mu-
turity, differing time lags in density-dependent rc-
sponses, trends and cycles in the carrying capacity
of the population, and cyclic changes i the MSY
rate.

+ Initial abundance at different levels than examined
in the base case trials.

+ Upward and downward bias in the abundance ¢st.-
mates, and trends in that bias, as well as differing
collection frequencies and precision levels. Another
trial examined a case in which the decision on
whether to undertake an abundance survey (an ex-
pensive undertaking) was dictated by the likely catch
quota that would arise from the anticipated results
of the survey.
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» Uncertain or inaccurate catch histories prior to ex-
ploitation, and long periods of protection before
management starts.

* Irregular episodic events (e.g., occasional occur-
rence of epidemics).

+ Deterioration of the environment with declining
trends in both carrying capacity and MSY rate.

» Randomly chosen parameters.

These trials tested the effects of individual failures of
assumptions. In reality, more than one failure may occur
simultaneously. It is possible that the net effect of simul-
taneous failure of a number of assumptions may be much
greater than their individual effects. This possibility was
covered by conducting further trials that examined in-
teractions among those factors that were most important
on their own.

Statistics for Evaluating Ability to Meet
Management Objeclives

For each trial, statistics were collected to evaluate the
performance of management procedures in mecting the
three management objectives. The primary statistics and
management objectives to which they referred were as
follows:
Objective (i):  the average year-to-year variability in
catch limits.
percentiles of the lowest population size
during the 100 years of management.
percentiles of the total catch over 100
years, and of a measure of continuing
catch, which in most cases was the av-
erage catch over the final 10 years.

Similar statistics were also collected for the final popu-
lation size after 100 years. This was effectively used as a
proxy for a target population size.

Interpretation of these statistics is straightforward. To
meet objective (i), the average ycar-to-year variability
in catch limits must be sufficiently low. For objective
(ii), both the median and lower percentiles of the lowest
population size are important and facilitate assessment
of the likelihood of depletion to unacceptably low stock
levels. For objective (iii), consideration of both median
and low percentiles allows judgments to be made not
only about a procedure’s average performance, hut also
the spread of total catches it can produce. The continu-
ing catch statistic was viewed as an indicator of the long-
term sustainable yield allowed by a procedure. though
in some trials with an initially heavily depleted stock with
low productivity, even after 100 years the population had
not reached an equilibrium level.

Two further statistics were used to allow advice to be
given on the probability of whaling being inadvertently
allowed when stock levels were significantly below the

Objective (ii):

Objective (iii):

protection level of 34%. These were the realized protec-
tion level (RPL) and a measure of relative recovery (RR).
For a single simulation, the RPL was defined as the low-
est population level at which a non-zero catch limit was
set. Over a trial, percentiles of the distribution of RPL.
values were calculated. Note that with the incorporation
of an internal protection level, in the presence of perlect
information the RPL would never be less than 54%. With
increasingly impertect information, there s a greater
chance that the stock will be assessed to be above the
protection level when it is not. and thus that a non-zero
catch limit will be set inadvertently

The RR statistic complemented the RPL statistic by
measuring the extent to which inadvertent setting of non-
zero catch limits delayed stocks from recovering from
levels below the protection level. Specifically. for each
simulation. the first year, T, at which the stock recovered
to just above the protection level under a regime of zero
catches was determined. The RR statistic was then the
stock level achieved under management (and therefore
possibly with some non-zero catches set) in vear T, meu-
sured as a proportion of the stock level achieved under
zero catches in year T. Perfect performance would be
reflected by an RR statistic of 1.0. Again, percentiles over
sets of simulations were collected. The complementary
nature of the two statistics is illustrated by the fact that a
management procedure may inadvertently set non-zero
catch limits at stock levels considerably below the pro-
tection level, but they may be so small that any delay in
stock recovery is also very minor.

For each of the statistics collected, and for each of the
simulation trials, comparisons were made of the perfor-
mance of the five potential management procedures, and
judgments were made as to whether each procedure per-
formed satisfactorily in terms of meeting the relevant
management objective. However, there were many tri-
als, each producing a number of performance statistic
that addressed different aspects of the three management
objectives. While attempts were made, using the tech-
niques of multi-criteria decision making. to develop a
single objective ranking of procedures in wrms of per-
formance across all trials, these attempts proved unsuc
cessful. Inevitably, therefore, there was some degree of
subjectivity in the final selection of the “best” procedurc:
however, consensus was achieved in this selection.

The Revised Management Procedure
for a Single Stock

By 1991, the development and testing process for
management procedures applicable to single known
stocks of baleen whales was considered complete. At its
1991 meeting, the IWC Scientific Committee reviewed
the performance of the five procedures (IWC 1992a).
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While judging that all five had performed well enough
in meeting the management objectives so that any one
could, in principle, be suitable for adoption, the Com-
mittee agreed that the procedure developed by J. Cooke
showed the best performance across the trials. Atits 1991
meeting (IWC 1992b:47-48), the IWC adopted the pro-
cedure by resolution, subject to satisfactory advice on
the probability of inadvertently allowing whaling when
the stock was significantly below the protection level.
This advice was transmitted and accepted at the IWC’s
1992 meeting. The management procedure for single
stocks, subsequently renamed the “catch limit algorithm,”
formed the core of a more elaborate procedure applicable
to management of possibly multiple stocks in a manage-
ment area, which is briefly described in the next section.

The Catch Limit Algorithm

Each time the catch limit algorithm is to be applied Lo
a given stock of baleen whales, the following input data
are required:

= one or more estimates of absolute abundance de-

rived from sightings surveys and their variance-
covariance matrix; and

« all previous known catches for that stock by year.

In brief, the catch limit algorithm involves the follow-
ing steps. First. a simple stock production model 1s fitted
to these data. The model has two estimable parameters:
(1) the current degree of depletion of the population (the
ratio of current population size to unexploited popula-
tion size), and (2) a productivity parameter determining
the MSY rate. An additional parameter is also estimated,
representing the bias in estimates of absolute abundance.
These three parameters arc assigned fixed, independent,
prior probability distributions, and estimation then pro-
ceeds in a Bayes-like manner to produce a posterior dis-
tribution of the nominal catch limit, which is a simple
function of the estimated parameters provided that the
estimated depletion level is above 54%:; otherwise it is
zero. When the posterior distribution of the nominal catch
limit is determined, the likelihood of the abundance data
is downweighted by a fixed scaling factor. The final re-
sulting catch limit is a selected percentile (41.02%) of
the posterior distribution, the percentile having been se-
lected to achieve a nominated median final population
size on a specified simulation trial.

Readers wishing to see more details of the catch limit
algorithm are referred to its technical description (first
given in IWC 1992b:148-149), but it should be noted
that an understanding of the algorithm’s technical de-
tails is not essential to what follows. There are, however,
some important points that require further clarification.

The first point is that the stock production model used

in the algorithm, while superficially very similar to those
used previously in whale stock assessments, does net
claim to give an accurate representation of real baleen
whale population dynamics, either in its functional form
orin its parameter values. Rather, it is a model that, when
used as an integral part of the catch limit algorithm, has
been demonstrated to allow robust calculation of catch
limits. Should it transpire that an alternative model more
accurately reflects the true population dynamics of ba-
leen whales. it does not follow that this new model should
automatically be substituted for the existing one in the
catch limit algorithm. On the contrary, that would only
be appropriate if it could be demonstrated that the algo-
rithm with the “improved” model perform: at least as
well on the full set of simulation trials as the existing
catch limit algorithm did.

In the same vein, the prior probability distributions for
the threc parameters to be estimated, despite their appear-
ances. are not intended actually to retlect prior beliefs about
the true values of these parameters, as is usually the case
with Baycsian estimation methods. Instead. the prior dis-
tributions and their ranges were adjusted to provide opti-
mum performance on the simulation trials. As indicated
in annotations to the specitication of the revised manage-
ment procedure (IWC 1993a:152), should perceptions
change on likely distributions and ranges ol biological
parameters, the appropriate way of accounting for them 1s
to amend the corresponding simulation trials and adjust
the “tuning” of the algorithm in light of performance in
the trials, rather than directly to adjust the pror distribu-
tions themselves to reflect the changed perceptions.

A final important property of the algorithm results from
the fact that a key input to the estimation process is the
variance-covariance matrix of the absolute abundance
estimates (a measure of their precision). The less precise
the absolute abundance estimates, the wider is the spread
of the posterior distribution of catch limits, thus the lower
is the final catch limit (it being a fixed percentile of that
distribution). Indeed. it is possible with very imprecise
abundance data tor the final catch limit to be set at zero
almost solely because of this imprecision. Automatic re-
duction of catch limits as the precision of the primary
input data decreases is a key feature of this procedurc.
Similarly, the scaling tactor that effectively downweights
the information from the abundance data prevents the
algorithm from getting too “excited” when it is suddenly
fed a larger-than-usual abundance estimate that could
very well have occurred by chance. Whale dynamics are
sufficiently slow that it is far harder to recover from an
inadvertently high caich limit than from one that is too
low. In both cases. there is a strong incentive. in terms of
getting higher catch limits, to conduct surveys that are
as thorough as possible.
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Management of Multiple
Stocks in a Region

The catch-limit algorithm and the trials used to test its
performance make the strong assumption that the popu-
lation of whales being managed is a single biological
stock with known boundaries, such that estimates of
abundance and catch data apply to that stock alone. There
are, in fact, few whale stocks for which thosc assump-
tions are justified. A more common situation is one in
which management areas are defined. with fixed geo-
graphical boundaries, and catch limits apply to any
catches within that management area. The selection of
management areas usually takes account of existing
knowledge about stock identity in and around the area,
but it is quite likely that whales from more than one bio-
logical stock will from time to time be found in a single
management area.

Early in the development process, it was recognized
that uncertain stock identity was likely to pose substan-
tial problems in seeking a procedure that was robust in
the presence of this type of uncertainty. Initially, generic
trials were devised to investigate the seriousness of these
problems. The first of these trials, mimicking a possible
coastal whaling scenario, quickly demonstrated that prob-
lems could be very serious indeed. Coastal whaling op-
erations are typically carried out from vessels that have
a rather restricted operating range from their home port.
This restricted operating range may be much smaller than
the distribution area of whales being taken by those op-
erations. In such circumstances, it is common for abun-
dance surveys to be carried out over the larger distribu-
tion area of the whales.

Provided that the whales in the survey area belong to
a single stock that distributes itselt randomly throughout
the area each year, and provided that the only catches
taken from that stock are taken by the coastal whaling
operation, direct application of the single-stock catch-
limit algorithm is unlikely to cause any difficulties. But
if, in the extreme case, there are two stocks of the same
species, one of which is found only in the area of coastal
whaling and the other in the remainder of the survey area,
then it is obvious that extreme overexploitation of the
stock near the home port could arise from application of
the single-stock algorithm.

Simulation trials to examine this latter scenario duly
demonstrated that the single-stock algorithm did not pro-
vide anything like robust management. However, they
also suggested a possible solution, albeit a rather conser-
vative one: When catching takes place in only a part of a
species’ distribution area, and when stock identity is un-
known, treat the operation area as defining the boundary
of a single stock and apply the single-stock algorithm to

that restricted areca only. This guards against the worsi
case while being conservative in the best case when therc
is a single stock in the larger area.

The solution also demonstrates the key role of further
research to resolve the uncertainties. The conservative
approach requires that, when the stock identity is un-
known, one should in a sense assume the worst. How
ever, should research demonstrate that the (rue situation
was not ncarly so bad (and maybe even that there really
was only one stock in the larger area). the catch limit
algorithm could be applied to a larger area with a corre-
sponding increase in catch limits.

Subsequent, more complex trials of muitistock mun-
agement were based loosely on previous commercial
pelagic whaling operations for minke whales in the south-
ern hemisphere (IWC 1993b:185-188), and mixed
coastal and pelagic minke whaling in the north Atlantic
Ocean (IWC 1993b:189--195). An approach that appeared
to avoid inadvertent overexploitation of biological stocks
revolved around identification of three zeographical a-
eas:

1. regions, which typically corresponded to major
ocean basins. containing stocks that did not mix with
stocks in other regions:
medium areas, of approximately similar geographi-
cal scales to existing IWC management areas, which
corresponded to known or suspected ranges of dis-
tinct biological stocks within a region: and

3. small areas. which were small enough to contain

whales from only one biological stock, or were such
that if whales from more than one biological stock
were present, catching operations would not be able
to harvest them in proportions substaniially difter-
ent from their proportions in the small area.

The catch-limit algorithm is applied to each of the
small areas within each medium area, and separately to
each medium area. In most cases, the operative caich
limits would be those calculated for the small areas. Two
other possibilities were envisaged. The first, called catch
cascading, involved basing small-area catch limits within
a medium area on the catch limit for the medium area
treated as a whole. with that medium arca catch limit
being distributed (cascaded) among the constituent small
areas in proportion to the estimated relative abundance
in them. The second, called catch capping. involved cal-
culating catch limits for each small arza within a me-
dium area and for the whole medium arca. Catching in a
small area would cease in a season as soon as the caich
limit for that small area was reached, or when the sum of
catches to date across all small areas in the medium area
exceeded the medium-area catch limit.

The key to success in this strategy tor handling un-
certain stock identity naturally lies first in identifying

[
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appropriate small areas, but it also depends critically on
a previously mentioned property of the catch-limit algo-
rithm: catch limits decrease with decreasing precision of
abundance estimates. The naturc of sighting survey abun-
dance estimates, which tend to be conducted on the scale
of medium-sized areas, is such that the estimates of abun-
dance for only part of the medium area are less precise
than for the whole medium area. The extent of this loss
of precision increases as the size of the small area de-
creases. It follows that catch cascading normally pro-
duces larger catch limits than setting small-area limits
only, and in turn, catch capping produccs smaller catch
limits again. Which of these three approaches is to be
adopted in any one case would depend on the results of
appropriate simulation trials.

Up to this stage, attention had been concentrated on
developing a generic management procedure applicable
to all baleen whale stocks, and testing of single-stock
procedures via simulation trials was also conducted us-
ing generic scenarios. The original aim was to develop a
single management procedure that could be applied
across the board, rather than a different proccdure for
each stock or region. It was clear, however, that this would
no longer be completely possible in cases of uncertain
stock identity.

Identification of appropriate regions, medium areas,
and small areas in any application of multistock man-
agement depends on the available knowledge of the
stocks and regions to be managed. More importantly.
testing the robustness of the multistock management rules
depends critically on devising trials that mirror the ex-
tent (or lack) of knowledge of stock identity, migration.
and mixing in the areas under consideration and trials
that incorporate the full range of plausible alternative
hypotheses about these factors. The final nail in the cof-
fin of strictly generic trials is the requirement in the multi-
stock management rules for a choice to be made as to
whether catch capping or catch cascading should be in-
voked. This again requires consideration on a case-by-
case basis.

Accordingly, the idea of implementation simulation
trials was introduced. Before the multi-stock manage-
ment procedure could be applied to any region and stock,
comprehensive trials had to be carried out specific to that
stock and region. Such trials were completed for minke
whale stocks in the southern hemisphere and the north
Atlantic Ocean (IWC 1993a:153-196). Trials for north
Pacific minke whales are under way but have not yet
been completed.

A full description of both single-stock and multi-stock
rules is given in the specification for the calculation of
catch limits in a revised management procedure for ba-
leen whales (TWC 1994:145-152). This specification also
describes rules for gradually phasing out catches in cases

where more than 8 years have elapsed since the last abun-
dance estimate was obtained and for setting separate catch
limits by sex to take account of unequal numbers of male
and female whales in catches.

Relevance to Management
of Other Fisheries

Despite its good properties, there is ne suggestion that
the IWC's revised management procedure should be ap-
plied, as is, (o the management of other marine species
This is not just because the dynamics of whale stocks
and their responscs to exploitation are sa ditferent from
those of most fish stocks (though they are). Far morc
fundamental is the fact that the RMP was designed to
meet the IWC’s particular management objectives.

The three objectives described earlier could serve as
an admirable first draft of objectives for any commercial
fishery. However, where the IWC’s approach differs is
in the explicit requirement that the conservation objec-
tive have absolute primacy and in the interpretation ot
when that objective has been violated (depletion to 54
ot less of unexploited abundance). Satisfying the con
servation objective alone is trivially easy: all one bas to
do is set catches low enough. Even the most committed
environmentalist will not seriously try to mount an argu-
ment that a catch of a few whales out of a population ol
hundreds of thousands is likely to cause conservauon
problems. What is difficult is trying to produce reason-
able catches while still satisfying the conservation con-
straint.

The relative balance between the three objectives and
certainly the interpretation of the conservation objective
are likely to be considerably different from the TWC™
for most domestic and international fishery rnanagement
regimes. Mission statements and management plans fre-
guently contain pious statements along the lines of “con-
servation of fish stocks has the highest priority.” but it is
very rare that this statement can ever be justified on the
basis of actual decisions taken, except possibly after a
stock collapse, which should have been avoided in the
first place if the assertion were true. Changes to the rela-
tive priority of the three objectives and their interpreta-
tion are likely to demand a somewhat different form of
management procedure from that of the IWC, though
doubtless some elements of that procedure could form a
part of it.

In my view, it is the process adopted in developing the
RMP, and especially in testing its robustness, that is of
greatest relevance to fishery management of other re-
sources. In recent years, increasingly faster computers
have become available, and computationally intensive
Bayesian approaches to stock assessment have been de-
veloped in which uncertainties in stock assessment are
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explicitly allowed for through incorporation of prior prob-
ability distributions for uncertain parameters. Such an
approach, however, still stands or falls on the extent to
which the full range of uncertainties has been incorpo-
rated into the assessment. Computers may be fast, but
we are a very long way from being able to allow for all
the factors examined in the robustness trials described
here.

The alternative approach, in which the robustness of a
rather simpler management procedure is tested in the
presence of as full a range of plausible uncertaintics as
possible, has much to commend it. It has practical ad-
vantages. too: every stock assessment scientist will be
familiar with the cry, “But you haven't allowed for such
and such!” You may know that that particular factor will
not have the slightest discernible effect, but convincing
its proponent that you are right can be another kettle of
fish. The IWC’s approach is ideal for handling such situ-
ations: if persuasion fails. conduct a simple trial. Either
you will gain irrefutable proof of the irrelevance of the
factor in question, or you will learn not to be quite so
arrogant next time. For all its advantages, however, it
cannot be denied that the IWC approach is computa-
tionally very intensive, and to be followed thoroughly. it
does take considerable time. Obviously, the time and re-
sources required will vary with the complexity of the
fishery and the fish stocks, but experience elsewhere
suggests that this approach is practicable for government
fishery agencies with responsibility for important com-
mercial fisheries.

The revised management procedure of the IWC has
been demonstrated to perform admirably in managing
stocks of computer whales. However, it has not been
applied to management of real whale stocks, and I be-
lieve it most unlikely that it ever will be, at least for com-
mercial whaling. If I am correct, we will never know
whether it would work in practice. The first tests of the
approach will have to come from real fishery applica-
tions. The most advanced of these is in South Africa,
and readers are referred to the case study presented by
Butterworth (1997).

Acknowledgments

Perspicacious readers may have noticed that my name
appears nowhere as a developer of one of the five poten-
tial management procedures, nor is it in the list of refer-

ences. My association with the development of the RMP
was initially as chairman of the IWC Scientitic Commit-
tee when the process first started, and then as chair ot
the various subcommittees and working groups of the
IWC Scientific Committee, which guided the devclop-
ment process. None of this would be possible without
the great dedication and innovation of the developers ol
the potential procedures: D. Butterworth. J Cooke, W.
de la Mare, K. Magnusson, A. Punt, K. Sakuramoto, G
Stefansson, and S. Tanaka. The computing skills of €.
Allison of the IWC Secretariat were essential to the de-
velopment process. and the other members of the Scien-
tific Committee who participated in the discussions also
played key roles.

References

Butterworth, D. S. 1997. Management procedures: A better way
to manage fisheries? The South African 2xperience. Pages
83-90in E. K. Pikitch, ID. D. Huppert, and M. P. Sissenwine.
editors. Global trends: fisheries management. American
Fisheries Society svmposium 20. Bethesda. Maryland.

Hilborn, R.1979. Comparison of fisheries control systems that
utilize catch and effort data. Journal of the Fisheries Re
search Board of Canada 33:1-5.

International Whaling Commission (IWC). 1988. Report of the
scientific committee. Report of the International Whating
Commission 38:32-61.

International Whaling Commission (IWC). 1989. Report of the
comprehensive assessment workshop on catch per unit el
fort (CPUE). Report of the International Whaling Commi-«.-
sion (Special Issue 11):15-20.

International Whaling Commission (WC). 1992a. Report «f
the scientific committee. Report of the Internutional Whal-
ing Commission 42:51-267.

International Whaling Commission (IWC). 1992b. Chairman’s
report of the forty-third annual meeting. Report of the Inter-
national Whaling Commission 42:11-50, 148-149.

International Whaling Commission (IWC). 1993a. Report «f
the scientific committee. Report of the International Whal-
ing Commission 43:35-218, 224a.

International Whaling Commission (IWC). 1993b. Report of
the fifth comprehensive assessment workshop on revised
management procedures. Report of the International Whal-
ing Commission 43:185-195, 229-24().

International Whaling Commission (IWC). 1994. Report of the
scientific committee. Report of the International Whalin 2
Commission 44:41-201.

Smith. S. J.. J. ). Hunt. and D. Rivard, editors. 1992. Risk evalu-
ation and biological reference points for fisheries manage-
ment. Canadian Special Publication of Fisheries and Aquatic
Sciences 120.



Uncertainty, Risk, and the Precautionary Principle

RAY HILBORN

Abstract.—Management of commercial and recreational fisheries is pervaded by uneertainty in stock abun-
dance, product price, costs of fishing, political constraints, and budgets. Unfortunately, the assessment of many
fisheries depends on biological characteristics that cannot be readily determined from the data available on “he
fish stock; this is particularly true when dealing with concerns of fish stock response and the potential ror
collapse at low abundance or high fishing pressure. Scientists often present decis;on makers with a measurc of
“risk.” which may be the probability that the abundance would drop below a threshold or the fishing mortality
rate would increase above a threshold. Often. specitic consequences of crossing these thresholds are not giv-an,
nor are the probabilities of alternative consequences provided. T argue it is far better to include alternative
hypotheses about how the stock will behave when these thresholds are crossed and, using all available duta,
assign probabilities (o these alternative hypotheses. If scientists do not do so, there is no scientific guidance on
the consequences of passing these thresholds for decision makers. The “precautionary principle” has gained
popularity as a method for providing guidance in uncertain situations. During a developing fishery, the preciu-
tionary principle would suggest a slow development of fishing capacity, which minimizes the chance of stock
depletion and economic overcapacity. However, when a stock is fully developed or overdeveloped, precaution-
ary reductions in catch would reduce biological risk but increase the risk of economic collapse. Thus. he

precautionary principle provides little guidance when stocks are fully exploited.

Perhaps the most ubiquitous theme in world fisherics
is uncertainty—it pervades almost all aspects of fishing
and fisheries management. Commercial fishers operate
with considerable uncertainty about the price they will
receive, government regulations such as seasons and
quotas, and the costs of fishing, including fuel. interest
rates, and license values. If you were to ask commercial
fishers what they would like most in their fishery. 1 sus-
pect most would say stability. Recreational unglers also

face changing regulations and fluctuating abundance of

fish. Government managers are also beset by uncertain-
ties: changing demands and political power of compet-
ing user groups. estimates of the stock size and appro-
priate quotas for recreational and commercial tisheries,
fluctuating governmental resources and budgets to per-
form their work, and interactions with other issues such
as marine mammals and international relationships.

In this paper, I concentrate on how fisheries agencies
deal with uncertainty in the stock assessment process,
and 1 consider some of the recent approaches to what is
now often called “risk assessment.” My comments natu-
rally reflect my own experience, and I can only speak
about the management agencies and systems [ know. 1
also consider the appropriate management response to
uncertainty and discuss the concept of the “precaution-
ary principle” in relation to uncertainty.

Uncertainty in Stock Assessments

There are four major sources of uncertainty in fisher-
ies stock assessments: (1) measurements. (2) model pa-
rameters, (3) model structure, and (4) physical and bio-
logical processes aftecting the stocks.

Almost all stock assessments depend a great deal on
data, derived cither from survey results; ron: biological
samples of length. age. maturity, and so on; or from mea-
sures of total catch. The reliability of the assessments is
greatly influenced by the reliability of 1he data. Many
data sources have internal measures of variance associ-
ated with the sampling scheme-—in surveys. the internal
variability of the survey will determine the confidence
limits on the survey result. Beyond this, however, there
is uncertainty about the overall reliability of the survey,
particularly whether it is an absolute measure of abun-
dance or should be treated as a relative index. Obviously,
surveys are much more informative if they provide ab-
solute measures of abundance, but in some organizations
it is accepted practice to treat research surveys as rela-
tive indices of abundance. To use survey results as abso-
lute indices of abundance makes a very strong assump-
tion about the lack of bias in the survey methodology

Almost all stock assessments have some form of model
at their core, and these models have parameters that are
estimated from the data. Most agencies now compulte
and report uncertainty in model parameters aithough the
methods for computing uncertainty, and the extent und
format for reporting it, differ greatly betwecn agencies
and localities. The most common methods for comput-
ing uncertainty include bootstrapping (Resirepo et al.
1992), maximum likelihood (Polacheck et al. 1993; Punt
and Butterworth 1993), and Bayesian statistical analysi-
(Givens et al. 1993: Hilborn et al. 1994). All these meth-
ods have a common goal of helping stock assessment
scientists and managers to understand the range of pos-
sible “states of nature”—what types of stock dynamic-
are consistent with the measurcments available.
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Uncertainty in model structure is much less trequently
dealt with in fisheries stock assessments. Almost all as-
sessments I know ol are based on a single model, and
any uncertainty that is reported to managers is uncer-
tainty in the parameters of the model. For instance. many
commonly used assessment procedures are based on age-
structured models that have parameters for natural mor-
tality rates, growth rates, age-specific selectivities, and
stock recruitment functions. It is common practice to
assume that all these parameters are time-invariant-—
however, the more adventurous assessment groups are
now allowing for temporal changes in some parameters.

Examples of allowing for changing parameters or al-
ternative model structures include the assessment of yel-
lowfin tuna (Thunnus albacares) by the Inter-American
Tropical Tuna Commission (IATTC), which is divided
into two time periods that correspond to perceived
changes in oceanic conditions (IATTC 1991). and the
consideration of a wide range of alternative models re-
garding stock structure in the robustness trials used by
the Scientific Committee of the International Whaling
Commission (IWC) to develop the revised management
procedures (Kirkwood 1997).

Explicit alternative recruitment hypotheses were used
in the analysis of the status of the southern bluefin tuna
(Thunnus maccoyii}), where three possible spawner—
recruit relationships were presented to the 1994 Scien-
tific Meeting of the Commission for the Conservation of
Southern Bluefin Tuna (CCSBT): (1) a traditional
Beverton—Holt curve, (2) a depensatory Beverton—Holt
curve and (3) a recruitment function that did not decrease
at low spawning stock sizes (CCSBT 1994). The second
and third recruitment options can be thought of as alter-
native models, and since the spawning biomass of the
stock is thought to have decreased well below any levels
seen in the historical record. the policy implications of
depensatory versus non-declining recruitments are quite
different. Under depensatory recruitment, stock collapse
is quite likely; under non-declining recruitment, stock
collapse is unlikely. Thus, when one admits the possibil-
ity of alternative models of recruitment. the range of
uncertainty expands greatly.

Random or systematic variation in biological or physi-
cal processes is the fourth type of uncertainty. Many as-
sessment models allow for some form of stochastic re-
cruitment (process crror). However, interdecadal climate
shifts, as described by Hare and Francis (1995) pose even
greater threats to our models. If such shifts are common
enough that they need to be incorporated into our stock
assessments, we really must consider completely difter-
ent models of fish production. While such climatic
changes may often be represented by different param-
eter combinations of the same models, this is only a cos-
metic covering of the fact that completely ditferent pro-

duction hypotheses need to be considered in our stock
assessments. This has been the subject of u small nurn-
ber of published papers (Parma and Deriso 1990): also.
while a number of laboratories have working groups on
climatic change (e.g., the IWC Scientific Committee in-
cluded robustness trials with environmental shifts, and
the IATTC considered the change in oceanographic re-
gimes). allowing for major environmenta: change re-
mains unusual in stock assessments.

Statistical Decision Theory

When uncertainty n stock assessments is presented .o
decision makers. at least three different approaches arc
used. The first approach relies on statistical decision theor
and computes the outcomes under different possible “<tates
of nature™ (Hilborn und Walters 1992). Stutes of nature
are most often different parameters of a common modcl.
but they may include different models. The most straight
forward method uses decision tables (see Table 1) that st
both different possible states of nature and differem
management actions. Each cell of the table contains the
expected consequences of taking any particular action
it a given state of nature is true. If you assign probabili
ties to the states of nature, then the expected conse
quences of each possible action can easily be computed

When the number of states of nature considered is quite
high (for instance. when considering uncertainty in sev
eral parameters). presenting discrete alternative states of
nature is often ditficult. Instead, the expected conse
quences may be presented by integrating across the un
certainty. An example of this is found in the 1994 assess.
ment of hoki (Macruronus novaezelondive) in New
Zealand (Table 2: Punt et al. 1994).

Assessment groups almost universally incorporate
sensitivity analysis in the basic assumptions of their main
assessment. For instance, expected consequences of
management actions might be presented for changes in
assumed natural mortality ratc. Sensitivity analysis is a
valuable tool for scientists with which to explore how
robust their results are in comparison with their assump
tions. However, assuming that the results were sensitive
to a parameter, how would a manager use the results of a
sensitivity analysis unless the scientists assigned prob-
abilities to each case?

Indicators of Risk

A third method to incorporate uncertainty in stock ae -
sessment advice 1s (o calculate and pass on (0 managers
an indicator sometimes labeled as “risk.” In New Zealan i
assessments, two forms of risk are calculated: risk to the
{ishery, which is the probability that the quota will be it
least 80% of the vulnerable biomass, and risk 1o the stock.
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TaBLE |.—Sample decision table showing the ratio between
stock size in the year 2001 and the virgin stock size after apply-
ing different quotas annually between 1992 and 2001. Source:
Hilborn et al. 1994.

Probability this

Virgin was the true Future quota (10" metric tons)
stock size virgin stock size 100 150 200
500 0.0000 0.22 0.22 0.22
550 0.0000 0.26 0.22 0.22
600 0.0002 0.33 0.22 0.22
650 0.0020 0.40 0.22 0.22
700 0.0089 0.46 0.23 0.22
750 0.0246 0.51 0.26 0.22
800 0.0493 0.54 0.32 0.23
850 0.0775 0.58 0.37 0.23
900 0.1017 0.60 0.42 0.24
950 0.1159 0.63 045 0.26
1,000 0.1184 0.65 049 0.31
1,050 0.1106 0.67 0.51 0.35
1,100 0.0963 0.68 0.54 .39
1,150 0.0791 0.70 0.56 0.42
1.200 0.0619 0.7! 0.58 0.45
1,250 0.0466 0.72 0.60 0.47
1,300 0.0339 0.74 0.62 0.50
1,350 0.0240 0.75 0.63 0.52
1,400 0.0166 0.76 0.65 0.54
1,450 0.0113 0.77 0.66 0.55
1.500 0.0075 0.77 0.67 0.57
1,550 0.0050 0.78 0.69 0.59
1,600 0.0032 0.79 0.70 0.60
1,650 0.0021 0.80 071 0.61
1,700 0.0013 0.80 0.71 0.63
1,750 0.0008 0.81 072 0.64
1,800 0.0005 0.81] 0.73 0.65
1,850 0.0003 0.82 0.74 0.66
1,900 0.0002 0.82 0.75 0.67
1,950 0.0001 0.83 0.75 0.68

Expected value 0.65 0.49 0.34

which is the probability that the vulnerable biomass will
be less than 20% of the virgin biomass. The probability
that the stock will drop below some specified level is
commonly used and discussed in stock assessment
groups (Mace 1994), and it is designed to retlect con-
cern about possible consequences of low stock size. such
as stock collapse due to recruitment tfailure, species re-
placement, or depensatory predation processes. This
measure of risk is one way of capturing model uncer-
tainty since stock assessment scientists are much less
confident that model predictions will be correct in the
range of low spawning stock sizes than in the range of
high spawning stock sizes.

The National Marine Fisheries Service has adopted
the term “probability profile” to describe an analysis that
plots the probability of exceeding some threshold on the
Y axis and alternative actions on the X axis (Rosenberg
and Restrepo 1994). This is a more detailed presentation
than computing a single probability.

Francis (1993) has proposed that the 20% risk mea-
sure be incorporated formally into management planning
by not accepting any fishery policy that would push the
stock to less than 20% of virgin biomass more than 10%
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TABLE 2.—A decision analysis output that does not explic-
itly show alternative states of nature. Source: Punt ct al. (1994,
Table 9.

Annual quota (1.000 metric tons)

Performance indicator 2000 250 300 350

Probability stock drops 0.0 0.000  0.0m04  0.013
below 20% of virgin within

5 years (RISK)

Probability quota is set to be 0.0 0.0
80¢¢ or greater of vulnerable

biomass

0.002 0011

Expected ratio of biomiss in 648  6.05 5.61 5.17

1998 to biomass for MSY

of the time. The use of the 20% virgin measure of risk is
fraught with difficulty because (1) it is totally arbitrary.
(2) virgin biomass (and therefore 20% of virgin biom-
ass) is often very difficult to estimate, and (3) many stocks
appear to be less than 20% of virgin biomass and pro-
vide considerable sustainable yield at those levels.

The three preceding points are closely reluted. Why
not choose 10% or 30% of virgin biomass? Such assess-
ments should be based on an analysis of data on prob-
ability of recruitment declines, species replacements, and
so forth, rather than on an arbitrary number. Sissenwine
and Shepherd (1987), Clark (1991), and Mace and
Sissenwine (1993) have used eggs-per-recruit data 10
estimate appropriate levels of concern about recruitment
overfishing for a number of stocks. McAllister et al.
(1995) used data from a number of stocks m order 1
estimate the expected sensitivity of recruits to spawning
stock for the New Zealand hoki stock. In New Zealand.
three of the four most important commercial species il-
Justrate the problem with a 20% rule. Snapper (Chryso-
phrys auratus) and rock lobster (Jasus edwardsii) are
bhoth assessed as well below 20% of virgin biomass. yet
the abundance of both fish stocks is growing, and the
optimum biomass tor MSY is either less than 20% of
virgin biomass or the difference in yield at 20% of virgin
and at MSY is trivia). The New Zealand hoki stock i-
currently at 60-70% of virgin biomass and growing. yet
the biomass at MSY is assessed 10 be at 18%¢ of virgir
biomass (because of relatively low vulnerability to gear)
For all three of these stocks, presenting the probability
the stock will fall to less than 20% of virgin bomass and
calling it “risk” seems nonsensical.

Any measure based on virgin biomass poses severe
problems since many stock assessments make no reli-
able estimate of the virgin biomass. In these cases, onc
can simply usc thresholds based on the largest observed
population size.

Explicit Estimation of Risk of Stock Collapse

There is a far more rational approach to incorporating
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uncertainty in stock assessments. If, for instance, the only
concern about low spawning stock sizes is the possibil-
ity of reduced recruitment, then including uncertainty
about the spawner—recruit relationship would be suffi-
cient. The chance of reduced recruitment at low spawning
stock sizes will be reflected in the expected consequences
of alternative policies. The obvious consequences one
must calculate include average yield. short- and long-
term variability in catch, and the probability of stock
collapse. There is absolutely no need to caiculatc an ad-
ditional indicator called “risk.” Extensive analysis of
spawner recruit data (Myers et al. 1994) is an excellent
starting point in evaluating the relative probability of
alternative spawner—recruit relationships.

If the stock assessment group believes there is a risk
of stock collapse at Jow spawning stock sizes for rea-
sons other than recruitment overfishing (e.g.. Thompson
1993), this concern should be put directly into the analy-
sis. I would suggest that stock assessment groups per-
form a literature review of the available data on species
similar to the one of interest and calculate the proportion
of stocks that collapsed when driven below 10% of vir-
gin, when driven below 20% of virgin, etc., and incorpo-
rate these probabilities directly into the stock assessment
model. Mace and Sissenwine (1993) have attempted to
incorporate this type of information, but a great deal has
yet to be learned about how to quantify such possibili-
ties; I merely suggest what we should aim for rather than
describing a well-defined method.

Stock assessment groups should also include the prob-
ability the stock will collapse at 50% of virgin biomass
or higher. This is to say that we must be carcful when
discussing stock collapse. If we define stock collapse as
a circumstance in which the stock continues to decline
after fishing pressure is stopped, we would undoubtedly
find that fishing will rarely be stopped until the stock is
quite low, and we would be tempted to say that stocks
greater than 50% never collapse. Yet, if we believe that
the collapse is due to external ecosystem changes, then
the collapse may be entirely unrelated to stock abundance.
Sorting out the relative importance of stock abundance
and external change in environmental conditions poses
difficult challenges but deserves a high priority.

The principal advantage of explicitly including the
probability of stock collapse is that it makes good scien-
tific sense. We must use the data available to make the
probability estimates, which are something managers can
use. If we simply say that a certain harvest policy has a
risk of 25%, where risk was defined as the probability
the stock would drop lower than 20% of virgin biomass.
the representative of a conservation group might con-
sider this unacceptable while a commercial fisher might
consider it just fine. The conservationist could argue that
it is too dangerous to push stocks that low; the fisher

would cite all the fisheries that have been sustainahly
managed at less than 20% of virgin biomass. Indeed. it
is quite likely that many people would assume that a 25%
risk is a 25% chance of stock collapse. If the scientists
were 10 provide their best estimates of the probability of
stock collapse. it would remove one level of the political
debate and alternative interest groups would directly dis-
cuss the key issue of acceptable levels of probability that
a stock will collapse. Since commercial tishers are ul-
most always interested in long-term sustainable yields
from the resource (when evaluating long-term manage-
ment plans), the differences in perspectives may disap-
pear. The best hope for reaching such a consensus 1s to
agree on how historical data on other stocks could be
used to determine the probability of stock collapse.

Many assessments pose problems to the scientific staff
because more than one hypothesis is consistent with the
data, and these competing hypotheses huve different
policy implications. Examples include the debatc over
whether to believe catch per unit effort (CPUE) or sur-
veys in the northern cod (Gadus morhua) fishery in the
mid-1980s (Harris 1990), whether southern bluetin tuna
recruitment will decline dramatically as spawning stocks
decline (CCSBT 1994), and whether the commercial fish-
ery in the Bering Sea affected the population of Steller
sea lions (Eumetopias jubatus) because of areduction of
forage fish (Pascual and Adkison 1994). 1 suspect that
stock assessment scientists can cite competing hypoth-
eses in almost every assessment they perform.

When the competing hypotheses are all compatible
with the existing data from the stock, scientists have two
choices: they can cither simply pass the alternatives along
to managers without assigning probabilities to alterna-
tive hypotheses, or they can use their experience with
exploited populations, the scientific literature, and all
their personal knowledge to arrive at a best estimate of
the probabilities of alternative hypothescs. The first op-
tion would seem most attractive because it does not ne-
cessitate possibly subjective assessments of what data to
use in assigning degrees of belief to competing hypoth-
eses. However, if scientists do not assign probabilities to
competing hypotheses, the decision makers will do <o,
either explicitly or, much more likely, implicitly. Fur-
ther, they will use their experience to determine their be-
lief in the alternative hypotheses, or, has been as sug-
gested from experiences in the South African fisherics
(D. Butterworth, Univ. Cape Town, Rondebosch, South
Africa, pers. comm.), they will choose the total allow-
able catch they wanted for economic or political reasons
if it is compatible with any of the hypotheses put for-
ward. Therefore, the question is whether scientists or
decision makers are better equipped tc evaluate the col-
lective experience of fisheries science in evaluating the
major uncertainties in fisheries stock assessments. This
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assumes of course that the decision makers actually use
the scientific advice. I am sure most stock assessment
scientists can name many decision-making bodies who
use their advice and many others who ignore it.

Many of these issues can be resolved from published
scientific literature. We have data on the frequency of
stock declines at low spawning stock sizes, on the reli-
ability of different measures of stock abundance. and on
the frequency of density-dependent growth. The danger
is that the scientists think too narrowly about what data
arc useful in their stock assessment. If the spawning stock
size of a particular stock has gone below any level seen
before. you must look to similar experience with other
stocks—not simply pass two alternatives to managers
and say “we have never been there. therefore we don’t
know how this stock will respond.”

This is also the solution to the problem of sensitivity
analysis posed earlier. While it is useful to know that
uncertainty in a particular parameter may have little ef-
fect on predicted outcomes (results not sensitive), how
should a manager treat a sensitivity analysis that shows
the outcomes are sensitive to the parameter selected? The
answer is, of course, that the scientific staff should as-
sign probability distributions to the parameter based both
on the data available from the stock and again the col-
lective experience of fisheries science with other stocks.

There will be cases where different scientists will
evaluate the data quite differently and come to different
conclusions about the probabilities of difterent hypoth-
eses. There is no easy solution to this problem. My ex-
perience suggests that in many cases the scientists will
be able to agree on the appropriatc probabilities by agree-
ing on a procedure to determine the probabilities prior to
actually doing the computations of probabilities.

Readers familiar with Bayesian statistics will recog-
nize that all this discussion is simply saying is that in
many cases the results of the assessment will depend on
the prior probability distributions assigned to some of
the parameters. Determining prior probabilities is the
single most difficult aspect of Bayesian statistics (and
decision making in general), and at some point we may
have to admit priors based on experience rather than
quantitative analysis. I have been involved in two recent
stock assessment meetings where each scientist present
simply wrote down her/his own assessment of the prob-
ability of alternative hypotheses, all of which were in-
cluded in the report of the meeting.

Strategies for Dealing
with Uncertainty

Once we have tdentified all the uncertainties and done
our best to assign probabilities to them, what options do
managers have in dealing with uncertainty? From many
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perspectives the most desirable option is more research.
We would like to collect more data and resolve the un-
certainty. This is almost never a short-term payoff—the
benefits of added rescarch are usually several years away.
In my experience. accumulation of fisheries-independent
measures of stock abundance will resolve many uncer-
tainties over time. However, it is probably more com-
mon that even with more research and several additional
years, major uncertainty will persist and will probably
always be with us.

Butterworth et al. (1997) describe searching for man-
agement procedures that are robust to the uncertainties.
There are two important parts to this approach: the first
is recognizing that a management policy should be a
specified feedback procedure, not an annual guota-
setting process. There is simply no way to evaluate the
consequences of yearly quotas unless the procedure for
setting quotas is specified. The second key ingredient in
the approach of Butterworth et al. is the search for ro-
bustness—search long and hard to find something that
performs acceptably under all the different possible states
of nature. One can always define alternative hypotheses
that will cause a management procedure to tail, and it
has been argued (D. Butterworth, Univ. Cape Town,
Rondebosch. South Africa, pers. comm.) that members
of the IWC’s Scientific Committee with links to interna-
tional conservationist/protectionist organizations have
indeed searched long and hard. If we wish to judge the
robustness of a propesed management procedure, we
must assign probabilities to each alternative hypothexsis;
no procedure can be robust to all alternatives.

Sainsbury et al. (1997) describe an application of adap-
tive management in spatially replicated expzrimental poli-
cies for a specified number of years. An adaptive manage-
ment plan is simply an elaborate management procedure
with explicitly recognized experimental components and
unlike the usually non-experimental procedures described
by Butterworth. A key difference in the problem described
by Sainsbury is the potential for spatial replication. This
is possible in some fisheries and should be used when
available. Generally, the more you can implement differ-
ent policies in different areas, the more quickly you will
resolve major uncertainties and the better the long-term
expected yield from the fishery will be (Walters 1986).

The Precautionary Principle

One possible approach to uncertainty is the precau-
tionary principle. A pollution-related statement of the
precautionary principle is that “potentizlly Jamaging
pollution emissions should be reduced even “when there
is no scientific evidence to prove a causal link between
emissions and effects ™ (Peterman and M’ Gonigle 1992).
The obvious fisheries variation on this is that one should
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reduce catches unless there is good evidence that the
current level of catch is sustainable. This would be the
opposite of what Ludwig et al. (1993) consider the norm—
not reducing catches unless there is overwhelming evi-
dence that they are not sustainable. The precautionary
principle says that you should act cautiously in the face
of uncertainty.

How does one actually apply such a principle in real
fisheries? First, one must recognize that any change in
harvests has expected consequences both to the fish popu-
lation and to the fishery—the economic and social com-
munity of people who harvest the fish. Any society must
weigh the consequences of a reduction or increase in
catch to both the fish stock and the fishery. I believe that
in most of such analyses, recommendations based on the
precautionary principle will be very different depending
upon the state of the fishery and the discount rate of the
fishers. In a developing fishery, the precautionary prin-
ciple will call for caution in expanding catches or, more
particularly, in expanding fishing capacity. Increase ca-
pacity slowly unless there is strong evidence that much
larger catches are sustainable. The most serious long-
term threat to both fish stock and fishery is overcapacity.
Such biological caution may have economic costs in for-
gone yield but will not lead to serious dislocation of ex-
isting users.

However, when stocks are fully exploited (or overex-
ploited), precautionary reduction in catches poses seri-
ous problems. We must carefully weigh the risks of stock
collapse against the risk of large-scale economic or so-
cial change.

Thus, while the precautionary principle might provide
reasonable advice in developing fisheries, it provides less
guidance when stocks are intensively exploited. The pre-
cautionary principle has received criticism from other
authors (Broadus 1992) in other fields for similar rea-
sons. We must rely on good analysis of historical data
and statistical decision theory to guide our analysis of
the benefits of reduced catches.
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Experimental Management of an Australian
Multispecies Fishery: Examining the Possibility
of Trawl-Induced Habitat Modification

K. J. SAINSBURY, R. A. CAMPBELIL.. R. LINDHOLM, AND A. W. WHITELAW

Abstract.—The North West Shelf of Australia supports a diverse tropical fish fauna. Changes in species compo-
sition were observed following the introduction of fishing. Several ditterent ccological hypotheses to explain
the changed species composition were consistent with the available data. These hypotheses included combina-
tions of interspecific interactions, intraspecific interactions, and trawl-induced modification of benthic habitat.
Some hypotheses indicated that a considerable improvement in catch value was possible. [t was shown that an
experimental or actively adaptive management approach with spatial and temporal manipulation of the trawl
fishery effort was scientifically and economically viable for resolving key management uncertainties. Experi-
mental periods of less than approximately 5 vears were not expected (o provide sufficient hypothesis discrimi-
nation to allow significantly improved management decisions, and experimental periods longer than around 15
years cost more in research and forgone catches than the resulting hypothesis discrimination is worth.

Three contrasting management zones were established on the North West Shelf; one area was closed to
trawling in 1983, a second was closed to trawling in 1987, and the third remained open to trawling. Rescarch
surveys were used to monitor fish abundance and the benthic habitat. The North West Shelf management ex-
periment provided close to the expected level of hypothesis discrimination. The results increased the probabil-
ity placed on hypotheses involving habitat modification mechanisms. Consequently, the possibility of improved
catch value is judged more likely than was the case before the ¢xperiment. However, the results also indicate
that habitat recovery dynamics are slower than previously thought, so that resources recovery will be slow.
Furthermore, direct observations of trawl-habitat interactions showed a high rate of damage to the habitat on
encounter with the trawl gear. Consequently, a high-yield fishery is expected to be stow to attain and difficult to

maintain if existing trawl fishing methods are used.

This paper provides an overview of an experimental
or actively adaptive (Walters 1986; Hilborn and Walters
1992) approach to fishery management in a situation of
very high uncertainty in resource dynamics and fishery
economics. The research described has extended for over
10 years and is continuing. This paper outlines the back-
ground to the management issues being faced, summa-
rizes the approach taken to analysis and provision for ad-
vice to fishery managers, describes the management actions
taken and some subsequent developments in the fishery.
and summarizes some main observations and results.

Background and Management Issues

The North West Shelf region of Australia supports a
diverse Indo-West Pacific fish fauna comprising several
hundred species (Sainsbury et al. 1985). A brief period
of trawl fishing occurred between 1959 and 1963; inten-
sive pair-trawling began in 1971 (Sainsbury 1991). At-
tempts to operate domestic trawlers in the fishery in the
early 1980s were not economically successful, but a small
domestic Australian trap fishery began in 1984.

Research surveys conducted by various nations be-
tween 1962 and 1983 (Sainsbury 1987. 1988, 1991)
showed that the abundance of high-valued fish (from the
genera Lethrinus and Lutjanus in particular) declincd with

the development of trawl fishing, and that the abundance
of some lower-valued fish (Nemipterus and Sauridu in
particular) increased. They also showad that the catch
rate of epibenthic organisms. such as sponges, greatly
decreased between 1963 and 1979. Photogruphic surveys
of the seabed conducted in association with trawl sur-
veys during the early 1980s showed a significantly higher
probability of occurrence of Lethrinus and Lutjanus in
areas where large (>25 cm) benthic organisms were
present than in areas with no large epibenthos. Con-
versely, Nemipterus and Saurida showed a significantly
higher probability of occurrence in areas without large
epibenthos (Sainsbury 1991).

In 1979, the Australian 200-mile fishing zone wus
declared with the broad aim of obtaining the greatest re-
turn from the resource, if possible from development of
domestic fisheries. The historical fish community struc-
ture, dominated by Lethrinus and Lutjanus, would be ¢x-
pected to have given improved value of caiches and in-
creased opportunity for development of domestic
fisheries compared with the community structure as it
existed in the early 1980s. This gave rise to the follow-
ing related research and management issues:

¢ Can the change in community composition be re-

versed (linking to the question of whaut caused the
change)?
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« If it appears that the change could be reversed, is it
worth attempting given the uncertainties in outcome,
time frame, and value of the catches?

« If an attempt is to be made, exactly what manage-
ment measures should be used?

The Analytical Approach

Four alternative mechanisms were developed that
could explain the observed changes in abundance of the
four key genera (Lethrinus, Lutjanus, Nemipterus. and
Saurida) being considered. The methods of analysis,
described in detail in Sainsbury (1988, 1991), were as
follows:

1. An intraspecific mechanism, under which the ob-
served changes are regarded as independent single-
species responses.

An interspecific mechanism in which there is a nega-

tive influence of Lethrinus and Lutjanus on the

population growth rate of Saurida and Nemiprerus,
so that Saurida and Nemipterus experience a com-
petitive release as the abundance of Lethrinus and

Lutjanus is reduced by fishing.

3. An interspecific mechanism in which there 15 an
negative influence of Saurida and Nemipterus on
the growth rate of Lethrinus and Lutjanus. so that
Lethrinus and Lutjanus are inhibited as the abun-
dance of Saurida and Nemipterus increases tor other

IS

reasons.

4. Habitat determination of the carrying capacity of
each genus separately, so that trawl-induced modi-
fication of the abundance of the habitat types alters
the carrying capacity of the different genera.

The available data were insufficient to allow unique
parameterization of the models. and this parameter un-
certainty was encompassed by choosing different param-
eter sets with about equally high likelihood and treating
model-parameter set combinations as separate models.
While all of these models are ecologically reasonable
and consistent with the available data, they have ditfer-
ent management implications. Models | and 2 imply a
relatively low productivity of Lethrinus and Lutjanus:
the historical reduction in abundance seen is interpreted
as being due to overfishing. and yields would have to be
kept low to prevent this from happening again even after
the resource had been rebuilt. However, models 3 and 4
imply a relatively high productivity of Lethrinus and
Lutjanus under some circumstances; sclective harvest-
ing of Lethrinus and Lutjanus under model 3 and hLar-
vesting without removal of large benthic organisms un-
der model 4 would result in high sustainable catches.

The development of scientific fishery management
advice for the North West Shelf used the analytic Irame-
work for evaluating adaptive management regimes

(Walters 1986; Hilborn and Walters 1992; and described
in Sainsbury 1988, [991). In summary, the analysis con-
siders a short-term management regime (W) that is ap-
plied during a “learning period” of duration (1). During
this learning period. certain revenues are obtained. moni-
toring costs are incurred, and observations are made. At
the end of the learning period, the observations are used
to guide a long-term policy choice. At that tinc, a risk-
neutral manager selects one from the optimal strategies
relating to cach of the models considered and applies
that strategy for all future time. The economic and ob-
servational consequences of failure to be able to imple-
ment either the learning period regime or the sclected
long-term strategy were also included because there was
considerable uncertainty about the ability to implement
the chosen management regimes on the North West Shelf
(especially those requiring expansion of the domestic
fisheries). The choice of long-term strategy depends in
part on the probability placed on cach model at the end
of the learning period. when the decision is made, and
the power of the observations to discriminate among the
alternative models. A Bayesian updating method was used
to calculate changes in the probabilities olaced on the
alternative models. Repeated simulation of the revenues.
observations, and decisions was used to determine the
expected present value, which was conditional on cach
alternative model being true. These simulations were
combined by the probabilitics initially placed on each
model to give an overall expected present value from
the learning period and experimental regime being evalu-
ated. The key issue is which combination of W and 1
gives the best overall expected revenue. A good experi-
mental regime (1) would result in a high probubility be-
ing assigned to each alternative model, when that model
was true, so that the appropriate long-term policy is sc-
lected, and (2) would do this at low net cost (e g.. cheap
observations and little or no catch forgone during the
learning period).

These evaluations indicated that therc was relatively
low expected present value from continuarion of the ex-
isting licensed foreign trawl fishery. Even with the rela-
tive probabilitics on each model as they were at that time.
a higher expected present value would be obtained from
an immediate switch to the long-term policy of a domes-
tic trap fishery. Moreover, continued trawl fishing while
more observations were made to support a later decision
resulted in a lower expected present value the longer the
experiment was continued. Essentially, the observations
of continued trawling were relatively uninformative.
There was a cost to obtaining the observations. and they
did not greatly improve the final decision. However, 1t
was also shown that some experimental management
regimes, involving the cessation of trawling in some ar-
cas and the introduction of trap fishing in some of the
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areas closed to trawling, could provide a higher expected
present return from the resource. For learning periods
less than roughly 5 years, the discrimination between hy-
potheses obtained was insufficient to greatly improve
decision making. For learning periods greater than ap-
proximately 15 years, a high level of discrimination is
obtained, but the cost of obtaining this discrimination is
greater than the value of improved management. How-
ever, for experimental periods between 5 and |5 years.
the experimental regime gave the greatest expected
present value of any approach examined.

Management Actions and Some
Subsequent Developments

Three contrasting management zones were established
on the North West Shelf, each involving the continental
shelf adjacent to about 80 nautical miles of coastline (Fig-
ure 1). One area was closed to foreign trawling in 1985,
the second was closed to foreign trawling in 1987, and
the third remained open to trawling. Trap fishing was per-
mitted throughout. Annual research surveys were planned
to monitor fish abundance and the benthic habitat for
the first 5 years, after which the situation would be re-
viewed and the appropriate survey interval reexamined.

The resulting contrasts in trawl {ishing etfort were not
exactly as planned. The trawl cftort was reduced in the
first area and maintained in the remaining arcas as in-
tended, but the closure of the second area also resulted
initially in a reduction in fishing effort in the remaining
open areas. This was because the foreign flect initially
responded to the closure by moving to alternative fish-
ing regions. Trawl effort incrcased again in later years.
However, the main surprise was the development of do-
mestic trawl effort in 1989 and especially 1990. This pos-
sibility had not been considered seriously because ear-
lier attempts at domestic trawling had proved to be
uneconomic. Apparently, a number of factors were in-
volved in development of the domestic trawl fishery:

« the improved resource condition following the re-

duction in foreign trawling,

e adown-turn in inshore shrimp catches and the con-

sequent need for altcrnative resources.

¢ improved domestic markets for tropical species (as

a result of changes in consumer awareness and the
supply of trap-caught fish since the early 1980s).

The main effect of this development on the manage-
ment experiment was a rapid increase in trawling effort
in the central closed area in 1990. This was possible be-
cause the foreign traw] controls were established under
federal management jurisdiction, but management con-
trol was transferred to state jurisdiction in 1988 and the
state regulations allowed domestic trawling east of
116°45’E. This was not appreciated to be a problem at
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FIGURE |.—The area on the North West Shelt’ in which ihe
Commonwealth Scientific and Industrial Organization tesearch
was conducted. The zoning used during the experimental ma-
agement between [986 and 1991 is also shown.

the time. However, as the traw] fishery developed and
targeted the central closed area. it was agreed that this
development should not be impeded. The change of
management jurisdiction also carried with it a change in
the research agency primarily responsible tor manage-
ment advice, from tederal to state agencies. This and other
changes in the federal research agency resulted in a ces-
sation of annual traw] surveys after 1992, Dexpite all these
changes, the experimental approach is being continued.
The design will be difterent, with the central zone left
open to trawling and the easternmost zone closed to trawl-
ing from 1993 (that is adaptive management!), and re-
source surveys planned for roughly 3-year intervals

Observations and Results from
the First 5 Years of Experiment

The observations from the eastern and western zones
are most simply interpreted because they are essentially
trawled or untrawled for the whole 5 years between 1935
and 1990. The catch rate of all fish and the abundance of
large (>25 ¢m) and small (<25 ecm) benthos in the urn-
trawled and trawled areas (Figures 2 and 3. respectively)
show that, in the area closed to trawling, the density of
fish increased, the abundance of small benthos increased.
and the abundance of large benthos stayed about the same
or increased slightly. In the area open to trawling. the
abundance of fish decreased, and the abundance of both
large and small benthos decreased.
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FIGURE 2.—(A) Total catch rate of Lethrinus plus Lutjanus
(kg/30 min trawl) in the zone closed to trawling in October 1985
based on the annual research data. (B) Proportion of seabed
with large (closed square) and small (open circle) benthos in
the zone closed to trawling in October 1985 based on the an-
nual research data. Standard errors and line of best fit are also
shown for (A) and (B).

The relative probability that was placed on each of
the alternative hypotheses before and after the cxperi-
ment was calculated by applying the same Bayesian up-
dating method used in the initial analysis (Sainsbury
1991) to the data from all three experimental zones.
Where P is a Bayesian probability, L is a likelihood. O is
a set of observations, and m represents the alternative
models:

+ initially all four hypotheses are considered to have

equal probability so P (m,) = 0.25,

» the probability on each hypothesis at the start of the
experiment in 1985 was calculated by Bayesian up-
dating from research survey observations available
at that time (observations O, ) from

P (m)=P
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FIGURE 3.— «(A) Total catch rate of Lethrinus plus Lutjanis
(kg/30 min) in the zone left open to trawling based on the an-
nual rescarch data. (B) Proportion of seabed with large (closed
square) and small (open circle) benthos in the zone left open to
trawling based on the annual research data. Standard errors and
line of best fit are also shown for (A) and (B).

where L(Q, 45l m,) is the likelihood of the observa-
tions to 1985 fitted to model my.

+ The probability on each hypothesis at the end of
the initial 5 years of the experiment in 1990 was
calculated by Bayesian updating from rescarch sur-
vey observations made in all areas during that pe-
riod (observations O, ) from

(lnl) = was(m ) 1‘(01985 90

1.(O | mi‘).

P oo Im)/ Z,J. P]sxs(m,)

1985 -90

The estimates of probability for each hypothesis in
1985 and 1990 were calculated (Table 1). The additional
information from the experiment considerably reduced
the probability placed on one of the interspecific mecha-
nisms, which was previously given a high probability. In
that mechanism, Lethrinus and Lutjanus negatively in-
fluence the population growth rate of Nemipterus and
Saurida, resulting in competitive release of the latter pair
with fishing. The probability placed on the interspecific
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(i.e., single species) and the other intraspecific mecha-
nisms increased slightly, but the probabilities placed on
both of these mechanisms remain low. The probability
placed on the habitat limitation model increased substan-
tially, with the probability now placed on the habitat
modification model being about double the probability
of the closest other contender. There are clearly further
analyses that could and should be performed. However.
by the methodology originally used to design the experi-
ment, the results after 5 years indicate a considerable
increase in probability placed on the habitat modifica-
tion model. This indicates a substantially increased pos-
sibility that a high-valued Lethrinus and Lutjanus fish-
ery could be established on the North West Shelf if the
habitat could also be protected.

The observed change in abundance of large (>25 cm)
and small (<25 c¢m) benthic organisms was found to be
inconsistent with the assumed growth and scttlement rates
that were assumed in the initial analysis (Sainsbury 1988,
1991). A constant settlement rate was assumed and esti-
mated; it was also assumed that epibenthic organisms
could grow to 25 c¢m in roughly 6-10 years. The results
obtained from the experiment indicate clearly that for
the estimated settlement rate the time to grow (0 25 ¢cm
is at least 15 years, and that settlement rates could also
be lower than estimated. Further analysis of settlement
rates is planned, but by either ot the mechanisms exam-
ined it is clear that habitat dynamics are slower than an-
ticipated and, thus, that recovery times are longer than
anticipated.

Some additional research on the interaction between
benthic organisms and trawl gear was conducted on the
North West Shelf during the experimental period. Video
cameras were mounted on the trawl net to observe inter-
action between epibenthic organisms and the trawl
groundline (for this trawl, the groundline consisted of a
wire cable threaded with 15-cm-diameter punchings from
car tires). The result of each encounter with a benthic
organism was recorded, with the possibilities being (1)
no removal (i.e., the trawl ran over the epibenthic organ-
ism without apparently dislodging it from the seabed),

TABLE 1.—The probability placed on each alternative hypo-
thesis prior to 1985 and after 1990, the first 5 years of the North
West Shelf experiment.”

(2) removal with the organism then rolling under the trawl
net, (3) removal with the organism entering the trawl
net, and (4) an unknown result. The results for benthic
organisms larger than about 15 cm are given in Table 2.
For a large number of observed encounters, the result is
unknown because of poor visibility and other visual ob-
structions to observing the organism’s fate. However, of
those encounters where the fate was observable, 89%
resulted in the removal of the organism from its sub-
strate. Bounds for this removal probability were 434 it
all encounters with unknown results did not result in re-
moval and 95% if all encounters with unknown results
did result in removal. The very low occurrence of re-
moved organisms being retained by the trawl means that
most removals would not be apparent from trawl catches
of benthic organisms. It is not known what happens to
sponges that are broken from the substrate or whether
they regrow from small portions that might remain in
the substrate. However, the absence of observations of
sponges showing the changed orientation that would be
expected if reattachment was common suggests that loose
sponges disintegrate rather than reattach.

Discussion

The analysis carried out for the North West Shell
proved very useful in guiding management actions de-
spite the initial high levels of uncertainty. Furthermore.
the use of an experimental approach, even if not imple-
mented exactly as intended, provided some useful re-
sults: it increased resolution of the key features affecting
resource dynamics and increased credibility of the habi-
tat model in particular. It increased attention to manage-
ment actions that take habitat modification into account.
including trawl designs and zoning for non-trawl arcas.
It provided improved information on the dynamics of
both the fish resource and the benthic habitat for use in
present and future fishery assessments. It aided in the
empirical resolution of the economic viability of domes-
tic fisheries in the North West Shelf region (although
other factors also played a large part in this, as they prob-

TABLE 2.-—Observed results of encounter between sponges
and a demersal trawl groundline.”

Result on encounter Number Percent
Prior to After 5 years
Hypothesis experiment of experiment No removal 19 s
Removal and rolled under net 154 6
Interspecific control 0.01 0.02 Removal and caught in net 15 4
Intraspecific control 0.52 0.33(L,L>N.S) Unknown 205 52
Intraspecific control 0.0t 0.03 (N,S>L.L) Total observations 393 1(K}
Habitat and interspecific 0.46 0.62 control A wire cable onto which rubber punchings were threaded. The observi-

*The probabilitics were calculated using a Bayesian updating method
described in Sainsbury (1991). The hypotheses are described in general
terms in the text, whercas Sainsbury (1991) provides the mathematical
details.

tions were made from a video camera mounted on the irawl during seven
30-min demersal tows. The result of encounter was scored only for indi-
vidual sponges that were larger than the diameter of the groundline itself
(~15 cm).
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ably always will). It encouraged turther research on habi-
tat effects in this fishery and the development of a fol-
low-up experiment. It provided empirical resolution of
the initial major uncertainty about the cconomic viabil-
ity of an Australian domestic fishery on the North West
Shelf.

The experimental approach is continuing, despite a
complete change in management jurisdiction and an al-
most complete change in rescarch agencies. This indi-
cates that—at least sometimes—Ilong-term experiments
can overcome the difficulty of organizational “turn-over
time,” which tends to act against any coherent long-term
experimental strategy.

Results to date indicate that the relative composition
of the multispecies fish community on the North West
Shelf (and possibly other tropical areas of northern Aus-
tralia) is, to an important extent, habitat dependent, and
that historical changes in species composition in this re-
gion are in part a result of trawl-induced modification of
the epibenthic habitat. Furthermore, continued alteration
of the demersal habitat due to trawling will most likely
continue 1o alter species composition. However. in the
case of the North West Shelf, an implication of this situ-
ation is that high-value yields would be possible if the
habitat modification could be avoided or greatly reduced.
The slow dynamics of habitat recovery, combined with
the apparently high probability of the larger elements of
the habitat being removed on encounter with a trawl,
mean that protection measures will have to be very ef-
fective to provide and maintain the community structure
that will support this high-valued yield.

Interestingly, this concern about trawl-induced dam-
age to the broader community of marine organisms is
almost as old as the trawl itself. An early reference to
this problem appeared in Bellamy (quoted by Street
1961:34-35):

Fishing, taken generally, interferes in the slightest way
with the habits of the creatures in question: but the em-
ployment of a trawl, during a long series of years, must
assuredly act with the greatest prejudice towards them,
Dragged along with force over considerable areas of
marine bottom, it tears away, promiscuously, hosts of
inferior beings there resident, besides bringing destruc-
tion on the multitudes of smaller fishes, the wholc of
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which, be it observed, are the appointed diet ot those
edible species sought as human food. It also disturbs
and drags forth the masses of deposited ova of various
species. An interference with the economical arrange-
ment of creation, of such magnitude and of such dura-
tion, will hereafter bring its fruits in a perccptible
diminution of these articles of consumption for which
we have so great necessity. The trawl is fast bringing
ruin on numbers of poorer orders requiring the mostcon-
siderable attention.

Today, sustainable management of our marine re-
sources has become a high priority. While the concerns
about sustainability may not be new, the need to deal
with them effectively has perhaps never been greater
because of increasing fishing power of fleets and the
multi-use demands placed on many marine resources
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Global Assessment of Fisheries Bycatch
and Discards: A Summary Overview'

DAYTON L. ALVERSON

Abstract—Global estimates of discarded fish range from 17.9 to 39.5 million metric tons per year. Limited
data suggest that survival of most discarded species is low, that discarding causes declines of some nontarget
species, that bycatch often contributes strongly to overfishing, and that discarding partly accounts for shifts in
species dominance and occupation of certain ecological niches. The value ot discarded fish plus the costs of
monitoring and preventing discards amount to billions of dollars annually. Success in reducing bycatches und
discards has varied with the species managed and the cooperation given by industry. Effort reduction, incentive
programs, and individual transferable quotas are emerging as potentially viable control techniques, but they
will have to be adapted to particular fisheries and regions, and their efficacy may be limited by a paucity of
observer programs. Policies for bycatch and discard reduction must take sociocultural attitudes into account.
both nationally and internationally, but they should be based on sound conservation principles.

Over the past 15 years, bycatch has become a topic of
discussion in a variety of scientific, technical, and politi-
cal forums. It has emerged as the “fishery management
issue of the 1990s” (Tillman 1992). Itis. therefore, some-
what ironic that the term “bycatch™ is so frequently un-
defined and misused by managers. politicians. advocacy
groups, and frequently even fishery biologists. Its con-
temporary application among most of these groups is
generally synonymous with the capture and discard of
marine life by fishing fleets resulting in waste. unreported
fishing mortality, and threat to the survival of popula-
tions of birds, marine mammals, and other sea life.

The definition of bycatch used in a vast majority of
technical/scientific papers, which are often the factual
bases for formulating conclusions on the extent of bio-
logical loss and unreported catches, is all species cap-
tured other than target species. Thus. bycatch discards
may constitute a small-to-significant fraction of the iden-
tified bycatch, depending on the nature of the fisheries
and local customs. For example, Andrew and Pepperell
(1992) and the authors of this paper estimate the upper
range of bycatch taken in the world shrimp fisheries to
be in excess of 16 million metric tons (mt).

Yet throughout much of Asia and many of the world’s
artisanal fisheries, a variable share (perhaps 5% to 80%)
of the shrimp bycatch may be species retained for food
or industrial purposes. Although discards in tropical
shrimp fisheries are generally high. they are consider-
ably less than the total reported bycatch, so it is impor-
tant not to associate estimates of total bycatch with world
discards of marine fishes. Further, bycatch discard rates

"Those interested in evaluating data sources, limitations, meth-
odology, and fuller explanations of the details presented herein
should refer to Alverson et al. (1994). the comprehensive docu-
ment upon which this summary overview is hased.
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and numbers may misrcpresent the impacts because for
a number of species some fraction of the discard sur-
vives. Without good estimates of the biomass discarded.
the fraction of which survive, unobserved mortality and
other fishery-related losses, and the landed catch ol a
particular species. it will be impossible (0 assess overall
impacts of fishing. We need to know the portion of the
natural turnover that is killed.

To achieve a global estimate of discards, we have at
times been forced to use total reported bycatch estimates
and “back out” rather subjective estimates of retained
species from these data. OQur best estimates may scem
rather staggering, but it is possible they may be an un-
derestimate in that world recreational fishery discards
are not included. the database for most areas of the world
is incomplete, and discard weights are not included for
marine mammals, seabirds, and turtles, and for many
areas, invertebrates.

The discard ratios and rates are likely to appear ob-
tuse to many readers, but it is not our intent to condemn
those who harvest the oceans™ living resources. How-
ever, it has been the our goal to clariry the character of
world bycatch problems and, where possible. provide
information that may be helpful to managers examining
potential solutions. The level of losses for many fisher-
ies may not be particularly excessive in light of other
industries, based on the use of natural resources (Nutu-
ral Resource Consuitants [NRC] 1990). Rather. a sub-
stantial opportunity apparently is available for improv-
ing use of marine living resources and protection of
overfished, threatened, or endangered species.

Data Sources and Limitations

We examined scveral hundred articles concerned svith
bycatch and discards in world fisheries. Over 80K pa-
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pers containing quantitative and qualitative information
were used to characterize the nature and scope of regional
and global bycatch discard problems. Mortalities asso-
ciated with discarding practices were also reviewed. The
total volume of records analyzed by number, weight, and
gear types is provided in Table 1.

The potential for errors in calculating estimated
bycatch discards is enormous in light of reporting proce-
dures in which some equate bycatch with (1) total dis-
cards, (2) secondary target species and discards, and (3)
selected species within the bycatch complex. Ditferent
operational definitions and failure to define what sector
of the bycatch is involved may have in some instances
complicated our analysis and made calculations less pre-
cise.

Although the major objective of our study has been to
estimate regional and global levels of bycatch discards,
we recognize a considerable portion of the report deals
with northern temperate fisheries. This was not the in-
tent of the authors, but acquiring data from many devel-
oping areas of the world proved difficult. Our estimates
are based on numerous research and observer records
made throughout the world. Nevertheless, therc is a pau-
city of data from many regions, and many observations
involve data taken over short time spans by a small frac-
tion of the fleets or even single sampling efforts made
by research vessels. Further, the quantitative data used
span a number of years and may not accurately portray
the present situation.

These and other data problems noted make it frivo-
lous to attempt to establish hard statistical parameters
around regional and gear-type estimates. In reality, the
estimates constitute “snapshots” based on collages of
observations having various degrees of reliability taken
over different seasons and years. The ultimate under-
standing of the true scope, distribution, and magnitude
of the bycatch discard problem will require exlensive
documentation and acquisition of additional data from
many regions of the world.

Thus, we urge our global and regional discard esti-
mates be used as a provisional “best guess™ of the poten-
tial magnitude of the discard problem resulting from fish-
ing in the world’s oceans. Further, we would hope this
“best guess” will stimulate fishery researchers to collect
and report adequate data leading to a more precise esti-
mate.

Estimates of Regional
and Global Bycatch Levels

A provisional estimate of global discards in commer-
cial fisheries is 27.0 million mt, with a range of 17.9 to
39.5 miilion mt. The region defined by the Food and Ag-
riculture Organization of the United Nations (FAQ Sta-
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TABLE 1.—Total number and number of records in weight
based and numbers-based formats for each gear type in the Natu
ral Resource Consultants' (NRC) bycatch database.”

Number
of numbers-

Number

Total number of weight-

Gear type of records based records based records
Traw] 966 571 75
Net 232 2 107
Line 150 58 33
Purse scine 82 6 5
Troll 16 0 I
Danish seine 24 21 22
Pot 83 56 41
Other 81 12 0
Not stated 89 | 1

‘Natural Resources Consultants, 4055 21st W., Seattle, WA 98199, Tel:
206-285-3480: FAX: 206-283-8263, email: NRCSeattle @ avl.com.
"All ensuing table sources for NRC refer to NRC's bycatch database.

tistical Area 67) as having the highest discard estimate is
the northwest Pacific (Figure 1, Table 2). Shrimp traw!
fisheries, particularly for tropical species, were found to
generate more discards (volume and number) than any
other fishery type and account for just over one-third of
the global total { Table 3). On a weight-per-weight basis.
14 of the highest 20 discard ratios were associated with
shrimp trawls. The fisheries associated with the 20 high-
est numbers-based ratios represented a more eclectic mix
of shrimp trawl, pot. fish trawl, and longline (ishery gear
types. At the opposite end of the scale, fish trawl, seine,
and high-seas driftnet fisheries accounted for the major-
ity of the gear types in our list of the 10 lowest discard
ratios (Tables 4 and 5). Discards by major specics groups
(weight) are provided in Table 6.

Although data are tremendously variabie, four major
gear groups stand out. Shrimp trawls are alone at the top
of the list, while relatively low levels are recorded for
pelagic trawls, purse seines targeting on menhaden (Bre-
voortia spp.), sardines, and anchoveta (Cetengraulis
mysticetus), and somc of the high-seas driftnet fisheries.
Between these two extremes lie two other groups. The
first of these comprises bottom trawls, unspeciticd trawls,
longline gear. and the majority of the pot fisheries. The
final group fits between the very low ratios of the pe-
lagic trawl group and the moderate ratios of the afore-
mentioned bottom trawl, pot, and line assemblage. Fish-
eries in this last group include the Japanese high-seas
driftnet fisheries, Danish seines, and purse seines for
capelin (Mallotus villosus). Discard rates by numbers
result in a reordering of the highest and lowest discard
rates per kilogram of target species (Tables 7 and 8).
Specific discard rates by weight and nuraber for gear
types are shown in Table 9 and 10.

Case studies are provided for bycatch discard prob-
lems in the northeast Pacific, as well as the northeast
and northwest Atlantic. Bycatch and bycatch issues have
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heen intensively studied in (hese locations relative to
other arcas. In the northeast Pacilic, a suite of {isheries
produces a bycaleh total exceeding 1 billion individuals
annually. Impacts appear low on most specics (Table 113
although they may be significantly higher for Pacific
halibut (Stenclepis hippoglosseidesy and king
{Paralithoides spp.) and Tanner crab (Chionoecetes spp.)
{Table 12).

Discard problems in the Northwest Atlantic are clas-
sified into four groups: (1} marketabie species too small
or otherwise prohibited from landings: (2) species for

TaBLE 2.—Bycatch discard weight by major world region.
Source: NRC, Seattle, Washington.

Area EYiscurd weight (me)
Naorthwest Pacifie 9,131,752
Northeast Atlantic 3071336
West ventral Pacific 2776726
Southeast Pacific 2,601,640
West cewtral Atlantic 1.600,597
Weat Indian Geean 1471274
Northeast Pacilic 924,783
Southwest Afantic R02 8RS
East Indian Ocean BO2, 189
Eunt ventral Pucilic T67 444
Nawthwest Allantic 085,944
East ventral Atlantic 594,232
Mediterranean and Black seas Rl TR
Southrwest Facliic 293,304
Southeast Atlantic 277,730
Atlantic Antargtic 35119
Indian Ocean Antarctic 10018
Pacific Antarctic 109

Taal 27.012,099

which no current markel exists, bul which are caught
along with commercial or recreational species: (3} spe-
cics-specitic tleet sectors discarding another fisheries
target species: and (4) non-fishery bycatch specics. in-
cluding marine mammals, turtles, and birds. Regulatory
approaches and management actions to address these
problems are also discussed. On the basis of [988-92
data, the estimated caich {landings and discards) of the
1987 year class of southern New England yellowtail
flounder (Lismande ferruginea) is presented for landings
and discards separately (Figure 2).

Tank 3, —Estimated bycatch and discards from world
shrimp fisheries derived from reported bycatch levels and es-
timated amount ol bycateh retained. Source: NRC, Seartle,
Waushinglon.

Cstimated Cstimated
Aaca Bycatch (mty discand fmu
Northwest Atlantic ¥1.665 80031
Northeust Atlantic 21012497 206091
West central Atlantic 1310653 1.271.334
East ventral Atlantic 123,636 61818
Meoditerranean and Black seas 257859 150,124
Southwest Atlantic 253444 245842
Southeast Atlantic 30 143 19571
Western ludian Ocean LE7LUT5 TAB.A30
Eastern Indian Geean AR2.879 IR0 72T
Northwest Pacitic 4,284,408 1155903
Northeust Paeific 28,2649 27421
West central Tacific 1450352 1377835
East central Pacitic 5909355 561416
Southwest Pacitie 19,446 18863
Southeust Pacilic 03.677 197567
Total 11.207.760 R R
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TABLE 4.—Top 20 fisheries with the highest recorded
bycatch-to-discard ratios by weight (discard weight per landed
target catch weight). Source: NRC, Seattle, Washington.

Kilograms discarded

Fishery description per kilograms landed

Trinidadian shrimp traw] 14.71
Indonesian shrimp traw] 12.01
Australian northern prawn trawl 11.10
Sri Lankan shrimp trawl 10.96
U.S. Gulf of Mexico shrimp trawl 10.30
Sea of Cortes shrimp traw] 9.70
Brazilian shrimp trawl 9.30
West Indian shrimp traw] 8.52
U.S. Southeast shrimp trawl 8.00
Northwest Atlantic fish trawl 5.28
Persian Gulf shrimp trawl 4.17
Southwest Atlantic shrimp traw] 4.10
East Indian shrimp trawl 3.79
Bering Sca sablefish pot 351
Malaysian shrimp trawl 3.03
Senegalese shrimp trawl 272
Bering Sea rock sole trawl 2.6]
British Columbia cod trawl 221
Gulf of Alaska flatfish trawl 2.08
Northeast Atlantic dab trawl 2.01

The study covering the northeast Atlantic focuses on
discarding in the mixed-species trawl fisheries for North
Sea gadoids. The impact of discards on mortality rates
for haddock (Gadus morhua) and whiting (Merluccius
bilinearis) and the effect of reductions in fishing effort
draw particular scrutiny. Most of the discard problems
noted pertaining to northwest Atlantic trawl fisheries are
also noted in the fisheries of the northeast Atlantic. Lo-
cal variations associated with misreporting and environ-
mental effects are, however, discussed in some detail
(Alverson et al. 1994). Also provided is areview of regu-
latory and gear management measures commonly applied
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TABLE 3.—The ten lowest observed weight-based discard
ratios in fisheries other than shrimp (discard weight per landed
target catch weight). Soutce: NRC, Seattle, Washington.

Kilogram discarded

Fishery description per kilogram landed

Northwest Atlantic hake traw) 011
West central Atlantic menhaden seine 0.029
Bering Sea cod pot 0.)41
Northeast Pacific whiting (rawl .43
Northwest Atlantic cod trawl 0.058
Bering Sca pelagic pollock trawl 0.62
Northwest Atlantic redfish trawl 0.063
Northeast Atlantic groundfish trawl 0.083
Gulf of Alaska midwater pollock trawl 1.086
Northwest Atlantic plaice tran] 0118

in the region. We point out that many supposed technical
solutions can generate unsuspected side effects that may
impair their effectiveness. Further, these solutions remind
the reader that voluntary bycatch reduction measures are
unlikely to be successful if they are not in the short-term
economic interest of the affected fisher. Reasons for dis-
cards reported for the northeast coast of the USA and for
the West Coast ground fisheries are provided (Figures 3
and 4).

In the Northeast Pucific, the added fishing mortality
resulting from discards does not appear significant for
most gadoids, flounders, and other species, but the im-
pacts of trawl, trap. and line fisheries on halibut are rela-
tively large (~0.08) and, in terms of the allowed fishing
mortality, are around 0.28 (total fishery-induced mortal-
ity is ~0.3. of which bycatch accounts for 0.08 . Further,
the potential impacts of the king and Taaner crab pot
fishery on king crab populations may be significant.
Reeves (1993) suggests Bering Sea red king crab discards

TABLE 6.—Global marine bycatch discards on the basis of the FAO International Stundard Statistical Classification of Aquatic

Animals and Plants (ISSCAAP) species groups.

Mean discard

Landed catch

Ratio of
discarded weight
to total weight

Ratio of
discarded weight

weight (mt) 1o landed weight

ISSCAAP weight (mt)
Shrimp, prawn 9511973
Redfishes, bass, conger 3.631.057
Herring, sardine, anchovy 2.789.201
Crab 2.777.84%
Jack, mullet, saurie 2.607.748
Cod, hake, haddock 2.539.06%
Miscellaneous marine fishes 992.356
Flounder, halibut, sole 946.436
Tuna, bonito, billfishes 739,580
Squid, cuttlefishes. octopus 191.801
Lobster, spiney-rock lobster 113.216
Mackerel, snook, cutlassfishes 102.377
Salmon, trout, smelt 38.323
Shad 22755
Eel 8,359
Total 27.012.098

1.827.569 5.2 0.84
5.739.743 0.63 0.39
23.792.608 012 O.1
1.117.061 2.49 0.71
9.349.055 .28 0.22
12.808.658 0.2 0.17
9.923,560 ol 0.09
1.257.858 0.75 043
4.177.653 018 0.15
2.073.523 0.09 0.08
205.851 (.55 0.35
3722818 0.03 0.03
766,402 0.08 0.05
227.549 0.1 0.09
9.975 0.84 0.40
76,999,943 (.35 0.26
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TABLE 7.—Top 20 fisheries with the highest recorded
bycatch-to-discard ratio by number (discard number per landed
target catch number). Source: NRC, Seattle, Washington.

TABLE 8.-—The 10 lowest observed numbers-based discard
ratios in fisheries other than shrimp (discard number per landed
target catch number). Source: NRC, Seattle, Washington.

Number discarded

Fishery description per number landed

Number disciarded

Fishery description per number landed

West Central Atlantic shrimp trawl 1213
Bering Sea king crab pot 9.71
California halibut net 4.83
Northeast Atlantic whiting trawl 2.83
Bering Sca tanner crab pot 2.34
Northeast Atlantic haddock trawl 1.94
Arabian Gulf finfish traw] 1.75
Northeast Atlantic nephrops trawl 1.70
East central Pacific spiny lobster pot 1.68
East central Pacific swordfish longline 1.58
East Indian Ocean finfish trawl 1.27
Northeast Atlantic hake trawl 1.18
East Indian Ocean tuna longline 1.13
Northeast Atlantic cod Danish seine 0.79
East central Pacific slipper lobster pot 0.37
Northeast Atlantic plaice trawl 0.42
Caribbean tuna longline 0.40
Japanese high-seas squid driftnet 0.39
Northeast Atlantic sole trawl 0.33
Northeast Atlantic herring seine 0.20

amounted to approximately 16 million animals in 1990.
more than five times the number landed. Many of these
discards are sub-legal (juvenile) individuals. The eco-
nomic and biological implications of these discards, de-
pending on discard mortality, may be a serious problem
for red king crab stock dynamics and management.

Impacts

It must also be recognized that some portion of dis-
cards survives and thus is not lost from the ecosystem.
In terms of finfishes, we see little evidence that discard
survival constitutes a significant portion of the discard
for many commercial and recreational finfish species.
Nevertheless, survival of flounder, dab. invertebrates. and
fishes not affected by rapid change in depth shows some
promise for improved survival under constrained opera-
tional practices and appropriate handling (E. Pikitch,
Univ. Washington School of Fisheries, Scattle, pers.
comm.).

The consequences of bycatch discards, varying be-
tween regions, include significant biological waste, bio-
logical overfishing of target and bycatch species, eco-
nomic losses imposed on target fisheries, modification
of biological community structures in ecosystems, and
impacts on severely depleted, threatened, or endangered
species. These impact categories are similar to those out-
lined by Fowle and Upton (1992).

Alverson et al. (1994) provide scientific evidence sup-
porting assertions that significant biological losses and
ecological shifts in the biotic communities occur as a
result of bycatch discarding. Reports of bycatch discards

Bering Sea midwater trawl pollock 0.005
Northeast Atlantic tuna driftnet 0.009
Gulf of Alaska midwater trawl pollock 0.018
Northwest Pacific squid driftnet (Korean) 0.027
Northwest Pacific squid driftnet (Taiwanese) 0.068
Subtropical Convergence Zone tuna driftnet 0.080
Tasman Sea tuna driftnet 0.123
Bering Sea king crab pot 0.122
Eastern tropical Pacific tuna purse seine 0.180

0.180

Bering Sca cod pot

TABLE 9.—The top weight-based, discard-to-landed-target
catch ratios by geur type. Source: NRC, Scattle, Washingten.

Kilogram bycatc

Fishery description per kilogram landed

Non-Pelagic fish trawl

Bering Sea rock sole 26!
British Columbia pacific cod 2.2
Gulf of Alaska flattish 2.08
Northeast Atlantic dab 200
Northeast Atlantic flatfish .60
Pelagic fish trawl
Bering Seu pollock (1988) 0.01
Northeast Atlantic cod 0.00
Bering Sea pollock (1989) 0.00
Gulf of Alaska pollock (1989) 0.00
Bering Sca pollock (1987) 0.00
Shrimp trawl
Trinidad 1475
Indonesia 12.01
Australia 1110
Sri Lanka 10.90
U.S. Gulf of Mexico 10.30
Longline
Eastern central Pacific swordfish (1990) 113
Bering Sea Greenland turbot 1.03
Eastern central Pacific swordfish (1991) 1.00
Bering Sea sablefish 0.50
Gulf of Alaska cod 0.26
Purse seine
Northwest Atlantic capelin (1983) 0.81
Northwest Atlantic capelin (1981) 0,37
East central Atlantic sardine 0.03
U.S. Gulf of Mexico menhaden 0.03
West central Pacific tuna 0.00
Danish scine
Northeast Atlantic haddock 0.50
Notheast Atlantic whiting 0.45
Northeast Atlantic cod 0,360
Pot/trap
Bering Sea sablefish 3.51
Bering Sea king crab 3.39
Beirng Sea tanner crab 1.78
Northwest Atlantic capelin 0.80
East Central Pacitic spiny lobster 0.30
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TABLE 10.—The top numbers-based discard-to-landed tar-
get catch ratios by gear type. Source: NRC, Seattle, Washington.

TABLE 12.—Discard ratio for Bering Sea crab fisheries, 199]
and 1992. Source: Beers (1992), Reeves (1993), Tracy (1993).

Bycatch number

Number discarded

Fishery description per target number Year Species/fishery per number retained
Trawl 1990 Adak golden king crab 5126
Caribbean shrimp 12,13 1990 Dutch Harbor golden king crab D948
Dutch shrimp trawl 7.30 1991 Dutch Harbor golden king crab 723
Northeast Atlantic whiting 2.83 1991 Bering Sea snow crab 1.106
Northeast Atlantic haddock 1.94 1991 Bering Sea Tanner crab 1).895
Northeast Atlantic Nephrops 1.70 1991 Bristol Bay red king crab 583
1991 St. Matthew bluc king crab 1036
High-seas driftnet 1992 Bristol Bay red King crab 5.889
Japanese north Pacific squid 0.37
Japancse Tasman Sea tuna 012
Japanese Subtropical Convergence Zone tuna 00 (Lepidopsetta bilineatus) trawl fisheries; and (5) a vari-
Taiwan north Pacific squid 0.07 . . . .
Korean north Pacific squid 0.06 ety of pot fisheries for invertebrates throughout the world.
For many of the above-noted fisheries, discards may
Longline o . . TS
Eastern central Pacific swordfish | sy equal'or exceed in number or weight thel unantm.es ot
Eastern Indian Ocean tuna 113 what is landed and marketed. In total, millions of tons
o and billions of dollars of loss probably occur as a resuly
Danish seine . . . -
Northeast Atlantic cod 0.79 of accidental capture und discard of unmarketable and
Northeast Atlantic haddock 0.70 marketable species. Much of the world’s discarded tish
Northeast Atlantic whiting 0.64 appears to be small juveniles of commercially important
Pot/trap species which, if left to mature, would most likely pro-
Bering Sea king crab 8.78 duce significantly higher weight yields compared with the
i ca T :rab 235 . . . - 1.t . o
Bering Sca Tanner crab » discarded weight. Finally, fishing discards affect a broad
Eastern central Pacific spiny lobster 1.68 > i o .
Eastern central Pacific slipper lobster 0.67 range of aquatic species other than finfish and shellfish.
Amefican lobster 022 We need to recognize that the ratio of discarded catch

suggest that major problems occur throughout the At-
lantic. However, to some extent this may rcflect the rela-
tive intensity of fisheries and the high level of reporting
of discards. Other fisheries of the world having high
bycatch discard rates include (1) most tropical and sub-
tropical shrimp fisheries. (2) trawl and seine bottom fish-
eries, as well as northern shrimp and Nephrops fisheries
in the north and south Atlantic; (3) tuna seine fisheries in
the eastern tropical Pacific (ETP) that set on logs:? (4)
North Pacific king and Tanner crab pot fisheries, as well
as the yellowfin sole (Limanda aspera) and rock sole

TABLE 11.—Estimated fishing mortality rates for key spe-
cies in the Bering Sea in 1992 resulting from discarding major
commercial target species (assumes 100% mortality of discards).
Source: National Marine Fisheries Service 1992; also. NRC,
Seattle, Washington.

Mortality due  Mortality due

Species 10 discards to landings
Pollock 0.016 0.171
Pacific cod 0.013 0.190
Atka mackerel 0.008 0.053
Rockfish 0.004 0.008
Yellowfin sole 0.012 0.046
Sablefish 0.001 0.053
Greenland turbot/arrowtooth flounder 0.012 0.014
Rack sole 0.015 0.027
Flounder 0.020 0.024
Pacific Ocean perch 0.035 0.035

to the retained catch frequently may have little {o do with
observed and documented biological or ecological im-
pacts. Such impacts must be evaluated on a case-by-case
basis in terms of the discard mortality imposed on target
and non-target species populations. Low bycatch discard
rates may still generate serious impacts, particularly it
the fisheries of concern involve considerable and geo-
graphically dispersed (ishing effort. For example, the
observed bycatch discard rate for turtles in the Gulf of
Mexico and southeast U.S. shrimp fisheries is very low
and the actual encounter of turtles in the nets is infre-
quent. However, the take in number of animals may be
several tens of thousands, resulting in a discard mortal-
ity on turtles exceeding all other sources (Tillman 1992;
National Research Council 1992).

Conversely, large observed bycatch of a species by
number or weight may not constitute serious biological
problems. For example, the large discard of pollock
(Theragra chalcogramma) in the Bering Sea involves a
very small fraction of the pollock population (on aver-
age <1% of the exploitable biomass), and managers re-
quire the bycatch take to be tallied as a part of the autho-
rized harvest. However, a much smaller catch of halibut

*Tuna purse seine fisheries sctting on dolphins have a very low
bycatch-to-discard ratio while school fish sets have an inter-
mediate bycatch-to-discard ratio.
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FIGURE 2.—Estimated catch (landings and discards) of the
1987 year class of southern New England yellowtail flounder,
1988-92. Total catch of the year class was 77 million fish (age
1-5), with 46.5 million (60%) discarded. Source: Alverson et
al. (1994).

in the same region by trawls, line, and pot gear has con-
stituted a serious loss of fish that could be taken in the
halibut line fishery. For both species, a significant eco-
nomic loss occurs to the involved fisheries.

Solutions

A variety of techniques have been attempted by man-
agers, engineers, and scientists to reduce bycatch discard
levels, including traditional net selectivity approaches.
the development of fishing gear taking advantage of dif-
ferential species behavior, and time and area fishing re-
strictions. These methodologies have worked with vary-
ing degrees of success depending on the species being
managed and the willingness of industry to work to-
gether for positive solutions. The successtul reduction of
dolphin mortalitics (Figure 5) in the ETP tuna seine fish-
eries and the reduction of fish discards in the northemn
shrimp fisheries (Table 10) are classic examples of a pro-
gram emphasizing industry-proposed technology. edu-
cation, and effective monitoring of operation results.

In addition to these technological and educational et-
forts, managers are experimenting with time—area—bathy-
metric fishing patterns, incentive programs. and altered
operational modes, bycatch quotas, and gear limitations.
Most scientists, fishers, and managers agree that no uni-
versal panacea to the discard problems exists and that
fisheries must be examined by regions and species in
relationship to behavioral responses to gear and alterna-
tive options for solutions. Local industry expertise is fre-
quently key to defining appropriate solutions.
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FIGURIE: 3.—Reasons for discards in four Gulf of Maine
groundfish fisheries from sea sampling trips conducted in 1991
Reasons are as follows: No mkt = species for which no market
existed: small = fish smaller than minimum legal size or nuni-
mum market size; quality = fish of poor market quality; other =
various other reasons for discards. Source: Murawski { 19951,

Policy and Issues

The codification of international bycatch discard poli-
cies, which varies regionally, has in many instances been
in response to conservation and environmental groups
concerned with impacts on marine mammals, turtles, and
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FIGURE 4.—Reasons for discards in five U S. west coast
groundfish fisheries from sea sampling trips conducted in 1991,
Reasons are as follows: Size = below minimum acceptable
market size; high = high-grading of species catch; quota = trip
quota for species already exceeded: other = various other reu-
sons for discards. Source: Pikitch (1991).



122

600
5004
400+
300
2004

1004

Total mortality (x 1000)

ALVERSON

::-.,......L.........l..t.....X:\

59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93

Year

FIGURE 5.—Discard mortalities (number of porpoise) in the Fastern Tropical Pacific tuna purse seine fisheries, 1959-93.
Source: M. Hall, Inter-American Tropical Tuna Commission, La Jolla, California, pers. comm.

seabirds. In this respect, the impacts may only indirectly
involve discard rates; rather, the type of the bycaich dis-
card, including issues of ethics, may sharply influence
regional policies. Further, regional policies on bycatch
discards may be more concerned with sociopolitical or
socioeconomic consequences of selected discards than
with overall bycatch rates of a particular fishery.

In some instances, regulatory policies appear to have
been emotionally driven (Burke et al. 1993; Miles 1992)
and developed in the absence of available scientitic evi-
dence, while in other instances. actions taken to curb dis-
cards led to results inconsistent with the managers’™ ex-
pectations. Nevertheless, the magnitude of the problem
and the potential range of the consequences have brought
bycatch discards to the surface as a legitimate manage-
ment issue requiring serious national and international
attention. To date, most bycatch policy has focused on
high-profile fish species, such as salmon (Oncorhynchus
spp.), halibut, crab, lobster, and also marine mammals,
birds, and turtles. However, in the past several years.
policy development has included issues involving bio-
logical and ecological impacts, biological waste, and
economic losses.

We suggest that sociocultural attitudes toward marine
resources should be an important consideration in the
development of international discard policies. An anony-
mous reviewer of this paper suggested the following: “In
the development of discards policy, public cducation
should be emphasized so that sociocultural attitudes
evolve towards an intelligent approach to problems
rather than an emotional and irrational approach. The
goal should be to harmonize the sociocultural attitudes
from different societies and the development of toler-
ance towards different views of marine resource uses.”
Unfortunately, to date the policy process has paid too
little attention to sociocultural perspectives, which are
often influenced by differing national dependencies on
marine resources as a protein staple.

We also note the growing importance of non-consump-
tive uses to fisheries and bycatch policy changes. We
urge that evolution of global discard pelicies be ear-
marked by minimizing social conflicts; be independent,
to the degree possible, of ideological differences: and be
based on sound conservation principles.

Bycatch as Part of a Larger
Resource Management Problem

During the conduct of our study, we became increas-
ingly interested in the current total biomass of fish and
shellfish removed from the world’s oceans or killed as 4
result of fishing activity. At about the beginning of the
1990s, data suggest landings of approximately 98 mil-
lion mt (FAO 1992a). These landings are trequently
gauged against scientific estimates of potential sustain-
able yield of conventional species from the world’s
oceans’ wild stock of about 100 million mt. As aresult. a
number of authors have noted current world landings
approaching the estimated maximum sustainable yield
for world marine fisheries.

In making such retlections, authors frequently fail to
recognize that this global catch total includes freshwater
and aquacultural production. On the other hand, current
reported world commercial fisheries landings omit the

following:
1. discard mortalitics involved in commercial fisher-
ies.

2. recreational fish catches and bycatches taken from
marine waters.

3. fish killed as a result of contact wirh fishing gear

(i.e., mortalities resulting from fish passing through

net webbing or resulting from hooking of fish

which subsequently escape).

ghost fishing mortalities,

underreporting,

substantial subsistence catches and discards, and

o

o
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7. landed catches of commercial fishes that are not

purchased (rejects).

On the basis of the 1990 landing report for marine
fishes (FAO 1992b). with approximately 83 million mt
and discard levels of about 27 million mt. we arrive at a
world marine catch of 110 million mt without consider-
ing the six other noted categories involving fishery-
related mortalities in marine waters. Even though a sig-
nificant fraction of discards may not involve marketable
species, it seems very likely the aggregate fishery deaths
from fishing may be significantly over the sustainablc
yield estimates of 100 million. Of course. the 100 mil-
lion mt questioned by many scientists may be unrealis-
tic, but in what direction? The point raised, however, is
that the total marine losses resulting from fishing are
much greater than suggested by landing records.

General Discussion

In undertaking our study and discussing bycatch dis-
card problems with various elements of the fishing in-
dustry throughout the world, it quickly became apparent
that most commercial and recreational fishers see bycatch
as a problem confronting other gear types and user
groups, but not themselves. Each user group tends to
place itself on “high moral ground™ and see other groups
as the “culprits.” Further, most had strong personal teel-
ings on the “dirty” character of various fishing gears al-
though few had ever seen or reviewed data on bycatch
discard rates, either for their own or for other fisheries.

Authors, too, had somewhat tainted and preconceived
views regarding the magnitude of bycatch discard rates
that we were likely to find for various fisheries. We were
somewhat surprised to find that the low bycatch discard
rates by gear type frequently involve high-scas driftnets,
both by weight-to-weight and number-to-number ratios.
We noted the highest bycatch discard rates per number
of squid taken, observed for the Japanese squid fishery,
is 0.37, lower than for any other reported high gear-type
fishery noted in the world except for American lobster
(Homarus americanus) pots (0.22). Further, number-
based bycatch rates for the remaining driftnet fisherics
are lower than rates for all other gear-type fisheries
throughout the world. High-seas driftnet fisheries were
commonly listed among the lowest observed bycatch
rates by number.

Of course, we were not surprised by the high discard
rates for shrimp and some trawl fisheries, but did not
expect the very low discard rates for mid-water trawls
and the very high discard rates of sub-legals in many
invertebrate pot fisheries. With few exceptions, high and
low rates occurred for each gear type, depending on area
and times.

The fact that actual observations are often at odds with

i~
‘L

public perception is not surprising and is a reminder that
the perception of a gear’s impact and whether it is clcan
or dirty has a strong qualitative overtone, in many n-
stances, in terms of the character of the bycatch discarded.
High-seas squid driftnet fishing was in reality being con-
demned because of the take of birds, marine mammals.
and turtles (some of which were considered endangered).
plus the association with illegal salmon fishing in the
areas to the north of the squid grounds. Further. docu-
mentation of the fishery was not transparent to other in-
terested nations. Some of the phrases and words used to
describe high-scas gillnetting by the press have little ba-
sis in fact for many high-seas driftnet fisheries. Never-
theless, they served to rally national and international
political support to condemn the gear and have its use
prohibited in ocean space beyond national jurisdictions.
At the same time. they created a perception that driftnets
and gillnets arc destructive fishing gears wherever they
are deployed. As a consequence, driftnets and gillnets
are now being condemned in areas under national juris-
diction, regardless of the character of their bycatch.

The data suggest that generic characterization of gear
types as clean or dirty may easily run into counterintui-
tive results. For example, in the Bering Sca groundtish
fisheries. the average bycatch discard rate for trawlers
(0.15 kg per kilogram) is considerably lower than the
average tor longline fisheries (0.22 kg per kilogram). ve!
just to the south in the Gulf of Alaska, the average bycatch
discard rate for line fisheries is about the same as for
trawls (0.21 kg per kilogram for both gear types). Fur-
ther, inter-gear observations may change from vear w
year.

Assessments of bycatch discard impacts at the popu-
lation level must take into account numbers and weight
discarded and the survival of the discards. as well as com-
pare the discard mortality in numbers or weight with the
subject population. In this regard, the terms “dirty™ or
“clean.” based on observed rates, arc rather meaning-
less, except as they may relate to the issues of biological
waste. Bycatch discarding represents too complex an 1s-
sue to classify it neatly as “good and bad” or “clean and
dirty,” based on ratios of discards to retained catch or on
numbers, weights, or other absolute indices. Unfortu-
nately. when combined with the “spin” placed on reported
numbers or weights of discards by advocacy groups. the
press, and politicians, such classifications often serve 1o
condemn a particular fishery or gear and frequently may
result in generic condemnation of such gear or fishery
without regard to biological-environmental, econonuc,
and cultural impacts. Further, this process is too ofien
blemished by inaccuracies and misrepresentation of facts.
Taken out of context, a discussion of millions or billions
of fish or thousands or millions of mctric tons of catch
serves as a powerful motivator of public opinion, which
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in turn has a considerable impact on the evolution of

fishery policies.

Emerging ideas include effort reduction, incentive pro-
grams, and individual bycatch quotas that move the re-
sponsibility for bycatch reduction to the individual ves-
sel level. We suggest that major gains against the global
bycatch problem are likely to occur as such shifts to-
wards individual responsibility take place. Progress may
be impeded, however, because observer programs, an
uncommon characteristic of today’s fisheries, are ncces-
sary to audit adequately the progress toward bycatch
goals.

In greatly overcapitalized fisheries and those in which
gross overfishing is obvious, the importance of control-
ling overall effort as a means of reducing bycatch dis-
cards is apparent. However, the authors note that quick,
“easy-fix"” solutions are unlikely and a dedicated national
and international effort will be necessary to secure im-
portant conservation and economic goals associated with
bycatch. Bycatch discard reduction efforts should involve
a clear and focused understanding ot actual impacts and
desired results. Reduction in bycatch for species suffer-
ing from overfishing or otherwise threatened or endan-
gered should rank high among international goals.

Conclusion

In conclusion, we paraphrase the concluding observa-
tions of Iudicello and Leape (1994):

There needs to be a shift in the approach and account-
ability (in fisheries management): (1) Fishers need to
prove that their current levels of bycatch in the short term
are unavoidable, and (2) management agencies need to
use tools currently available and accept discarding as a
problem to which government assistance should be di-
rected. If conservation groups, governments, and fish-
ing groups commit to finding solutions, and there 1s a
force of law behind policies directed towards reduction
of discarding, a comprehensive program including (1)
reduction in fishing on overfished stocks, (2) a combi-
nation of incentives and disincentives, and (3) new tech-
nologies as well as other alternatives could lead to sig-
nificant reductions in the level of global discards.

Finally, there is a growing global recognition that the
world’s fishing effort already exceeds what is necessary
to harvest sustainable yields of marine fishes. The single
action that will provide the greatest improvement (o the
bycatch discard problem (other than halting world popu-
lation growth) will be the reduction of these effort lev-
els. Without such control, other solutions to the bycatch
discard problem will be less effective and real success in
our efforts to better manage the ocean’s resources much
more difficult.
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Multispecies Assessment Issues for the North Sea

NIELS DAAN

Abstract.—Progress in multispecies virtual population analysis in the North Sea is reviewed with particular
emphasis on tests of the underiying assumption of constant suitabilitics (i.e.. the probabilitics that different
prey types will be eaten by particular predators at any point in time are determined by the relative abundances
of all potential prey types, weighted by a constant suitability factor for each predator—prey combination). The
results of a second year of intensive stomach sampling indicate that year effects in estimated suitabilities arc
significant but the explanatory power is relatively small. In practice, results of long-term predictions for differ-
ent management options based on cither data set were broadly similar. Therefore, no basis exists for develop-
ing a more complex model that incorporates prey switching. Multispecies assessment is also reviewed against
its actual impact on fisheries management in the North Sea. So far. the effect has been marginal because the
solution to short-term problems related to individual stocks has overruled the formulation of any long-term
management objectives for the commercial fishery resources in the arca. Methods to evaluate ecosyslem
effects of fishing have recently attracted much research because of management requests. Although multispe-
cies assessment offers possibilities for extending the scope for advice in this respect, the model has cleur

limitations. Other approaches appear to be required.

Since the development in the latc 1970s of an algo-
rithm for the simultaneous solution of virtual population
analyses for more than one stock interacting through pre-
dation (Helgason and Gislason 1979: Pope 1979), multi-
specics assessment has been a major research focus within
the International Council for the Exploration of the Sea
(ICES), the organization responsible for advice on fisher-
ies management in the northeastern Atlantic Ocean. Ex-
tensive reviews of the application of multispecies vir-
tual population analysis (MSVPA) in the North Sea (Pope
1991) and the Baltic Sea (Sparholt 1991) were presented
at the Symposium on Multispecies Models Relevant to
Management of Living Resources in The Hague in 1989.
The primary objective of MSVPA (Sparre 1991} is to
quantify feeding interactions among species in relation-
ship to the interaction between fish stocks and fisheries.

Until recently, MSVPA in the North Sea has been based
largely on | year (1981) of intensive stomach content
sampling. One of the crucial assumptions underlying
MSVPA—which allows extrapolation of predation rates
to other years—is that suitability of each species age-
group as prey for each predator age-group is constant.
Suitability is defined as the probability that a particular
prey type would be eaten by a particular predator when
all prey types are present in equal numbers. This factor
can be thought of as integrating different aspects of vul-
nerability, such as prey size preference of the predator
and degree of geographical overlap between predator and
prey type (Andersen and Ursin 1977). Consequentially,
different prey types are assumed to be caten in propor-
tion to their relative abundance, weighted by a specific
suitability factor for each predator and prey combina-
tion. By assuming that suitability is constant, the model
ignores the possibility of prey switching in response to

changes in relative abundance of prey specics or to an-
nual variations in spatial overlap of predators and prey.
and the inherent simplification has been subject to much
debate within the ICES Multispecies Assessment Work-
ing Group. Although additional data sets collected for
cod (Gadus morhua)y and whiting (Merlangius merlan-
gus) in some quarters of 1985, 1986, and 1987 suggestec
relative stability of the suitability matrix for these spe-
cies (Rice ct al. 1991), it was generally agreed thal .
more complete test was needed (Sissenwine and Daan
1991). Therefore, a tull-scale ICES-coordinated stom-
ach sampling project was repeated in 1991 (Anonymous
1992). All species preying on fish and caught during the
surveys were included in the samples in order to extend
the database for future applications, and in total over
100,000 stomachs were collected. However, at time of
writing, only data for the main five predator species had
been analyzed.

In this paper, 1 present an overview of the preliminary
results obtained during a recent meeting of the Multi-
species Assessment Working Group (Ancnymous 1994).
which was aimed at testing the constant suitability hy-
pothesis on the basis of a comparison of the 1981 and
1991 data sets. Although I give a personal account of the
major findings, | emphasize that the intellectual owner-
ship rests entircly with all members of the group and
that some additional meetings are required before the
data will be thoroughly scrutinized. I also discuss the
prospects of multispecies assessment in relationship to
fisheries management in the North Sea.

Is Suitability Constant?

Two sets of independent stomach content data pro-
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vide various checks on and comparisons of the results
obtained by applying the MSVPA model as well as alter-
native models, but testing the hypothesis of constant suit-
ability is not straightforward. The problem is that suit-
ability is a theorctical concept. The parameters cannot
be estimated directly from stomach content data but only
by iteration within the model because information on the
relative sizes of the different prey stocks is required to
estimate suitabilities, and prey stock estimates depend
in turn on the suitabilities. Moreover, estimates of suit-
ability are affected not only by the stomach content data
but also by the catch data and the terminal fishing mor-
talities. The latter are derived from tuning against catch
per unit of effort (commercial or survey data or both) in
a single-species mode. All these input data have largely
unknown sampling variances. Therefore, it is not directly
obvious how a test for significant differences should be
performed.

The problem can be tackled from different angles, and
the questions that may be addressed include the follow-
ing:

* What is the proper test against simpler or more com-

plex models?

« Are changes in suitability (or derivatives thereot)
greater than would be expected from sampling er-
ror?

» Do suitabilities vary in a systematic way"!

» Are the consequences of changes in suitability for
management important enough to warrant alterna-
tive models to be investigated?

What Is the Proper Test?

Before deciding on proper tests, possible alternative
hypotheses and their implications should be considered
in relationship to the MSVPA objective of quantifying
predation mortalities and fishing mortalities simulta-
neously. Identifying model complexity involves a cer-
tain amount of subjectivity. A simple assumption may
imply complex interactions, whereas a more complicated
assumption may lead to a more tractable, and therefore
simpler, model. However, taking the view that model
complexity is directly related to the number of variables,
[ discuss a number of possible models of increasing com-
plexity.

Model A.—The traditional single-species assumption
has been that natural mortality M of species age i is con-
stant:

Z,=F+M, (H

where Z is total mortality and F is fishing mortality. The
available data do not allow a test of this hypothesis be-

cause M cannot be estimated on an annual basis. The
multispecies concept is based on a spli. of natural mor
tality in two parts:

Z,=F +P +M], (2

where P represents the predation mortality caused by fish
predators and M1 represents other natural mortality. Since
predation mortalities by fish predators vary with stock
size (e.g.. Daan 1975), assuming that M is constant im-
plies that changes in P are automatically compensated
by equal and opposite changes in M1. This result devi-
ates from the generally accepted assumption that sources
of mortality are additive (Beverton and Holt 1957).

Model B.-—A more specific assumption would be thai
the partial predation mortality p caused by euch predator
of age j on each prey of age i is constart, s¢ that

]

p=Ip, N (3
J

where N; represents the number of predators age j. The
assumption of constant partial predation mortality cun
be viewed as one possible formulation of constant “suit-
ability” whereby a predator would behave cntirely as
unit of effort (e) in a fishery:

F = J; q; £ (h
where the catchability ¢ would match suitability in equa-
tion (3). However. the implications are that per capit
consumption by a predator would increase directly in
proportion to increases in abundance of individual prey
species. Thus, although the implications are quite trac:
table, the model does not take into account that a fish
cannot eat more than a certain amount, unless additional
parameters are included that take account of nonlinearity
(MacCall 1976).

Model C.-—Therefore, a biologically more realistic
model would result from formulating the concept of ra
tion R to estimate partial predation mortality p:

f. R. .
P = TUIT: (5)
where f, = fraction of the food of predator j that con-
sists of prey 1,
n = number of prey, and
w = average weight.

Because food composition and rations refer to weights.
division by biomass (n w) is required to obtain the par-
tial predation mortality. Thus, a straightforward assump-
tion would be that food composition by predator age 1~
constant and independent of relative prey biomasses, and
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that rations are constant. The implication is that preda-
tion rates are negatively correlated with prey abundance.
This would lead to an extremely unstable system because
increased fishing mortalities on prey stocks would be
paralleled with increased predation mortalitics.

Stomach samples provide information on the amount
of food in the stomach, representing some measure of
tood intake. However, digestion rates depend on ambi-
ent temperature, prey type, and meal size and, thereforc,
the assumption of constant ration cannot be readily tested.
In contrast, food composition in a particular ycar can be
directly quantified on the basis of stomach samples and
used as input to the MSVPA model to predict the food
composition in other years. Therefore, the assumption
of constant food composition can be tested against the
MSVPA model by comparing the differences between
observed and predicted food compositions in two sam-
pling years. Although food compositions in different
years are significantly correlated. previous work has
shown that correlation coefficients between the MSVPA
predictions and individual data sets were better than be-
tween the observed values directly (ICES 1989).

Model D.—The MSVPA assumes that suitability s of
a particular prey i as food for a particular predator j is
constant, but that the food composition f in any one year
depends on the relative abundance n of the different prey
stocks k:

S1j nx

f=i 1 (6)
2l Z S” nk
k

These assumptions of constant suitability and constant
ration allow predation mortality to vary depending on
total available food for each predator and numbers of
predators. Thus, MSVPA appears to be one of the least
complex models to incorporate feeding interactions.
Therefore, proper tests might only be made against more
complex models, which allow suitability to vary system-
atically between years in connection with annual mea-
sures of predator—prey overlap or with prey abundance
by allowing for prey switching.

Model E.—The present MSVPA model uses singu-
larly estimated suitabilities for each predator—prey age
combination. Since sampling variance translates directly
into individual estimates, there are advantages in smooth-
ing suitabilities (or predation mortalities) in any of the
above models. Smoothing is defined here as fitting pa-
rameter estimates as a continuous function of predator
or prey age (or both) based on a least-square approxima-
tion. Such models should also be considered in the present
context because removing part of the sampling variance
possibly gives a better indication of whether suitability
is constant.

DAAN

The possibilities for examining questions related to
species interaction are largely constrained to interpret-
ing the data through the medium of MSVPA since this is
the only appropriate technology available. Except for
model D underlying MSVPA and model C connected di-
rectly to input data, no alternative simpler or more com-
plex formulations are presently available in a modeled
form that would allow a proper comparison. However,
smoothing of estimated suitabilities can be performed
outside the model and the statistics might be revealing.

Are Changes in Suitability Greater
than Expected from Sampling Error?

A rigid statistical test was not possible because varl-
ances of the different sets of input data to MSVPA arc
not precisely known. Nevertheless, there are qualitative
ways to compare results obtained from different data sets.

The model integrates the observed food compositions
in 1981 and 1991 into singular estimates of suitability.
Thus, if suitabilities were estimated with high precision
and remained constant. the model should reproduce ex-
actly the observed food composition in both years. The
analysis clearly indicated marked differences for most prey
species. Therefore. these two conditions are apparently
not fulfilled. Nevertheless, if marked changes in prey
biomasses had taken place (e.g., the 60% reduction in
abundance of cod and the fourfold increase in abun-
dance of herring [Clupea harengus] in 1991 comparedl
with 1981), the observed changes in food composition were
well mimicked by the model predictions, as 1s exempli-
fied by the data for cod as a predator (Figure 1). The
model overestimates the contribution of sandcel (Ammo-
dytes spp.) in 1991 and underestimates whiting, sprat
(Sprartus sprattus), and Norway pout (Trisopterus es-
markii). However, the changes in cod and herring are re-
flected in both the observations and the model predictions.
Overall, the correspondence appears to be promising.

A plot of the observed minus predicted proportions
for all prey age—predator age combinations (Figure 2A)
shows that the differences between the two ages are cen-
tered about 0 and range from -0.3 to 0.3, with a tew out-
liers beyond this range. There was no obvious trend be -
tween years, indicating that the model fits the stomach
content data from all years equally well.

A plot of the observed minus predicted proportions
against the number of stomachs involved in each esti-
mate indicates that outliers are associated with relatively
small sample sizes (Figure 2B). Differences declined
rapidly with increasing sample size until this figure
reached about 400. suggesting little gain in precision
beyond this value. The observed trend suggests that vari-
ance is largely due to sampling error.
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FIGURE 1.—Comparison of the observed and expected food composition of the total cod population: (A) stomach content
observations in 1981, (B) stomach content observations in 1991, (C) model predictions for 1981 from the key run. and (D) model
predictions for 1991 from the key run. The key run is based on all available stomach content data for the years 1981, 1985, 1956,

1987, and 1991. The haddock is Melanogrammus aeglefinus.

Scatterplots of suitabilities estimated from two runs
of the model using the 198 and 1991 data indicated a
large variation in suitability estimates based on different
data sets (e.g., Figure 3A). However, there was no con-
sistent pattern of change between the runs. Moreover. a
plot of the corresponding partial predation mortalities
estimated from the two runs shows that relatively few of
all possible predator—prey combinations contribute sig-
nificantly to the estimated predation mortalities (Figure
3B). Although suitabilities may difter considerably, the
associated predation mortalities are often negligible. This
suggests that variation is particularly related to prey that
are seldom eaten, again indicating that sampling vari-
ance plays an important role.

Apart from these qualitative comparisons, the hypo-
thesis that changes in suitability arise only from chance
was also more formally tested by fitting smoothing func-
tions to the suitabilities estimated by the two runs based
on the 1981 and 1991 stomach content data. These
smoothing functions represented least-square approxi-
mations of a multiplicative model of the ‘lognormal size
preference function’ (Ursin 1973). “predator species’ and
‘prey species x predator species x quarter-year’ scaling
effects, coupled with the Poisson log-link function. Ad-
ditional terms were included for predator species size
and for possible skewness in the size preference func-
tion. More than 50% of the variation in suitability esti-
mates could be explained by a single model fitted to the
estimates of both years. Fitting separate year effects to
the scaling improved the fit by another 5-10%. The de-

grees of freedom available to test the significance of dit-
ferent effects were sufficiently large that even minor ¢f-
fects were statistically significant. Only the skewrncss
effects and year x size suitability factors failed to attain
the 5% level of significance.

Do Svitabilities Vary
in a Systematic Way?

The estimated suitabilities were subjected Lo regres-
sion analysis against predator and prey biomass, the ra-
tionale being that there should be no systematic patterns
in the observed changes if all changes were due to sara-
pling error. If prey switching were impertant, then a sys-
tematic relationship should exist between changes in
suitability and changes in cither predator or prey bio-
mass, or both, depending on the type of switching. The
results indicated that very little variance could be ex-
plained by fitting overall slopes of change in suitability
to change in predator or prey biomass. Models improve
by fitting separate slopes for each species and by includ-
ing quarter-vear. However, explanatory power was still
only around 10%. A few species slopes were significantly
different from zero, particularly for sprat. Suitability of
sprat was lower in 1991 than in 1981, coinciding with «
reduction in sprat biomass. Although this 1s consistent
with less use of sprat by predators when abundance was
lower, it is not conclusive evidence for prey switching
because the distribution of sprat may have been more
restricted. There was no evidence for strong switching,
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towards herring relative to other prey, despite substan-
tial increase in herring biomass from 1981 to 1991.

Do the Variations
in Svitability Matter?

The long-term steady state of the model in the fore-
cast mode is a function of the input recruitments, fishing
mortalities, and suitabilities. The sensitivity to estimated
suitabilities can be evaluated by comparing the results
generated from the 2 years of stomach data. Two pre-
liminary tests have been carried out by applying (1) a
general 10% reduction in the fishing mortality for all
species and (2) a set of altered fishing mortalities corre-
sponding to the estimated effect of an increase in mesh
size to 130 mm in the human consumption fisheries for
groundfish. The baseline run for each year of stomach
data was the steady state associated with unchanged fish-
ing mortalities. Differences in predicted catches by spe-
cies between the runs (Figure 4A), which were due to
the combined effects of different suitabilities, different
fishing mortalities, and different average recruitment
generated by each data set, were relatively small.

A general reduction in fishing mortality by 10% re-

sulted in smaller catches relative to the baseline for all
species except saithe (Pollachius virens) and cod (Fig-
ure 4B). The saithe catches were predicted to increase
slightly, and the results for cod varied depending on the
data set used. Pronounced discrepancies between the runs
(based on the two years of stomach content data) were
only observed for haddock (Melanogrammits aeglefinus)
and, to a lesser extent, for Norway pout. However, only
in haddock could the differences be a matter of concern.

The introduction of a 130-mm mesh size can be con-
sidered as a much stronger perturbation of the system
than the 10% reduction in effort, and the cffects varied
substantially for some species (Figure 4C). Again, the
most pronounced differences were observed for haddock.
This sensitivity of haddock is probably related to varia-
tions, due to relatively low sample sizes, in its contribu-
tion to the stomach content data for saithe, its most im-
portant predator.

Despite minor quantitative differences, the long-term
steady state and changes therein, in relationship to chang-
ing exploitation rates, are apparently not very sensitive
to the choice of either year of stomach data, and the over-
all trends were remarkably consistent in a qualitative
sense. This suggests that these variations would hardly
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affect overall management advice, even though estimated
suitabilities may vary.

Conclusions

If MSVPA is to be tested with any statistical rigor, itis
imperative that the statistical distributions of both stom-
ach content data and survey data be known. Without such
knowledge, one cannot accurately establish expected
values to test model predictions. A particular problem is
the smearing of stomach content data across ages, re-
sulting in interdependence of the estimated suitabilities
and partial predation mortalities.

Nevertheless, the conclusion from the analyses is that
the two independent stomach content data sets are con-
sistent. Many of the larger changes in estimated suitabili-
ties could be explained by either undersampled predator
categories or predators having a limited impact on the prey
in question. Although estimated suitabilities do vary, sam-
pling error does evidently play an important role. Ap-
plication of a smoothing function to estimated suitabili-
ties confirmed that (1) a large part of the variation between
the 2 years could be explained by fitting a common model
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FIGURE 4. Predicted steady-state catch by species for three
management scenarios based on the 1981 and the 1991 data
sets: (A) absolute catches when exploitation is continued at -¢-
cent levels (baseline); (B) predicted percentage change in catch
compared with the baseline when all fishing mortalities are -e-
duced by 109 (C) predicted percentage change in catch com-
pared with the baseline when a 130-mm mesh size is introduced
in all human consumption demersal fisheries.

to the 2 years of data and (2) the year effcct explained
only a relatively small though significant proportion.
Evidence tor prey switching is absent for most specics
and inconclusive for the others.

The long-term steady-state results appear not to ne
critically dependent on the choice of input stomach dita
from either year. This feature of robusiness ot the fore-
casting properties of the model is reassuring with regard
to the consistency of advice based on the resalts of muiti-
species assessment.
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and Fisheries Management

To control total fishing mortality, fisheries manage-
ment in European waters is largely based on a total al-
lowable catch (TAC) regime, which has been developed

under the Common Fisheries Policy (Holden 1994) of

the European Union since 1983. Technical measures are
also taken to solve particular problems in the exploita-
tion of the diftercnt stocks by specific fisheries (mesh
size and bycatch regulations, closed areas and seasons.
etc.). Last, a long-term program is being developed to
limit the size of national fleets because gross overca-
pacitly in many fleets causes great problems in enforc-
ing quota regulations.

The ICES Advisory Committee for Fisheries Manage-
ment annually provides TAC advice in the form of catch
options. These options are still based on single-species
assessment becausc short-term catch predictions are in-
dependent of whether a single-species or a multispecies
model is applied (Pope 1991). It is only in mid- and par-
ticularly long-term projections that differences become
significant. However, as yet, no decisions have been taken
on longer-term management objectives, resulting in little
use of the multispecies assessment model. Applications
have virtually been restricted to mesh assessments. which
indicates that long-term gains predicted by single-
species models arc often largely counteracted by in-
creased predation rates. However, there has been a large
indirect cffect of MSVPA because the estimated average
predation mortalitics have been incorporated in single-
species assessment.

It must be stressed that MSVPA takes only predation
on post-recruits into account. Although interactions in
the early life stages do exist, these are complex and not
easily quantified. Moreover, it is unlikely that pre-recruit
life stages can be effectively linked to MSVPA because
predation processes operate at a different time scale. Sull,
the extent to which recruitment of individual stocks is
affected by management measures aimed at regulating
spawning stock sizes and predator stocks is an unknown
factor in long-term predictions.

Recently, more emphasis has been put on conserving
the marine environment and particularly on reducing ad-
verse effects of fishing on the ecosystem. This aspect is
probably going to play an increasing role in fisheries
management and may become even more important than
economic considerations. Particular problems (e.g.,
bycatch of marine mammals) may be addressed directly,
but evaluation of overall ecosystem effects from inten-
sive exploitation will demand even more complex mod-
cls than the present MSVPA. An extended MSVPA model
might provide a firm basis for studying the integrated
effects of fishing and inter- and intraspecific predation

within the entire fish community—provided that data
requirements are fulfilled. Since stomach sampling was
extended in 1991 to include other predators of lesser eco-
nomic importance, and the stomachs were analyzed in
great taxonomic detail. there is scope for extending the
number of other predators in the model, inciuding sca
birds and marine mammals. Discard sampling has also
intensified in recent ycars to enable rough estimates to
be made of true catches of noncommercial species. [n
combination with biomass estimates from surveys, the
number of prey species in the model could also be in-
creased.

If the age-structured MSVPA could be replaced by a
model that is structured according to both size and age.
this would obviously be a great retinement because pre-
dation is cssentially a size-related process. Another im-
provement envisaged is the development of .1 spatially
structured MSVPA to account for the dynamics of spu-
tial heterogeneity of fish fauna and fisheries.

A new application of MSVPA is as a tool to study pos-
sible effects of fishing on community parameters such
as biodiversity. A sensitivity analysis of different para-
meters within the model may help in selecting suitable
parameters and interpreting these when applicd to field
monitoring studies.

The MSVPA is less a goal in itself than a technology
allowing tests of hypotheses and evaluation of consis-
tency in available information. In this sense. one may
not expect an entirely new perspective for fisheries man-
agement. However. MSVPA scrves as a powerful tool in
solving important scientific problems.
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The Effects of Future Consumption by Seals
on Catches of Cape Hake off South Africa

ANDRE E. PUNT

Abstract.—The Cape hakes Merluccius capensis and M. paradoxus are estimated to constitute some 10-20%
of the diet of the Cape fur seal Arctocephalus pusillus pusiflus. This seal population was subject to intense
harvest mortality prior to the 20th century, but has been increasing since then. Concern has been expressed
in some quarters about the impact that hake consumption by seals may have on future hake catch rates and
catch levels in the southern African region. The qualitative effects of the consumption of Cape hake by seals is
examined using a minimal realistic model, which incorporates hake. scals. “other predatory fish,” and the
fishery. Over quite widely ranging sets of parameter values and assumptions within models that assume the
presence of a single hake species only. there are consistent indications that. as the size of a possible seal cull is
increased from zero, the average catch level and catch rate. and hence profitability of the hake fishery, increase
slightly while the average annual consumption of hake by seals decreases. However, extensions to more
realistic models that include both hake species indicate qualitatively different conclusions, suggesting that a
seal cull could lead even to slight negative effects for the fishery.

The Cape hakes, which comprise the two morphologi-
cally similar species Merluccius capensis and M.
paradoxus, are caught in shelf and slope waters from
close inshore to more than 800 m, from northern Namibia
to south of Durban on the south coast of South Africa
(Payne 1989; Payne and Punt 1994). The fishery off South
Africa commenced around the turn of the century and
annual catches have been at least 50,000 metric tons (mt)
since 1948 (Payne and Punt 1994). The Cape hakes have
constituted 70-80% of the catch by the South African
demersal fleet historically although recently this percent-
age has dropped as improved catch rates, and hence
greater ease in reaching the annual total allowable catch
(TAC), have allowed some diversification of the avail-
able fishing effort towards other species. Further details
about the biology of, and fishery for. the Cape hakes can
be found in Botha (1980) and Payne (1989).

The harvesting of Cape lur seals Arctocephalus
pusillus pusillus commenced in the 17th century. By the
time legal controls were implemented in 1893, seals had
been eliminated from over 20 island colonies
(Shaughnessy 1984) and the total population may have
been as low as 100,000 animals. Since then, harvests have
generally been smaller than sustainable yields and the
seal population has consequently increased. The current
annual pup production is of the order of 300,000
(Butterworth et al. 1995). There are now 25 breeding
colonies on the islands and the mainland. and the seals’
distribution extends from Cape Frio to Port Elizabeth
(Figure 1).

Butterworth and Harwood (1991) calculated the an-
nual consumption by various predator species of six com-
mercially important marine species (anchovy | Engraulis
capensis|, the Cape hakes [Merluccius capensis and M.

paradoxus), Cape horse mackerel [Trachurus trachurits
capensis]. round herring | Etrumeus whiteheadi|, pilchard
[Sardinops sagax). and squid species) for three subdivi-
sions of the southern Africa coast (Namibia, the South
African west coast. and the South African south coast).
These estimates indicate that seals are probably not the
most important natural predator for any commercially
exploited fish stock, and that even where seals appear to
be an important predator. there are other predator spe-
cies whose consumption is of a similar magnitude. Nev-
ertheless. the consumption of Cape hake off the South
African west coast by seals was estimated 1o be double
the size of the commercial take (the data upon which the
analyses of Butterworth and Harwood [19911]} are based
have since been updated and it now appears that the cur-
rent consumption of Cape hake by seals is roughly the
same size as the current commercial take). It is, there-
fore, possible that the increasing seal population may
have an impact on future yields of hake. Arguments in
favor of possible culls of marine mammal populations
because of possible impacts on fishery yields have also
been made in Canada, Iceland, and Norway (Butterworth
and Harwood 1991: Anonymous 1992).

This study evaluates the impact of the future consump-
tion of Cape hake by seals for the South African west
coast only. This is because the catch of Cape hake off the
west coast is twice that off the south coast, and becausc
almost three times as many seals breed off the west coast.
The framework employed to compare the implications
of alternative scal culls on the future trends in the hake
fishery was developed during the Benguela Ecology
Programme Workshop on Seal-Fishery Biological Inter-
actions (Butterworth and Harwood 1991). Punt and
Butterworth (1995) should be consulted for detailed de-
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FIGURE 1.—Map of southern Africa showing the breeding
colonies of the Cape fur seal.

scriptions of the models considered and for the methods
employed to estimate their parameters. Butterworth and
Harwood (1991) draw attention to the limitations of the
modeling approach being undertaken, which participants
in the Benguela Ecology Programme Workshop on Seal-
Fishery Biological Interactions considered to be only
qualitatively rather than quantitatively reliable.

Methods

The Evaluation Framework

The consequences of different levels of future con-
sumption of hake by seals are investigated in the context
of the change in the level of hake TACs and catch rates.
The existing hake management procedure is used to
calculate future TACs, which are assumed to be taken
exactly. This procedure is the combination of the
Butterworth-Andrew observation error, Schaefer form
production model estimator, and the | , harvesting strat-
egy (see Punt [1994] for details, and Payne and Punt
[1995] for the rationale for the use of this procedure for
this fishery). The actual process of evaluating the conse-
quences of alternative levels of seal cull involves carry-
ing out the following three steps.

1. A number of operating models of the biological sys-
tem and the fishery are constructed. An operating

model is & mathematical statistical model of the fish-
ery and the component species of the system. Euch
alternative model reflects, inter alia, an alternative
(vet plausible) representation of the system. In t1is
case, each operating model reflects a different level
of future cull of seals, a different level of predation
or cannibalism for hake, or different values for some
of the parameters of the population dynamics model
that are poorly known. The operating model is used
to generate artificial data sets (such as annual caich
rates) required to implement the management p-o-
cedure and to determine the effects of a series of
management decisions on the system over time.

A number of simulations are carried out. Each simu-
lation involves projecting the system represenied
by onc of the artificial data sets gencrated by the
operating model forward for 20 years. The level of
man-induced removals cach year is determined by
applying management procedures for each compo-
nent species. The different data sets reflect the un-
certainties (modeled by statistical distributions) in
model parameters and future observations for each
alternative overall scenario (i.e., combination of an
operating model and a management procedure) con-
sidered. Most of the results of this paper pertain to
the case in which recruitment is taken to be deter-
ministic and future data are not subject to observi-
tion error, so only a single simulation is needed (o
evaluate the consequences of alternative cull op-
tions.

3. The results of the simulations are summarized by
means of a small number of performance indiczs.
These indices are chosen so thal it is straightfor-
ward for decision makers to assess whether ditfer-
ent levels of consumption of hake by seals are likely
to have a substantial impact on the future prospects
for the hake fishery.

The key feature of this minimal realistic model ap-
proach is that the operating models selected consider only
those species likely to have important interactions with
the species of interest (Cape hakes). Thus, the only spe-
cies considered are the Cape hakes, tie Cape fur scal.
and other predatory fish. It is this restriction to key spe-
cies only that makes it feasible to construct a model or
which sufficient information is available ro admit rea-
sonable specification of all the parameter values.

[}

The Operating Models

Each operating model incorporates rour components:
the seal population, the hake population, other predatory
fish, and the fishery (Table 1). These four components
were selected by Butterworth and Harwood (1991) be-
cause they account for most of the mortality on hake
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TABLE }.—Qualitative overview of the operating models.

Specification Cape fur seal

Cape hake Other predatory fish

Cape hake
Other predatory fish

Preys on

Depends on level of
cull

Removals through management

Annual per capita food Punt et al. (1995)
consumption (independent of
year and abundance of prey)
Fraction of diet consisting of 15% in 1991
hake (changes according to

Holling Type 1I relationship)

('ape hake
Other predatory fish

Cape hake
Other predatory fish

Pre-specified time trajectory
of lishing mortalitics

Determined by applying
the hake management
procedure

Punt and Leslie (1995) Not required (Punt and

Butterworth 1995)

1% in the absence of
exploitation

M. capensis 29% and M.
paradoxus 17% in 1991

The entire seal population from northern Namibia to
the south coast of South Africa is modeled using a deter-
ministic age- and sex-structured population dynamics
model. Natural mortality of pups is assumed to be both
density-dependent and sex-specific. The parameters of
the seal model are determined from the results of bio-
logical studies and by fitting to aerial counts of pup abun-
dance (Butterworth et al. 1995). The total consumption
of food off the west coast of South Africa by seals is
taken to be 27% of that off the whole of southern Africa.
The range considered for the fraction of the seal diet in
1991 consisting of Cape hake is 10% to 20%, with 15%
being taken as a base-case value (Punt et al. 1995).

The culling options consider cow and harem bull culls.
and range from no further removat of seals to culls double
that necessary to keep the total food consumption by seals
the same in 2012 as it was in 1993. A cow cull is empha-
sized because Anonymous (1990) noted that it is the most
effective means of reducing the total seal population. Bull
culls are considered because these animals make a dis-
proportionate contribution to the total consumption ow-
ing to their large mass (Butterworth et al. 1995).

The hake population is modeled either as a single spe-
cies or as two species, and allowance is made for preda-
tion of hake by scals, hake, and other predatory fish. Large
M. capensis and juvenile M. paradoxus are located in
roughly the same depth range, and the former feed ex-
tensively on the latter (Botha 1980; Payne et al. 1987,
Punt et al. 1995). The relationship between hake density
and the fraction of the diet of the various predators (seals,
hake, and other predatory fish) consisting of hakc is taken
to be of the Holling Type 1I form (Holling 1965). again
following the recommendation of Butterworth and
Harwood (1991). The values of the parameters of the
hake model are obtained from the literature (e.g.. Punt
and Leslie 1991) and by fitting the operating model to
the historical data for the Cape hakes (Figure 2). The
values of the parameters related to the diet of Cape hake
and seals were obtained from analyses of stomach con-

tent data collected during research cruises (Punt et al.
1995; Punt and Leslie 1995).

The “other predatory fish” component is described
using a model that divides this population into adult (ma-
ture and recruited) and juvenile (immature and un-
recruited) animals. The juvenile component is subject 1o
predation by hake, seals, and other predatory lish, while
the adults are subject to a fishery. The dynamics of preda-
tory fish are currently only poorly understood. so that
values for the parameters of the predatory fish model are
set using the results of stock assessments for similar spe-
cies.

Measuring Performance

Four mcasures are used to quantify the effects of dif-
ferent levels of future consumption of hake by seals: the
annual catch of hake, the size of the exploitable compo-
nent of the hake biomass, the interannual variability of
catches, and the net present value. The latter is taken o
be the discounted revenue, assuming a constant price-
to-cost ratio. It is not intended to be a definitive eco-
nomic analysis. It is merely a convenieat manner for
summarizing both catch and catch rate projection infor-
mation—both of which are important to the industry-—
in a single number.

Results

Atime series of the total number of seals off the South
African west coast (27% of the total off southern Africa)
under three culling options was estimated (Figure 3). The
culling options are as follows: allowing no further re-
movals of seals (no further removals), an annual cow
and harem bull cull that forces the total seal consump-
tion in 2012 to be the same as that in 1993 (status quo).
and a cull that is 50% larger than that required to force
the total seal consumption in 2012 to be the same as that
in 1993 (1.5 X status quo). Figure 4 shows time trajecto-
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FIGURE 2.—Actual (solid dots) and two-hake-species oper-
ating model predicted (dashed line) catch rate time-series for
Cape hake off the west coast of South Africa.

ries of annual consumption of hake by seals (in 1,000s
of metric tons {mt}). the hake catch (in 1,000s of mt), the
catch rate for hake, and the annual contributions to the
net present value (PV, i.c., discounted revenue) for the
three culling options for a one-hake-species operating
model. These trajectories were then estimated for a two-
hake-species operating model (Figure 5). The calcula-
tions upon which Figures 4 and 5 are based assume de-
terministic dynamics and no future observation error.

Discussion
One-Hake-Species Operating Model

If the seal population is not culled over the next 20 years,
the hake TAC under an f , strategy is expected to drop
to roughly half its current size (Figure 4b), and the an-
nual contributions to PV may show a marked reduction
over this period (Figure 4d). Much of the latter reduction
is due to future catches being discounted relative to cuar-
rent catches. However. it is also due to reduced catches
and lower catch rates. If no seal cull takes place, the
numbser of seals off the South African west coast is pre-
dicted to continue increasing for a further 7 years, peak-
ing at almost 550,000 animals, before declining slightly
(Figure 3). Somewhat counterintuitively, the annual con-
sumption of hake by seals decreases from its current 84,000
mt to 48,000 mt by 2012 under the “*no further removals”
option (Figure 4a). The reason for this is the decreasing
trend in hake abundance (as indicated by the trends in hake
catch rate, Figure 4c), which leads to hake constituting a
smaller fraction of the diet of the seal population accord-
ing to the Holling Type II feeding relationship assumed.

A cull that forces the total seal consumption in 2012
to be the same as that in 1993 leads to larger annual
catches, higher catch rates, and hence greater profits for
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FIGURE 3.—Time-series of the total number ¢f seals off the
west coast of South Africa under three alternative culling op-
tions.

the demersal fishing industry (Figures 4b—d) than if thc
“no further removals™ option is exercised. Increasing the
level of a future seal cull even further leads to substan-
tial reductions in seal numbers (Figure 3). The reduction
in the consumption of hake by seals is less than that in
seal numbers. This is because the hake population does
not decline to the same extent as before: the Holling Type
Il feeding relationship assumed leads to an increase in
the fraction of hake in the seal diet.

Two-Hake-Species Operating Model

The results for the two-hake-species operating model
(Figure 5) are qualitatively different from those for the
one-hake-species case. In contrast to the one-hake-
species case, the eftect of a reduction in the number of
seals on averagc catch levels and PV is negligible while
seal cull leads to a lower hake biomass (and hence catch
rate) after 10 years of management. The reason for this
behavior is that. even without any seal culls, the bio-
mass of hake is expected to increase markedly over the
next 20 years (Figure 5¢). By reducing the consumption
of hake by scals (through a cull), the biomass of the shal-
low-water species, M. capensis, increases 1 as seals arc
assumed to feed on this species only). However, the in-
crease in the biomass of M. capensis leads to greater pre-
dation mortality on M. paradoxus. It is the reduction m
the biomass of M. paradoxus that offsets any benefits
from the increase in the biomass of M. capensis causedd
by the culling of seals.

Sensitivity Analyses

A large number of tests of the sensitivity of these re-
sults to the values of the operating model parameters have
been conducted (Punt and Butterworth 1995). Qualitatively,
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the results of the sensitivity tests are the same as those
reported here. (That is, for the one-hake-species operat-
ing model, as the size of a future seal cull is increased.
the final hake population size. the average annual catch.
and the net present value increase, while the average
annual consumption of hake by seals decreases. For the
two-hake-species operating model, the impact of a seal
cull on the prospects for the demersal fishing industry
are either negligible or slightly negative.) The quantita-
tive results are sensitive to the values of some of the para-
meters. For example. for the one-hake-species operating
model. increasing the fraction of hake in the seal dict
from the base-case value of 15% to 20% leads to culls
being more beneficial to the fishing industry. while re-
ducing it to 10% leads to the opposite effect.

The qualitative results of analyses in which parameter
uncertainty and future observation error are included, and
in which recruitment and natural mortality are taken to
be stochastic, are also the same as those in Figures 4 and
5. However, adding noise to the system results in the
performance measures having quite wide distributions
(Punt and Butterworth 1995).

Final Remarks

The methodology used in this study difters from that
used by the Canadian Royal Commission on Seals and
Sealing (Malouf 1986) because it takes second-order et-
fects, such as density-dependent natural mortality, into
account. Although second-order effects are seldom taken
into account when estimating interactions between fish-
eries (Gulland 1987), their incorporation can make quali-
tative changes to the decision of whether a seal cull will
have a beneticial impact on the yield from a fishery. An
example of this is given by Butterworth et al. (1988).

A result similar to that obtained here was obtained by
the International Council for the Exploration of the Sea
Multispecies Working Group when it examined the im-
pact of a possible increase to the mesh size used by the
human-consumption fisheries in the North Sea (Stokes
1992). The group found that, for a single-species model,
there were considerable benefits to be had, in terms of
catches, by increasing the mesh size. But when biologi-
cal interactions were accounted for. the catches either
declined or stayed the same.

The main reason for the difference between the re-
sults for the one- and two-hake-species operating mod-
els is the effect of introducing an extra predator—prey
interaction. This would suggest that great care needs (o
be taken when designing minimal realistic models to in-
clude all important predator—prey interactions. The
model considered here takes into account over 90% of
the mortality on hake identified by Wickens ct al. (1992).

Another difference between the framework applicd
here and previous examinations of the impact of seal culls
on fishery yields is that the fishery yield is measured by
the TACs set using the existing hake management pro-
cedure. As noted by Butterworth and Harwood (1991),
the TACs set using this procedure will not necessarily be
equal to the optimal take from the fishery. This is be-
cause the management procedure is based on a simple
population dynamics model. the parameters of which
have to be estimated from the data coliccted from the
fishery. Thus, the impacts on the fishery from culls are
those that will actually be realized rather than merely
potential gains. [n some situations, the potential gain in
yield may be high but the quality of the assessment data
too poor to detect this. This is evident to some extent in
Figure 5, in which the hake biomass increases markedly
over the 20-year management period, but the manage-
ment procedure for hake is unable to make full use of
this increase.

The impact of a seal cull that keeps the total seal con-
sumption at its 1993 size is beneficial to the tishery for
the less realistic onc-hake-species operating model (Fig-
ure 4). However, the size of this etfect is not particularly
marked because the results of recent (1989 and 1993}
aerial surveys suggest that the seal population is ap-
proaching its environmental carrying capacity. Further-
more, the projections suggest that the seal population will
reach this level during the next 20 years and then oscil-
late about it (see Figure 3). The conclusion that the seal
population is approaching its environmental carrying
capacity depends largely on the information from the
most recent (1993) survey and may change given even a
single additional data point. Continuation of the current
aerial survey program would therefore seem essential to
confirm this conclusion.

The framework used in this paper requires a consider-
able quantity of data. For example, in order to param-
cterize an operating model, stomach content duta for hake
and scals; relative abundance information for hake and
seals; catch information for hake, seals, and other preda-
tory fish; and estimates of biological parameters for all
these species are required. Such data are not available
for many of the systems for which the impact of future
possible seal culls may be required. The data problem is
less serious for species. such as hake, that are close w0
the top of the food chain, but could be considerable for
species, such as anchovy, that form the prey species of
several predators. For example, in the South African con-
text, anchovy form a large component of the diet not only
of hake and scals. but also of many other predators that
are less well studied. Applying this framework to an-
chovy at the present time would, almost certainly. lead
to equivocal results because of the large uncertainties
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associated with predation by species about whose popu-
lation dynamics there is very little information available
at present.
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Bycatch Management in Alaska Groundfish Fisheries

STEVEN PENNOYER

Abstract.—The history of the Alaska groundtish fisheries is reviewed with emphasis on the rapid evolntion
of the domestic fishery and its management based on experience gained through observation and management
of the foreign groundtish fisheries since the early 1960s. The stable status of the Alaska groundfish resource is
attributed largely to historical and ongoing efforts to collect information on resource status and inseason groundfish
harvests. and closure of fisheries when annual quotas are reached. Nonselective harvesting techniques uscd in
the groundfish fisheries result in incidental catches (bycatch) of nontarget species, size categories, or sex. An
open-access management of the Alaska groundfish fisheries contributes to bycatch amounts that are greater
than what is minimally needed to conduct the groundfish fisheries. Similarly. efforts to control bycatch are
hampered by the intense competition for Alaska groundfish resources that result from overcapitalization of the
domestic groundfish fleet and increasingly short fishing seasons. The effectiveness of numerous measures imple-
mented to address the bycatch problem is reviewed, and a discussion of futurc approaches being considered for

effective bycatch management is presented.

The Alaska Region of the National Marine Fisheries
Service (NMFS) encompasses all federal waters off the
state of Alaska. Within this arca, NMFS is responsible
for managing marine fisheries and a large assemblage of
marine mammals. The NMFS also has responsibilities
for the habitat upon which these resources depend. The

management area encompasses approximately 70% of

the United States continental shelf and nearly half of its
coastline. Currently, the harvest off Alaska constitutes
about 50% of the total U.S. harvest caught in federal wa-
ters.

The NMFS manages fisheries under the authority of

the Magnuson Fisheries Conservation Management Act
of 1976, which came into effect at the time the U.S. ex-
tended its jurisdiction out to 200 miles (320 km). Figure
1 shows the exclusive economic zone (EEZ) off Alaska
and the three main areas—the Gulf of Alaska (GOA).
Aleutian Islands, and the Bering Sea-—that NMFS man-
agement generally is divided into.

The north Pacific fishery resources are managed by
NMFS under a complex system of regulations and rela-
tionships with the North Pacific Fisheries Management
Council (NPFMC), the state of Alaska, the International
Pacific Halibut Commission (IPHC). and various other
national and international agreements. This paper does not
describe this interactive system in any detail except where
it specifically relates to NMFS’s ability to manage by-
catch in the Alaska groundfish fisheries. The primary pur-
pose of this paper is to present a case history of the bycatch
problem in the Alaska groundfish fisheries and to summa-
rize the character of this problem, goals in trying to man-
age it, and some of the opportunities and difficulties expe-
rienced by management agencies in trying to do so.

Overall, the Alaska groundfish fishery is not excep-
tional with respect to bycatch and discard rates compared
with other major fisheries in the world (Alverson et al.
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1994). For example. the Bering Sca midwater fishery
for pollock (Theragra chalcogramma) annually harvests
almost 1 miltion metric tons (mt) of fish, yct has one of
the lowest observed bycatch rates—discard of 0.062 ky/
kg landed—in the world. Through 1994, the Bering Sea
trawl fishery for rock sole (Pleuronectes bilineatus) typ -
cally experienced the highest discard rate relative to other
Alaska groundfish fisheries. Alverson et al. (1994) esti-
mate a discard rate of 2.61 kg/kg landed for this fishery.
However, even this rate is not exceptional high relative
to other trawl fisheries in the world. For example, some
shrimp trawl fisheries experience bycatch discard rates
as high as 15 kg/kg landed. Nevertheless, in the past 5
years, hundreds of millions of dollars have been lost or
expended by the Alaska groundfish industry owing to
bycatch closures, forgone harvest opportunity, discarded
resource that might otherwise have been retained and pro-
cessed. and administrative costs incurred by management
agencies and the industry. While the bycatch rates in most
segments of the fishery may not be exceptional. the 2.3-
million-mt fishery is so immense that the absolute vol-
ume of discards and the forgone opportunity they repre-
sent has raised national and industry consciousness and
poses a significant concern to other fisheries dependent
on some of the bycaught species.

The Groundfish Fisheries

Most of the Alaska groundfish harvest is taken with
trawl gear. a nonselective harvesting technique that re-
sults in some catch of nontargeted species (Figure 2.
Alaska groundfish also are harvested by vessels using,
more selective gear. such as hook-and-line, pot. and jig

The annual harvest of Alaska groundfish approaches
2.3 million mt. The associated total annual discard
amounts are approximately 450 mt of Pacific salmon
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FIGURE 1.—Bering Sea, Aleutian Islands. and Gulf of Alaska (GOA) management areas.

(Oncorhynchus spp.), approximately 7.000 mt ot hali-
but (Hippoglossus stenolepis). and over 340.000 mt of
groundtfish. Crab bycatch is monitored in terms of num-
ber of animals and totals about 16 to 17 million crab
annually. Most of the crab bycatch is composed of Tan-
ner crab (Chionoecetes sp.) that weigh less than 0.11 kg
and have a carapace width of 80 mm or less (Narita et al.
1994). The bycatch of king crab species is dominated by
red king crab (Paralithodes camtschaticus) that approach

or exceed size at maturity for females and near legal size
for males. roughly 130 mm carapace length (Armstrong
et al. 1993: Narita et al. 1994).

Although the magnitude of bycatch amounts in the
Alaska groundfish fisheries is high, the ratio of bycatch
to retained harvest is relatively low. These low bycatch
rates create a problem that defies easy resclution because
incremental improvements are increasingly difficult and
expensive. Furthermore, the different components of the
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groundfish fishery and each bycaich species have their
own set of problems, concerns, and potential solutions.

The Alaska groundfish resources were harvested pri-
marily by foreign nations until the mid-1980s (Figure
3). The foreign catches declined in the late 1980s and
were replaced briefly by joint-venture harvests by do-
mestic fishers delivering to foreign processors. Fully
domestic operations escalated in the late 1980s and be-
came the dominant form of operation in 1989 and. by
1990-91, were the only form of operation. This is im-
portant because the domestic harvest and NMFS’s abil-
ity to monitor and manage domestic fisheries are recent
developments. So while the harvest has been at current
levels for a long time period. the methodologies and pro-
cedures needed to regulate the fisheries have changed
dramatically. During the years of foreign exploitation.
NMEFS managed aggregates of fleets fishing for one coun-
try or another that could be regulated as units. In con-
trast, NMES currently manages a domestic fleet where
regulation of an individual vessel’s activity must be car-
ried out in a way that will withstand judicial review in
U.S. courts.

Overcapitalization

The large increases in processing and harvesting ca-
pacity in the domestic sector since 1989 have had a dra-
matic impact on the amount of bycatch and discard that
is occurring. Harvesting and processing capacity has in-
creased to a level that probably exceeds by three to four
times the capacity required to harvest the resource on a
12-month basis. Seasons for all species have shrunk dra-
matically. For cxample, in 1989 the domestic pollock
season lasted for 9 months; in 1994, it lasted only around
3 months in total. Large vessels landing groundfish in
the domestic fishery increased from about 45 in 1987 to
roughly 120 in 1994. Effort in the pollock fishery in-
creased from 41 catcher processors and 4 motherships in

1989 10 70 catcher processors and 13 motherships in 1994
with fleetwide catch rates of over 10,000 mt/d.

Other examples of this overcapitalization and excess
effort abound. Since the mid-1980s, the Alaska halihul
fishery has harvested over 20,400 mt of fish with 4.000
vessels during a 1- or 2-d fishing season per year in our
major lishing areas. In 1994, over 1,000 vussels partici-
pated in the Gulf of Alaska sablefish (Anoplopoma fim-
bria) hook-and-line fishery and harvested approximately
19,000 mt of sabletish in less than 10 d. These' and other
open-access fisheries have become an extremelv com-
petitive race for the fish with every vessel having to Jdo
its utmost to harvest its share of the quota before sore-
one else cither catches the target species or shuts the fish-
ery down under prohibited species bycatch restrictions.

Resource Status

An important point regarding fishery history is the
status of the resource. Groundfish stocks off Alaska are
generally in a healthy and stable condition. All Alaska
groundfish stocks have fluctuated in abundance over the
years. but no widespread trend toward decline is evident
(NPFMC 1994a. 1994b). Generally, the fisheries annu-
ally have removed some 1.8 million to 2.3 million mt of
groundfish from these areas for over 25 years.

Changes obviously have occurred in the ecosystem of
the Bering Sea and Gulf of Alaska. Some marine mam-
mal, seabird, and shellfish populations have declined and
are continuing to do so (NPFMC 1995a). Some ground-
fish populations have increased or decrzased dramatically
over the years (NPEMC 19944, b). The whole question of

'In 1995, NMFES implemented an individual fishing quota (1FQ)
program that was developed by the North Pacific Fishery Man-
agement Council for the sablefish and Pacitic halibut hook-und-
linc gear fisheries off Alaska (Title 50, part 676, Code of Federal
Regulations [CFR]).
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managing or even assessing the ecosystem changes off
Alaska is one that has and is receiving considerable at-
tention. Management agencies have yet to attribute the
bycatch or even the directed harvest to be the cause for
any of these fluctuations.

Management System

Another important aspect of the management of the
Alaska groundfish resource and the reason for its health
is the type of management and monitoring system imple-
mented. An annual process exists for establishing the sta-
tus of each groundfish species and management of the
groundfish fisheries. This process is required by federal
regulations under 50 CFR part 602, Guidelines for Fish-
ery Management Plans (602 guidelines). The 602 Guide-
lines were published by NMFS and require the annual
preparation of a stock assessment and fishery evaluation
(SAFE) report. The SAFE reports are intended to sum-
marize the best available scientific information concern-
ing the past, present, and possible future condition of the
stocks and fisheries under federal management. Typically,
the Alaska groundfish SAFE reports are prepared by sci-
entists from the NMFS Alaska Fisheries Science Center,
the Alaska State Department of Fish and Game, and other
resource management agencies. The stock assessment
section of the SAFE report recommends acceptable bio-
logical catch (ABC) levels for each stock and stock com-
plex under federal management. The ABC is defined in
the 602 guidelines as “a preliminary description of the
acceptable harvest (or range of harvests) for a given stock
or stock complex.” The derivation of an ABC focuses on
the status and dynamics of the stock, environmental con-
ditions, and other ecological factors and prevailing tech-
nological characteristics of the fishery.

Management of the Alaska groundfish fisheries is di-
rected to maintain total harvest amounts within these
ABCs. Annual total allowable catch (TAC) amounts are
specified within each species” ABC, and discard amounts
of groundfish are charged against the annual TACs. Man-
agement policy attempts to account for all harvest. In
1994, the total harvest of Alaska groundfish species (2.05
million mt) accounted for 77% of the total ABC (2.66
million mt).

NMES conducts extensive stock assessment surveys
that provide the basis for annual groundfish ABCs. On-
going data collection is provided through an industry-
funded observer program that, by regulation, implements
mandatory observer coverage in this fleet. NMFS moni-
tors catch through mandatory weekly or daily observer
reports and extensive industry record-keeping and report-
ing requirements. The use of groundfish species and Pa-
cific halibut as bycatch from other fisheries is consid-
ered when setting and monitoring annual quotas. and
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fisheries are closed when annual catch or bycatch quotas
are reached.

Bycatch
Types of Bycatch

Three types of bycatch discard occur in the Alaska
groundfish fisheries, classified according to the origin
of discard. The first type, prohibited species discard, ap-
plies to the bycatch of salmon, Pacific halibut. king crab.
Tanner crab, and Pacific herring (Clupea narengus
pallasi). These species have been allocated for the di-
rected harvest in other domestic fisheries, and bycatch
of prohibited species in the groundfish fisheries is re-
quired to be returned to the sea as soon as possible with
a minimum of injury.

With the exception of Pacific halibut and crab, dis-
carded prohibited species are assumed to experience
100% mortality. In general, these mortalities have not
created specific conservation concerns for these species
because bycatch is taken into account in management of
the other fisheries directing harvest on the bycaught spe-
cies. Nevertheless. non-retainable Pacific halibut bycatch
mortality experienced n the Alaska groundfish fishery
during recent years represents over one-fourth of the to-
tal U.S. and Canadian set-line quota for halibut (IPHC
1992, 1993). The concern for this type of mortality is
heightened when stocks are declining even though such
declines may not be related directly to fishing mortality.
Red king crab stocks in the Bristol Bay area of the Bering
Sca have declined to the point that the commercial crab
fisheries in the area have been required to be closed since
1994. Although trawl closures have been implemented
to reduce the number of female red king crab taken as
bycatch in the Bering Sea trawl fisheries, the continued
potential for red king crab bycatch outside the trawl clo-
sure areas continues to be a controversial issue among
management agencies and the crab and groundfish in-
dustries.

Regulatory discards are a second type of discard cre-
ated by the management system. When a directed fishery
for a species 1s closed. regulations specify allowable by-
catch amounts of that species, which can be retained on-
board vessels when fishing for other species. Vessels must
discard excess catch. Retainable bycatch amounts are hope-
fully set somewhere near the natural level of bycatch that
will occur in other fisheries. It is up to the manuagement
agency to establish bycatch allowances that prevent
unnecessary discards, hold enough fish in reserve to sup-
port bycatch needs in other groundfish fisheries. and avoid
exceeding TAC amounts. Unfortunately, difficulties exist
in meeting these management goals, and discard occurs
when catch amounts of species exceed the retainable
bycatch amounts specified in regulations. When « species’



BYCATCH MANAGEMENT IN ALASKA GROUNDFISH FISHERIES [45

TAC has been reached, including both the directed and
bycatch portions. the species will be designated prohib-
ited and any bycatch amounts in other fisheries must be
discarded for the balance of the fishing season. This does
not eliminate the bycatch problem although it may reducc
it by taking away the economic incentive that may existto
target on the species.

The third type of discard, economic discards, results
from the bycatch of undersized target specics, male fish
in roe fisheries, and undesirable, low-value groundfish
species in the catch.

Discard rates vary considerably in the Bering Sea and
Gulf of Alaska groundfish fisheries (Figures 4. 5). What
stands out is that some of the major fisheries, such as the
pollock midwater traw] fishery, have a very low (5%)
discard rate (Figure 6), whereas some other significant
fisheries, like the Bering Sea rock sole fishery, have an
overall retention of only 31% (Figure 7). Even in hook-
and-line fisheries, such as the sablefish fishery in the Gulf
of Alaska, the groundfish discard rate is 19% (Figure 8).
Nearly all of the discarded amounts in these fisheries
reflect a type of economic discard.

Goals of Bycatch Management

Bycatch problems occur when discard mortality (1)
results in conservation concerns, (2) is thought to sig-
nificantly impact resources available to another fishery,
or (3) results in unnecessarily high levels of protein and
economic waste. The goal of bycatch management for

the Alaskan groundfish fisheries has been to identify and
work toward restriction of bycatch discard amounts to
levels that would allow the fishers to reascnably harvest
available groundtish resources while minimizing bycatch
mortality and discard. Obviously, the words “unneces-
sary,” “minimize,” and “reasonably harvest™ have de-
fied clear definition. After all the data are presented and
all the costs of achieving the results are examined. it (i-
nally comes down to the political (policy) process to de-
termine the appropriate levels.

Bycatch Management Approach

The NPFMC (the Council) plays a key role in the on-
going development of a bycatch management program
for the Alaska groundfish fisheries. The Council provides
for analyses of proposed management measures, public
review and testimony on these measures. and policy de-
cisions that form recommendations to NMFS. A briel
summary follows of the NMFS-approved approach to
the bycatch problem in the Alaska groundfish fisheries
and the relative success of regulations implemented to
address this problem.

Research and monitoring programs implemented to
determine the magnitude and character of the bycaich
problem are important elements in managing bycatch.
The fundamental component of these programs is an
industry-funded mandatory observer program. In or-
der to fish, vessels greater than 125 ft (~38 m) in length
must have an observer onboard at al) times. Vessels of
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FIGURE 4.—Bering Sea and Aleutian Islands area groundfish discard amounts (mt) by gear and target fishery, 1993
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FIGURE 5.—Gulf of Alaska groundfish discard amounts (metric tons) by gear and target fishery, 1993.
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FIGURE 6.—Groundfish discard amounts in the 1993 Bering Sea and Aleutian Islands area midwater pollock fishery.
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FIGURE 7.—Groundfish discard amounts in the 1993 Bering Sea and Alcutian Islands area rock sole trawl rishery.
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FIGURE 8.—Groundtish discard amounts in the 1993 Gulf of Alaska sablefish {ishery with hook-and-line gear,
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60-124 ft (~18-38 m) length overall must have an ob-
server on board 30% of the days that fishing gear is re-
trieved and groundfish are retained. Shoreside proces-
sors receiving under 1,000 mt of groundfish during a
month must have an observer present 30% ot the days
groundfish are received or processed; those processors
that receive greater amounts of groundfish must have an
observer present each day of operation. The observer pro-
gram obviously is costly to maintain (>US$10 million
annually). An extensive industry record-keeping and re-
porting program complements the observer program and
requires mandatory logbooks and processor reports.
NMES currently is developing a program that would re-
quire real-time information exchange through satellite
transmission of observer reports and industry catch sta-
tistics.

Considerable research has been conducted on how by-
catch operates within the various fisheries and gear types,
the mortality associated with discards of prohibited spe-
cies, the relationship of bycatch in terms of size and abun-
dance to the stock status of the bycatch species, and the
effect of bycatch on other fisheries (Armstrong et al.
1993; IPHC 1994; NPFMC 1995b; Queirolo et al. 1995).
A detailed description of these studies is beyond the scope
of this paper, but suffice it to say a very large part of the
NMEFS resource management program has been dedicated
to the bycatch problem. Additionally, the IPHC. the
NPFMC, the Alaska Department of Fish and Game, and
universities and private industry groups have expended
considerable effort on this problem.

Regulatory Approaches

Currently, the principal regulatory approach imple-
mented to address the bycatch problem consists of fish-
ery closures when specified prohibited species bycatch
limits are reached. Halibut, herring, and crab bycatch lim-
its established for the 1994 groundfish fisheries (Table
1) are gear- and area-specific, and many are divided fur-
ther among fisheries as bycatch allowances that may be
seasonally apportioned. When a fishery bycatch allow-
ance is reached, the fishery is closed.

While bycatch limits have not solved the bycatch prob-
lem and may have contributed to the race for fish. they
have kept the prohibited species bycatch amounts from
going higher. Specific concerns regarding bycatch lim-
its include monitoring of bycatch, mortality rate assump-
tions, and extrapolation of observed bycatch rates against
estimates of total groundfish catch weight. Prohibited spe-
cies bycatch restrictions and groundfish closures also
have the potential of leaving significant amounts of
groundfish unharvested. Since 1990, costs annually in-
curred by the groundfish industry due to bycatch closures
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have ranged from about US$80 million in 1990 to about
US$30 million in 1992 (this NMFS estimate is based on
unpublished data on forgone catch during 1991-93 and
average 1990-91 first wholesale values of Alaska ground-
fish.)

Bycatch regulations have also required the following
gear restrictions: biodegradable panels in groundfish pots,
halibut exclusion devices on groundfish pots. gear con-
figurations and performance standards for pelagic trawl
gear to encourage off-bottom harvest of pollock, and
groundfish allocations among different types of gear. By
and large, these have not been dramatically effective with
perhaps the exception of the pelagic trawl gear restric-
tions and performance standard establishad for the pol-
lock fishery. When bottom trawling for pollock is closed
because a halibut or crab bycatch allowance has been
reached, fishing vessels are required to fish midwater
with low bycatch rates 1o meet the performance standard
of less than 20 crab onboard a vessel at any time. These
regulatory measures still do not solve the problem of how
to fish on or near the bottom to take larger pollock and
cod while avoiding bycatch of other species.

Season delays or time—area closures attempting to limit
bycatch of certain species in specific groundfish fisher-
ies have met with variable success. In some cases, man-
agement of time—area closures have limited, but in no
case really resolved, the bycatch problem.

A vessel incentive program was implemented in 1991

TABLE 1.—Bycatch limits in 1994 established by NMFS for
halibut, herring, and crab.

Groundfish fishery Bycatch limit

Halibut mortality (mt)

BSAI* trawl fisheries 3775
BSAI non-trawl fisheries 900
GOAP trawl fisherics 2,000
GOA non-trawl fisheries” 750

Bering Sea zone 1° red king crab (no.)

BSAI trawl fisherics 200,000

Tanner crab (Chionoecetes bairdi) (no.)

1,000,000
3,000,000

BSAI traw! fisheries in zone |
BSAI trawl fisheries in zone 2¢

Pacitic herring (mt)
BSAI trawl fisheries 1,962
“Bering Sea and Alcutian Islands arca.
"Gulf of Alaska.
“In 1995, the halibut bycatch mortality limit specified for the GOA hook
and-line gear fisheries was reduced to 300 metric toas because of the
implementation of an individual quota program for sablefish and halibut
and the concurrent exemption of the hook-and-line sablefish fishery from
halibut bycatch restrictions.
‘Zone 1 and Zone 2 areas of the Bering Sea generally reter 1y the Bristot
Bay and continental slope areas, respectively.
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for the Alaska groundfish trawl fisheries; this program
specifies allowable bycatch rates for halibut and red king
crab and holds individual vessels accountable for their
bycatch rates. This approach has developed from the
theory that a small number of vessels account for a dis-
proportionately large share of the bycatch. The NMFS
observer data show that, in any of the groundfish fisher-
ies, usually only a few vessels experience high bycatch
rates that far exceed the rates experienced by most ves-
sels in the fishery. If the existing incentive program
worked, rates could theoretically be ratcheted down un-
til it met some desired level of bycatch vs. cost of achieve-
ment. Unfortunately, we are a long way from making
this type of program work. Prosecuting violators of the
incentive program is time-consuming and costly. The U.S.
court system requires standards of proof that often ex-
ceed agency capability in prosecuting an alleged viola-
tion of the incentive program. To date. four cases of vio-
lation of the vessel incentive program have been pursued
by NMFS: three were brought before an administrative
law judge and ruled in favor of NMFS; the fourth was
settled out of court.

The most successful bycatch reduction program imple-
mented in recent years is the individual vessel fishing
quota (IFQ) program for hook-and-line sablefish and
halibut fisheries. In this program, sablefish and halibut
may be fished together under individual vessel quota al-
lowances established for nearly 4,000 boats. No longer
are halibut caught by sablefish fishers with halibut IFQ
discarded. Instead, bycaught halibut must be retained as
commercial catch if they are of legal size in the com-
mercial fishery. The same is true for sablefish. Addition-
ally, fishers who participate in other hook-and-line fish-
eries, such as for rockfish (Sebastes spp.) or Pacitic cod
(Gadus morhua macrocephalus), will be required to re-
tain bycaught halibut if they have a quota share of hali-
but. Fishing seasons will be extended, individuals will
be able to either fish in ways to avoid bycatch or take the
time to retain and handle it, and waste attributed to lost
or excessive gear will be minimized. This program will
have gone into effect in 1995 with the hope that it will
result in reducing bycatch rates in the Gulf of Alaska
and the Bering Sea. At time of writing, preliminary esti-
mates by NMFS indicated that the Pacific halibut dis-
card mortality in the Alaska sablefish IFQ fishery totaled
around 136 mt in 1995 compared with about 650 mt in
1994.

Voluntary Industry Initiatives

Numerous voluntary industry initiatives have heen un-
dertaken to reduce bycatch. In 1988, U.S. participants in
joint-venture fisheries for flatfish in the Bering Sea initi-

ated a program of self-management to help minimize crab
bycatch. Similar programs were initiated in the 1990s
for the domestic yellowfin sole (Pleuronectes asper) and
Pacific cod fisheries to help control crab and halibut by-
catch rates. In 1994, the Bering Sea trawl industry formed
a nonprotit corporation-—the Salmon Research Founda-
tion (SRF)—involving both industry and western Alaska
interests. The purpose of the SRF was to implement a
voluntary fee assessment program to fund inseason data
collection and analyses necessary to provide informa-
tion to the fleet on how best to avoid salmon bycatch in
the Bering Sea trawl fisheries. A summary of the SRF’s
formation, salmon avoidance program, and anticipated
research initiatives is contained in the Foundation's April
23, 1994, report submitted to the North Pucific Fishery
Management Council, Anchorage, Alaska

The various industry initiatives are not detailed in this
paper. but they reflect industry’s attempt 1o live within
the bycatch restrictions and policies adopted by NPFMC
while still being able to harvest the groundtish resource.
The success of these initiatives has varied and appears
to be proportional to the number of voluntary partici-
pants. Generally when fisheries are relatively small. in-
dustry incentive programs work. As the size of the fleet
expands, and as more people enter the fishery who may
not subscribe to such voluntary measures, industry in-
centive programs tend to fall apart.

The Future of Bycatch Management

One of the biggest problems in approaching bycatch
management is the lack of adequate incentive programs
for individual operators to reduce bycatch rates. Bycatch
limits in an overcapitalized fishery result in a race tor
the fish, which exacerbates bycatch rates and the tre-
quency of groundfish fishery closures before reaching
TAC. Bycatch closures have heightered the awareness
of the fleet regarding bycatch, have probably led to vol-
untary industry measures to reduce bycatch rates, have
initiated a sizable body of research into the problem in-
cluding gear modification, and may have limited the level
of bycatch. Nonetheless, bycatch limits have not led 1o a
solution to the bycatch problem. From the perspective of
the groundfish fishery. bycatch limits appear too restric-
tive and costly. From the perspective of other fisheries im-
pacted by such incidental takes. bycatch restrictions may
limit the problem but do not return bycaught species to
the fisherics that target them. With the potential excep-
tion of the sablefish and halibut IFQ program, existing
bycatch management measures have yet to provide ad-
equate incentive to individual groundfish fishers to take
action to reduce bycatch rates in a manner that still al-
lows for the opportunity to harvest groundfish quotas
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Numerous proposals have been submitted to NPFMC
to address the bycatch problem in the groundfish fisher-
ies. These proposals include everything from requiring
retention and usc of catch to giving priorities to gear types
with low bycatch rates, to reducing bycatch caps. and to
modifying gear configuration, changing seasons. clos-
ing areas, and other parameters. These efforts take the
form of regulatory proposals in fishery management plans
and even federal legislation. Some proposals recommend
fishery closures or discard restrictions for specific fish-
eries, such as the rock sole fishery in the Bering Sea, that
have relatively high discard rates. Most of these propos-
als would involve regulations applied to the fleet as a
whole, and most do not deal with the problem of provid-
ing a workable economic incentive for the individuat
operation to modify its behavior. Most industry and man-
agement groups recognize that it is technologically not
possible to eliminate all bycatch or have full usc of catch
without eliminating some very important tisheries. The
NPEMC strives to evaluate these proposals based on their
ability to reduce bycatch and increase catch usc to the
levels beyond which further changes would increase costs
more than they would increase benefits (where costs and
benefits are defined from the national perspective). This
approach could best be accomplished through a combi-
nation of bycatch reduction measures with a program
that allows individual fishers to tailor their operations to
achieve maximum individual benefit under the rules.

Conclusions

Excessive bycatch and inadequate use are but two symp-
toms of a major flaw in the way our fisheries currently
are managed. The overcapitalized, open-access nature
of the Alaska groundfish fisheries results in extreme com-
petition among vessels to maximize individual harvest
amounts of groundfish before fleetwide groundfish quo-
tas or prohibited species bycatch limits are reached and
fisheries are closed. This race for fish allocates fish among
competing fishers and uses. This allocation mechanism
tends both to increase harvesting and processing costs
and to decrease the value of what is harvested. The indi-
vidual fisher has little incentive to slow down, care bet-
ter for his harvest, retain fish with a lower value than
others he is catching, or in any way diminish his com-
petitive performance vis a vis others who are racing for
the same quotas. In the final analysis. some form of indi-

vidual vessel quota for target species, combined perhaps
with individual prohibited species quotas or rate restric-
tions, will probably be a preferred solution. Until we reach
that stage. we will probably not be able to effectively
bring this problem under control.
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World Aquaculture Review:
Performance and Perspectives

W. HERBERT L. ALLSOPP

Abstract.—The status of world aquaculture production of food fish during the last 25 years is analyzed
from United Nations Food and Agriculture Organization (FAO) data by environmental sector. region, quantity,
value, and species. Significant changes and trends are discussed. Problems receiving special attention include
biological, economic, and social factors that influence the choice of fish; market requirements; and operating
constraints of the systems. Development prospects cited include culturable indigenous species, extensive acjuac-
ulture in tropical water retention dams, the aquarium ornamental fish industry, and new biotechnologies. Breeding
techniques, gamete cryopreservation, sex control, growth stimulation, and transgenic fishes are brieflv de-
scribed. Opportunities are indicated for untversity scientists to contribute to world fish supplies by enhancing
use of indigenous tropical food fish through overseas partnerships with aquaculturists of the developing world.

Farming of aquatic organisms (fish. mollusks, crus-
taceans, and plants) has been attempted for scveral thou-
sand years. The inclusive term aquaculture was adopted
about 40 years ago to imply controlled farming or some
form of intervention (stocking, feeding, and protection)
to enhance production. Such intervention also involves
individual or corporate ownership of the organisms be-
ing cultivated. Such identifiable aquaculture produc-
tion was estimated by the Food and Agriculture Orga-
nization of the United Nations (FAO) World Conferences
in Rome (1966) and Kyoto (1974). In 1974. the World
Bank (WB), recognizing a significant increase in aquac-
ulture harvests, requested its Technical Advisory Com-
mittee and Consultative Group for International Agri-
culture Research to review the world’s aquaculture
potential. Thus was established the Aquaculture Study
Group, on which it was my privilege to participate.
Available statistics indicated that 6 million metric tons
(mt) of finfish and shellfish were then being produced.
This was equivalent to 12% of the annual world fish
catch for direct human consumption, and it was almost
49% of the world’s animal protein supply, excluding milk.
Though this was significant, the food importance for
Asian countries (Allsopp 1973), especially land-locked
communities. was of far greater magnitude than the
world average of 4% animal protein production sug-
gests. Given the food crises facing developing coun-
tries, aquaculture for food was therefore strongly ad-
vocated for efficient multiple water use and in integrated
rural agricultural development.

The Aquaculture Study Group (WB and FAO 1974)
estimated a potential tenfold increase in production of
fish through aquaculture (from 2 to 20 million mt),
whereas the estimated increase for capture fisheries was
less than twofold (to 90 million mt). Because harvests in
capture fisheries depend largely on uncontrollable natu-
ral oceanographic variables that ultimately determine the

productivity of major fish species, there is a recognized
maximum catch limit for the world’s oceans. In the case
of aquaculture, production harvests arc more directly
related to controllable inputs and thus are capable of
greater increasc. Harvests of certain capture [isheries
were already indicated to be near their maximum sus-
tainable yields, while opportunistic aquaculture produc-
tion systcms were then at initial stages of promising de-
velopment.

The FAO (1984) determined for statistical purposes
that where aquatic organisms are owned throughout the
rearing period before being harvested, thev shall consti-
tute aquaculture production (FAO 1984). Thereafter, FAO
recorded and published data from such owned resources
as aquaculture statistics. Catches of other aquatic organ-
isms that are common or public property were consid-
ered production by capture fisheries.

Aquaculture systems aim to achieve rapid, manipu-
lated production of the target species much beyond the
natural standing crop, with optimum economy of water
space and inputs. The drive for increased food produc-
tion caused worldwide promotion of aquaculture activi-
ties in each geographic region (FAO 1976): aquaculture
production has increased in every geographical region,
but especially in Asia (Figure 1).

Assessment of Global Performance

Retrospection

The United Nations overview of fisheries also pro-
jected trends to the year 2010. The world fishery situa-
tion has been exposed to severe constraints for increas-
ing the aggregate world fish production to satisty world
food needs (FAO 1993b). Further growth of capture fish-
eries is insufficient to maintain needed food supplies
sustainably, and few new resources can be brought into
exploitation. Major stocks of pelagic species, though
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108 mt

Firavri 1 World aquaculture production by major producing
continents. 198591 {metrc wns [mt], killions $U5). Source: Food
unid Agriculture Organization of the United Nations (FAO 1993a).

subject to wide natural fluctuations. appear to have passed
their peuks of production. Most of these stocks are used
tor livestock feeds and not direct human consumption.
Major demersal species in all oceans have been over-
fished, lcaving little opportunity for increased 1otal catch
in this sector. Incvitably, reduction in fishing ctfort will
be required in this sector so stocks can rebuild to
sustainably harvestable levels.

In 1973, FAO cstimated that the potential world fish
production from all sources ranged [rom LK) to 150 mil-
lion mt. Currently, it is recognized that marine caplure
fisheries are adversely affected if harvests exceed 80 mil-
liom mt, and inland capture fisheries may be limited to 6
million mt (World Bank et al. 1992). Cwrrent analyses
disclose serious imbalances in the world’s Tish harvests.
Only 20 countries harvest 819 of the world caich
Twenty-one specics groups account lor 409 ol total catch
but only three groups are from freshwater; yet freshwa-
ler species make up 40% of the world's fish specics. Dili-
gent stock management and environmental conservation
measures are needed 10 maintain water quality in order
to sustain current harvests. Consequently, aquaculture has
been encouraged o salisly the increasing worldwide need
tor fish.

Broad Principles

During ils centuries of development, intensive live-
stock hushandry for tood production largely focused on
four major herbivorous mammals (cattle. pigs, sheep, and
goats), and four emnivorous birds (chickens, turkeys,
ducks, and geese). By contrast. aquaculiure. starting with
variants of common carp ( Cyprinus carpio) in Asia. has
grown 1o a husbandry of hundreds of fish. mollusk, and
crustacedn species from widely different climates and

ceosystems and with varied food habits {many preda-
tors) and growth rates (Figure 2). The muost efficien
aquatic organisms for food conversion are mollusks,
which are filter-feeders found in plunkton-rich matine
waters. Most high-value finfish and crustaceans leed high
on the food chain. Although poultry are marketable within
weeks and some mammals within moenths, fish take sev-
eral months or years 1o rear to marketable size, though
tropical aquatic species achieve faster growth.

The 1974 World Bank study (World Bank and FAQ
1974) recognized that it was not feasible W concentrate
on just a few food specics al any single international cen-
ter. as was being done tor tropical livestock or rice. For
the intensificd cilorts, site-specific biotechnology re-
search aspects were necessary in most tropical arcas be-
cause of the unigue environments affecting culture of
different food species. In view of significant social fac-
tors, particular emphasis was for lew-cost food fish.

The freshwater environment is the most readily con-
trolled by human intervention and therefore is broadly
considered o offer better opportunity for aquaculture than
the marine environment in terms of benefit—cost deter-
minations (Figure 3). Warmer wiaters are more efficient
tor productive growth of aquaculture organisms. There-
fore, tropical arcas have a nataral advantage whercas
heated systems need to be used in temperate climates.
Demographic and social factors have alse impelled
grealer production from inland and coastal brackish-
water areas (Figure 4); in marine areas, costs of sea-stable
engineered structures are a constrainl. Mariculture op-
crations within coves and protected sca areas have been
progressively developed where installations are less
costly than in open scas.

The 1974 World Bank and FAQ (19747 study listed some
300 species that were cultured in significant quantitics
worldwide. Of these, one-fifth were classified as preda-
tary in food habits; they accounted for 10% of ail aquacul-
wire production by weight but approximately 40% of mar-
ket value. Herbivorous and omnivoreus fish, which
accounted Tor Q0% by weight of world production in 1974,
were cheaper to produce but of fower unit value and there-
fore offered the better means of massively increasing fish
protein production for low-income world populations. Thus,
the strategy of “aquaculture for food™ advocated by the
World Bank urged cencentration of production eftort on
herbivorous and omnivorous species. In Asian countries,
such production increase has been progressively gained.
In other regions, econamic demand and worldwide mar-
ket furces are also driving produciion enterprises towards
intensive culiure of the high-value predatory species.

The FAO study indicated eight broad categories ol
problems for target tood species:

1. Reproduction—mass secd supply. controlled bread-

ing and hybridization
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2. Nutrition and feeds—juveniles, larval rearing,
growth efficiency
3. Intensifying culture systems—opolyeulture combi-

nations

4. Aquacullore engineering—maximizing use of wa-
ter, space. installations. and cquipment

5. Aquatarm management—economic and environ-
mental efficiency

6. Fish health maintenance—controlling diseases and
parasites to improve yiclds

7. Environmental wmpact—aveiding disequilibrium
through culture systeans

8. Skilled scicntific and operationad personnel
ing researchers and technicians

riin-

Very limited scientific duta were available 1o improve
growth performance of selected specics, particularly in-
digenous food species. Such culturable species showed
great promise because of their tood habits, growth rates,
and compatible behavior in confinement, There were
strong advocates and valid reasons for using indigenous
species and against introducing species exotic to a re-
gion. Nevertheless. because of rising demand for foud
fish and immediate investment profitability of proven
systems, enterprises have promoted worldwide distribu-

ry B
Freshwater Freshwater
66% 56%
. s T e
- $13.7 ™,
7 .

Marine

Marine 44%,

%

Flev il 3. —World aguacuiture production of inland and
marine species, 1991: (A) tonnage (10" mt): (B; value (billions
USS) Source: FAQ (19934),

tion of tilapia, carp, salmonids, penagid shrimp, and oys-
leT species al a refentless pace 10 satisfy markets,

Agquaculture Production Systems

Productions systems for aquaculture are classified as
“extensive.” “semi-intensive.” and “intensive™ (United
National Development Programme [UNDP] et al. 1987)
though no precise criteria for these terms have been uni-
versally accepted. [n extensive systems, the cultured fish
populations stocked rely mainly on the naturally produced
organisms in the aguatic food chain. Natural productiv-
ity may be enhanced by adding nutrients in the torm of
inorganic lertilizers. manures, and organic wastes. With
increasing managenient intervention—including appli-
cation of nutrients: the manipulation of the fish stocks
by numbers. sizes and species’ combination; and provi-
sion of supplemental feeds for the tish—such systems
are described as semi-intensive. With close controls on
stocks, high stocking density, and total dependence on
artificial feeds for growth of the fish, the cullure systems
are considered inlensive. Most of the traditional Asian

LERY

105 mt

Other
Mollusks

Crustaceans

Finfish

Freshwater Coastal

Ficure 4. —World aquaculture coastal and (reshwater pro-
duction, 1990 ¢10° miy. Source: FAQ (1993,).
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aquaculture husbandry and rural enterprises have now
cvolved from cxtensive o semi-intensive and inlensive
production systems,

Stock cnhancement systems (hat provide surplus fish
for water-retention or irrigation reservoirs have increas-
ingly contributed to extensive aquaculture producticn in
Asia (China, India, Thailand. Malaysia}, in the former
Soviet Union, in Brazil, and gradually in Africa. By con-
trast, recent ayuaculture in developed countrics has con-
centrated on intensive systems though the historical stock
enhancement of lakes and dams lor recreational fishing
has continued.

Another broad production classification refers to the
*manoculure™ of individual specics in intensive culture
systems, which is typically practiced in developed econo-
mies for salmonids, catfish., and mellusks, and 10 the
“polyculture” of several compatible species, which has
been traditionally practiced in Asia with various Chinese
or ladian carp, tilapia, and crustacea. There are also in-
tegrated systems that combine aguaculture with plant
husbandry (rice and vegelable crops jointly orin rota-
tion) in Asia, or with livestock husbandry (poultry and
pigs}. which is widely practiced in Asia and Europe.
These production systems are capable of high yields per
unit eniclosed area, and byproducts of the plant or animal
husbandry provide nutrients for the cultured fish.

Agquaculiture Production Increase

During the past decade, growth of aguaculiure pro-
duction has been rapid, averaging over 10% per year and
reaching 12 million mt in 1991, More cultured tonnage
has been produced in inland than in coastal waters (Fig-
ure 4). Significant increases were achieved with culturc
of shoimp in tropical arcas and salmon in temperate zones.
Aquaculture cxpansion over most of the world is respon-
sible for the increased total food contribution from in-
land fisheries by developing countries. Intensification of
production systems is largely industry-driven and export-
oriented for salmon and shrimp. Environmemal issues,
disease control, and feeds are the main constraints. Ru-
ral aquacultore for direct local foud consumption has been
less successiul owing o various manageriad, supply lo-
gistics, and site-specific problems.

Industrial production svstems have focused on inten-
sive culture of relatively few predatory food-fish spe-
cies (salmon, catfish, etc.) for which rather precise bio-
logical requirements are already known. Most food-fish
aguaculture in the developing world derives from semi-
intensive of extensive systems {which basically rely on
the enhanced pond productivity of natural food chain
organmisms) and 15 constrained by site-specific ecologi-
cal conditions. Despite supplemental leeding and en-
hancement with fertilizers, such extensive systems are
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still comparable to the early stages of animal husbandry
in domesticating wild animals.

Production increases during the 19805 have been
broadly due to two main thrusts: China’s production and
culture of globally high-value species. China’s aquacul-
ture in 1990 reached 45% of the world’s finfish produc-
tion (mainly carp), 27% of its shrimp production, and
385 of its mussel preduction (FAQ 1992). Luxury mar-
ket demands for high-value seafood in developed coun-
tries have pushed farmed salmon o 25% of lotal world
sillmon production from all sources (capture fisheries plus
culture) and farmed shrimg to 24% of all shrimp pro-
duction (FAQ 1993b). Both increases have significantly
affected world prices for these species, Mollusk culture
systemns have increased notably: mussels and clams by
604, scallops by over 300%.

In developed countries, the industrial food-fish aguac-
ulture systems are constrained by feed prices. Fish feeds
contain high proportions of fish meal. which is mainly
importad and for which international market prices are
difficolt 1o control. For developing countries, aguaculture
production emphausis has been on the freshwaler her-
bivorous fintish species (7.4 million mt). Such systems
are not much constrained by fish meal supplies and costs,

Regionaf Assessments

World agquaculture is strongly dominated by Asia,
which accounted for about 80% of all such production
in 1991 {Figure 1}. Europe contributed 109, North and
South America about 2% each, and the bhalance was
spread over Africa, (eeania, and other arcas. This re-
gional distribution broadly reflects the world's histary
of aquaculture: more than 3000 vears in Asia, approxi-
mately 200 years in Europe. 100 years in North America,
about 70 years in South America. and fewer than 30 years
i Africa. Aquaculture remains predominantly a phenom-
enon af developing countries. Its productivity has con-
timied to grow whereas harvests in capture fisheries
peaked in 1989 and have declined since.

World Production
by Species Groupings

Half of all aguacultural production (by wcight) con-
sists of finfish (Figure 2). Most of the rest is divided be-
tween aquatic plants {chiefly red and brown algac) and
mollusks (nearly all bivalves). Crustaceans {mainly ma-
rine shrimp) contribute less than 1% by weight, but their
econmmic value is lar greater than this.

Nearly all finfish pridluction occurs in freshwater al-
though marine species have a somewhat higher dollar
value (Figure 5). Vurious species of carp strongly domi-
nate tfreshwater production (Figure 6), rellecting the Asian
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FIGURE 5.- World aquaculture production (%) of inland and
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USS) Source: FAQ (19934},

dominance of aguaculture, and the rest is about evenly
divided between the salmonids (some of which now oe-
cur in coastal arcas) and tilapia. Aquaculture production
of Atlantic salmon (Salmo salar) now far outstrips the
capture of wild fish; hatchery production of Pacific
salmon {Oncorfvachis spp.). chiefly for stocking, has
matched capture fisheries since 1985 (Figure 7). The
value of cultured Atlantic salmon now cxceeds US$1 bil-
lion annually. Salmon and trout have been transplanted
to high-latitude or high-altitude culture arcas through-
out the world. including Mcxico, Chile, and New
Zealund.

Brown algac dominate the production and value of

cultured aquatic plants, but nearly 20% af the produc-
tion and a third of the value in this class is represented
by red algae (Figure 8). Nearly all aquatic plamt cullure
occurs in Asia.

Among mollusks, oyster cullure hus been about level
since 1985, but mussel production increased notably in
the late 1980s and elum production has edged up (Figure
9). Scallops represent a relatively minor aquaculture har-
vest by weight, but they have a higher overall monetary
value than mussels.

Crustaccan culture is predominantly directed at
penacid shrimp (Figure 10}, which now have an annual
value close to USHS billion. Freshwater prawns have
contributed nearly 100,000 mt/year.

Ecological Considerations

The carth’s waters cover 68% of the planct. Two per-
cent of this water s [teshwater and supports more than
40% of the world's fish species and two-thirds of its cur-
rent aquaculture production (Figure 2). Tncreasing de-
mand for freshwater has created severe strain on natural
water sources for human. domestic, agricultoral, live-
stock, and industrial uses. Additionally, environmental
land degradation and various forms of industrial pollu-
tion have directly affected adjacent watcrs with conse-
quent impact on fish lite. Such discharges have adversely
affected the productivity cquilibrium of freshwaters, re-
duced fish output, and cven endangered survival of some

105 mt

FiGurE 6 —World aquaculiure production of major finlish
groupings. 198591 (10° mt). Source: FAQ (1993a).

tish species. The 1992 United Nations Conference on
Environment and Development (IINCEIY) in Rio de
Janciro recognized the above aspects and endorsed a se-
ries of strategies in which agquaculture systems we di-
rectly involved {(UNCED 1992).

Target Species and Development Consiraints

Culture systems and production outputs are influenced
by constraints of space, costs, and local or export market
opportunities for each species (World Bank et zl. 1992),
Consumer preferences have historically determined lo-
cdl market demand for various lish species. However,
fish selection and suitability for aquaculture also depend
on fish hehavior, survival. growth, and feeding in con-
finement, provided that adequate supplies of the juve-
niles are available. Aguaculture development in differ-
ent regions of the world has been affected by several

10° mt
w
(=]
(=]

Agquaculture
Wiid catch
Aquaculture

Wlld catch

19390

199

Ficivike: 7.—World production of Atlantic and Pacific salmon
by culture systems and capture (isheries, 1985-91 (1 mt) (FAQ
19934).
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controlling factors. which may be grouped in biological,
economic, and secial categories.

Biological factors include breeding and seed supply,
feed conversion efficiency in dense culture, disgase re-
sistance, and growth performance at ambient watcr tem-
peratures. Economic factors include costs of seed stock,
waler (space, supplies, quality, heating), feed, energy, la-
bor, equipment, and duration of produclion operations
{which differs with climate and species). Social factors
relate to peoples’ cultural traditions regarding husbandry
practices, availabilily of technical skilled labor, local
market preferences for species that are more casily culti-
valed. and year-round operational convenience of

10° mt

aqualarms. Collectively, these complex factors have de-
termined (he progressive worldwide spread of aguacul-
wre following the early historical origins in China and
centrul Burope.

This review does not address consirzints of the major
sector of health assurance and pathobiology in aguaculture,
which requires comprehensive dnd not cursory coverage.
Suffice it to say that bacterial, fungal, viral, neoplastic, and
parasitic diseases affect fishes. crustacea, mollusks, and al-
gae. Both infectious and noninfectious diseases have be-
come critically significant—particularly for intensive
salmon and shrimp systems—and catastrophic outbreaks
have oecurred. Specialized oxicologists, parasitologists, and
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FiGukl 9. —Quantity of world molluskan aquaculture production () by species groupings, 1991 {10% mp). Source: FAD (19934).
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pathologists now provide veterinary services for salmon,
catfish. carp. and shrimp aquaculture.

Operational Constraints

The adoption and spread of varicus culiure systems in
each region have been indirectly determined by the cost-
efficiency of operations. The most cost-efficient {infish
Tor cultivation are phytoplankton foragers while filler-
Teeding mollusks are the most efficient producers in nu-
trient-rich coastal waters. New et al. {1993) showed in
their assessment of Asian aguaculture production that
1990 harvests from camivorous specics vielded 0.5 mil-
lion mt while noncarnivorous finfish production otaled
1.6 million mit. The increasing quantitics of shrtmp and
prawn (high-protein teeders} totaled 0.75 million mt. A
significant aspect of the inlensive agquaculture industry
has been that the most valuable tish species being cul-
tured are preduators that require a high prolein level in
the compounded feeds provided. Elticient fish can con-
vert such feeds at ratios from 2:1 to 5:1. Rations com-
prisc both moist [ceds {consisting of a large portion of
low-value marine fish) and dry pelleted feeds made with
fish meal together with sorghum or other plant ingredi-
cnts. For grow-out operations, profitability ultimately
depends on costs of the protein companent of the supple-
mental feeds.

Consumer preference in affluent societies has been tra-
ditionully tor predmory species, and this has fueled the
export market demand from developing regions for such
cultivated species of high unit value. However, in view of
the population crisis for food sclf-sufficiency and the
ccological dilemma posed by declining marine fish har-
vests worldwide. the greatest aquaculiure emphasis needed
15 for maximizing production of noncarnivorous species.
Phytoplankton teeders and herbivarous species should

therefore be given much greater attention. particularly in
trapical aquaculture research. Accordingly, the candidate
species of macrophage and phytoplankton feeders of
South America, Africa. and Asia should continue to be
targeted Tor inlensive aquacultute enterprises,

Feeds and Nufrition

Warld fish consumption preferences bave influenced
international marketing of harvests from capture lishing
and impelied commercial culture systems everywhere
towards aguacullure of high-value camivorous species.
The profitability of such intensive systems is constrained
by feed costs because the protein component relies on
fish meal or low-value bycatch fish to satisfy dietary nu-
trient requirements. Such commercially prepared feeds
aceount for more than 5039 of production costs for salim-
nids and Asian shrimp production. Asian countries pro-
vide tor 80% of world Gnfish aguacolture (Figure 13 but
depend on artificially prepared commercial feeds for only
10% of that output (New ct al. 1993}, The remaining
90% compriscs noncarnivorous species in polyculture,
in which nutrition depends on enhancing productivity of
natural food organisms in cxtensive and scmi-intensive
aquaculture systems. Notably, the Asian domestic mass
consumption preference is traditionally Tor these species
(carp. milkfish | Chanos chaios]. tilapias) though high-
value carnivore species (vellowtails [Seriofa spp.]. cels
|Anguilla spp. |, cattish |Clarias spp.|, scabream |Myfio
spp-1) have emerged as signiticant exports to affluent
commurities.

Rising costs of supplemental feeds have adversely af-
fected the cost—efficiency of intensive aquacullure sys-
tems and encouraged the recent increase in Asia of non-
carnivorous finfish with an evident relative decline of
the Asian outpul of carnivorous fish, From 1985 (o 199(),
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Asian carnivore outputs declined from 52% to 41% of
the world catch while Asian polycultures of noncarnivo-
rous fish increased by 3% in the same period (New et al.
1993). However, while this aquaculture increase of
noncarnivores was the case in Asia. where there is un-
satisfied market demand for cultured food-fish, in other
areas markets need mainly carnivorous species that re-
quire high-protein feeds. Rising costs and lessening world
availability of fish meal have stimulated rescarch stud-
ies on vegetable replacements for the fish meal compo-
nent in the feeds of salmonids and catfish.

Significant progress has been achieved in fish feed
technology by using soybean and canola. Experience in
salmon aquaculture illustrates these production econo-
mies (Prendergast et al. 1994). Feed costs vary from 40%
to 60% of farm operational expense. The protein frac-
tion of fish feed cost may account for 64% of the cost,
which is being driven higher by declining world sup-
plies of fish meal. Recent research has focused on the
use of canola (a variety of Canadian rapeseed |Brassica
spp-]). which has been shown to have high nutritive value
for livestock and poultry feed. Protein from rapeseed
(which ranks third in world production of oilseed crops)
exceeds the world production of fish meal protein, and
is half the cost of Canadian fish meal. Initial results of
growth trials demonstrate the successful replacement in
trout diets of fish meal by canola protein concentrates.
This field experience ofters promise for commercial ap-
plication with salmonids because of the benefits—in
contrast to fish meal—of cost savings, reliable supplies,
uniform nutrient composition, and storage stability.

Perspectives and Operational
Opportunities

In general, marine environments offer greater pros-
pects for expanded culture of finfish and shelltish spe-
cies than freshwater environments. However. in temper-
ate countries the investment attraction for marketing
high-value predatory species has led to concentration of
mariculture effort on a few such species monocultured
in cages, with low-value fish species provided as their
supplemental feed. The potential still remains to be fully
developed for expanded tropical culture of filter-feeding
mollusks, seaweed, and polyculture combinations. The
major contributors of world aquaculture have very dif-
ferent objectives from those of North American produc-
ers. There are many other development horizons that may
be cited but this review will be contined to finfish and
not crustacea and mollusks.

Suitable New Species

Ichthyologists have identified some 1.800 species of
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freshwater fish in Latin America, of which the major
groupings suitable for aquaculture are in the Amazon
River system. Colossoma bidens is one of the many her-
bivorous species of proven performance. In Africa, a
least 40 among 3,000 freshwater species have been simi-
larly identified. The great lakes of Africa contuin the rich-
est lacustrine fish speciation in the world. Of these, more
than 50 candidate species, including many tilapia, have
been recognized as exceptionally suitable for aquacul-
ture owing to their fast growth, desirable food habits,
and favorable comportment in mass confinement. At least
15 indigenous African species are showing great prom-
ise for aquaculture (Jhingran and Gopalakrishnan 1994)

In Asia, over 30 new species are already the tocus of
research and tield performance studies.

Currently there are hundreds of private farmers who
individually breed and culture autochthonous species in
scattered, localized fish farming enterprises throughout
many Asian countries. These naturalists may not be
trained scientific researchers but are keen dedicated ob-
servers and efficient purposeful practitioners located ir
very different but opportunistic locations tor culture of
particular local species of their choosing. They are most
effective collaborators whose different site-specific op-
erations provide variable but controlled parameters for
research biologists to examine and standardive in deter-
mining the further selection of appropriate indigenous
candidate species.

It is noteworthy that Pak Mudjair discovered the
African tilapia (Oreochromis mossambica), which un-
explainedly appeared in coastal pools in Eastern Javi
around 1939. Its subsequent worldwide promotional use
directly resulted from his keen observation and initial
trial cultures, which were later validated by scientists’
publications describing adabtability in different condi-
tions. There are similar historical precedents for the work
of fish culturists in China, India, and Europe that vali-
dated work of keenly observant naturalists. Close liai-
son between fishery research scientists in academic cen-
ters and naturalist fish farmers of remote tropical areas
with rich abundant ichthyofauna may help to determine
the practical aquaculture performance of new candidate
species.

Tropical Fish Seed Banks

The opportunity for fishery scientists in developed
countries to contribute to the improved efficiency of tropi-
cal aquaculture may be most readily facilitated through
university research on the mass breeding and larval sur-
vival of culturable indigenous fishes. The traditional col-
lection of fry in China and India (after the seasonal flood>
from monsoon rains have covered the floodplain) gave
rise to the deliberately organized fry collection for aquac-
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ulture. This is largely now superseded by hatchery pro-
duction and “seed bank™ systems where select broodstock
of the desired species are artificially bred to mass-
produce “fish seed” or “commercial fry.”

Similar collection of “wild” fry trom floodplains fish-
eries has now begun in several countries of Africa to re-
stock reservoirs. This is particularly evident in Mali where
the floodplains of the Niger river provide enormous quan-
tities of fingerlings. Catfish (Clarias and Heterobranchus
spp.) and tilapia are now gathered and held alive for re-
stocking the increasing numbers of community reservoirs.
This process is the first activity stage of community
awareness through aquaculture intervention that is now
supervening in many of the inland areas of Africa. This
situation is being driven by the urgent demand for food
in Africa and the clear need in integrated rural develop-
ment programs for the multiple use of the water resources
of this vast continent.

Controlling Human Water-Borne Diseases

Tropical aquaculture activities also endeavor to make
a virtue out of a necessity. Where watersheds increas-
ingly discharge agricultural fertilizers, eutrophication of
warm waters in tropical lakes and large reservoirs can
develop rapidly, often causing fish kills. When not con-
trolled. such fertilized waters also promote rapid algal
and weed infestations that create suitable habitats for
several human disease vectors. These include mosquito
larvae (vectors of malaria and filaria), Simuliin larvac
(vectors of onchocerciasis), and snails (vectors of bil-
harzia). Natural control of these aquatic organisms oc-
curs in equilibrium when they are consumed by various
fish species that are abundant in the geographic regions
where these human diseases are endemic. Herbivores also
consume the vegetation that protects the insect vectors
and provides food for snail vectors (Aquaculture Devel-
opment Coordination Program 1976). The polyculture
combinations of herbivore, insectivore, and malacophage
fish species (in China and India) have, therefore, been
opportunistically designed to produce edible protein
when these fish are stocked in large ponds or behind
water-retention dams. Such fishes consume these organ-
isms while occupying different compatible ecological
niches in the tropical waters where these disease vectors
occur naturally. Continuous multiple benefits of cleaner
water, disease vector control. and food fish have resulted
from such large retention dams by regular strategic stock-
ing with these indigenous fishes.

Large permanent reservoirs or dams for hydroelectric
power and numerous small catchment reservoirs have
been built throughout many tropical countries. However,
unless these are well stocked with fish, they may create
some health hazards for riparian communities and spread

the particular water-associated diseases mentioned when
they become scattered foci of aquatic vectors of human
infectious diseases. These dams are often located in semi-
arid regions with critical water shortages where settler
and nomadic communities are consequently subject to
high incidence of bilharzia and malaria. The ancient
Chinese sayings that “fish sanitizes water”™ and “good
waters have plenty of healthy fish” refer to carly experi-
ence with fish, algal blooms, and various diseases when
the stocking of fish in natural waters made the fish and
water more satisfactory for general human use in ripar-
ian communities.

Africa only produced 51,000 mt of aquacultured tish
in 1990 while catching 1.9 million mt of food fish from
inland waters. Geographical information svstems have
disclosed over 10.000 small water bodies in Zimbabwe
(Coche et al. 1994). and more than 200,000 such reten-
tion dams of various sizes throughout Africa were esti-
mated by participants of a 1993 symposium of FAO's
Committee for Inland Fisheries of Africa. Kapetshy
(1994) estimated that vast areas in some 30 countries
have suitable temperature zones (>22°C for >8 months)
for aquaculture operations. The enhancement of culture-
based fisheries in these widespread small water bodies
offers excellent opportunity for sustainable food produc
tion increase and is gathering momenturn with the stock-
ing of irrigation dams in sub-Saharan Africa.

Accordingly, the beneficial experience of Asia should
be fruitfully repeated in Africa and Latin Amecrica through
the obligatory stocking with suitable “vector-control spe-
cies” indigenous to the sub-region. As extensive aquac-
ulture systems, these dams give cost-cffective yields.
particularly since the intensive aquaculture husbandry
systems of Asia are not easily transferable for sociocul-
tural reasons. Desirably, standard hatchery systems for
the mass production of juveniles of recommended in-
digenous species should be an essential requirement for
stocking tropical water-retention dams. Such “agudes™
(artificial lakes), which have been built in northeast Bra-
zil and stocked with fish since the 1930s, now yearly
provide over $104 million worth of food fish.

I submit that these extensive systems of culture-based
reservoir fisheries can prove to be the most important
immediate food contribution of tropical aquaculture. giv-
ing large total yields at low unit costs and management
inputs in tropical countries that are less aguaculturally
advanced. In Thailand, China, and Indonesia (Bhukaswan
1977), the stocking of shallow water-retention dams with
suitable combinations of indigenous species has resulted
in massive, sustained harvests for nearby riparian popu-
lations. This process involves easy management and di-
rect beneficial involvement by communities. In the
Ubolrathana reservoir (Thailand), the fish harvests were
of greater value than the value of electricity sold to the
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rural communities. These revenues do not reflect an ex-
port value and foreign exchange earning, but they are
significant for food sufficiency of inland communities
and contribute continually to their social and economic
stability and savings of expenditures for fish that were
previously imported. These are invisible or httle recog-
nized sustained benefits of aquaculture in addition to its
public health controls—virtues from necessities!

Aquarium Ornamental Species

Apart from aquaculture of food fish, there has been
dynamic growth of the aquaculture of ornamental spe-
cies as a burgeoning “cash crop.” This has helped pro-
mote new breeding technologies for food fish. In 1973,
the International Development Research Centre scien-
tific study group of Southcast Asian aguaculturists
(Allsopp 1973) identified the aquarium fish trade as their
most profitable aquaculture enterprise based on opera-
tional space, investment, and revenues from assured ex-
port markets. The initial practice of seasonal collection
of juveniles from wild sources during favorable seasons
was progressively being replaced by private breeding
centers. Because of foreign exchange earnings. the in-
centive for efficient mass propagation of highly prized
ornamental species attracted privately sponsored research
at universities for the breeding, nutrition, and diseasc con-
trols of such local and exotic species. Universities in
Singapore, Thailand, the Philippines, Hong Kong. Indo-
nesia. and Malaysia had special projects on premium-
value freshwater and marine species, working in collabo-
ration with public aquaria.

The Asian aquarium fish trade has become one of the
major opportunities for developing effective technolo-
gies for breeding, feed formulation, mass proliferation,
and health maintenance of various tropical specics group-
ings. Though entrepreneurs have concentrated on pre-
mium species for the ornamental fish trade, such unpub-
lished research helped solve problems in culture biology
and health assurance of juvenile stages of many tropical
fish species. University researchers first succeeded with
captive breeding of many attractive local species and then
progressed to other exotic tropical species in high de-
mand from Africa and Latin America. Moreover, there
are attractive professional incentives for such research.

The worldwide value of the aquarium fish trade ex-
ceeds $400 million annually. This rapidly enlarging and
lucrative international trade in ornamental fish has di-
rect relevance to the food-fish aquaculture industry. It
has addressed, in a microcosm, many complex technical
aquaculture problems and transferred results from small
university laboratory facilities to larger commercial op-
erational centers for profitable replication. Because such
experimentation is centered near the equator. the con-

stant temperatures and length of day provide little cli-
matic variation, enabling manipulation of other signifi-
cant parameters to induce breeding year-round. Many
smaller, colorful species for the ornamental fish trade
are varieties of larger food species being cullured (e.¢..
cyprinids, characids. cichlids).

The historical performance of the Singapore aguarium
industry has been truly remarkable. Cheong (1993) de-
scribed how this opportunity has been maximized within
space limitations of a land-scarce island (384 km*)
Singapore has 2.7 million people of whom only 13.000
are employed in the total agricultural sector (<1% of the
national labor force in 1991). However the aguarium fish
industry directly employs 1,200 people (i.e.. 0.04% or
the national population) but earns 1.8% of the value of
national exports in hard currency. Notably, the expor
value of Singapore's ornamental tish accounts for 209
of the world trade. while aquatic plants are 0% of woril
exports.

Singapore has established a network of fish breeders,
exporters, and brokers specialized in brecding popular
target species and a wide array of hybrids. These opera-
tions are now relocated at the Ornamental Fish Breeding
Centre with development of modern farms in special
agro-technology parks. Three hundred and forty variet-
ies of ornamental fish are produced while specialist ex-
pertise in selective breeding and health assurance has
been progressively developed by concentrating efforts
on a few major species groups. Similarly, more than 100
specics of ornamental aquarium plants are cultivated
while specialized tissue culture of plant species has de-
veloped varietics of top value. Advanced biotechnolo-
gies of developed countries are being directly applicd
with aquaculture of ornamental fish species. This augurs
well for wider application with tropical food-fish spe-
cies.

Singapore’s ornarnental fish industry, government.
and the national aniversity collaborate closely to pro-
vide technical advice and to support required rescarch
on breeding genetics, diets, and health assurance. They
have introduced innovative fish health certification and
controls that set international standards which have es-
tablished for Singapore a reputation as “the ornamental
fish capital of the world.”

New Aquaculture Biotechnologies

Increased aquaculture production has been largely duc
to the worldwide translocation of species, including
carp, tilapia, catfish, and salmonids, that are exotic (o
the areas where they are now being commercially cul-
tured. These translocations fly in the face of proven his-
torical experiences that introductions of exotic species
cause irreversible ecological consequences. We are now
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recognizing the adverse impacts of many such carp and
tilapia introductions in various countrics; the tragedy of
Nile perch (Lates nilotica) in Lake Victoria is well pub-
licized.

Despite the difficulties of incomplete knowledge of
the indigenous species, the major opportunity and great-
est focus of tropical aquaculture researchers should be
on the dozens of promising species in Africa and Latin
America. Biotechnology research advances can assist
wider use of indigenous species. Some advances were
cited by Donaldson et al. (1993), and they will have in-
creasing impact on the aquaculture industry in several
dircct ways.

Induced breeding for seed production.—Several labo-
ratories are perfecting spawning procedures and genetic
selection for various salmon species. Gonadotropic ex-
tracts initially used to induce breeding have been replaced
by refined synthetic hormones and analogs, with or with-
out dopamine antagonists, to achieve successtul spawn-
ing and hybrid production. These procedures have
achieved operational success with Chinese and Thai carp
and Amazon characids. Procedures have focused on
broodstock husbandry, genetic selection, induced breed-
ing., gamete storage, fertilization techniques, sex control,
incubation, and larval rearing to stock size. These sys-
tems address reproduction of sclect stocks of specific
fish (mostly salmonids) whose growth performance has
been scrupulously tested and approved under controlled
culture conditions.

Cryopreservation.—Standard procedures for storage
and transportation of gametes and embryos have been
successtully developed. Monosex sperm {rom select
broodstock of several species can now be stored and pro-
vided for opportune use in later spawning seasons. This
enables sequential spawning from select broodstock
throughout the year under natural environment or cul-
ture conditions. This process will permit the develop-
ment of technologies for year-round seed supplies of
appropriate broodstock of temperate and tropical spe-
cies, taking timely advantage of the favorable grow-out
conditions with lessened dependence on uncertain seed
supplies that may be obtained only during climatic
spawning seasons (Harvey and Carolsteld 1993). The
International Fisheries Gene Bank is perhaps the most
recent development in networking tropical cryopreser-
vation of gametes derived from select aquaculture spe-
cies in China, Brazil. Venezuela, and even for endan-
gered stocks of North American species.

Controlled sex differentiation.—Starting with
Guerrero’s (1975) initial work using 17 ¢ -methyltest-
osterone for regulating production of monosex tilapia,
procedures are now further refined for the production of
sexually sterile fish. Such fish are being used in inten-
sive aquaculture systems where genetically altered fish
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or exotic species are commercially grown adjacent to
areas with wild stocks. Methodologies including induc-
tion of female triploidy have successfully produced ster-
ile stocks as well as monosex females of new strains.
Such techniques will be applied to certain strains of
transgenic salmon, which are much faster growing than
wild stocks. This process avoids any possibility of cul-
tured stocks breeding with natural or feral populations
if, through accidents or floods. they escape from ponds
or enclosures to the natural environment. The main ben-
efit of sexually sterile fish for aquaculture tood produc-
tion is that the metabolizable energy of the fish is used
for somatic growth and diverted from gamete produc-
tion. This can eventually result in more efticient growth
and bigger fish for marketing or greater vields from in-
puts in a given period.

Growth stimulation.-—The use of peptides and pro-
teins for enhancing growth and feed conversion of salmon
aims to improve production of intensive svstems by re-
ducing feed costs. Increasing the growth rate of fish hus.
for example, been achieved by administering bovine pla-
cental lactogen to fish in amounts that ettectively cn-
hance growth. This technique, developed by Donaldson
ct al. (1993). is the subject of a U.S. patent with the
Monsanto Company. It will be particularly important for
fish farming ot salmonids, tilapia, catfish, and carp, and
applicable to fish of any age. It can be administered by
slow release injection and in the diet.

Transgenics.—The development of recombinant DNA
methodologics to produce fish with aliered “gene-
constructs”™ has improved the growth--sizc characteris-
tics of cultured fish and in the future may be used 10
manipulate their reproduction, disease resistance. and
tolerance to environmental conditions. Initial successes
have been achieved with salmonids, carp. and loaches.
Selected over several generations, transgenic fish will
eventually be produced with desired market characteris-
tics, much improved growth, feed conversion, nutritive
value, and flesh quality. Therefore, in the future indus-
try. mass-cultured fish may have such inherent qualives
similar to select beef and poultry products.

Issues of special concern, which are being carefully
addressed, include the safety of such fish for human con-
sumption, the interaction of such fish with wild species
(in reproduction, food competition or habitat displace-
ments), and the public perception and consumer accep-
tance of modificd organisms.

Conclusions

In summary, biotechnologies now being developed for
potential commercial application with salmonids will pro-
duce fish that grow rapidly, never mature sexually, and
therefore provide an optimal fish for culture conditions
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that is incapable of breeding with wild stocks in natural
water bodies. Such technologies, when they are subse-
quently applied to other candidate tropical species of high
aquaculture performance, can revolutionize intensive
food-fish aquaculture as well as stock enhancement of
water catchment reservoirs in those tropical
“aquaculturally advanced” developing countries that arc
already the largest producers. Further, there are 64 cyp-
rinid and 43 cichlid food species already being cultured.
and only the most suitable candidates can be then di-
rectly targeted.

There is excellent opportunity for university research-
ers of developed countries to concentrate effort on high-
value tropical fish species and contribute to the species
survival programs. These efforts are being advocated for
many tropical environments where there is evident threat
of disappearance of certain endangered fish species be-
cause of environmental degradation, industrial pollution,
pesticides, and agricultural chemicals. Many of these
“ornamentals” are non-food species, but several are of
the same genera of locally significant food specics. They
thus offer a challenging opportunity for university sci-
entists to engage in significant overseas research part-
nerships. Teams of multidisciplinary personnel within a
university complex will have a greater opportunity to solve
breeding and culture problems by using laboratory-con-
trolled aquaria than by traveling to remote ficld sites. In
this way, scientists can help clarify difficult physiologi-
cal aspects of reproduction and nutrition of promising
indigenous tropical food fish for aquaculture.

Epilogue

At the outset of this review, it was indicated that in
1974 a scholarly World Bank group had determined the
key global problems and set scientific goals and priori-
ties. Some of these have been vigorously pursued in some
regions through international collaboration of aquacul-
ture researchers. Twenty years later. challenges facing
aquaculture are more formidable, world food needs more
urgent, but opportunities are perhaps greater. Accordingly.
aquaculture systems may yct sustainably provide a more
significant portion of the world’s food-fish requirements
and may yet achieve the FAO projected output of 20
million mt by the year 2010.

Aquaculture is rooted in the distant past, is valiantly
serving the present, and we hope will contribute signifi-
cantly in the future to assure the world’s population an
adequate supply of fish for human consumption. The fu-
ture of aquaculture will depend on policy makers world-
wide to couragcously pursue and purposefully accom-
plish the scientific, management, and environmental
goals that have been already clearly defined.

ALLSOPP
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Sea Ranching of Atlantic Salmon with Special
Reference to Private Ranching in Iceland

ARNt [SAKSSON

Abstract.—This paper defines sea ranching and differentiates it from salmon enhancement activities occur-
ring in most salmon-producing countries. Private and semi-private ranching of salmon can be considered aqu.ic-
ulture, as the purpose is to produce high-quality fish for world salmon markets. International production statis-
tics for ranching demonstrate the dominant position of Pacific salmon (Oncorlrenchus spp.) in sea ranching,
primarily in Japan and Alaska. Status of Atantic almon (Salmo salary ranching is discussed with a special
focus on the development of private ranching in Iceland. This includes production statistics and discussion ot
the social, genctic, and ecological problems associated with this development.

The strategies used in ranching, including site selection and salmon stock. as well as release and recaptire
methods, tend to vary considerably between countrics and areas. depending on the species used and the ecologi-
cal and political framework. The absence of any sea fishery for salmon within Iceland’s 200-mile (320-km)
territorial limits, as well as private ownership of rivers, has facilitated the development of large-scale private
ranching with the primary aim of producing high-quality salmon for the market. The industry. in response to
market demands. emphasizes the production of large |-sea-winter salmon. approaching 3 kg in mean weight.
Genetic selection experiments suggest that marine survival and average weight at return can be improved through
family selection. It is fairly clear that ranching of Atlantic salmon will always be somewhat small-scale com-
pared with salmon farming, primarity because of ecologicat and economic limitations. The ranching industry
must thus promote quality rather than quantity. The targe commercial operations in Iceland are still develop-
mental, with release and recapture methods and smolt production routines being generated. Periods of low
marine survival in the late 1980s and earty 1990s have further compounded the s:tuation. As most of the larze-
scale operations in Iceland have gone inte liquidation, the future of private ranching of Atlantic salmoa secms
highly uncertain.

» Enhancement is here used to define all other activi-
ties. such as releases of fry and smolts by govern-
ments or companies for mitigation or restoration
purposes. Usc of indigenous stock is often manda-
tory. This would include public releases in the Pu-
cific and Auantic oceans and the Baltic Sca,

Ocean or sea ranching is the practice of relcasing young
fish into the marine environment and allowing them to
roam and grow in the wild until maturation, The term is
most commonly used for the release of salmon smolts or
fry, which are ready to migrate from freshwater into the
sea and subsequently return after 1 to 3 years as mature
fish to the same freshwater location. In the case of A(-
lantic salmon (Salmo salar), returning fish are mostly
classified as grilse or 1-sea-winter (1SW) and 2-sea-
winter (2SW); older salmon are rarely observed in ranch-
ing operations. Salmon ranching can further be catego-
rized depending on salmon species. harvest strategies,
and political structure.

« Private ranching is defined as large-scale releases
of salmon smolts by private companies with the in-
tent of harvesting all the salmon upon return at the
release site. Genetic selection of the stock to im-
prove performance is logical and desirable. and all
the salmon are harvested at the release sitc. This
activity is currently confined to Iceland.

« Semiprivate ranching is used in Japan and Alaska
with Pacific salmon (Oncorhynchus spp.) where
cooperative companies of fishers are releasing
salmon to enhance local fisheries. Genetic selec-
tion of stock is possible, and the fish are harvested

International Aspects

International sea ranching is primarily based on Fa-
cific salmon of the genus Oncorhynchus, of which there
are 7 species in the Pacific, including steelhead trout
(Oncorhvnchus mvkiss). The greatest contributions to
commercial ranching come from species with the short-
est freshwater rearing cycle, that is, chum salmon (¢
keta) and pink salmon (0. gorbuscha), primarily in Ja-
pan and Alaska. These operations, producing over
250,000 metric tons (mt) of salmon annually ({sakssan
1994), can be considered true ranching as they are con-
ducted by semiprivate organizations in order to cnhanc?
their own commercial fisheries and are thus non-river
based. These species arc released at a size of 1-2 gatew
months atter hatching. All ranching operations in the
Atlantic are based on Atlantic salmon and the conspe-
cific Baltic salmon (S. salar), which are released as 1- or

both in mixed stock fisheries and close to the re-
lease site.

I-year smolts at a size of 20-50 g.
This paper deals primarily with sea ranching of salmon
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as an aquaculture venture (i.¢.. a methed to produce food
through various harvest stratcgics}. It discusses searanch-
ing of Atlantic salmon with a focus on current produc-
tion and the status of sca ranching in Iceland. Tt also re-
views the major ecological and political problems
encountered in private ranching programs aod the ranch-
ing strategies envisioned for the Atlantic sulmon ranch-
ing industry. Finaily, the potential of sca ranching is com-
pared with sulmon larming with respect to [uture
development and economics.

Ranching of Atlantic Salmen

There are considerable enhancement activities in vari-
ous countries bordering the Atlantic Ocean. Total releases
ol Atantic salmoen smolts into the Atlantic in Europe for
enhancement purposes, however, constitute less than 2
million smelts, with Ireland releasing the bulk, close o
I million smolts. About a million Atlantic salmon smolts
are released on the cast coast of North America, fairly
equally divided between Canada and the United States.
feeland is the only country actively involved in commmer-
cial ranching, releasing close to & million smolts annu-
allv In recent years,

Sweden and Finland are conducting considerable
salmon enhancement activitics in the Baltic Sea, releas-
ing over 5 million smolts annually (Ackefors et al. 1991).
This activity cun be considered a prime example of public
enhancement activities in Europe and is upholding a siz-
able mixed-stock commercial salmon fishery in the Baltic
main basin. with serious consequences for the remaining
wild stocks {Eriksson and Eriksson 1993). The jssuc is
further confused by a large participation in the tishery by
nations that do not contribute to release operalions.

250

Salmon ranching
200

150
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Private Ranching in lceland

In lceland, all salmon and trout fishing rights arc con-
trolled by owners of lands adjacent to rivers and lakcs,
who by law arc obliged to form a fisheries association 1o
manage the resource. The fisheries associations have been
involved in enhancement activities for decades, includ-
ing both fry and smolt releases and consiruction of fish
ladders. Tn the early [960s. the [nstitute of Freshwater
Fisheries established the Kollafyirdur Experimental Fish
Farim, which was instrumentad in promoting {ish culture
activity and started experimenting with salmon ranch-
ing in 1965. This activity, and the fact that harvest of
Atlantic salmon in the sea has been prohibited by law
gince the 1930s, has laid the foundation for private ranch-
ing in Lecland.

Although there have been experimental releases since
the mid-1960s, commercial ranching only started in the
mid-19%0s. peaking with the release of 6 million smolts
in 1991, The proportion of ranched salmon in leelandic
salmon catches has thus increased {rom less than 20% in
1980 1o more than 804 in the carly 1990s (Figure 1.
Mast ranching activity takes place on Iccland's west
coust; it 1s of minor importance in other arcas.

The largest commercial facility operating in Teeland.
established by Silfurlax, Tnc.. is a release facility locared
at Hraunstjordur in western lecland (Figure 2). Smolts
are released from scawater pens in midsuimmer after a 2-
to 3-month adaptation in freshwater and subsequently in
seawarter rearing pens. Recaptures are performed through
an efficient seining process in esuatine arcas within 100
i of the river mouth, Most recaptures take place during
June through August, with a peak in July. In 1993, the
Hraunstjordur tacility recapiured about 100,000 salmon.

T T
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FIGURE |.—Contribution of salmon ranching {107 metric tons [mit]} w the total celandic salmen catch during the last 20 years.
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FIGURI: 2—A disgram of the Hraunstjirdur ranching facility, showing the smolt-rearing cages and the dam, which creates the
freshwater lake. The trapping of adults is conducted within 100 m downstream of the highway bridge.

abour 50% of the wotal [eelandie salmon cateh of 206,000
salmon {650 mt).

The high proportion of ranched salmon in the leelan-
dic salmon catch has raised questions regarding the in-
teraction of ranched and wild salmon populations. Con-
siderable information has been gathered on the
enviromnental and ecological problems associated with
private salmon ranching and the improvements needed
lor its viability.

Problems Related to Ocean Ranching

There arc various problems related (o ranching, which
in many cases arc beyond the rancher’s control. The suc-
cess of ranching depends on the release of high-quality
smolts at the right time into an oceanic environment that
favors the survival and growth of the fish. The salmon
tancher can often deal successfully with the rearing and
release aspects of the ranching process, but the marine
phasc of the sulmon'’s life cycle is enlirely subject to the
whims of nawre. This scction highlights some ol the
major problems related to ranching, with a special em-
phasis on problems observed in private Atlantic salmon
operations in Teeland.

Ecological Constraints

Smolt quality and release techniques.—Probably the
mest important faetor under human conirol is smolt qual-
ity and the suceess of smoltification, which determines
the success or failure of an ocean ranching venture. Re-
lease time and techniques are also critical factors. It is
by no mcans certain that a suceessiul small-scale pilot
project will be as successful after scaling up to commer-
cially viable size, The pure logistics of releaging 2 to 3

million Atlantic salmen smolts over 4 1-month period
and harvesting 200,000 salmon over a 2-month period
can be overwhelming. This scaling up of ranching (o
commercial sizes has oflen been difficult and can. in most
cases, be considered a new stage in experimentation,

Intcranmual variation in ranching potential.—There is
good evidence that ranching puotential varies highly from
year 1o year, which is reflected in survival and growth of
ranched salmon in the sea. This is probably more promi-
nent in polar and temperate arcas. which arc on the bor-
derline of salmon distribution. 1t is well known that warm
neeanie currents flowing northward. called Ll Nifio. cre-
ate unfavorable conditions for sahnon in temperate ar-
ens of the Pacific. Similarly, polar currents have created
ditficult conditions for ranched salmon in Iceland
(Isaksson 1991}, but most prominendy for wild salmon
stocks on the north and east coasts of the counry
(Antonsson et al. 1993).

A model {Tigure 3) was constructed from data obtained
at the Kollafjordur Experimental Fish Farm in lceland
in the 1980s (fsaksson 1994). When the warm Gulf Stream
flows north of lceland and oceanic conditions are rela-
tively favorable (as reflected in the left side of Figure 3).
return rates are high, the ranched fish are larger, and
most of the salmon return aller 1 year in the sea, having a
fairly cven make-to-female ratio in the grilse population.

Conversely, it polar currents dominate and the Gulf
Stream does not affect the north coast of leeland (as re-
flected in the right side of Figure 3), the return rates are
low and the grilse small in size. There is also a delay in
maturation over ta the second year, and males cnd to
dominate in the returning grilse. This condition is. infact,
{requently observed in wild salmon populations on
lceland’s north and east coasts (Scarnecchia 1984).

Similur findings have been reported for the western



SALMON RANCHING 1IN ICELAND

169

"
9]
=
tv
0
b
0
s
2
14
)
=
1]
"4

KGURE 3. —A descriptive model showing the offects of oceanographic factors on return rates and varous population param-
eters of leelandic ranched Atlantic salmen (Sedimo satar). The figure describes only gencral srends.

Atlantic. Friedland et al. {1993) suggested that salmon
habitat in the Labrador Sea and Denmark Strait has been
reduced in recent years and is especially critical in late
winter. [Lix likely that this information mostly holds for
arctic areus. and ranching conditions might be more stable
in subarctic areas, especially in the grilse component.
However. 25W salmon from those areas trequently po
to arctic feeding areas {e.g., west Greenland).

Carrying capacity of the ocean.—Some information
from the Pacific indicates that larger numbers of [ceding
salmon in the ocean reduces the growth rate of several
salmon specics. Peterman {(1984) cstablished a reduccd
growth rate of sockeye salmon (Q. werka) in the Gulf of
Alaskain years ol high abundance. Similarly, record runs
of sockeye to the Fraser River in Canada in recent years
were accompanied by unusually small-size returning
adults (J. C. Woodey, Pacific Salmon Commission,
Vancouver. British Columbia, Canada, pETS. COMM. ).
Eggers et al. (1991) demonsirated reduced nverage size
of pink salmen since the carly 1970s in the wake of in-
creased ranching. Similar observations have been re-
ported for Japunese haichery chum salmon.

Since salmon catches in the Atlantic are minute (3.000—
8,000 mt} compared with those in the Pacific (600,000
mt), it scems unlikely that salmon populations in the At-
lantic sufter from overcrowding, It must be borne in wind,
however, that salmon production might in some vears be
limited by other fish species occupying the same oce-
anic niche, as well as by thriving populations of marine
manumals.

Genetic effects from straying salmon.—Many biologists
fear that continuous straying of reared and ranched fish
into rivers may be delrimental to wild stocks, which have
adapted to a specitic environment for thousands of vears.

Ranched and reared salmon, in contrast, have adapted 1o
the rearing environment at lzast through a part of the
life cycle and might thus be unsuited for life in the wild.
Long-term genetic mixing of those salmon with wild sal-
mem might conseguently be detrimental to wild stocks.

A number of workshops and conferences have in re-
cent yeurs deall with this issue. compiling information
on detrimental impacts and focusing on research neces-
sary tor conclusive answers (Thomas and Mathisen 1993 ).
Meanwhile, for precantionary reasons. il 15 considered
important to prevent large-scale straying of ranched and
reared salmon into pristine salmon rivers.

Icelandic enhancement and ranching operations have
yielded a great deal of practicul information on the siray-
myg of ranched salmon into rivers and between ranching
stations, as well as the straying of wild fish inte ranch-
ing stations und between rivers. Some of the findings are
summarized in the following sections.

Straying of ranched salmon.— There is considerable
information available in Iceland on the straying of
ranched salmon to other ranching stations and into riv-
ers. The riverine information, however, is only based on
the screening ol the sports cateh for coded-wire tags. but
httle information is available on the proportion of strays
in the escapement or their subsequent spawning success.

Straying varics from year 1o ycar. appearing to be
higher in years of low return. Thus. there might be a com-
mon factor during imprinting, possibly related to
smoltfication. that affects both survival and homing pre-
cision. The number of strays rom one ranching station
to other stations can be on ihe order of 10-15% of 1otal
numbers of microtagged salmon returning in high stray
years, but only half of that in years ol low straying rates.
The number of observed sirays of ranched salmon into
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wild salmon rivers has been in the range of 2-4% of the
total number of tagged salmon returning, being higher
in rivers close to the ranching stations. Incidence of stray-
ing seems to be much higher in rivers flowing directly
into the sea than in tributaries in complex river systems.

Straying of wild salmon.——Straying of wild salmon
between rivers is assumed to be low, but considerable
straying of microtagged salmon—tagged as wild migrat-
ing smolts—has been observed between river systems
in Iccland, even those geographically far apart. These
observations are limited to the detection of microtags in
the sports catch; very limited information is available on
strays in the escapement.

Since 1988, wild smolts have been tagged in the riv-
ers Ellidadr on Iccland’s southwest coast, Midfjardard
on the north coast, and Vesturdalsd on the northeast coast.
Salmon caught in the sports fishery have subsequently
been screened for microtags although the screening pro-
cess is systematically monitored only in some key riv-
ers. During this period. 27.262 wild smolts were
microtagged; 840 tagged salmon were caught in the riv-
ers, excluding escapement. During this period. 13 wild
tagged salmon were reported from ranching stations and
13 wild fish reported from nonnative salmon rivers in
various areas. Of those strays, the majority were found
in neighboring rivers, but significant numbers of strays
seem to be returning to distant rivers.

Catches of wild salmon at ranching stations —The
occurrence of wild salmon at ranching stations has been
of major concern as there is a reason to suspect that this
phenomenon is related to harvest strategy as well as the
location of the ranching station in relation 1o major
salmon rivers. Estuarine traps might be catching more
strays from wild salmon rivers than would occur in a
freshwater trap, and a ranching station located in the
migration path of wild salmon would catch more wild
salmon than a station located at the bottom of a long
tjord. Ranching experience, on the other hand, has shown
that ranched salmon are reluctant to enter freshwater
except during freshets, which can occur infrequently. The
resulting salmon are colored because of maturation, and
thus are practically unfit for export market. Such delays
further result in greater strays from the ranching site to
neighboring rivers.

Estuarine traps are thus of great importance for the
salmon rancher. They procure a steady supply of bright
salmon throughout the season and have the added ben-
efits of reducing straying to salmon rivers, preventing
genetic effects. The negative cffects might be some
catches of strays from wild salmon populations, which
causes controversy between ranchers and river owners.
A successful solution is the greatest challenge facing the
Icelandic freshwater management system today.

Fish discases.—Diseases and parasites originating in
reared or ranched populations can, in theory. spread to
wild populations, primarily through straying. Certain
diseases that are transmitted through eggs to progeny can
be magnified in ranched populations if infected smolts
are released in great quantities. Bacterial kidney disease
(BKD), which is found in most countries bordering the
Atlantic, is a prime example.

During the last 30 years, BKD has periodically been
observed in ranched populations in Iceland but has been
curtailed and kept successfully in check by disinfecting
salmon eggs and discarding eggs from infecied ranched
females. These procedures have allowed gradual but suc-
cessful clean-ups of ranching stations.

In the summer of 1995, furunculosis (Aercmonas sp.)
was observed for the first time in an Icelandic salmon
river. It was a minor epidemic related to warm and dry
weather. At the same time, it was observed m a nearby
ranching station, which eventually resulted in total los
of broodfish and disinfection of the rearing racility. Al-
though no further outbreaks have been abserved, this
one-time epidemic has resulted in stiffer controls for
transporting both wild and ranched live salmon.

Pollution.—Marine pollution can be a threat to ranch-
ing, which needs to produce top-quality clean and healthy
salmon. Organic residues can move up through the food
chain to predators such as salmon and causc flesh con-
tamination. Good examples of such a development are
the salmonid populations in the North American Great
Lakes and to a lesser extent in the Baltic Sea. Such prob-
lems have not been observed in populations fecding in
the open Atlantic.

Political Constraints

The political framework for ranching is set by the laws
of individual countries as well as international laws and
treaties. Most of the issues focus on the questions re-
garding who should be permitted to ranch and where the
salmon shall be harvested.

Public vs. private ownership.—In many countries, riv-
ers and lakes are publicly owned, and no individual or
company is permitted to utilize a public resource for
ranching operation. This is the case in most salmon-
producing countries. especially in the Pacific rim and
North America. In this case, the ranching or enhance-
ment operations are run by governments to compensatc
for losses due to hydroelectric power development and
habitat degradation. Enhancement operations in North
America are a prime cxample. Some semiprivate ranch-
ing operations run by trade-based cooperatives have been
permitted under this regime (e.g., in Alaska and non-river-
based private operations in Oregon).
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In some European countries, rivers-—as well as the
fishing rights—are in private ownership. This is the case
in the United Kingdom. Norway. and Iceland. This sys-
tem encourages private ranching, provided that the pri-
vate use of marine resources is not restricted and the
ranched salmon are not heavily harvested by coastal fish-
eries. Iceland is the only country in the North Atlantic
that has forbidden salmon fisheries within its territorial
waters for decades and has the proper political frame-
work for the development of private ranching.

Mixed-stock fisheries.——Fisheries on mixed stocks of
wild salmon have been a great management challenge
for decades and probably the greatest cause for the de-
cline of many small salmon stocks, which cannot toler-
ate the fishing pressure exerted on larger stocks. Simi-
larly, it is certain that wild salmon stocks would be
seriously affected by large-scale ranching if the return-
ing salmon were harvested in a mixed-stock fishery. Such
a ranching strategy is doomed to fail. Ranched salmon
should thus be harvested only in a terminal fishery after
they have separated from wild salmon stocks.

International migrations.—Salmon migrate long dis-
tances across the ocean and have frequently been har-
vested on oceanic feeding grounds by the host country.
In the Atlantic, the fisheries at west Greenland and the
Faroe Islands. which mostly harvest 2SW salmon, are
well-known examples. Ranching schemes based on 2SW
salmon would have difficulty enduring such harvests, but
the private ranching operations in Iceland have focused
on tast-growing 1SW grilse, which do not migrate to dis-
tant areas. The fisheries in west Greenland and the Faroe
Islands arc furthermore subject to quotas negotiated by
the North Atlantic Salmon Conservation Organization,
which in recent years have been purchased by private
interest groups represented by the North Atlantic Salmon
Fund.

Ranching Strategies

Ranching plans and strategies tor Atlantic salmon in
Norway and Iceland have been presented (Hansen and
Jonsson 1994; Isaksson 1994; Jénasson 1994). Hansen
and Jonsson (1994) concluded that the potential tor sus-
tainable ranching in Norway was limited and it should
be done primarily for enhancement purposes in large riv-
ers that are threatened or have lost their salmon stocks.
Harvest should be primarily through a sports fishery.

In Iceland. ranching has been developed at sites with
relatively small freshwater flows. Very few large rivers
are available for private ranching as they sustain a very
valuable sports fishery for Atlantic salmon. Private ranch-
ing in Iccland must thus be adapted to small rivers. and
release technology and harvesting methods must take this

into account. A freshwater lake or a lagoon is frequently
an integral part of the ranching site in order to accon-
modate rearing cages for short-term adaptation of smolts
to the site (Figure 2).

Practical experience and experimentation in salmon
ranching in Iceland during the last 30 years have led to
ranching strategics that are being recommended for a
viable ranching plan. These strategies relate primarily to
the practical aspects of ranching, such as the initial ~c-
lection of a ranching stock, selective breeding of the stock
for certain traits. and release and harvest sirategies.

Selection of a Stock

Early experiments indicated that a single ranching stock
could be used in a Jarge geographic area in western [ce-
land and that release sites were a practical alternative 1o a
rearing and ranching facility (fsaksson and Oskarsson
1986). Jonasson (1994) compared the return rates for 3
wild stocks with those of the Kollafjordur ranching stock.
and compared the salmon stock by release site interac-
tion for those same stocks when they were released at 3
different locations. The results confirmed that the
Kollafjérdur ranched stock, developed for several de-
cades at the Kollatjérdur Fish Farm, had the best pertor-
mance in ranching, with a higher return rate than the wild
stocks tested. No significant interaction between salmon
stock and release site for return rate was detected, suyp-
gesting that genetic selection can be based on families with-
in one salmon-ranching stock in western Iceland. As a
result of these findings, wild local stocks have been mostly
excluded from commercial sea ranching in Iceland.

Genetic Selection in Ranching

The length of the generation interval (ranching cycle)
is of great importance in a selection program. The shorter
the interval. the greater the progress over a certain time
span. The ranching cycle depends on the age of the smolts
used in ranching as well as the age of the returning adults.
In a hatchery program, the length of time from parent
spawning to the return of progeny can vary from a mini-
mum of 3 years to a maximum of 6 years depending vn
the age of smolts and the returning adults.

Since 1987, an experimental genetic selection program
has been conducted by the Institute of Freshwater Fish-
eries and the Kollafjordur Fish Farm (Jonasson 1992,
1994). The program has been based on family selection
and the release of 1-year smolts of several salmon stocks
at various ranching localities. The program has demon-
strated that survival and growth can be improved through
selective breeding in both the freshwater and the marine
phases (Jonasson 1994).
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Future Ranching Plans

In the future, Icelandic ranching programs will be
based mostly upon grilse (1SW), which at present have
a mean weight of 2.6 kg. The return rates of grilse are
much higher than those of 2SW salmon, but in the past,
grilse have not been harvested to any extent in the Faroes
and West Greenland fisheries. Assuming that grilse
feed to a greater extent within Icelandic territorial lim-
its, they will be protected by the Icelandic ban on salmon
fishing in the sea. There are also indications that 3- to 5-
kg salmon are in greater demand on the international mar-
ket than larger salmon.

Jonasson (1995) presented a breeding plan for sea
ranching. He concluded that the most economical ge-
netic gain was to sclect for grilse biomass (per 1,000
smolts released), which ensures a 3-year generation in-
terval and thus a more rapid selection progress than if
2SW salmon were sclected.

Release and Recapture Strategies

The largest commercial ranching operations in Iceland
conduct salinity adaptation of smolts prior to release. This
seems to be the most practical method when dealing with
large numbers of smolts, seems to ensure successful sea-
water migration, and precludes unwanted delay and pos-
sible abstinence of smolts from migration. In Icelandic
ranching operations, salinity adaptation of smolts has
given returns comparable to conventional releases from
freshwater, but no significant bencfits in survival have
been observed ([saksson and Oskarsson 1986). Similar
findings were reported by Hansen and Jonsson (1986).

It became apparent in the late 1980s that recaptures in
large-scale ranching operations would have to take place
in the estuarine arcas of the freshwater outflow. Early
attempts to build suitable fish ladders or other trapping
facilities in small rivers or outflows from rearing sta-
tions demonstrated that salmon were reluctant to enter.
especially during low flow periods, and that straying to
other areas increased significantly (Isaksson 1982:
fsaksson and Oskarssson 1986). Fish that entered did so
mostly during freshets and were frequently discolored.
indicating a long estuarine stay prior (o upstream migra-
tion. Those conditions are well known in many salmon
rivers during midsummer drought conditions.

The estuarine trapping now performed at most ranch-
ing stations has, on the other hand, procured bright, high-
quality ranched salmon throughout the season and prob-
ably significantly reduced straying to other areas and
rivers. Although controversial among Icelandic river
owners, estuarine trapping may be the only practical
way to harvest large numbers of salmon, procure high-
quality product for the market, and prevent a major exo-
dus of ranched salmon into Icelandic rivers.

[SAKSSON

Ranching as an Alternative
to Salmon Farming

Salmon Ranching as a Substitute
for Salmon Farming

It is fairly certain that sea ranching will not replace
salmon farming in areas suitable for that activity. Salmon
farming, in which salmon are contained throughout their
life cycle, has the advantage of being able to supply tresh.
high-quality salmon throughout the year, particularly
when there is no supply of wild salmon from the Pacific
and Atlantic oceans. [n recent years, there have been great
improvements in salmon farming through selective breed-
ing and advances in discase control. These improvements
have made the industry more economiczl. despite con-
siderablc reductions in salmon prices.

Ranching, however. has certain promotional advan-
tages over farming that have resulted in 20% higher
market price of ranched Atlantic salmon in recent years.
These advantages need to be stressed in the marketing
of ranched salmon:

» Ranching has a clean image compared with farm-
ing. The salmon are fed only during the juvenile
stages: they feed on natural food through most ot
their life cycle. They are thus free of the antibiotics
and disinfecting chemicals frequently used in
salmon farming. Cage farming of salmon is also
known to cause local marine pollttion, which is
nonexistent in ranching.

» Ranched salmon have to migrate long distances:
thus. they have stiffer muscles and a different tex-
ture of flesh from farmed salmon.

» Ranched salmon ar¢ intentionally released from a
location with the intent of harvesting the fish upon
return at the releasc site. This seems to secure mini-
mal straying. Fish escaping from sea cages often
home to the rearing site, but upon maturation they
tend to stray at random into nearby rivers.

Ranching also has its drawbacks, some of which are
related to environmental concerns:

+ The total production of salmon from ranching is
entirely dependent on the total nuraber of smolts
released and resulting sea survival. Since sea sur-
vival is highly variable, the total production of
ranched salmon (¢nds to be unpredictable. Further-
more, sea survival tends to be less than 10%, mak-
ing smolt production and release capacity a major
factor limiting production.

« Harvest of ranched stocks with wild stocks in coastal
fisheries is of major concern. Since total harvest of
the ranched stock is one of the major objectives,
there could be public pressure to increase fishing
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effort in traditional coastal fisheries. which could
be detrimental to wild stocks. Total separation of
the ranched population from wild stocks should thus
be a primary aim in the harvest strategy.

« Since straying of ranched salmon into salmon riv-
ers is assumed to have a negative impact, the har-
vest strategy should ensure total recapture and pre-
clude straying as much as possible.

+ Ranched salmon return during a short period in the
summer, which affects marketing and the price of
the product.

 In certain parts of the world, there are indications
that releases of salmon can reach or surpass the car-
rying capacity of the occanic environment (Eggers
ctal. 1991). There is no information on this issue in
the Atlantic, but future expansion of ranching in the
north Atlantic could give rise to concerns both lo-
cally as well as internationally.

From the foregoing, it is fairly clear that Atlantic
salmon ranching will be relatively small scale compared
with salmon farming. The small production, however,
could be promoted as a healthful product and thus com-
mand considerably higher prices than the mass-produced
farmed salmon.

Economy of Ranching

On the basis of 1994 salmon prices, the total cost of
ranching 100 lcelandic smolts was calculated as US$100.
The cost per kilogram of returning salmon averaging 3.0
kg is thus US$3.30 assuming 10% return rates, and
US$6.60 at 5% return rates. The going price per kilo-
gram of gutted ranched salmon onboard a transport plane
has been US$5.30. This gives the salmon rancher a price
of US$4.10 for each kilogram of ungutted salmon.

Icelandic ranching operations thus need approximately
8% return ratcs to break even, and even higher returns to
show a profit. Since the ranching operations have recently
been operating below 5% returns. clearly none are gen-
erating profit. The larger commercial ventures in Iceland
must thus be considered developmental projects: their
viability is questionable, and some have already closed
down. Release and recapture methods for large releases
are still being developed, as well as smolt production
routines. Since smolt price is a relatively high factor in
the cost of ranching, there will be great benefits from
any reduction in smolt production costs. Breeding pro-
grams are also expected to contribute significantly to the
economy of ranching in the years to come.
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The Growth of Salmon Aquaculture and the Emerging
New World Order of the Salmon Industry

JAMES L. ANDERSON

Abstract—The aquaculture of salmon has become one of the most significant influences in the ~almon
industry. Pen-raised salmon aquaculture has moved from virtual nonexistence in the late 1970s to composing
over 30% of global harvest in the 1990s. and it is still growing. Aquaculture in the form of salmon enhancement
or salmon ranching has also become the dominant source of “wild™ salmon in many areas of the world, «uch as
Japanesc chum (Oncorhynchus keta) runs, the Columbia River, and pink (O. gorbuscha) runs in Prince William
Sound, Alaska. Aquaculture of salmon has influenced profound changes in the marketing and trade of salmon as
well as salmon fisheries management. This paper attempts to document the importance of salmon aquaculture,
its increase over the past 2 decades, and how it has changed the salmon industry worldwide.

The origin of salmonid aquaculture dates back to the
late 1700s in Europe (Folsom ct al. 1992). As shown in
Table 1, the first hatchery propagation of Pacific salmon
(Oncorhvachus spp.) was developed in Canada in 1857
(Bardach et al. 1972). Salmon hatchery techniques were
adopted in the USA soon after 1857 and were introduced
to Japan in 1877, when the first national hatchery was
built in Chitose, Hokkaido Island. However. it was not
until the 1950s that hatchery-based cnhancement pro-
grams were introduced on a significant scale. The Japa-

TABLE 1.—Milestones in the salmon aquaculture industry.

1857 First hatchery propagation of Pacific salmon
1950s5-1960s USSR, Japan, USA, and Canada enhancement programs
1960s Norwegian salmon aquaculture emerged

1974 Private. for-profit salmon ranching starts in Oregon

After 1976 Japan chum enhancement increases rapidly

1979 Norway. USA. Canada, Chile, Japan, and Scotland have
emerging salmon farming industries.

Late 1970s-  North American and Japanese enhancement programs

1980s grow significantly

1980 World farmed salmon production accounts for about | %
of world salmon supply

1983 World farmed salmon production exceeds world wild and
ranched chinook salmon harvest

1986 World farmed salmon production exceeds combined world
wild and ranched chinook and coho salmon harvest

1990 World farmed salmon production exceeds combined world
wild and ranched chinook, coho, and sockeye salmon
harvest

1991 World farmed salmon production exceeds Alaskan salmon
harvest (all species)

1992 World farmed salmon production accounts for ~32% of
world salmon supply; all U.S. private. for-profit salmon
ranching has failed

1990s Farmed salmon will constitute an increasing share of world

supply; increasing market development with farmed
salmon as the leader; Atlantic salmon dominates pen-
raised production. Increasing criticism of sulmon
enhancement programs. Source: Food and Agriculture
Organization of the United Nations (FAO 1991a, 1993).

nese Aquatic Resources Conservation Act. enacted in
1951, stimulated the growth of chum (0. keta). pink ().
gorbuscha), and cherry (0. masu) salmon ranching in
Japan (Nasaka 1988). Salmon enhancement programs
were also growing in the USSR, the USA, and Canada.
However, prior to 1960 in the USA and Canada, most of
the salmon harvest came from natural stocks. Most of
the growth of enhancement programs in North America
occurred during the 1970s and 1980s.

The following sections present a global perspective
of the substantial transitions in the salmon industry that
began to emerge in the 1970s and continue today.

Growth of Salmon Enhancement
and the Emergence of Sailmon
Farming: 1970-79

By the beginning of the 1970s, the USSR led the world
in the stocking of pink and chum salmon 1 Bardach et al.
1972). Japan was not far behind, and with the enactment
of the 200-mile-limit fishing zones and other constraints
to high-seas salmon fishing, Japan stepped up its aquac-
ulture efforts. By 1980, the hatchery-based salmon
(mostly chum) harvest was 74,397 metric tons (mt), rep-
resenting more than 45% of Japan’s total salmon supply.

In 1971, Alaska created the Fisheries Rehabilitation,
Enhancement, and Development Division, and, in 1974,
authorized nonprofit hatcheries. In 1973, Alaska created
the first comprehensive limited entry program in the
USA. and 1975 was the first year of fishing under him-
ited entry (Orth 1981). The limited entry fishery contrib-
uted to interest in nonprofit hatcheries and the first
nonprofit hatchery harvests occurred in 1977 (Orth ct
al. 1981). Hatchery production was also becoming a
greater factor in the lower 48 states, and by the end of
the 1970s, much of the harvest of coho (O. kisutch) and
chinook (0. tshawytscha) salmon in Washington, Oregon,
and California was primarily dependent upon hatchery-
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released salmon. For example, U.S. coho hatchery pro-
duction in the Oregon Production Index area (south of
Ilwaco, Washington, through California) accounted for
less than 10% before 1960, approximately 53% by 1969,
and, in 1979, accounted for about 75% of the total pro-
duction (Oregon Department of Fish and Wildlife 1982).

In the USA, private salmon ranching was attempted in
California (only one salmon ranch received a permit) and
Oregon. Anadromous, Inc. (started in 1974; controlling
interest purchased by British Petroleum), and Oregon
Aqua-Foods (started in 1974; purchased by Weyerhaeuscr
in 1975) were the most significant operations in Oregon
under way by 1980 (R. Mayo and C. Brown, The Mayo
Associates, Seattle, Washington, unpubl. ms.).

While public salmon enhancement programs were
growing, private pen-raised salmon began to emerge
throughout the world. In 1965, A/S Mowi planned pro-
duction of Atlantic salmon (Salmo salar) in sea enclo-
sures on the Norwegian coast, which was influenced by
early trials conducted with rainbow trout (Q. mykiss) by
the Vik brothers. In 1969, the Grgnvedt brothers began
growing salmon on the Island of Hitra, Norway, in float-
ing net pens (Edwards 1978). By 1972, there were fivc
farms producing a total of 46 mt in Norway, and by 1980,
there were 173 farms producing a total of 4,300 mt (Heen
et al. 1993).

Although Norway took the lead in the production of
pen-raised salmon, the industry was also developing else-
where. In Japan, Nichiro Fisheries Company started the
culture of sockeye (0. nerka), chinook, chum. and pink
salmon. By 1973, Nichiro had focused on pen-raised coho
salmon, modeled after Norway’s use of eggs imported {rom
Washington and Oregon (Nasaka 1988). By 1980, Japan
reported production of 1,855 mt of pen-raised salmon (Ja-
pan Marine Products Importers Association 1977-83).

In Scotland, Marine Harvest, Ltd. (a subsidiary of
Unilever at the time), started operations in 1968 and had
its first harvest in 1972 (Marine Harvest International, Inc..
1994). Growth was slow through the 1970s, and by 1980,
production was approximately 600 mt (Heen et al. 1993).

The western USA took the lead in the development of
pen-raised salmon in North America. This began in 1969
with National Marine Fisheries Service experiments at
the Manchester Field Station in Washington State. In
1971, Ocean Systems, Inc. (later Domsea, a subsidiary
of Campbell Soup Co.), started coho and chinook cage
systems and began producing farmed salmon (Sylvia
1989). By 1980, western U.S. salmon production had
reached an estimated 391 mt. In 1972, the pen-raised
salmon industry started in British Columbia with sur-
plus eggs from a government hatchery (Folsom et al.
1992) and remained essentially undeveloped, producing
only 39 mt by the end of 1979 (Heen et al. 1993).

In 1978, the first significant pen-raised salmon
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aquaculture operation started in New Brunswick, Canada.
on Deer Island and, by 1979, it had produced 6.3 mt. In
Maine, several salmon culture operations were attempted
in the 1970s. In 1970, Maine Salmon Farms began pro-
ducing coho at a pen site in an estuary of the Kennebec
River; however, this company failed in the late 1970s.
Fox Island Fisheries, which started production in 1973--
74 in Vinalhaven. Maine, was probably the first truly
marine salmonid operation on the U.S. east couast: how-
ever, it went out of business in 1979 (see Bettencourt
and Anderson 1990 for a more thorough discussion of
the history of pen-raised salmon aquaculwre develop-
ment on the U.S. east coast). Despite these falures, by
the early 1980s. the U.S. and Canadian east coasts were
in position to experience reasonable growth.

Throughout the 1970s, several experiments with pri-
vate salmon ranching were undertaken in Chile. The first
commercial hatchery was the Sociedad de Pesqueria Lago
Llanguihue, Ltd.. which began operation in 1975. In
1979, cage culture operations started with Nichiro Chile,
Ltd.’s, efforts to raise coho salmon. In 1979. operations
by the Sociedad Pesquera Mytilus, Ltd., also began pro-
ducing coho (Mendez and Munita 1989).

By the end of the 1970s, only Norway had established
a pen-raised salmon industry of any significance In 1980,
world salmonid mariculture production was approxi-
mately 13.321 mt (4,778 mt of Atlantic salmon, 2,371
mt of Pacific salmon. and 6,172 mt of pen-raised trout,
primarily O. mykiss). In addition, Japan was greatly cx-
panding its hatchery-based chum fishery at this time. As
the 1980s began, world aquaculture producers had de-
veloped the potential for tremendous growth.

The Rise of Pen-Raised Salmon
Farming: 1980-88

The 1980s ushered in the rise of pen-raised salmon
aquaculture. Although worldwide pen-raised salmon ac-
counted for slightly more than 1% of total salmon sup-
ply in 1980, the technology for pen-raised salmon was
reasonably well developed in Norway, and the industry
was poised for rapid growth. Between 1930 and 1987,
world production of pen-raised salmon (led by Norway)
increased over thirteenfold (Figure 1). In addition to
Norway, Scotland, Chile, Canada, and the USA, notice-
able production began in Ireland, the Faroe Islands, New
Zealand, and Australia.

In the early 1980s, the North American salmon indus-
try. notably the Alaskan industry, was relatively indiffer-
ent to the ramifications of the developments in Norway
and elsewhere around the world. Although many in Nor-
way believed that worldwide production o1 farmed
salmon would eventually exceed Alaska’s entire produc-
tion by the end of the 1980s, few in the U.S. salmon
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industry seriously considered these claims. In fact, by

1990, farmed salmonid (trout and salmon} preduction of

approximutely 314.688 mt exceeded Alaska’s entire
salmon harvest. In 1991, the Alaska Seafood Marketing
tnstitute (ASMI) stated that the “farming explosion last
decade was unpredictable” (ASMI 1991, p. 15). In the
carly 1980s, the primary concern of those in the radi-
tional salmon fishery focused on fisheries management
and policy and, in the USA as the 1980s progressed. on
activities to develop nonprofit ranching operations.

During the late 1970y through the mid-1980s, the Alas-
kan salmon industry moved a greater proportion of har-
vest away [rom canning to frozen salmon. During the
second half of the 1970s, Japan reduced ity high-scas
lshing activity as a result of interational agrecments
and 200-milc limit policies. Since 1976, us a result of
these policies, Japan’s dependence on imports increased.
As Japan and Europe demanded more salmon (mostly
frozen) from the USA, domestic production shifted from
canned Lo ({tesh and frozen (Figure 2). Typically, over
0% of the Alaskan harvest was canned in the early
1970s. However, by the mid-1980s, the proportion of
salman for canning had dropped to the 304 range. Dur-
ing much of the 19805, most fresh and frozen sulmon
from the USA was exported, primarily to Japan. Given
the emphasis placed on the exportation to Japan. the Alas-
kan industry did not undertake major cfforts to develop
markets in the USA, which created an opportunity for
the farmed salmon industry,

i1 the mid-1980s. imports to the USA accelerated rap-
idly {(Figure 3), led by farmed salmon from Norway. ini-
tially, the primary market was “white tablecloih™ restau-
rants in the northeastern USA, but markels were soon
developed throughout the country (Riely 1986). Although
the USA was the dominant trader in the world salmon

market in. the carly 1980s, top-guality, fresh salmon from
Norwuy and other regions began te displace wild salmon
trom Europe and most of the eastern USA by the lattet
hatt of the decade. The abilily 10 produce sullicient quan-
titics of fresh. farmed salmon year-round for large mar-
kets was achieved by Norway and other countries by
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the second half of the 1980s. As a result of considerable
marketing efforts by Norway, and the growing econg-
mies in North America, Japan, and Europe, Tarmed
salmon way absorbed by the market at relatively high
pricves (Figure 4).

By the mid-1980s, pen-raised salmon aquaculture was
rapidly being established in Scotland. Ireland, Canada.
Chile. and other regions. By 1983, total world farmed
salmon (all specics) production exceeded the wortd wild
and ranched chinook salmon harvest. In 1986, total world
farmed salmon production exceeded the combined world
wild and ranched chinook and coho harvest.

In the USA, however, the industry met with a compli-
cated and unclear regulatory environment coupled with
frequent epposition rom adversarial user groups. For

40
Import quantity

8% 86 14 88 89

= Wholesale price index {G-8 0 Atlantic salman)

example, in June 1987, Alaska imposed a temporary
moratorium on private, for-profit, farmed salmon and
troul, which eventually became permanent in [988. Al-
thaugh reasons given Tor this included environmental
concerns, spread of disease, pollution issues, and genetic
degradation of native stocks, other prominent motivat-
ing tactors for the permanent moratoriom were CConontic,
such as market competition and concern about multina-
tional corporations controiling the industry. In contrast,
nonprotit aquaculture (cnhancemcent) was growing rap-
idly in Alaska despite similar biological and genetic is-
sues. Forexample, by 1988, hatchery-bascd pink salmon
represented approximaiely 86% of Prince William
Sound’s harvest, up from less than 3% in 1979 (Brady
and Schultz 19883 (Figure 5).
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FIGURE 4.—United States monthly imports of Iresh Atlantie, chinook, and cohe salmoen and real U.S. wholesale Atanug price
index, 1983 94, Source: National Marine Fisheries Service ( 1983-494), Urner Barry ([985-94).
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FIGURE 5.—Percentage of hatchery vs. wild pink salmon in Prince William Sound, Alaska, harvest, 1979-88 Source: Brudy

and Schultz (1988).

On both the east and west coasts of the USA. environ-
mentalists (frequently local property owners), along with
members of the commercial fishing sector. were often
instrumental in stopping aquaculture projects. In Oregon,
salmon ranching was heavily protested, primarily by the
commercial fishing sector, even though private hatchery
returns contributed substantially to the salmon harvest.
This was a significant factor in the demise of these op-
erations in the early 1990s. As early as 1983, researchers
indicated that if Oregon’s private salmon ranchers could
not receive compensation from commercial and sport
harvesters—or if restrictions were not placed on com-
mercial and sport harvest—of privately ranched salmon,
the industry would not survive beyond the early 1990s
(Anderson 1983).

One of the few areas in the USA that generally fa-
vored salmon aquaculture in the early 1980s was the
Eastport—Lubec region in Maine. partially owing to a high
unemployment rate and the decline of the herring fish-
ery. The most significant operation to emerge in this area
was Ocean Products, Inc. (OPI), which began operation
in 1982 with smolts from a Canadian hatchery and con-
tinued operation in its second year with 100,000 smolts
acquired from the U.S. Fish and Wildlife Service. Ocean
Products, Inc., soon became the largest salmon farm in
the USA (Anderson and Bettencourt 1992).

As the pen-raised salmon industry emerged in Wash-
ington and Maine, there frequently was local resistance.
In addition, new and changing regulations regarding such
issues as discharge, marine mammals, navigation. dis-
ease control, feed additives. and migrating birds raised
the cost and continued to erode the competitiveness of
U.S. operations. The USA accounted for only about 2~
3% of world production by the end of the 1980s, despite

the fact that it developed much of the extant hatchery
technology and nutritional requirements for salmon and
trout.

Price Declines and Restructuring
in the Salmon Industry: 1988-93

The years 1988 and 1989 were remarkable for the
salmon industry. Beginning in 1988, the tarmed salrmon
industry increased production substantially, which con-
tributed to downward pressure on prices (Figure 4). T'ull-
ing prices were first observed in Europe late in 1987 und
in the USA by mid-1988. In 1989, record supplies of
farmed salmon (45% higher than 1938 levels), in con-
junction with a record wild and ranched salmon harvest,
led to an all-time record supply of salmon (Figure 6). A
world supply of more than 1 million mt contributed 10
declining salmon prices worldwide. By the late 1930s,
the salmon industry had become a truly year-round and
globally competitive industry. By 1988, tarmed salrmon
held the dominant market share of fresh and frozen
salmon in Europe. In the USA, imports of fresh salmon
more than doubled between 1988 and 19%9. Even in Ja-
pan, pen-raised salmon accounted for approximately Y0%:
of fresh imports and 11% of frozen imports (Kusakabe
1992). While imports in 1989 accounted for about 41 %
of Japan’s supply, over 5% was derived from its domes-
tic pen-raised salmon industry, and nearly 45% came from
its hatchery-based chum fishery (Figure 7). By 1989. pen-
raised salmon harvest accounted for over 20% (23% in-
cluding pen-raised trout) of world production (Figurc 6).
and over 40% ot world trade (Figure 8).

Over the past several years, bankruptcics, divestitures,
and producer concentration have been commonplace n
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FIGURE 6.—Annual world harvests of wild and tarmed salmon, 1980--93. Source: FAO (1991b, 1994), 1980-92 furmed and
wild salmon; Alaska Department of Fish and Game (1994), 1993 wild salmon; Canada Department of Fisheries and Oceans
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the salmon industry. In the USA, price declines in 1989
precipitated a petition from the Coalition for Fair Atlan-
tic Salmon Trade (FAST). led by OPI, which alleged that
Norwegian producers had received countervailable
subsidics' and were dumping® salmon in the USA, mate-
rially damaging the domestic industry. The U.S. Interna-
tional Trade Commission made a preliminary ruling on
September 26, 1990, that Norwegian farms were dump-
ing salmon. The final ruling was made on February 25,
1991, indicating that the Norwegians were selling below
fair market value. This resulted in a countervailing duty
of 2.27% and an antidumping duty that ranged from
15.65% to 31.81%, depending upon the company. The
magnitude of these duties caused Norway to become
uncompetitive in the U.S. market. As a result, Norway’s
share of imports sank to less than 5% by March 1991,
and it has not changed much since then (Figure 3).
From the time the petition was filed until the ruting, OPI
sank into severe financial difficulty and was ultimately
purchased by Connors Brothers, a subsidiary of George
Weston, Ltd. (Weston also owns BC Packers).

A failed salmon freezing program that attempted to
support prices, the U.S. duties levied on Norway, and
similar actions in Europe resulted in the bankruptcy of
many Norwegian firms as well as Norway’s Fisheries
Sales Organization. Between 1988 and 1990, bankrupt-
cies, closures, or consolidations caused the number of

"To offset “material injury” to the U.S. industry caused by im-
ported products tht receive certain subsidies from foreign gov-
ernments, the U.S. government instituted countervailing dutics,
which are authorized under Section 701 of the Tariff Act (19
US.C. 1671).

*The antidumping provisions of the Trade Act (19 U.S.C. 160
& 1673) were developed to offsct “material injury™ to the U.S.
industry caused by unfair price discrimination and below-cost
sales.

farms in British Columbia to decline from 150 to 1%
(Folsom et al. 1992). Bankruptcies, divestiturcs. and con-
solidations were also common in Ireland and Scotland.
For example, in October 1992, Unilever PLC sold Ma-
rine Harvest, the UK’s largest salmon farm. to a U.S
firm, Marifarms (later renamed Marine Harvest Interna-
tional, Inc.).* The Scottish operations were restructured
to increase efficiency and reduce cost (Marine Harvest
International, Inc., 1994). In Maine, in addition to OPI's
sale to Connors Brothers. Mariculture Products, Ltd..
failed in 1992 and, in 1995, Maine Pride failed. Maine
Pride’s facilities were acquired by the Canadian firms
International Aqua Foods, Ltd., Stolt Sea Farm. Inc.. and
Connors Brothers,

Despite declining prices, there was still tremendous
growth in the farmed salmon industry. In 1990, world
farmed salmon (all species) production excceded the
combined world wild and ranched chinook, coho, and
sockeye harvest. Additionally, in 1991, world farmed
salmon production exceeded the Alaskan salmon harvest
(all species). Between 1988 and 1993, production of pen-
raised salmon more than doubled (Figure 1). By 1991,
pen-raised salmon accounted for over 50% of world trade
(Figure 8), and by 1992, it composed approximately
32.5% (35% including pen-raised trout) of total world
salmon harvest. By 1993, costs and other husbandry con-
siderations resulted in Atlantic salmon becoming the pre-
ferred species for cage culture operations. Pen-raised
Pacific salmon production declined as Canada and Chile
increasingly switched to Atlantic salmon, and by 1993,

*Marine Harvest International, Inc. (MHI), was traded on the
American Stock Exchange until it was purchased by Booker
plcin 1994. In addition to being the largest producer of Atlan-
tic salmon in both Scotland and Chile, MHI i< also involved
with shrimp culture in Ecuador.
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try of Agriculture. Forestry, and Fishery (1977-94).

both British Columbia and Chile produced more Atlan-
tic than Pacific salmon.

As Norwegian production was essentially eliminated
from the U.S. market in 1991. Canadian and Chilean
farmed salmon more than filled the gap. The growth of
the global farmed industry and several record-breaking
harvests in the wild and ranched salmon fishery (Figure
6) contributed to significant downward pressure on prices
throughout the early 1990s. In the late 1980s and carly
1990s, farmed salmon could be found nearly everywhere
in the USA. It has been available daily in Seattle, Wash-
ington, for several years and is even commonly sold in
Anchorage, Alaska.

The pressure on price since 1989 resulted in increased
efforts to market salmon. Led by the farmed salmon in-
dustry, many efforts have begun to expand and broaden
the market. New products such as portioned salmon fil-

lets, microwaveable entrées, salmon raedallions. salmon
ham, and marinated salmon products have been ntro-
duced. Smoked salmon suppliers have been trying to
broaden the appeal of smoked products. Brand naming
is being attempted through gill tags and other labeling,
and through enhanced service approaches. However. the
vast majority of farmed salmon is sold fresh, whole, head
on. Recently. Chile, British Columbia, the International
Salmon Farmers Association, and others have all been
working on generic marketing campaigns in the USA.
The emphasis on marketing in the farmed salmon scc-
tor has had a major influence on the wild salmon indus-
try. A strategic planning report prepared by the Alaska
Department of Commerce and Economic Development
(ADCED 1993, p. 12) stated that “concerted action is
urgently needed for the Alaskan salmon industry to re-
gain its leadership position in the global marketplace.”
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The first six options outlined were as follows:

1. improve market intelligence,

2. improve marketing efforts,
respond to consumer needs,
accelerate the development of value-added technology.
stimulate value-added salmon production, and

6. improve quality (ADCED [993).
In 1994, the Alaskan salmon harvesters, through a 1%
tax on harvest, began a U.S. market campaign managed
through the Alaska Seafood Marketing Institute (ASMI).
Formerly, ASMI funds were mostly designated for for-
eign market development. In addition, the wild salmon
sector has improved quality, in general, and is also con-
sidering renewed efforts to market products, such as
salmon nuggets and salmon burgers, and to develop new
products, such as salmon surimi. These marketing ef-
forts are unprecedented in the Alaskan salmon industry.
Although salmon is sold mostly in a commodity fash-
ion, one could argue that the farmed salmon supply as
well as hatchery-based supplies. especially of pink
salmon, have driven both the farmed and wild salmon
industries to attempt a more market-driven approach.

In the early 1990s, the impact of aquaculture for en-

hancement became more of a public issue, particularly
for public hatchery release programs in the Pacific North-
west. As noted earlier, hatchery-raised fish production
increased and contributed significantly to the growth in
supply, such as Japanese chum salmon and Prince Will-
iam Sound pink salmon, and has been used to attempt to
mitigate, to a degree, damage caused by Joss of habitat
and by dams, as in the case of the Columbia River. How-
ever, it has also contributed to the demise of wild stocks
through direct and indirect competition with wild stocks
for food and habitat, as well as through fishery harvest
practices that do not discriminate between wild and hatch-
ery stocks. There are strong views on this issue such as
Hilborn’s (1992, p. 5) following comments:

bl

Large-scale hatchery programs for salmonids in the Pa-
cific Northwest have largely failed to provide the an-
ticipated benefits; rather than benctiting the salmon
populations, these programs may pose the greatest single
threat to the long-term maintenance of salmonids. . . . 1
argue that hatchery programs that attempt to add addi-
tional fish to existing healthy wild stocks are ill advised
and highly dangerous.

Others have also identified hatchery-released salmon
as contributing to the decline of natural salmon stocks,
including Nehlsen et al. (1991), Anderson and Wilen
(1985). Wright (1993), and Walters (1988). Some sug-
gested solutions to the detrimental influence of hatcher-
ies include (1) cutting back hatchery operations and (2)
imposing various methods of selective harvest to reduce
mortality of natural stocks relative to hatchery stocks.
The demise of specific wild stocks has resulted in poli-

cies, as suggested in (2) above, that have had disastrous
implications for the troll fishery in the Pacitic North-
west. In April 1994, the Pacific Fishery Management
Council (1994) voted to close the troll coho fishery from
Cape Falcon, Oregon, to the Canadian border. This will
also constrain troll fishing for chinook.

Although hatchery salmon have contributed to the
current problem, it may also be part of the solution.
Hatcheries can be used to maintain genetic diversity. The
focus of hatcheries would have to change from the ob-
jective of pumping out volumes of salmon to maintain-
ing and enhancing endangered or limited stocks (National
Research Council 1992). This contribution to the man-
agement of Pacific salmon was recently reiterated by
Stickney (1994), who suggested using hatcheries for the
“maintenance and quality of genetic stock integrity™ in-
stead of emphasizing “quantities of fish produced.”

Future

In this section. [ present some thoughts regarding the
tuture of salmon farming. The expectations are based on
economic principles and observations of the industry
since the late 1970s.

Formal analysis based on work by Gu and Anderson
(1995) indicates that during the latter half of 1995, the
price of farmed salmon will trend downward, as sup-
plies (notably from Norway) are anticipated to increase
substantially over 1994 levels (see Figure 1). The fore-
casts indicate that U.S. wholesale price for fresh, whole,
head-on, 8- to 10-1b (2.6- to 4.5-kg) Atlantic salmon at
vear end will be in the middle to low $2 range (U.S.
wholesale price for the first 6 months of 1995 ranged
from around $2.45 to S2.75/1b). Longer-term expecta-
tions are that the supply of farmed Atlantic salmon should
increase 40% 0 65% above estimated 1995 levels by
the year 2000 (D. Rackham, Hydro Seafood, Bergen.
Norway. unpubl. ms.). This will continue to force price
downward and should continue to increase pressure on
high-cost producers. Low prices may also cause greater
concentration in the industry and movement towards
small farms becoming contract growers for large, inte-
grated operations. Furthermore, with greater concentra-
tion, marginal firms failing. and continually improving
husbandry techniques. costs will decline, allowing etfi-
cient firms to achicve profitability.

The continued price pressure through 1995 should re-
sult in increased marketing efforts, both generic and pri-
vate. Farm-raised salmon have many characteristics that
suggest generic promotion may be appropriate and suc-
cessful. These characteristics include product homoge-
neity, consistent availability, well-developed distribution
channels, and the potential for increased consumption.
Farm-raised salmon appear to have good polential for
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generic promotion; however, the success of such cam-
paigns will rely heavily on the commitment and coop-
eration of the producers. Lower prices combined with
increased marketing efforts may be cffective in expand-
ing the consumer base for salmon. These two factors
should help the market absorb the continued supply
growth through the 1990s and hopefully moderate some
of the downward price pressure.

The full development of consumer-recognizable brand
names and a market-driven salmon industry will prob-
ably not progress as quickly as many expect. Supply prob-
lems will most likely persist. The slow growout from
egg to harvest makes it difficult for the farmed sector to
adjust rapidly to changes in demand. In addition, the
uncertain nature of the wild fishery will help create sud-
den opportunity, in some cascs, and undermine the best-
laid market development plans in others.

As the decade progresses, one may see the increased
presence of integrated salmon marketing companies that
emerge from the regional farmed salmon industry and
grow into multinational operations that procure product
globally, from both farmed and wild production. Much
of this transition has already begun, and it is likely that
the farmed salmon industry will ultimately lead the tresh
and frozen salmon industry in much of the world. In fact,
the salmon farming industry must lead. In the beginning
of the salmon farming industry, production was small,
and most of the output was easily moved to the premium
restaurant sector. The salmon farmer was primarily con-
cerned with husbandry issues. As farmed salmon opera-
tions expand, and global production increases. the risks
also increase. Managers must consider market conditions
2 to 3 years into the future as they begin a new produc-
tion cycle. The need to forecast future market conditions
and production volumes will continue to demand more
attention. As the farmed salmon industry continues to
produce greater volumes with more consistency, it must
anticipate and actively develop markets while the salmon

are growing. Managers should attempt to gain control of

supplies and marketing by increased contractual arrange-
ments, diversified sourcing and market outlets. better hus-
bandry, and possibly late in this decade. through a salmon
futures market. (Shrimp futures began trading on the
Minneapolis Grain Exchange on July 12, 1993: if this
venture proves successful, salmon futures will be under
consideration as a possible new futures contracts.)

In contrast, the wild fishery is still largely based on
the principle of “harvest what you can, and take what
you get.” In the off season, wild salmon harvesters tend
to worry more about fisheries management policy than
marketing. In addition, it is difficult to develop a suc-
cessful marketing effort if supply is inconsistent and sea-
sonal, making it less likely that wild salmon will lead
the fresh market.

Regarding hatchery-based fisheries in North Amcerica,
there may start to be more emphasis placed on biodiver-
sity instead of volume of releases, coupled with cortin-
ued restrictions on harvest, to better manage mixed stock
fisheries. It is expected that the chum hatchery system in
Japan will continue to grow. These factors, along with
continued growth of pen-raised salmon worldwide, could
make it difticult for the wild and ranched fishery through-
out this decade.

Finally. the salmon farming industry in the USA will
probably continue to struggle. Opposition from environ-
mental groups, particularly in the U.S. wesl. will decrease
its competitiveness. In Maine, rapid growth is not ex-
pected. However. it should be noted that Norwegian Aneri-
can Fish Farming. Inc.. continues in its attempt (which
started in the late 1980s) to acquire permits for a large
site, 50 miles off the coast of Massachusetts. If success-
ful, this could present new opportunities for sahnon
aquaculture growth in the USA.

Acknowledgmenits

This research was partially funded by USDA Coop-
erative Research Service Grant No. 92-34176-6963. The
author is particularly grateful to M. Bush, G. Gu. ] Ciray
Anderson, B. Gardiner, and M. Spatz for their assistance
in the preparation of this report.

References

Alaska Department of Commerce and Eco1omic Developnicnt.
1993. Scenario Planning: Developing a strategy for the fu-
ture of the Alaska salmon industry. Juneau. Alaska.

Alaska Department of Fish and Game. 1994. Very prelimiaary
harvest and ex-vessel price data. Division of Comme-cial
Fisheries. Juncau. Alaska.

Alaska Seafood Marketing Institute. 1991. Salmon 2000, Ju-
neau. Alaska.

Anderson, J. L. 1982. Bioeconomic interaction between agaac-
ulture and the common property fishery wirth application to
northwest salmon resources. Ph.D. dissertation. Univesity
of California. Davis, California.

Anderson. J. L., and S. U. Bettencourt. 1992. Status, constraints.
and opportunities for salmon cultare in the United States:
review. Marine Fisheries Review 54:25-33

Anderson. J. L.. and J. E. Wilen. 1985. Estimatng the popula-
tion dynamics of coho salmon (0. kisutcit) using pooled
time-series and cross-sectional data. Canadian Journ:1 of
Fisheries and Aquatic Science 42:459-4607.

Bardach, J. E., J. H. Ryther, and W. O. McLarney. 1972 Aguac-
ulture—-the farming and husbandry of freshwater and ma-
rine organisms. Wiley-Interscience, New York.

Bettencourt. S. U.. and J. L. Anderson. 1990. Pen-reared salmo-
nid industry in the Northeastern United States. Northeas
Regional Aquaculture Center Report 100, University of
Rhode Istand. Kingston, Rhode Island.

Brady. J. A., and K C. Schultz. 1988. Review ot the Prince



184 ANDERSON, J.

William Sound areca commercial salmon fisheries, 1988.
Alaska Department of Fish and Game, Division of Com-
mercial Fisheries. Anchorage.

Canada Department of Fisheries and Oceans. 1994. Canadian
Fisheries Landings. Vol. 16(4). December.

Edwards, D. J. 1978. Salmon and trout farming in Norway. Fish-
ing News Books Limited, Farnham, Surrey, England.

Folsom, K., D. Altman, A. Manuar, F. Nielsen, T. Revord, E.
Sanborn, and M. Wildman. 1992. World salmon culture.
United States Department of Commerce, National Oceanic
and Atmospheric Administration, National Marinc Fisher-
ies Service, Silver Spring, Maryland.

FAO (Food and Agriculture Organization of the United Nations).
1991a. FAO Yearbook, Fishery Statistics: Commuodities,
Rome.

FAO (Food and Agriculture Organization of the United Nations).
1991b. FAO Yearbook, Catches and Landings, Rome.
FAO (Food and Agriculture Organization of the United Nations).
1993. FAO Yearbook. Fishery Statistics: Commodities,

Rome.

FAO (Food and Agriculture Organization of the United Nations).
1994. FAOQ Yearbook, Catches and l.andings, Rome.

Gu, G., and J. L. Anderson. 1995. Deseasonalized state-space
time-series forecasting with application to the U.S. salmon
market. Marine Resource Economics 10(2):171-185.

Heen, K., R. L. Monahan, and F. Utter. 1993. The distribution
of salmon aquaculture. Pages 10-58 in K. Heen, R. L.
Monahan, and F. Utter, editors. Aquaculture. John Wiley &
Sons, Inc., New York.

Hilborn, R. 1992. Hatcheries and the future of salmon in the
Northwest. Fisheries 17(1):5-8.

Japan Marine Products Importers Association. 1977-88. Japa-
nese imports of marine products (statistics). Annual reports,
Tokyo.

Japan Ministry of Agriculture, Forestry, and Fishery. 1977-94.
Annual reports on the domestic fishery and aquaculture pro-
duction, Statistics and Information Bureau. Tokyo. Japan.

Kontali Analyse A/S. 1995a. Kontali monthly salmon reports 3,
March. /n L. Liabo, editor. Kristiansund, Norway.

Kontali Analyse A/S. 1995b. Kontali monthly salmon reports
2, February. In L. Liabo, editor. Kristiansund. Norway.
Kusakabe, Y. 1992. A conjoint analysis of the Japanese salmon
market. Ph.D. dissertation. University of Rhode lsland,

Kingston, Rhode Island.

Marine Harvest International, Inc. [994. 1993 Marine Harvest
International annual report. Woodbridge, New Jersey.

Mendez, R. and C. Munita. 1989. La salmonicultura en Chile.
Fundaci6n Chile. Santiago, Chile.

Nasaka, Y. 1988. Salmonid programs and public policy in Ja-
pan. Pages 25-31 in W.J. McNeil (ed.), Salmon production.
management, and allocation. Oregon State University Press.
Corvallis, Oregon.

National Food Processors Association. 1976-87. Canned salmon
supply. stocks, shipments reports. Annual reports, Seattle.
Washington.

National Marine Fisheries Service. 1985-94. United States im-
port trade statistics. Annual reports, United States Depart-
ment of Commerce. National Oceanic and Atmospheric Ad-
ministration, Fisheries Statistics Division, Washington, D.C.

National Research Council. 1992. Marine aquaculture: opportu-
nities for growth. National Academy Press, Washington. D.C.

Nehlsen, W., J. E. Williams, and J. A. Lichatowich. 1991, Pa-
cific salmon at the crossroads: stocks at risk from Califor-
nia, Oregon, [daho and Washington. Fisheries 16(2):4-21.

Oregon Department of Fish and Wildlife. 1982. Comprehen-
sive plan for production and management o1 Oregon’s
anadromous salmon and trout—part II. Coho salmon plan.
Fish Division, Anadromous Fish Section, Portland, Oregon.

Orth, F. L., J. R. Wilson. J. A. Richardson, and S. M. Piddle.
1981. Market structure of the Alaska seafood processing
industry, volume 11 finfish. University of Alaska Sea Grant
Report 78-14, Fairbanks, Alaska.

Pacific Fishery Managerent Council. 1994. Review of 1993
ocean salmon fisheries. Portland, Oregon.

Riely, P. L. 1986. An economic analysis of the marker for At-
lantic salmon aquaculture. Ph.D. dissertaticn. University of
Rhode Island, Kingston, Rhode Island.

Japan Ministry of Agriculture, Forestry and Fisherv. 1977-94.
Gyogyo yoskoku seisan tokei nenpou (Anrual statistics on
domestic fisheries production). Annual reports. Tokyo, Ja-
pan.

Stickney, R. R. 1994. Use of hatchery fish in enhancement pro-
grams. Fisheries 19(6):6-13.

Sylvia, G. 1989. An economic policy for net-pen sahmon aquac-
ulture development: A dynamic muitilevel approach. Ph.D.
dissertation. University of Rhode Island, Kingsion, Rhode
Island.

Urner Barry Publications. Inc. 1985-94. Seafood price-~cur-
rent. Toms River, New Jersey.

Walters. C.J. 1988. Mixed-stock fisheries and the sustainability
of enhancement production for chinook and coho salmon.
Pages 25-31 in W. J. McNeil, editor. Salmon production,
management, and allocation. Oregon State University Prexss,
Corvallis, Oregon.

Wright, S. 1993. Fishery management of wild Pacific salmon
stocks to prevent extinction. Fisheries 18(5):3-4.



Aquaculture in China and Its Effect on Global Markets

XIANGKE LU

Abstract.—Tt is well known that Asia is the major source of aquaculture products in the world and thar China
has a long history in aquaculture, especially freshwater aquaculture, dating back at least to the Yin Dynasty
(1,142 BC). The earliest documentation of fish culture was written in 450 BC by Fan Li. However, only 1 recent
years China has emerged to become the world's leading producer of aquatic products. The transformation and
dramatic increase of Chinas fisheries production in the short span of a decade is attributed mainly to the
development and growth of freshwater aquaculture. This growth is due to utilizing available water arcas. the
practice of various culture methods with multiple fish species, and the reforms. new policies, and management
measures implemented in the fisheries sector in the past decade. This paper provides insight into tae develop-
ment and growth of aquaculture in China, its present status, and the factors that contributed to this success. It
also notes present constraints, future prospects, and the effect of China’s aguaculture production on world

markets.

China, extending 5,000 km across eastern Asia 10 the
Pacific Ocean and 5.000 km from north to south, has a
total area of 9.6 million km? and an 18,000-km” coast-
line. The country’s topography, high in the west and low
in the east, can be classified into five major categories:
mountainous regions, 33%; plateaus, 26%: basins, 19%:
plains, 12%; and hilly areas, 10%. Three climate zones
prevail from north to south—temperate, subtropical, and
tropical—and annual precipitation gradually decreases
from 1,000-2,000 mm in the southwest to below 200
mm in the northwest.

The total inland surface water area in China is about
17.59 million ha. It consists of 7.42 million ha of lakes
(42%), 6.84 million ha of rivers and canals (38.8%).
2.05 million ha of reservoirs (11.6%), and 1.27 million
ha of ponds (7.2%). There are also about 27 million ha
of paddy fields and 20 million ha of marsh. saline, and
low-lying wasteland. The area of shallow seas and
mudflats along the coast within the 15-m isobath is
about 13 million ha.

China has over 2.000 species of marine. brackish-
water, and freshwater fish, crustaceans, mollusks, cepha-
lopods, and seaweeds. Seven hundred and nine indig-
enous species and 58 sub-species of freshwater fish occur
in inland waters throughout China, about half of them
belonging to the family Cyprinidae. Some 16--18 exotic
species were introduced into China from the 1960s to
the 1980s.

Freshwater Aquaculture

The culturing of freshwater fish in China dates back
to the Yin Dynasty (1,142 BC). Over the 3.000 years that
freshwater aquaculture has been practiced in China, it
was limited to a few traditional production areas, such
as the Changjiang (Yangtze) and the Zhujiang (Pearl)
river deltas. It is only in the past few years that China

emerged as one of the world’s leading producers of
fishery products. The magnitude of this increased pro-
duction (in terms of weight) that took place within a de-
cade is attributed greatly to the expansion of aquacul-
ture, especially freshwater aquaculture.

The development of freshwater aquaculture in the past
few decades was prompted by a number of factors that
resulted in the severe decline of natural freshwater re-
sources. These included an increase in freshwater fish-
ing boats, gear, and fishing intensity; construction ot
water conservancy facilities that disrupted migration
routes of tish; reclamation of land from lakes for wgri-
culture; pollution from industry. Apart from management
and stock enhancement in open water bodies, aguacul-
ture was an exceedingly promising way (0 mitigate for
such losses and increase production.

To alleviate the high demand for fish in urban and in-
dustrial areas, centralized large-scalz commercial fish
culture bases were established with funds provided by
the state. Many bases were reconstructions of old facili-
ties in the suburbs of large cities or industrial areas. Newly
constructed fish culture bases mainly used waterlogged
lowland and saline—-alkaline wastelands.

Culture Species, Production and Area

About 40 freshwater fish species are commonly cul-
tured in China today. However, of the major species cul-
tured. only four—silver carp (Hypoplithalmichihys
molitrix), bighead carp (H. nobilis), grass carp (Cteno-
pharyngodon idella), and common carp (Cyprinus
carpio)—constitute more than 85% of the total freshwa-
ter fish production (Table 1). Other fish, freshwater
prawns and mussels, and turtles constitute species of
commercial value. Exotic species cuitured include 1ila-
pia (Tilapia spp.). rainbow trout (Oncorhynchus mvk/ss).
paddlefish (Polvodon spathula), toach (Rutilus rutilus).
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TABLE 1.—Freshwater aquaculture production (metric tons) in China by major fish spe-

cies, 1979-91. Source: FAO (1993).

Species® 1979 1984 1988 1990 1991

Silver carp 366,000 760.000 1.481.000 1.39%,000 1,360,969
Righead carp 162.700 362.200 701,500 658230 680,434
Grass carp 122,000 271700 584,600 1.023,199 1,045,962
Common carp 48.800 181.100 584.600 522,309 594,476
Chinese bream 40,700 90.600 194.900 161,615 153,309
Crucian carp 24,400 54,300 116,900 211,534 218,908
Mud carp 16,200 36.200 77.900 R0,000 80,000
Black carp 24,400 36.200 117.100 37469 35,682
Tilapia 8100 18.100 39,000 106,071 119,852
Total 813,300 1.811.100 3.897,500 4,198,512 4,289,592

“Silver carp (Hypophthalmichihys molitrix). bighead carp (H. nobilis), grass carp (Ctenophaningodon
idella). common carp (Cyprinus carpio). Chinese bream, crucian carp (Carassius carassius), mud carp
(Cirrhinus molitorella), black carp (Mylopharyagodon piceus). tilapia (Tilapia spp.).

and channel catfish (Ictalurus punctatus). The produc-
tion of several species of tilapia increased from 9,000
metric tons (mt) in the 1980s to 119852 mtin 1991.
The major source of freshwater aquaculture produc-
tion in China is from pond fish culture (75.6%), tollowed
by reservoirs (8%), lakes (5.9%), rivers (5.9%), paddy
tields (2.9%), and other water areas (1%). By 1990. the
total water area under freshwater aquaculturc was more
than 4.57 million ha (Table 2). In addition to traditional
fish production areas such as the Yangtze and the Pearl
river deltas, central China, with its extensive ponds, lakes,
and reservoirs, has become an intensive fish production
area. Provinces with significant freshwater aquaculture
production include Jiangsu on the east coast, Guangdong
in south China, and Hubei in central China. Aquaculture
has also expanded into the “Three Northern Areas” (i.e..
northeastern, northern, and northwestern China).

Present Infrastructure of Freshwater
Agquaculture

During the development stage of freshwater aquacul-
ture, the major constraint was the paucity of stocking
material (fish seed). In the past. fish seed was acquired
from natural spawn in the Yangtze River. China has made
great efforts to establish a fish seed supply infrastruc-
ture, which was made possible through the breakthrough
in the artificial propagation of Chinese carp. To date, there
are more than 1,300 fish feed farms, small-scale hatch-
eries, and nurseries established throughout the country.
These facilities produced more than 200 million fry and
900,000 mt of fingerlings in 1990. China has also estab-
lished 50 large-, medium-, and small-scale fish feed pro-
duction mills with an annual feed production of about
1.4 million mt.

Pond Fish Culture

Presently, two categories of freshwater aquaculture are

practiced in China—pond fish culture and open-watey
fish culture on lakes. reservoirs, and rivers.

Culture and harvest of fish from ponds was practiced
about 3,100 years ago with the common carp as the only
cultured species. Culture of other carp species com-
menced during the Tang Dynasty (618-907 an), and by
the Ming Dynasty (1.618 AD). Such methods us feeding
fry with egg yolk, pond fertilization, combining fish cul-
ture with livestock culture, establishing stocking densi-
ties, and planting of grass as feed for grass carp were
documented. Some of these practices continue in present-
day pond fish culture.

Past empirical experiences in freshwater aquaculture
were synthesized in the 1950s into eight Chinesc char-
acters. which represent the essential ingredients for in-
tensive pond fish culture. These are water, sced, feed.
polyculture, rational stocking densities, stock and har-
vest in rotation, prevention of pests and diseases, and
management.

The late 1950s brought breakthroughs in the artificial
propagation of silver and bighead carp under confined
conditions; other Chinese carp were propagated subse-
quently. Production of hatchlings of these fish species
on a mass scale throughout the country became a reality.
On the basis of experience over the past 3 decades, the
following technology developments were made in pond
fish culture:

TABLE 2.—Areas (ha) under freshwater aquaculture in China.
1980-90.

Areas 1980 1985 1990

Ponds 821,513 1,257,600 415430
[Lakes 528,833 622,686 614,770
Reservoirs 1,266.660 1,375,666 421,590
Waterways 247,140 310,286 331,980
Other water areas’ 49950
Paddy ficlds" 740,830
Total 2,864,146 3,566,239 4,575,550

“No statistics availuble prior to 1985.
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TaBLE 3.—Pond sizes in Chinese freshwater aquaculture.

TABLE 4.—Multigrade conveyor culture system for grass carp
in China (Network of Aquaculture Centres. in Asia 19891

Type Arca (ha)* Depth (m) Water depth (m)
Stocking Transfer Stocking Cujrure
Fry 0.06-0.33 1.5-2.0 LO-1.5 Grade size size (fish/ha) der sity (d) period
Fingerling 0.13-0.33 2.0-25 1.5-2.0
Table fish or 0.46-1.0 30 20 | Fry 2.5cm 225 mithon/ha 2025
brood fish 1 25¢m 7.5c¢m 127,500/ha 1548
Storage and sediment 0.20-0.33 3.04.0 25-35 m 7.5 cm 10-20 c¢m 12 000/ha 3050
pond v 10-20 cm 0.05-0.5kg  3.000--3.900/Ma 60-150
*Converted from Chinese measurements: 1 mu = 0.00 ha \4 0.25-0.5 kg, 1.0-1.5 kg 1,050~1.200/ha 130150

» Ponds were standardized in terms of shape, size,
depth with water intakes, and discharge facilities
by renovating old ponds (Table 3).

« Rational stocking of larger fry or fingerlings, and
the practice of stock and harvest in rotation, were
combined with improved feeding, manuring, and
daily management.

» The rearing cycle was shortened, cstablishing a
multigrade culture of fingerlings and the rearing of
fingerlings in grow-out ponds for table fish.

» Acrators were used in fingerling rearing and table
fish grow-out ponds.

» Polyculture of indigenous. exotic, and hybrid fish
species was intensified with better growth rates and
market value.

« Integrated fish culture was developed and expanded
by combining fish culture with animal husbandry.
sericulture, and agriculture.

The two commonly practiced methods of pond fish
culture of table fish in China are (1) stock and harvest in
rotation as practiced in the Yangtze River delta and Cen-
tral China, and (2) multigrade conveyor culture as prac-
ticed in southern China. The stock-and-harvest-in-rota-
tion method involves initially stocking fingerlings of
different sizes into one pond. As fish growth varies due
to stocking size, the market-sized fish are harvested by
stages, and the smaller fish are either retained for further
growth or replenished with newly stocked fingerlings of
different sizes. Other methods include (1) harvesting by
stages, in which ponds are stocked with different species
in early spring, harvested according to growth, and
completely harvested at the end of the vear: (2) stock
and harvest at different intervals where fingerlings are
replenished after each harvest of marketable fish: and
(3) stocking of tilapia during the months of July and Au-
gust. The advantages of stock and harvest in rotation is
that it balances the carrying capacity of the pond, as stock-
ing densities in high-yielding fish ponds may attain
3,750—4,500 kg/ha. Such a practice also reduces the need
for fingerling rearing ponds. Fingerlings may therefore
be obtained in the grow-out ponds of table fish.

The multigrade conveyor system is practiced in the
province of Guangdong, south China. Under such a sys-
tem, polyculture of fingerlings of various sizes of ditfer-

ent specics Is carried out in separate ponds. Ponds are
usually divided into 4 to 6 grades (Table 4). The first
grade is for the hatchlings-to-fry rearing ponds: the rec-
ond, third, and fourth grade ponds are for the rearing of
different-sized fingerlings, whereas the fifth grade con-
stitutes grow-out ponds for the raising of table fish. The
characteristic of this technique is that. with similar con-
ditions and duration of time, a greater number of large
fingerlings may be obtained.

The pond area allocated to these five grades is designed
to guarantee that the production from one pond meets
the demand of the next pond. The grow-out ponds (grade
five) under such circumstances usually account for 65%
of the total pond area; large fingerlings (grade four) 23%:
medium size fingerlings (grade four) 7%: small finger-
lings (grade three) 3%: and hatchlings and fry (grade one)
2%. With the harvest of a portion of table fish from the
last grade. the stock is then replenished with fish from
the previous grade that have attained the required «ize
for transfer. The transtfer of fish continues through the
other grades. The drawback of this system 1s that it is
quite labor intensive.

In the rearing of table fish under a polyculture sysiem
with high densitics. management is of crucial importance.
Feeding and manuring under such circumstances is car-
ried out on a continuing basis. Feeding is based on the
season, weather, water quality, and the intake of feed by
fish. The general principle in applying manure is to apply
it frequently in small quantities according to the status of
the water (color. transparency) after the stocking of fish.

Integrated Fish Farming

The current, integrated, pond-fish farming system dates
back about 2,100 years. The rationale behind integrated
fish farming is to minimize or recycle wastes from v uri-
ous subsystems on the farm. Wastes or byproducts from
cach subsystem are used as inputs to other subsysteims
to improve productivity and lower production cost of
outputs of the various subsystems (Edwards et al. 1986).

Freshwater fish culture began with monoculture of
common carp and slowly developed throughout the cen-
turies on a household scale into polyculture. Morce inten-
sified and large-scale fish culture requires inputs. such
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as feeds from agriculture and manure from animal hus-
bandry. However, fish culture is given a lower priority
and is less accessible to these inputs, and large tish farms
established in the late 1950s to raise table fish were usu-
ally in a deficit state, mainly becausc of the poor quality
and high costs of feeds. thus resulting in low returns.

For such constraints to be overcome, it was evident
that by combining fish culture with agriculture and ani-
mal husbandry activities, savings on feed could be at-
tained, more employment opportunities and income
could be generated, and a much more favorable and less-
polluted environment could be established. An economi-
cally self-sufficient operation may be attained in which
feeds and fertilizers are produced for its own use, thus
obviating energy and feeds and reducing expenditures.
Today, integrated fish farming practiced in pond fish
culture has been further extended into open water bod-
ies, such as lakes and small reservoirs.

Integrated fish farming in China is quite diversified.
Apart from the simple to complex forms of integration,
it is usually based on local socioeconomic conditions,
availability of natural resources, climate, and geographic
location. The most simple and popular type of integra-
tion is the combination of fish and crop farming. Other
commonly practiced forms of integration are to combine
pigs, ducks, or chickens with fish culture.

A rather direct and popular model of integrated fish
farming practiced in China is the pig—grass (or veg-
etable)-fish integration. Under such a model, a portion
of pig excreta is applied into the pond, most of it as fer-
tilizer for the growth of high-yielding terrestrial grass or
vegetation, such as rye grass, sudan grass, elephant grass.
and Chinese cabbage. The grass is fed to the major
stocked herbivorous fish species (grass carp). The water
is then fertilized by the excreta of the grass carp. which
produces the live feed for filter-feeding fish species. The
silt of the pond is then used to fertilize the grass grown
on land. It is reported that feces of | kg of grass carp
may support 0.2-0.5 kg of filter-feeding silver and big-
head carp through the fertilization of the water body.
More complex integrated fish farming models are also
practiced, such as cow—vegetable-mushroom—earthworm-
duck—fish, fish-mulberry—sericulture and the aquacul-
ture—agriculture—industry models.

Lake Fish Culture

China has about 2,800 lakes with areas exceeding 1 km?,
124 lakes larger than 100 km?, total lake area of 75.610
km?® (Tu 1988), and total lake water area of 7,425,580 ha,
of which 1,869,853 ha is suitable for aquaculture. By
1990, 615,770 ha were being used for aquaculture.

Extensive lake fish culture activities commenced in
the 1950s when shallow lakes near towns and cities in

the intermediate and lower reaches of the Yangtze River
were stocked with tingerlings supplied by state {ish farms.
This practice was extended into medium and large lakes
from the 1960s to the 1970s. Lake capture fisheries that
previously relied on natural reproduction were trans-
formed into extensive culture-based fisherics. However,
the construction of walter conservancy facilities. build-
ing of dikes to reclaim land for agriculture, industrial
pollution. and intensified fishing resulted in a decline in
lake capture fisheries.

Measures to enhance propagation and culture tech-
nigues and to conserve natural resources were proposed
according to environmental conditions, productivity, and
major constraints to fisheries in each lake. Management
practices that were implemented consisted of extensive
stocking, regulating fishing periods, controlling the num-
ber and types of fishing boats and gear, and establishing
spawning environments. Although such measures con-
tributed to increased production in open water bodics to
some extent, fish production in large lakes seldom ex-
ceeded 40-50 kg/ha because of low primary production.

To further increase fish production in lakes. semi-
intensive cage and pen fish culture was proposed. It has
been proposed that 80% of the lake area be used for re-
source propagation. 15% for pen fish culturc. and 5%
designated as conservation area where no fishery activi-
ties are allowed. Cage and pen culture in lakes started in
the 1970s. In the late 1970s, from experiences introduced
from abroad, pen culture was carried out in many lakes
in the Yangtze River Basin with encouraging results. The
area of pen culture in lakes increased from 31.100 ha in
1985 to 70,000 ha in 1990. The average yield from
present-day pen fish culture is 435 kg/ha. High yields of
12,000 and 25,380 kg/ha have been obtained through
stocking of large-sized fingerlings and intensified feed-
ing regimes. The size of pens varies from 0.15 to 0.73
ha; large pens, up to 1.86 ha, have also been reported.

Pen fish culture in lakes has also adopted an integrated
approach that consists of two major components in the
system: aquatic plants (Trapa natans, Ipomaea aquatica.
and Eurvale ferox) and fish (grass carp and blunt snout
bream). Other species that have been stocked to a lesser
extent are the common. black, silver, and bighead carp.
This has been demonstrated as a successful cornbination
in lakes in the lower reaches of the Yangtze River delta.
For easy access, such aquatic vegetation is cultured near
the pens, which also reduces the impact of waves on the
pens. It is envisaged that pen fish culture has high poten-
tial in the management of large shallow lakes.

Reservoir Fish Culture

Compared with other fish culture practices conducted
throughout China’s history, mass-scalc reservoir fish
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culture is a very recent phenomenon, having started about
4 decades ago. The development of reservoir fisheries
started with the mass construction of dams for water stor-
age, flood control, and irrigation in the 1950s. This con-
struction created more than 82,000 man-made water bod-
ies of various sizes and increased the inland surface water
area by some 2.054 million ha. The total number of res-
ervoirs currently stands at 82,870, of which 353 are large
reservoirs (0.4%), 2,428 medium size (2.9%) and 80,089
small reservoirs (96.6%). Small reservoirs comprise a
total water area of about 460,000 ha.

In the initial stages of reservoir fish culture develop-
ment, stocking of fry or undersized fingerlings in reser-
voirs was a very common practice, which resulted in low
survival and return rates. Conclusions derived from re-
search and trials have established that the minimum size
of fingerlings to be stocked in reservoirs is 13 cm. The
dominant practice in current reservoir fisheries contin-
ues to be the stock-and-take approach, where the highest
yield is achieved by the annual stocking of species that
do not propagate in reservoirs. Those species that do
propagate contribute only a small portion to the total
yields.

To facilitate better management, reservoir fisheries are
now supervised by the Chinese Ministry of Water Re-
sources, and tisheries are incorporated into the overall
development of the reservoir. Fish culture developments
in the past few years in reservoir fisheries include cage
and pen culture or a combination of the both.

Cage fish culture in reservoirs.—The stocking mate-
rial for reservoir culture was purchased from state or
cooperative fish tarms, which increased the cost consid-
erably, as very few reservoirs were able to establish hatch-
eries or fingerling rearing ponds in the buffer zone be-
low the dam. A shortage of land in the immediate vicinity
of a reservoir for constructing ponds was a major con-
straint. Cage culture of fingerlings in the main water body
that relied on natural food was successtully carried out
in the 1970s in reservoirs in central China. This approach
developed into the culturing of table fish with supple-
mentary feeding.

Cove fish culture in reservoirs.—Cove fish culture was
developed to use the mass drawdown area within a res-
ervoir. In large reservoirs with abundant feed, an earthen
or stone embankment is constructed at the mouth of a
cove with a spillway and water discharge sluice gate. A
net barrier is installed, or a combination of the two is
used to create a cove. Fingerlings or table fish are then
cultured in the cove. Cage culture of fish with feeding
programs is also conducted in such coves.

Fertilization of small reservoirs.—In China, small res-
ervoirs are usually constructed for water storage and ir-
rigation. They are created by damming intermittent shal-
low rivers or streams or relying on runoffs with poor

vegetation in the reservoir’s upper reaches and surround-
ing area. The resulting water body has limited external
nutrients entering the reservoir, low fertility, and poor
fish yields. To overcome such constraints. inorganic ter-
tilizers were applied to the main water body of small
oligotrophic reservoirs to increase the plankton biomass
for the rearing of filter-feeding Chinese carp. Commonly
used fertilizers were phosphate (superphosphate) and
nitrogen (ammonium bicarbonate). Other fertilizers. such
as liquid ammonia, lime urea, or amronia nitrate. are
applied to a lesser extent. Depending on the fertility of
the water body and the source of natural tood, 1.5-2.5
kg of inorganic fertilizer are required to produce 1 kg of
silver and bighead carp.

Integrated fish culture in individual or multiple small
reservoirs.—The past concept in the development of res-
ervoir fisheries was for a reservoir to establish its own
hatchery or fingerling rearing ponds, and harvest and
market its own product. Such an approach. however, re-
sulted in slow development and low returns, as small
reservoirs lacked financial resources, stocking material.
technology, and management measures. It was, therefore.
proposed to develop fisheries in small reservoirs by
grouping reservoirs that are geographically adjacent and
under one district administration. The size of the group
does not depend on the number or water area of the res-
ervoirs, but on the availability of resources and coordi-
nation that can be carried out between reservoirs, where
one or lwo reservoirs are selected as the core of the group.

Enhancement of research in reservoir tisheries.—To
enhance reservoir fisheries development and much
needed research, a specialized research institute---the
Reservoir Fisheries Research Institute (RFRI)—was e¢s-
tablished in 1987 in Wuhan, central China. This institute
is jointly supervised by the Ministry of Water Resources
and the China Academy of Science, and is the only such
institute in Asia that is entirely devoted to reservoir fish-
eries research, development, and management. This in-
stitute has established a computerized database on reser-
voir fisheries with assistance from the Food and
Agriculture Organization of the United Nations (FAO).
However, to cope with the vast scope of China’s reser-
voir fisheries, the institute urgently needs further updat-
ing of its research capability and capacity and personnel
training.

Paddy Fish Culture

Paddy fish culture started about 1,700 years ago. with
the culture of common, crucian, grass, and silver carp.
Documentation thereafter on paddy fish culture was
rather scant. In 1959, it was reported that paddy fish cul-
ture attained 66,000 ha, but during the [960s and 1970s,
the toxic pesticides used in agriculture reduced the area
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of paddy fish culture considerably. In Guangdong Prov-
ince alone, paddy culture shrank from 33,000 ha in the
1950s to only 320 ha in 1973. In the latter part of the
1970s. however, paddy fish culture began to increase in
area because of the planting of new varieties of rice and
the use of high-efficiency, low-toxicity pesticides. By
1990, the total area and yield of paddy fish culture in
China attaincd 740,000 ha and 133,000 mt. respectively,
averaging 180 kg/ha.

The method applied in paddy fish culture is described
as the “two scasons of paddy and one season of fish"—
the fish are cultured during summer between two sea-
sons of paddy growth. This further developed into “early
spring paddy-summer fish culture—late fall paddy-win-
ter wheat or green manure.” A system developed in cen-
tral China is known as the “‘rice-azolla-fish™ (Anony-
mous 1988). The culture of azolla (Azolla filicuiloides,
A. caroliniana, and A. microphylla) in ditches in paddy
fields provides the feed for both herbivorous and om-
nivorous fish species; increases the yield of rice and fish;
facilitates better control of rice pests. diseascs, und weeds,
thus reducing the requircment for pesticides: and in-
creases the fertility of the soil.

Causes of Success in Freshwater Aquaculture

Although China has a very long history in freshwater
aquaculture, the success of China’s present-day fresh-
water aquaculture industry within the very short time span
of a decade can be attributed to policy and economic
reforms. Prior to reforms in the fishery structure imple-
mented in the past decade, fisheries development was
hampered by the tfollowing factors:

« The product economy concept and the highly cen-
tralized planning and rigid economy management
system inhibited aquaculture development.
Fisheries quotas, which were subjectively stipulated
and deprived individual producers of basic benefits,
were carried out through an egalitarian distribution
system, thus inhibiting any initiative on the part of
an individual to enhance fisheries development.
Overemphasis on development of marine capture
fisheries through the mass increase of fishing boats
and gear resulted in the overexploitation and deple-
tion of traditional inshore stocks. Limited attention
was devoted to inland fisheries, aquaculture, or qual-
ity control and management.

In consideration of these serious negative factors, ra-
tional use of resources was established through appro-
priate development policies (i.e., more recent review and
subsequent adjustment of capture fisheries and aquacul-
ture with high emphasis on aquaculture). The most sig-
nificant impact is the introduction of management reforms
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in the form of the fishery contract responsibility system
and the transfer of greater decision-making power to the
individual. The contract is between the township man-
agement and a household. a group of households, or an
individual operator. The contract includes responsibili-
ties, the values of output, profit, and other mutters. The
essential nature of the reform is to reduce the size of the
management unit, thus increasing incentives. Under this
new management system, contracts, renting, partnership.
share of stock. hiring labor, and individual management
are all included. These are the most inspiring aspects of
the reforms in that they have provided incentive.

Other major reforms were carried out in the distribu-
tion system by liberalizing purchasing and marketing
policies. Commodity distribution prior to the reforms was
by arbitrary allocation and transfer of goods. using the
compulsory purchase system and the sales quota system
as the only means of commodity exchange. This system
deprived the producers of benefits through low prices.

Today. such market policies have been completely
abolished, prices of fishery products are regulated by the
market, and producers now closely monitor market re-
quirements, economic benefits, and quality. Distribution
of fishery products is governed by market prices. which
has greatly cnhanced the flow of commodities between
townships and citics. In the past, distribution was com-
pletely neglected.

Four main contracting systems are ccmmonly prac-
ticed in aquaculture in China:

1. Dispersed operation with unified support and lo-
gistical services. Under such a contract system. «
farmer signs a contract with a township or village
committee that stipulates production and profits and
assumes the sole responsibility in terms of profit
and losses. The township or village committee in
turn is responsible for providing the nceded sup-
port and logistical services, such as credit, materi-
als, and marketing. The farmer either pavs the con-
tract fee in cash prior to contract implementation or
pays in fish products at the end of the production
cycle. Such contract systems are usually carried out
at traditional fish culture sites at large concentrated
water bodies that have reliable support and logisti-
cal services.

Unified operation with dispersed contracts. Such
contracts are signed between the fish farm and the
township or village committee. The farm contracts
its ponds to its employees, with terms hased on a
preset yield, water area, value, and benefits. Either
the farm or township or village committee provides
the necessary materials for production. Such con-
tract systems are carried out in areas with strong
financial means and good fish-farming technology.

8}
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3. Unified contracting with independent operation.
This system usually involves a group of farmers led
by an individual who signs a joint contract with the
township or village committee for the use of ponds
or open-water areas. The farmers pay contract fees
or compensation in the form of produce or by in-
vesting and developing wastewater areas or con-
structing new ponds. The area under cultivation is
independently operated by the farmers. Profits are
shared according to investment percentage or labor
contribution.

4. Household or individual contracts. A household or
farmer acquires the contract through bidding among
farmers within the village. The household or farmer
is responsible for production and marketing. The
contract fee can be paid in cash or in tish products.
To raise funds for such a venture, the household or
farmer can apply for loans to lease and operate
ponds.

State-operated aquaculture enterprises, which pres-
ently number more than 2,400 and are stafted with over
10,000 employees, have also undergone reforms through
financial management (independent accounting). with
enterprises held responsible for profits and losses. New
management consists of the following:

« the government and enterprise share excess profits

after attaining the contract profit target;

+ the enterprise assumes full responsibility of profits

and deficits, and

+ the government issues a fixed subsidy to the enter-

prise with a deficit, but no extra subsidies are is-
sued for further deficits, with the enterprise retain-
ing any surplus.
Benefits of an enterprise are closely related to the income
of the employees, thus arousing their enthusiasm in their
field of work.

Surveys conducted in 1990 compared the profits of
state-owned and collective or privately owned freshwa-
ter fish ponds. The average yield and output value of
state farms was 3,297 kg/ha and 13,036 yuan; for collec-
tive and private farms, they were 4,172 kg/ha and 19,899
yuan, 43% and 53% higher, respectively, than the state
farms.

Technology Advances, Manpower Training,
and Extension Services in Freshwater
Aquaculture

The most significant technology development in fresh-
water aquaculture in China is the breakthrough in the
artificial propagation of Chinese carp. In the past, the
much needed stocking material could only be acquircd
from the Yangtze River and certain sections of the Pearl

River. Hatchlings can now be acquired through broc.d-
fish cultured under local conditions throughout the coun-
try. Other fields of technology development in freshwa-
ter aquaculture are being advanced:

+ high-yield pond fish culture models for ditferent
geographic locations and weather conditions,

« shortening of the rearing cycle to enable fry (o at-
tain marketable size with a 1-year growth period
under temperate conditions,

+ the development of cage and pen culture in lakes
and reservoirs.

+ control and curative measures for common fish dis-
eases of Chinese carps, and

+ artificial propagation of fish and crustaceans, such
as the white amur bream (Parabramis pekinensiy).
Megalobrama amblyocephala, Xenocvpris daviili,
mandarin fish (Siniperca chuatsi) and the freshwa-
ter mitten crab (Eriocheir sinensis).

In the field of education and training in freshwater and
marine fisheries. China has established 6 fisheries uni-
versities, has faculties in fisheries or aquaculture in 28
agriculture universities, and 16 fisterics secondary
schools and 9 agriculture secondary schools that have
freshwater aquaculture programs. Currently, China Fas
over 2.500 fisheries extension service stations (inch d-
ing brackish water and marine), with over 27.000 em-
ployees established throughout the country.

Mariculture

Compared with the long history of freshwaler aquac-
ulture in China, mariculture is a much more recent phe-
nomenon. The intense development of mariculture started
only about 3 decades ago. Before then, only a few spe-
cies of shellfish and seaweed were cultured along the
coust.

Mariculture Development Phases

Mariculture in China can developec in the following

four phases:

1. During the 1950s, several large. state-operated.
coastal aquaculture farms were set up. During this
period, kelp cultivation was transferred to the south.
and shellfish culture on mudflats technology wis
transferred to the north, and artificial propagation
of laver was initiated.

2. During the 1960s, emphasis in the fisheries sector
was directed toward marine capture fisheries: mari-
culture was given a much lower priority. As a con-
sequence, shellfish culture was on a downward trend
in terms of area and production.

3. During the first half of the 1970s, marine capture
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fisheries were intensified. At the same time. because
of undue emphasis on agriculture, large areas along
the coast that previously carried out shellfish cul-
ture were reclaimed for agriculture.

4. The years 1977 to 1987 were the boom period of
mariculture. While marine capture fisheries were
encountering severe depletion of traditional stocks,
reforms and restructuring of the fisheries infrastruc-
ture had greatly increased the area of cultivation
and production of mariculture.

Major changes took place during these four phases:

* increase in area and yield (Table 5).

* technology development in the field of artificial
propagation of more than 30 cultured species of sea-
weed, mollusks, and crustaceans.

* establishment of more than 600 nurseries and 400
feed processing installations,

» construction of freeze storage and processing plants
to cope with increased volume of mariculture prod-
ucts,

» mass training of technical personnel at various lev-
els, and

« reforms in institutional arrangements within the fish-
cries sector—a shift from centralization to greater
individual responsibility.

Culture Species

In shellfish, the four traditional cultured species in
China are the razor clam, cockle, blood clam, and oys-
ter. The razor clam is distributed from the coast of Liaolin
Province in the north to Fujian Province in the south-
east, with mudflats in the Zhejiang and Fujian provinces
being the major producing areas. Oyster cultivation is
located in the Zhejiang. Fijian, and Guangdong prov-
inces. The Pacific oyster was first introduced from Ja-
pan into the Zhejiang province in 1979, and later ex-
panded to the Liaolin, Shandong, and Fijian provinces.
With the development of broodstock and nurseries, this
new species has become well established in China. Oys-
ters in China are either cultured on mudflats by planting
cement or stone posts for the spat to attach or by using
longlines.

Mussel culture started in 1957. By the 1970s, mussels
were cultured along the coast from north to south. How-
ever, owing to distribution and processing problems dur-
ing that time, production was reduced considerably. It
was not until the mass expansion of shrimp culture that
mussel culture was stimulated on a mass scale to pro-
vide feed for shrimp.

Although cockle and blood clam culture are tradition-
ally cultured in China, it was only in the late 1970s that
it expanded. These clam species are distributcd along
the coast from the Shandong Province in the north to the
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TABLE 5.—Increases in area and production of mariculture
in China for selected years. Source: Ministry of Agriculture.
Beijing.

Total production

Year Tl area (ha) (metric tons)
1950 16,000 10,000
1960 101,833 121.000
1970 83,330 184,000
1980 133,560 444,340
1990 428,940 1,624,065

Zhejiang Province in east China. Artificial propagation
was initiated in Shandong, and the technique was later
introduced to the Liaolin Province in the north and
Guangdong Province in the south. Unlike mussels, cockle
and blood clams are preferred by consumers along the
Chinese coast. Apart from being cultured on mudflats,
they are also cultured in lantern-type net cages hung on
longlines.

Scallops are distributed along the coast from north to
south. The previously cultured local species has been sub-
stituted for the introduced United States bay scallop. as
this species has a much shorter growth period and a bet-
ter growth rate. It has now become the major cultured
scallop species in China.

The major cultured seaweed species is kelp. This sea-
weed was introduced into China from Japan in 1930. The
culture of kelp was extended to southern provinces, such
as Fujian and Guangdong. Other species of cultured sea-
weed are laver and Gracilaria.

In the cultivation of crustaceans, the fleshy shrimp
dominates. Its culture dates back about 200 vears, when
it was polycultured with mullet and sea bass. Today, drawn
by the high export value, more than 600 state, collective,
and individual shrimp nurseries of various sizes have been
established. The area of shrimp culture has expanded
from 1,300 ha to 163.000 ha within a decade. In the past.
monoculture of shrimp was practiced in ponds; this later
developed into the polyculture of shrimp with clams.
Other culturing methods include pen culture of shrimp
using intertidal mudflat areas and culture of shrimp un-
der low-salinity conditions.

While culture of the fleshy shrimp has become the larg-
est mariculture industry in China over the past decade,
disease and red tide outbreaks have plagued the indus-
try (Chamberlain 1997). Losses in 15,000 ha of shrimp
ponds along the coast of the Bohei Sea in north China
were reported in 1989, resulting in a loss of 10,000 mt of
shrimp or an economic loss of about US$40 million.

Analysis of red tides in ponds and in the adjacent seas
has identified the following causative factors:

* deterioration of water quality due to excessive feed-

ing practices in shrimp ponds, resulting in an acute
buildup of organic matter;
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¢ inappropriate management practices due to lack of

funds in research, lack of technical expertise at
grass-root levels, and the means and capability to
cope with adverse situations; and

* pollution in coastal waters due to discharge of un-
treated industrial wastewater and domestic sewage.

Imports and Exports of China’s
Aquaculture Produce

The imports and exports of China’s aquaculture prod-
ucts are not listed separately from other fishery prod-
ucts. Exports of fishery products in the 1950s and early
1960s consisted mostly of frozen fish exported to the
former Soviet Union and Eastern Europe. By the 1980s,
apart from the traditional markets of Hong Kong, Macau,
and Japan, China’s export of fishery products had en-
tered into the countries of the European Community,
northern Europe, and North America. To the present day,
Hong Kong and Macau continue to be the major outlets
for China’s fishery products, representing about 60-62%
of the total, followed by Japan with 35%.

During the 1950s, major export fishery products were
traditional low-value, monotonous products such as live
pond fish, frozen fish and dried cuttlefish, jellyfish, and
salted fish. In the 1960s. exports consisted of frozen fresh
fish, brine fish, frozen fillets, dried shrimp. and miscel-
laneous live aquatic products (swamp eel. loach, soft-
shelled turtle, mitten crab, and sneakhead). By the 1980s.
exports included live marine products (grouper.
seabream, live eel. blue crab, lobster, and clams), glass

eel, frozen clam meat, fish roe, and agar. The sources of

these products are mainly from aquaculture and the pro-
cessing industry. The export of the fleshy shrimp. mainly
of capture species, started in the late 1950s. By the late

1970s, however, cultured shrimp constituted the bulk of

shrimp exports.

The two major imports of fishery products continue
to be fish meal from Peru and Chile, representing about
70-80% of the total, and frozen fish, mainly from North
Korea, representing 15-25% of the total.

Faced with the pressure of a high population and the
available terrestrial natural resources, domestic consump-
tion of fishery products in the future shall no doubt con-
tinue to prevail in China, as the present-day per capita
fish consumption in China is only 9.3 kg annually. Ex-
ports of fisheries products shall therefore be concentrated
on high-value species group with high-value returns.

Conclusions

In the course of fisheries development from the 1950s
to the 1990s, especially in the area of aquaculture, China
has become the leading nation in world fisheries pro-

duction. China is presently the sole nation where aquac-
ulture production has surpassed capture fisheries. thus
demonstrating that aquaculture can substantially increasc
production through rational use of available resources.
However, this development and expansion was not ui-
eventful.

In the 1950s. emphasis on aquaculture was proposed
but was not effectively implemented for more than 2
decades. During this time, undue emphasis on agricul-
ture, centralized monopoly on purchase and marketing,
and egalitarianism in distribution all seriously hampered
initiative by individuals, and the advantages of aquacul-
ture could not be developed to any substantive extent. At
the same time, intensifying marine capture fisheries r2-
sulted in overexploitation and depletion of natural fish
stocks along the coast. It was under such circumstances
that rational use of resources was put on the agenda tor
the future development of China’s fisheries. Subseque 1t
economic reforms completely restructured the manage-
ment system.

In the future, apart from increasing the per unit yie d
in existing freshwater pond fish culture and developing
aquaculture in underdeveloped areas, expansion of pord
fish culture is possible only on lands unsuitable for agri-
culture. Moreover, to increase freshwatar pond fish cul-
ture will require more intensified culture practices. with
an integrated approach, combined with the overall reno-
vation or reconstruction of existing ponds. With such
limitations in pond fish culture, open-water bodies such
as lakes and reservoirs hold high potential. Further use
of these existing water bodies through stock enhance-
ment as well as cage and pen culture holds promising
prospects.

To overcome the shortage of feeds, China’s aquacul-
ture should continue to develop with an integrated ap-
proach by incorporating fisheries, agriculture. animal
husbandry, and rural sideline occupations into one pro-
duction system with available local resources.

Mariculture in China is directed to a few major cul-
tured species in shrimp, mollusks, and scaweed. The
expansion of the shrimp culture industry is most notable:.
and results are significant. But such development is not
without consequences: poor managemert practices at the
grass-roots level, water-quality problems, and shrimp dis-
cases have resulted in heavy losses in certain areas ot
shrimp culture along the coast. Apart from environmen-
tal issues, such losses are believed to be due to lack ol
technology, expertise, and the application of standard
shrimp culture techniques. More intersified research.
training, and extension is urgently needed if China is to
maintain its momentum in shrimp culture and prevent
further deterioration.

Environmental issues that often are beyond the scope
of aquaculture are also exceedingly iraportant. Rapid
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population growth and increased urbanization and indus-
trialization have brought about increased socioeconomic
prosperity, but have also greatly increased the discharge
of industrial effluents and untreated domestic sewage. It
is not surprising that red tides along the coast have oc-
curred more frequently in recent years. Discharges of
large quantities of untreated industrial and domestic
wastes directly into rivers have become one of the major
causes for adverse environmental conditions.

The seven large river systems that drain into the Pa-
cific Ocean receive 22.4 billion m* of wastewater annu-
ally, 89.2% of which consists of industrial effluents. In
1992, the total wastewater discharge throughout the coun-
try was 36.65 billion mt (excluding discharges from town-
ship and village enterprises). The injection ot such large
amounts of waste is far beyond the self-purifying capa-
bility of the rivers.

The pollution of rivers and their associated water bod-
ies will not only continue, it will intensity. Itis estimated
that by the turn of the century, the seven large river sys-
tems that drain into the Pacific will receive approximately
61.1 billion mt of wastewater annually. Although the
water quality is currently acceptable, strict control mea-

sures accompanied with more investments in pollution
control are required to curb the further deterioration of
inland and coastal waters.
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Sustainability of World Shrimp Farming

GEORGE W. CHAMBERLAIN

Abstract—Shrimp farming has become a multibillion-dollar business that has attracted attention in many
developing countries as a means of generating profits, local employment, and hard currency. Annual world
production of farm-raised shrimp grew rapidly and steadily from a negligible level in 1930 to 799.000 metric
tons (mt; live weight) in 1991. However. from 1992 to 1994, production sputtered between 789,000 and 891,000
mt, as increases in some regions were otfset by declines in others. Although official Food and Agriculture
Organization of the United Nations data are not yet available for 1995 and 1996, projections indicate that produc-
tion declined because of a worsening disease epidemic in Asia. Although production hurdles exist, diseases
have been the direct cause of recent production declines. Despite serious efforts to control them. diseases con-
tinue to plague the industry. The first sign of large-scale problems occurred in 1988, when Taiwan's production
dramatically dropped. The cause of the widespread mortality was poorly understood. Another crippling decline
occurred in 1993 in China. Much of Asia is now struggling with rapidly spreading viral epidemics. In some
cases, extensive complexes of shrimp ponds have been abandoned owing to insurmountable disease problems.
Nearly 20 shrimp viruses have been identified thus far. but the most threatening during the mid-1990s have
been white-spot virus in Asia and Taura Syndrome virus in the Americas.

An increasing number of environmental and social issues have been documented as the shrimp ajquaculture
industry has grown and intensified. Regulations are tightening to address issues such as mangrove destruction,
waste discharge, and overdevelopment. Concerns about the environmental sustainability of shrimp farming
have become more pronounced in light of large-scale production failures, Disease and environmental issues are
forcing shrimp farmers to reevaluate traditional management practices. which rely heavily on externa; resources
such as healthy wild shrimp, clean estuarine water, and a large adjoining ecosystem to assimilate wastes. Farm-
ers are being encouraged to rely less on uncontrollable resources and more on the fundamental disciplines of
sanitation, animal health. genetics. nutrition. and sound management. This difficult transition is similar 10 that
which traditional animal husbandry underwent long ago—irom wild animals in a natural setting to domesti-
cated animals in a more controlled setting. Promising new techniques are being developed to reduce water
requirements. disinfect ponds. diagnose diseases. breed for discase resistance, improve feed efficiency. and
predict the carrying capacity of ecosystems. These tools will pave the way toward greater production efficiency
and a new phase of environmentally sustainable growth.

During the 1980s, world landings of shrimp from cap-
turc fisheries reached a plateau of approximately
1,900,000 metric tons (mt) per year while shrimp aquac-
ulture began a period of rapid growth. World production
of farm-raised shrimp grew dramatically from less than
84,000 mt in 1982 to 891,000 mt in 1994 (National Ma-
rine Fisheries Service [NMFS] 1992; Food and Agricul-
ture Organization of the United Nations [FAO] 1996).
However, widespread crop failures and environmental
concerns have raised questions about the sustainability
of shrimp aquaculture. Sustainability was defined by
Hulse (1993) as “satisfying present needs without preju-
dice to the needs of the future.” The following issues
illustrate the major concerns challenging the shrimp farm-
ing industry.

Disease Outbreaks
in Selected Countries

Taiwan

One of the early leaders in production of farmed shrimp
was Taiwan, where 10,000 ha of small, family-owned,

intensive farms produced 115,000 mt of Penacus
monodon in 1987. However, devastating shrimp mortal-
ity in 1988 dropped Taiwan’s production to only 44.000
mt (NMFS 1992). The causes of morrality were attrib-
uted to industrial pollution, bacterial and viral diseases.
and recirculation of pond effluents among farms. Re-
peated efforts to revive the industry in Taiwan resulted
in collapses in 1992 and 1993 despite attempts to swiich
from P. monodon ta alternate species such as P. japonicus
and P. penicillatus (Chua 1993). In 1994. shrimp p-o-
duction in Taiwan was estimated to be 25,000 nut
{Rosenberry 1994). and most Taiwanese shrimp farmers
had switched to marine fish culture.

China

The 1988 crop failure in Taiwan had little impact on
the world supply of shrimp because the shorttall was
offset by rapidly increasing production from China. Dur-
ing the 1980s, China’s production grew at an average
rate of 80%/year. By 1987, China had become the world
leader, with an annual production of 153,000 mt. In 1988,
production increased to 199,000 mt, and some observers
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expected China’s production to continue climbing to
400,000 mt/year. However, production became erratic
during the next 4 years owing to worsening water qual-
ity, red tide blooms, and sporadic disease problems in

the primary shrimp production area on the Gulf of

Bohai. This deterioration was attributed to increasing
domestic, agricultural, and industrial pollution as well
as self-pollution by organic material from the shrimp
farms (Rosenberry 1990: Infofish 1994).

In 1993, China’s production plummeted to 88.000 mt,
down from 207,000 mt the previous year (Figure 1). This
collapse caused the first decline in world production of
farmed shrimp, and it resulted in a worldwide market
shortage and record-high prices. Initially, the widespread
mortality was blamed on pollution and red tide blooms.
Researchers later discovered the causative viral disease.
now known as white-spot virus based on the symptom-
atic presence of pinpoint to 1-mm whitish spots on the
cuticle of some shrimp species (Huang et al. 1995).
White-spot virus is a highly pathogenic disease that
causes up to 100% mortality 2-3 d from onset. Epidemic
mortality was first observed in China in the southern prov-
ince of Fujian around June and July 1993. The virus
moved north to the province of Zhejiang and Jaingsu,
eventually reaching the Gulf of Bohai (Rosenberry 1994).
Mortality affected farms in all kinds of systems and stock-
ing densities ranging from 4 individuals per m* to more
than 25/m>. In an attempt to manage risk, farms have
decreased stocking densities to 3—4/m? and switched spe-
cies from P. chinensis to P. japonicus, which is more lu-
crative in the live market to Japan. Despite continual ef-
forts to revive the industry, 1996 shrimp production in
China was estimated as 80,000 mt, and China was a net
importer of shrimp (Rosenberry 1996).

White-spot virus quickly spread from China to other
Asian countries where it has been causing an explosive
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FIGURE 1.—World production (live weight. 107 metric tons
[mt]) of farm-raised penaeid shrimp. 1982-94 (FAO 1996).
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pan-Asian epizootic during 1994-97, affecting the fol-
lowing species: P menodon, P. chinensis, P. japonicus.
P indicus. P. merguiensis, P. penicillatus. P. indicus.
Trachypenaeus curvirostris, and Metapenaeus ensis
(Nakano et al. 1994: Lightner et al. in press).

Thailand

Thailand has a long history of low-density shrimp pro-
duction in coastal ponds. However, beginning about 1983,
intensive culture techniques were introduced from Taiwan.
Results were very encouraging, and intensive culture
spread quickly. Rapid expansion was stimulated by the
tax-free status of shrimp farming in Thailand and the role
of major feed companies such as the Charoen Pokphand
(C. P.) Group in providing a complete umbrella of sup-
port to small producers. The C. P. Group (1991) provided
statistics on farms operating under different management
regimes in 1991 (Table 1).

Most intensive tarms in Thailand are small, family
owned and operated. and have less than 2 ha of water
surface. The typical intensive pond is 0.3-0.5 ha in sur-
face area, 1.5-1.8 m deep and is equipped with aeration
(Chamberlain 1991). [t is managed with relatively high
rates of water exchange, and its crop is fed 5 times/d.
Yields range from 5-12 mt ha”' cycle™".

Typical operation of intensive ponds relies on continu-
ous exchange of organically loaded pond water with clean
water from the estuary or ocean. The rapid proliteration
of shrimp farms often results in recirculation of waste
water among neighboring farms. This creates a stressiul
environment for shrimp. which is expressed as reduced
rates of growth, food conversion, and survival. Recircu-
lated waste water can also transmit diseases among farms
and create an opportunity for outbreak of epidemics.

The problem of recirculating waste water was exem-
plified by a shrimp farming region in the northern Gull
of Thailand near Bangkok. Approximately 5.000 ha of
intensive ponds were constructed in that area in a 2-year
period. This was an unfortunate choice of sites because
it receives much of the waste water from Bangkok
through runoft from four rivers. Sediment deposition has
created mud flats that extend into the gulf for 10-15 km
at low tide. On the incoming tide, much of this sedimeni
is resuspended and carried into shrimp ponds. Thus, farms
in the area suffered high mortality and virtually the en-
tire 5,000-ha development was abandoned. The industry
simply relocated to new areas south of Thauiland and
growth has continued (K. Lin, Asian Institute of Tech-
nology. Bangkok, Thailand, pers. comm.).

In late 1992 and early 1993, the Thai shrimp Jarming in-
dustry began reporting widespread mortality in which one
of the external symptoms was a light yellowish, swollen ce-
phalothorax. The syndrome, known as yellow-head disease,
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TABLE 1.—Statistics for size, number and productivity of
Thai shrimp farms by management type, 1991 (C. P. Group
1991).

Number of Production
Management type farms Area (ha) (mt)
Extensive 2,587 22.000 7,558
Semi-intensive 3.909 25,163 14,274
Intensive 7,739 29,377 71.665

caused up to 100% mortality in 3-5 d in some farms. As a
result, during the first quarter of 1993, shrimp production
in Thailand dropped for the first time in 5 years.

Thai researchers identified the pathogen as a rod-
shaped cytoplasmic virus with a single piece of ssSRNA
as its genome (Boonyaratpalin et al. 1993: Wongteera-
supaya et al. 1995). They conducted bioassays with many
pond organisms and determined that the natural carriers
of the virus are small brackish-water shrimp, Palaemon
styliferus and Acetes sp.. which often reside in shrimp
ponds in Thailand. They also determined that the virus
is viable outside the host in seawater for 72 h.

On the basis of this information, a massive educational
effort was instituted by the Thai Department of Fisheries.
Farmers were instructed not to feed trash fishes. which
often include palacomonid shrimp. Filter socks were in-
stalled on inlet water systems to prevent entry of small
shrimp. Farmers were instructed to hold incoming water
in the reservoir for 72 h before use. If an outbreak did
occur in a given pond, farmers were instructed (o warn
neighboring farms not to pump for 72 h after the infected
pond was drained. After the initial widespread outbreak
in 1992, subsequent outbreaks have been more sporadic
and less acute. It is uncertain whether the subsidence of
virulence was caused by management efforts or by
changes in either the viral pathogen or the shrimp host.

White-spot virus, first observed in China in 1993,
appeared in southern Thailand around November 1994,
coincident with the rainy season. Mortality was severe
until the end of January. Many researchers thought this
virus would diminish like yellow-head virus. However.
it appeared again in 1995 and in 1996, again during the
rainy seasons.

Measures used in Thailand to prevent the spread of
white-spot virus include careful screening of pond in-
take water to remove viral carriers, disinfection of pond
water with chlorine or formalin. recirculation of pond
waler to minimize use of new water, and testing of
postlarvae for white-spot virus using sensitive molecu-
lar diagnostics. In addition, the Thai government is at-
tempting to reduce disease transmission by installing
large offshore pumping stations in major shrimp farm-
ing regions. These pumping stations are designed either
to draw clean occanic water to the shore-based ponds or
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to pump eftluent from the ponds to the offshore site
Despite all these measures, shrimp production in Thai-
land is estimated to have dropped by 25-40% during
1996, and the long-term impact of white-spot virus is
still unclear. If the white-spot epidemic expands to the
Western Hemisphere, it could cause severe mortality in
farm-raised P. vannamei and P. stylirostris, which are
known to be susceptible.

Ecuador

Ecuador is by lar the largest shrimp producer in the
Western Hemisphere. Shrimp exports are the third larg-
est income earner in Ecuador after petrolcum and ba-
nanas. About 80,000 ha of shrimp ponds are concentrat-
ed in the Gulf of Guayaquil area, and another 50.000
ha are spread along the coast. Ecuador’s annual produc-
tion increased steadily through the 1980s to a peak ot
113,000 mt in 1992.

Beginning in late 1989, shrimp mortality occurred n
farms located on the Guayas River estuary during un
extended drought, which caused salinity to rise and nu-
trients to concentrate in the estuary. These unusual con-
ditions favored bacterial growth, especially pathogenic
Vibrio spp. Bacterial infection may have been facilitated
by gregarine parasites, which break the epithelial lining
in the intestine. Vibrio-infected shrimp swim in a disori-
ented fashion near the water surface. This behavior at-
tracted large flocks of sea gulls above ponds with severe
intections. Hence the syndrome was named the “Gaviot™
(Spanish word for sea gull) syndrome. The epizootic
peaked in severity in early 1990, then persisted sporadi-
cally until early 1992 (D. Lightner, Dep. Veterinary Sci-
ence, University of Arizona, Tucson, USA. pers. comun.).

A number of treatments were attempted 10 combat the
Gaviota syndrome. Antibiotics and anticoccidials were
added to feed in order to reduce bacterial and parasite
infections. Some tarms also tried treating their ponds with
molasses to provide an alternate energy source to favor
beneficial bacteria. None of the treatments were com-
pletely effective, but the onset of El Nifio in 1993 brougtut
heavy rains. which flushed the Guayas River estuary.
Thus, the Gaviota syndrome disappeared.

In 1992, shrimp farms located near the Taura River
about 25 km south of Guayaquil reported mortalitics
reaching 80-90% in some ponds. The disease, named
Taura Syndrome (TS), dissipated for a few months, then
returned in 1993 as a major epidemic affecting most of
the tarms in the Gulf of Guayaquil and some farms 1n
northern Peru. Ecuadorian shrimp production declined
from 113,000 mt during 1992 to 85,000 mt during 1993
Many shrimp ponds in TS-impacted areas were converted
to tilapia monoculture or polyculture with shrimp (Cham-
berlain 1994).
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The TS virus initially was considered to be caused by
water-borne fungicides from the banana industry. How-
ever, it later was diagnosed as a viral disease (Brock et
al. 1995). Retrospective histological studies showed that
the TS virus was present in Ecuador as early as Septem-
ber 1991 (D. Lightner, Dep. Veterinary Science, Univer-
sity of Arizona, Tucson, USA, pers. comm.). In mid-1993,
the TS virus was found in wild postlarvae collected near
the mouth of the Gulf of Guayaquil, Ecuador, and in wild
adults collected off the Pacific coast of Honduras, El
Salvador, and Chiapas in southern Mexico (Lightner et
al. in press). During 1994 to 1996, the TS virus quickly
spread to all shrimp-producing countries in the Western
Hemisphere, except Venezuela, where few farms import
broodstock or larvae. Transmission of the disease is not
completely understood. but both a winged aquatic insect
and sea gulls have been documented to carry viable viral
particles in their gut (Lightner et al. in press).

Despite the continuing presence of the TS virus, high
market prices during 1995 drove Ecuador’s shrimp in-
dustry to record production of 115.000 mt (Rosenberry
1996). By mid-1996, many growers reported gradually
improving survival rates. Some speculate that Ecuador-
ian shrimp populations may be developing resistance to
the TS virus. This pattern is not yet evident in other coun-
tries affected by this virus.

Philippines

As of mid- 1996, white-spot virus had not been reported
in the Philippines. However, production of shrimp is
plagued by luminescent Vibrio spp.. which are present
almost all year. Farmers are treating it with an antibiotic,
furizolidone, in the feed. Typical production results are
not as good as earlier years: feed conversion ratio (FCR)
of 1.9-2.2, survival of 40%, postlarval (PL) cost of $25-
30/thousand shrimp. size at harvest of 31-32.5/kg. Many
shrimp farms are switching to tilapia or milkfish culture
(1. Vargus, First Philippine Holdings Corporation, Ma-
nila, pers. comm.).

United States

With the recognition of the devastating effects of viral
pathogens, several attempts have been made to use vi-
ral-free stocks for cultivation. Marine Culture Enterprises,
a commercial operation in Hawaii, stocked P. stylirostris
in their super-intensive greenhouse-covered raceways.
After a devastating outbreak of infectious hypodermal
and hematopoietic necrosis (IHHN) virus in their research
and development facilities in 1983, the farm instituted
rigorous sanitation and quarantine procedures. However,
a second outbreak of IHHN virus occurred in 1987, caus-

ing serious losses that ultimately resulted in farm clo-
sure (Mangiboyat 1987).

The species P. vannamei is more resistunt to THHN
virus than P. stylirostris. Nevertheless, IHHN virus in-
fects P vannamei and causes “Runt Deformity Syn-
drome” (RDS) in which a portion of the affected popula-
tion displays reduced growth, highly variable s:ze classcs.
and sometimes reduced survival. Severe cases of RDS
can reduce the productivity and profitability of farms by
30-50% (Kalagayan et al. 1991).

The U.S. Marine Shrimp Farming Program began iso-
lating populations of specific-pathogen-free (SPF) 7
vannamei in early 1988 as a seed source for the U.S.
shrimp farming industry. The offspring from these popu-
lations, referred to as “High-Health” shrimp, performed
well in commercial farms in the USA during 1991 and
1992. During 1993, High Health stocks were supplied to
400 ha of commercial ponds in Ecuador, but survival
averaged less than 15% owing to an outbreak of the TS
virus (Pruder et al. 1995). During 1995 and 1996, most
shrimp farms in the USA also were hit by an cutbreak ot
the TS virus despite their use of High-Health P vannamet.
Survival rates ranged from 15-30%. Thus, the SPF ap-
proach docs not seem practical when the larms using
those stocks are unable to control entry of pathogens
(Lightner 1996).

Risk of Disease Transmission

Discases are a primary limiting factor for shrimp farm-
ing today, and the risk of disease losses is likely to worsen
as the industry continues to grow. Nearly 20 shrimp vi-
ruses have been identified thus far (Lightner et al. in
press). Many of these began as localized pathogens but
quickly spread to new regions (Lightner and Redman
1991). Once a new disease becomes established in wild
aquatic populations, there is little prospect of extracting
it, and it becomes another management hurdle for local
farmers. With regard to highly virulent shrimp viruses,
this has been an insurmountable hurdle ir. some cases. It
is in the common interest of shrimp farmers and resource
regulators to prevent entry of exotic diseases

In Asia, the most serious viral diseases are caused by
white-spot and yellow-head viruses. Both viruses have
been shown to infect American penaeids (e.g.. P
vannamei, P. stylirostris, P. setiferus, P. aztecus, and P,
duorarum) and to cause serious disease (lLightner in
press). White-spot virus also causes mortality in non-
penaeid, freshwater and marine crustaceans. including
Macrobrachium spp., Procambarus clarkii, and
Ocronectes punctimanus. White-spot virus infects but
does not cause significant disease in a varicty of crab
and spiny lobster (Chang ct al. in press; Wang et al. in
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press). In Latin America, the most serious viral discase
is the TS virus. The susceptibility of Asian specics to the
TS virus is unknown. It is, nonetheless, critical to pre-
vent the establishment of Asian viruses in the Western
Hemisphere and vice versa.

The most common means of shrimp disease transmis-
sion has been direct transfer of infected animals. Uncon-
trolled shipments of broodstock or postlarvae from in-
fected farms or wild populations have quickly expanded
the range of several viral diseases (Lightner and Redman
1991; Lightner 1996). Once a disease enters a new area,
it can spread quickly through recirculation of effluents
from or to neighboring farms; through live carriers such
as crustaceans, birds. or insects: or through contamina-
tion of equipment, vehicles, or people.

Farmers observing the onset of a serious infection in
ponds commonly conduct an emergency harvest to avoid
a total loss. Infected shrimp, which pose no threat to hu-
man health, are processed and marketed through normal
channels of distribution. Viruses are known to remain
viable in frozen tissue for an extended time. Viable white-
spot and yellow-head viruses from Asia have been de-
tected in frozen shrimp at retail seafood outlets in the
USA (Lightner et al. in press). Thus, an insidious vector
for worldwide transmission of shrimp viruses is through
international trade in frozen shrimp.

There are many ways in which viral material in fro-
zen shrimp could reach susceptible populations. For ex-
ample, a major portion of the shrimp entering the USA
from Asia is not in ready-to-eat form. All wastes pro-
duced in the USA during processing of those shrimp at
breading plants, restaurants, retail outlets, and home
kitchens are potential disease vectors. Another vector is
undersized, frozen shrimp, which is sold in the USA as
bait for recreational fishing (Lightner 1996).

In November 1995, white-spot virus and a possible
co-infection of yellow-head virus were detected in a
population of P. setiferus at a south Texas shrimp farm
(Lightner et al. in press). The diseases had not reappeared
as of January 1997 (P. Frelier, Dep. Veterinary
Pathobiology, Texas A&M University, College Station,
Texas, pers. comm.). A second case of white-spot virus,
which again appeared with a possible co-infection with
yellow-head virus, was detected at the Waddell Maricul-
ture Center (Bluffton, South Carolina, USA) during Janu-
ary 1997. The origin and extent of the latter infection
were unknown at the time of this writing (D.V. Lightner.
Dep. Veterinary Science, University of Arizona, Tucson,
Arizona, USA, pers. comm.). White-spot viral infections
were also diagnosed in North American crayfish,
Procambarus spp. and Ocronectes punctimanus, being
held at the U.S. National Zoo (Lightner ct al. in press).
The cases illustrate the serious risk of introducing epi-

demic Asian viruses to the Western Hemisphere and vice
versa. Tighter regulations are needed to assure proper
disposal of wastes trom frozen imported shrimp.

Other Risk Factors

Wiley (1993} categorized and prioritized the risks lac-
ing shrimp aguaculture from the viewpoint of an insur-
ance company. Sedgwick, James, Ltd. The most impor-
tant factor influencing the success of a tarm, in Wiley ™«
view, was the competency of personnel and management.
Security, biophysical environment, and farr design were
also considered key. Wiley recommended that sites with
excess nutrient enrichment and pollution should be
avoided. Preferred sites should be located in predomi-
nately rural areas with no surrounding industrial influ-
ences and reasonable space between farms. The only topic
in which Wiley (1993) listed a specific value was stock
ing density. Sedgwick, James, Ltd. considers production
levels above 8 mt'ha to be very risky and Wiley indi-
cated that no insurance would be granted to a farn ¢x-
ceeding this production level. Shrimp price volatility was
also considered a substantial risk to the shrimp producer.
Futures and options are now available to protect grow-
ers from price fluctuations. The Minneapolis Grain kx.
change initiated this program in July 1994, but the de-
gree of acceptance and use of this program by the
commercial industry is uncertain.

Environmental Issues

Discharge of Organic Wastes

Traditional shrimp pond management mvolves con-
tinual input of clean water and discharge of waste water.
Water exchange is thought to improve water quality by
flushing out waste products, avoiding excessive eutrophi-
cation, and maintaining a healthy plankton bloom. In
extensive systems, it also may have value in adding ad-
ditional forage prey. As a function of stocking density,
average daily water exchange rates typically vary from
1-5% in extensive systems to 25-30% in intensive sys-
tems (Clifford 1985).

Nutrient budgets for intensive and semi-intensive
shrimp ponds indicate that only 6-24% of the nitrogen
and 4-13% of the phosphorus input is incorporated into
harvested shrimp (Briggs and Funge-Smith 1994:
Robertson and Phillips 1995). The remainder is retained
in the pond water and sediments. These nutrients are
exported to the environment during routine water ex-
change, harvesting, and sediment disposal. However. the
receiving water body can assimilate only a limited quan-
tity of nutrients, known as the critical load, before water
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quality and ecosystem diversity begin to change. Robertson
and Phillips (1995) estimated the amount of mangrove
area needed to assimilate the total nitrogen and phospho-
rous load generated by shrimp ponds as a result of water
exchange, drainage during harvesting, and sediment dis-
posal was 2-3 ha for cach ha of semi-intensive pond area
and 7-22 ha for each ha of intensive pond area.

In some cases, shrimp farming developments have
clustered in certain regions, resulting in nutrient discharge
well beyond the critical load of the recciving body. The
scenario of overdevelopment often begins with success-
ful results from a single pioneer farm in a given region.
This leads to rapid, unplanned development of additional
farms. As neighboring farms pump and discharge water
to a common estuary, water quality begins to deterio-
rate, shrimp become stressed, and disease organisms are
transmitted among farms. This type of development is
vulnerable to mass mortality of shrimp. and hence is not
sustainable.

One approach used to avoid such problems is to regu-
late the quantity and quality of effluents from existing
farms. However, experience has shown that a proactive
approach can be more effective by avoiding problems
before they arise. This involves integrating aquaculture
resource allocation within a broader system of resource
planning that considers the needs of a variety of resources
and resource users. For example, Canada has developed
an application system for leasing coastal areas to salmon
growers that involves evaluating the capability of the
proposed site to assimilate the organic load of the farm.
In addition, a minimum spacing of 3-km is required be-
tween salmon farms located within a single enclosed
water body (Black and Truscott 1994).

Mangrove Destruction

The rapid growth of shrimp farming worldwide has
resulted in the construction of new ponds in many coastal
areas. The preferred environment for pond construction
is salt flats, which are relatively unproductive and easy
to develop. In the early days of shrimp farming, man-
grove areas also were considered suitable sites for pond
construction on the presumption that this was the envi-
ronment where shrimp occurred in nature (Fegan 1996).
However. experience has shown that mangrove areas
make poor sites for shrimp ponds because their acid sul-
fate soils become extremely acidic (pH 3-4) when dried.
Most farms now prefer to use land above the intertidal
zone because it is more accessible to heavy equipment,
more manageable, and more productive. Farm develop-
ers disturb the mangrove area only to construct an inlet
canal for access to estuarine water. In some countries,
even minor conversion of mangrove areas requires miti-
gation. Mitigation is an agreement between the devel-
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oper and the concerned regulatory body in which the
developer compensates for loss of mangrove habitat by
creating a similar habitat nearby.

Large-scale destruction of mangrove areas can have
serious ecological and social consequences. Mangroves
are critically important as highly productive nursery ar-
eas for estuarine species, habitat for birds and mammals,
buffer zones against storm events, stabilizing forces
against soil erosion. and sources of revenue for poor
coastal communities (Bailey 1988). Nevertheless, in the
early rush to capitalize on the profitability of shrimp tarm-
ing, local policy often overlooked or even encouraged
conversion of mangrove areas to ponds (Bailey 1988).
For example, in the Philippines, the Bureau of Fisheries
and Aquatic Resources listed mangrove areas as “swamp-
lands available for development” until 1984 (Primavera
1995).

Shrimp farming is rarely the main cause of mangrove
destruction. It is estimated to have destroyed less than
5% of the global mangrove resource by 198%, but lo-
cally the impact may be more severe (Phillips et al. 1993).
Aquaculture pond construction is estimated to have de-
stroyed 20% of the mangrove forest in some parts of
Ecuador (Snedaker et al. 1986). In Thailand, 34% of the
cleared mangrove area is used for aquaculture ponds
(Network of Aquaculture Centres in Asia and the Pacific
[NACA] 1994). In Vietnam, 240,000 ha of coastal ponds
already have been developed, largely in mangrove areas
(C. P. Group 1994). In Indonesia, most of the 300,000 ha
of habitat being used to culture shrimp was mangrove
forest (Macintosh 1996).

Most shrimp-producing countries now recognize the
value of mangrove areas and have regulations in place
to protect them. However, they often lack the resources
to monitor and enforce those regulations (Bailey 1988;
Macintosh 1996). A good example is the “informal™
shrimp farms in Ecuador (Fay 1995). These are usually
small, poorly funded operations established without per-
mission in intertidal mangrove areas because ponds can
be constructed there without heavy equipment und oper-
ated with minimal funds and technology. In contrast, “for-
mal” shrimp farms are larger and better capitalized units
that are licensed by the government and required to avoid
mangrove areas.

Several U.S. environmental groups have threatened
to boycott imported farm-raised shrimp if mangrove de-
struction by the international shrimp farming industry is
not stopped (Woodhouse 1996). The issue of mangrove
destruction is complex and is the topic of considerable
debate. It is complicated by the many different types of
mangroves, which vary in their commercial. physical,
and ecological value. Those mangrove areas along the
coastal fringe are valued the most because they are
thought to function as key nursery areas for the offshore
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fishery and as buffer zones against storms and erosion.
The bulk of mangroves, which are located inland. are
oftten assigned a lower ecological value (Hambrey 1996).

Social issues are also contentious. In most countries,
legal ownership of mangrove areas is claimed by the state,
even though local communities often depend heavily on
exploitation of those resources. The transformation of
such a multiple-user resource into a private aquaculture
property can create social conflicts (Bailev 1988:
Sebastiani et al. 1994).

In order to protect and manage mangrove resources
more carefully, Hambrey (1996) recommended that
coastal areas should be categorized relative to aquacul-
ture into three zones: those unsuitable for development
based on their high value for alternative uses, those highly
appropriate for development, and other areas which may
or may not be suitable. In those areas judged highly ap-
propriate for aquaculture, Hambrey’s ( 1996) economic
analysis concluded that shrimp farming should be en-
couraged because of its high economic value relative to
other competing uses “but only if the risks of failure can
be reduced.”

Pongthanapanich (1996) used linear programming to
estimate the combination of uses that would yield the
maximum net present value for mangrove areas in Thai-
land. The analysis excluded those mangrove areas within
Thailand’s conservation zone, which is kept as a natural
forest. Pongthanapanich (1996) concluded that 61% of
the area outside the conservation zone should be con-
served in its natural condition, 17% should be designated
for wood concessions, 10% for reforestation, 12% for
shrimp farming, and none for plantations of rubber and
palm oil.

Saltwater Intrusion

In some cases. the salt water used in shrimp ponds has
impinged on neighboring agricultural areas such as rice
fields. Salinization of agricultural soils makes them un-
productive for most crops. This can occur through salt
water seepage into the water table or through saliniza-
tion of freshwater used for irrigation. Salinization of
groundwater can affect scarce drinking water supplies
in coastal villages. Salinization of shrimp ponds becomes
an issue if ponds fail and require conversion back to ag-
ricultural production.

Increased Use of Therapeutants

The increased incidence of disease has led to increased
use of various therapeutants, including antibiotics, anti-
coccidials, copper compounds, quarternary ammonium
compounds, iodine, formalin, potassium permanganate,
and malachite green. Although such treatments can be
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valuable tools in a health management program, they are
sometimes used inappropriately or in excess. This re-
sults in ineffective treatment, financial loss, and poten-
tial contamination of natural waters and shrimp with resi-
dues. Clearly, improved methods are needed to diagnose,
prevent, and treat shrimp diseases.

Other

Other environmental issues, which are not addressed
in this paper, include dependence on wild post larvae and
reproductive adults, excessive pumping of groundwater.
and land and water use conflicts.

Promising New Developments

The technology of shrimp aquaculture is advancing
rapidly in the tundamental disciplines of animal health.
sanitation, genetics, nutrition, and pond management. The
challenge is to apply these new tools to overcome the
hurdles now facing the industry.

Animal Health

Disease diagnosis.—Successful animal health pro-
grams are based upon appropriate prophylactic and di-
agnostic measures——rather than therapy——to detectearly
disease symptoms. Diagnostic technology has advanced
rapidly in recent years with the application of methods
such as DNA probes, enzyme linked immunosorbent as-
says. mono- and polyclonal antibodies, and polymerisc
chain reactions (PCR) (Bruce etal. 1994; Carr et al. 1996
Lightner et al. in press). Molecular techriques are espe-
cially critical for rapid, accurate, and sensitive diagnosis
of viral diseases. The availability of these techniques has
allowed researchers (o study the biology and transmis-
sion of viral diseases to better understand means of man-
aging them.

Very little tissue is required for molecular techniques.
so they can be applied on a nondestractive basis to
broodstock by hemclymph sampling or removal of a
single pleopod. They also can be used to screen postlar-
val populations. In Thailand, many farms and govern-
ment laboratories are now performing routine analysis
of 5- to 8-day-old, hatchery-reared postlarvac for white-
spot virus by using PCR followed by a dot blot test (T.
Flegal, Dep. Biotechnology, Mahidol University.
Bangkok, Thailand, pers. comm.).

In addition, sophisticated diagnostic tools are beconi-
ing available at the farm level through the use of com-
mercially available DNA probes and diagnostic kits for
viral (DiagXotics™. Inc., Wilton, Connecticut, USA} and
bacterial pathogens (e.g., Radikit™, Disease Section.
Freshwater Fisheries Research Centre, Melaka, Malaysia .
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Thus, a test for IHHN virus, which previously required a
6-week bioassay followed by histology in a well-
equipped lab, can now be accomplished in a simple labo-
ratory in a matter of hours. Even faster tests are on the
horizon. Human health researchers at the University of
California (Berkeley, California, USA) recently devel-
oped polydiacetylene films that can detect target patho-
gens or their toxins instantly. The films, which are com-
posed of highly ordered crystalline arrays coupled to
antibodies, undergo mechanical disruption upon contact
with the target antigen, which causes an instant color
change (Coghlan 1996).

Therapeutants.—Necrotizing hepatopancreatitis
(NHP) was diagnosed as the cause of high shrimp mor-
tality rates in Texas ponds, which began in 1988 (Frelier
etal. 1993). Since then, NHP has been diagnosed in Peru,
Venezuela, Ecuador, and Panama (Lightner et al. 1992;
Lightner and Redman 1994; P. Frelier, Dep. Veterinary
Pathobiology, Texas A&M University, College Station,
Texas, pers. comm.). The disease can be controlled
through use of the antibiotic oxytetracycline in the feed.
Oxytetracycline is not a U.S. FDA-approved medication
for shrimp. However, shrimp farmers in the USA are able
to use it through an FDA permit for an Investigational
New Animal Drug (INAD). There has been no sign of
resistance to this antibiotic (Frelier et al. 1994). How-
ever, treatments for other bacterial infections, such as
Vibrio spp., are less satisfactory, and these bacteria are
prone to develop resistance to the treatment. To avoid
needless expense and danger of bacterial resistance to
antibiotics, antibiotic treatments must be limited and ju-
dicious. They should not be prescribed for prophylactic
use.

Immune enhancers.—Invertebrates cannot be vacci-
nated in the strict sense of the word because they lack an
antibody-mediated immune response. However, they do
respond to a variety of nonspecific immune enhancers.
Itami et al. (1989) reported a reduction in mortality from
78.9% in controls to 29-36% in P. japonicus treated with
formalin-killed Vibrio sp. Itami and Takahashi (1991)
demonstrated that a reduction in mortality could be
achieved by microencapsulating killed Vibrio cells and
feeding them to larval P, japonicus.

Polysaccharides are being used to enhance the shrimp
immune system. Sung et al. (1994) showed that beta
glucans improved disease resistance and growth of P.
monodon challenged by Vibrio vulnificus. Further re-
search showed that beta glucans stimulated P. monodon
hemocytes to increase production of reactive oxygen
species, which are important in microbiocidal activity
(Song and Hsieh 1994).

Other potential immune enhancers include elevated
vitamins, selenium, and astaxanthin (Tacon and Kurmaly
1996). There is still much to learn about invertebrate
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immunity. Hemolymph lectins of shrimp are also recog-
nized for their role in causing agglutination of foreign
proteins (Fragkiadakis and Stratakis 1995). Recent re-
search about inducible antibacterial peptides and primi-
tive cytokines may lead to important disease-resistance
treatments in the future (Beck and Habict 1996).

In pigs, probiotics have enhanced growth through colo-
nization of the colon by microflora that block pathogenic
microorganisms (Russell et al. 1996). A similar concept
has been applied in shrimp larval culture tanks to con-
trol pathogenic bacteria. The probiotic concept involves
intentionally seeding sterilized seawater tanks with ben-
eficial bacteria to reduce the opportunity for coloniza-
tion of pathogenic bacteria (Garriques and Arevalo 1995).
This is an exciting alternative to using antibiotics for
control of pathogens in larval culture systems.

Stress.-——During viral epidemics, often certain farms
seem to operate with minimal disease losses. Much of
this advantage is attributed to low stress. For example,
in a trial conducted in Thailand, shrimp were injected
with a sublethal dose of white-spot virus and their growth
in aquaria was compared to controls (T. Flegal, Mahidol
University, Bangkok, Thailand, pers. comm.). There was
no difference in growth or survival between the infected
and control shrimp until they were subjected to stress,
such as low dissolved oxygen (DO) and extreme pH. With
stress, the infected shrimp demonstrated signs of disease
and experienced high mortality. Control shrimp suffered
only a temporary setback in growth. Thus, reducing the
risk of disease outbreak in farms will require that culture
systems be operated under optimal environmental con-
ditions. Excessive stocking densities lead to accumula-
tions of metabolic end products, to stress, and ultimately
to heightened opportunity for disease.

Genetics

Genetic selection has been the cornerstone of animal
and plant husbandry for many years. Specialized com-
panies have been breeding chickens for meat consump-
tion since about 1950. Over that time, the growth rate of
chickens has increased by three- to fourfold while food
conversion has simultaneously improved by 30%. In a
study designed to evaluate the relative contribution of
genetics versus nutrition to the improvement in broiler
growth in the last 40 years, genetics was found to ac-
count for approximately 85-90% of the contribution
while the remainder was attributed to nutrition
(Haverstein et al. 1994). Genetic background has also
been shown to influence disease resistance potential and
immunocompetence in chickens (Ruff and Bacon 1984:
Puzzi et al. 1990).

Atlantic salmon (Salmo salar) and carp (Cyprinus spp.)
have demonstrated considerable improvement in disease
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resistance through genetic selection (Gjedrum and
Fimland 1995). Invertebrates also have genetic potential
to increase disease resistance. Gaffney and Bushek (1996)
studied the resistance of oyster (Crussostrea virginica)
to two parasites, Perkinsus marinus and MSX. They dem-
onstrated that oysters originating from areas chronically
infested by P. marinus were more resistant to infections
with that parasite than oysters originating from non-
affected areas. Furthermore, selective breeding studies
increased resistance to either MSX or P. marinus. How-
ever, oysters selected for resistance to MSX had reduced
resistance to P. marinus. Similarly, rainbow trout with
improved resistance to Aeromonas sp. had significantly
higher mortality when infected with Vibrio sp. (Fevolden
etal. 1992).

Laboratory selection.—Early research on genetic dis-
ease resistance in shrimp is yielding encouraging results.
The U.S. Marine Shrimp Farming Program is using spe-
cific pathogen free (SPF) Penaeus vannamei as a plat-
form for selective breeding research (Carr 1996). Three
series of trials have been conducted in which 60 full-sib
families (30 maternal half-sib families) have been reared
in each trial to a size of approximately | g. Specimens
from each cross were distributed to cooperating labora-
tories to determine susceptibility to viral diseases based
on per os challenge. Results indicated less than 1% sur-
vival for all families exposed to either white-spot or
yellow-head virus. However, there was a high degree of
variation in response to challenge by the TS virus. For
example, mean family survival in the second trial ranged
from 10% to 76.7%. This indicates significant heterozy-
gosity and heritability (h>= 0.22). On the basis of this
information, Carr (1996) anticipated a gain of 5-10%
per generation in disease resistance to the TS virus. He
reported no correlation between growth performance and
resistance to the TS virus. Thus, selection for TS virus
disease resistance should not affect growth performance.

Farm-level selection.—Farm-level breeding programs
have reported improved viral resistance simply by rear-
ing shrimp in the presence of viral pathogens for several
generations. This strategy is based on mass selection of
survivors versus non-survivors in areas with heavy dis-
ease pressure. It suffers the disadvantage of low selec-
tion intensity during periods of low disease pressure.
Also, there is an associated risk of spreading pathogens
with the transfer of stocks. Various groups have reported
success with this approach:

* Weppe et al. (1992) reported that a population of P.
stylivostris, called SPR43™, which was reared in
captivity for more than 20 generations, is resistant
to IHHN virus.

¢ Ricoa Agromarina, C.A. (Maracaibo, Venezuela) is
marketing a population of P. stylirostris called Su-
per Shrimp™, which was reared in captivity more
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than 7 years and is resistant to [HHN virus
(Wilkenfeld 1996).

* Aquamarina de la Costa (Caracas, Venezuela) re-
ports that incidence of deformities thought to be
caused by IHHN virus in captive populations of 7
vannamei have decreased from initial levels of 35-
45% to current levels of 3-10% due to rigorous se-
lection over several years (Rosenberry 1995).

*» Laboratory challenge tests at University of Arizena
have confirmed field results indicating improved re-
sistance to the TS virus of P. vannamei reared in
captivity for 2-3 generations (D.V. Lightner, Dep.
Veterinary Science, University of Arizona, Tucson,
Arizona, pers. comm.).

Gaffney and Bushek (1996) suggested the following
steps in implementing a farm-level selection program:
(a) drawing founders from diverse sources, including
areas with a long history of exposure to the pathogen:
(b) culturing animals at known sites of heavy diseasc
pressure; and (c) using appropriate breeding plans to in-
crease disease resistance without compromising other
production traits. This process may require vears, but it
can be accomplished with presently available technol
ogy.

Natural selection.—In addition, natural selection pro
cesses may be gradually increasing resistance of wild
shrimp populations to certain viruses such as IHHN vi-
rus in Mexico, yellow-head virus in Thailand, and TS
virus in Ecuador (Lightner 1996). The rate at which dis-
ease resistance develops would be expected (o be a fune-
tion of selection pressure. In other words, wild shrimp
populations that are concentrated in areas strongly im-
pacted by the disease would be expected to adapt faster
than those which are more widely dispersed .nd include
animals from noninfected regions.

Other approaches.—Disease resistance genes can be
moved from one species to another through hybridiza-
tion. At this point, only a few interspecies hvbrids have
been produced with penaeid shrimp, and these have had
very low hatching rates. Another approach is to move
the disease resistance genes from one species to another
through genetic engineering. In mice, transgenic popu-
lations have been produced with disease resistance to
specitic pathogens. Similar research is contemplated for
shrimp (Mialhe et al. 1995).

Pond Management

Water exchange.—Traditional shrimp pond manage-
ment relies on relatively high rates of water e xchange to
maintain water quality, regulate plankton density, and in-
troduce supplemental food organisms. This practice re-
stricts the development of shrimp farming in areas with
limited water availability, and it imposes a serious risk
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of disease introduction. It also has environmental and fi-
nancial implications. Shrimp pond cffluent represents a
significant source of eutrophication for receiving waters.
Briggs and Funge-Smith (1994) estimated that 22% of
the total input nitrogen and 7% of the total input phos-
phorus of an intensive shrimp pond are released during
routine water exchange. In addition, water exchange can
cause mortality of impinged and entrained organisms dur-
ing pumping. Financially, water exchange is costly in
terms of pumping, maintaining predator screens. and re-
moving sediments from supply canals and ponds (Boyd
1992; Peterson and Daniels 1992).

Until recently, little systematic research had been con-
ducted to evaluate the need for water exchange in aer-
ated systems. Browdy et al. (1993) demonstrated that
daily water exchange in the range of 10-100% had little
impact on growth or survival of P. vannamei in fiber-
glass tanks as long as acceptable DO levels were main-
tained. Allan and Maguire (1993) found that water ex-
change rates of 0-40% did not significantly affect
performance of P monodon stocked in plastic-lined pools
at 20-40/m>.

Hopkins et al. (1993) found that daily water exchange
could be reduced from 25% to 2.5% in ponds stocked at
44/m” with no reduction in shrimp growth or produc-
tion. In the absence of water exchange, biological oxy-
gen demand (BOD), unionized ammonia, and nitrite of
pond water tended to increase with increasing density.
At a density of 22/m?, shrimp performance was not hin-
dered by lack of water exchange, but at densities of 44
and 66/m?, water exchange was required to avoid mor-
tality. Hopkins et al. (1993) cautioned that the assimila-
tive capacity of ponds with zero water exchange and 20
hp/ha of aeration is approximately 70-140 kg of feed
ha! d'. Hopkins et al. (1995) demonstrated that fixed
daily rations of 68—136 kg/ha could produce 5.8-8.2 mt/
ha of P. vannamei with zero water exchange and 20-40
hp/ha of aeration.

Little systematic research on water exchange has been
conducted in non-aerated ponds, where water exchange
is used to control plankton density and thereby regulate
DO levels. Nevertheless, with the onset of the TS virus
in Ecuador, many farms reduced daily exchange rates
from typical levels of 5-20% to 1-4% with no negative
etfects (L. Anderson, Morrison International, Guayaquil,
Ecuador, pers. comm.).

Disinfection of inlet water.—Chlorine disinfection of
pond water is being used by more farms in Asia as means
of operating in areas affected by virulent pathogens and
their carriers. The process involves treating pond water
with approximately 30 ppm of hypochlorite solution
(60% concentration), allowing a reaction time of 2-3 d,
dissipating chlorine residue with aeration, and then us-
ing the pond for culture (C. P. Group 1994). In such dis-

CHAMBERLAIN

infected systems. water exchange is reduced to a mini-
mum because replacement water needed duriny the cycle
must be disinfected in a separate pond beforc introduc-
tion into the culture pond. Boyd (1996) cautioned that it
1s not possible to recommend a standard chlorine dose
applicable to all waters. The appropriate chlorine dose
for disinfection depends upon the chlorire demand and
pH of the water.

Harvest drainage.—Briggs and Funge-Smith (1994)
estimated that 13% of the total input nitrogen und 3% of
the total input phosphorus of an intensive shrimp pond
are released during harvest drainage. Schwartz and Boyd
(1994) found that 50% of the nitrogen, phosphorus. and
BOD discharged during drainage of channel cattish
Uctalurus punctatus) ponds is released in the last [5-
20% of eftluent. The environmental impact ot this waste
can be greatly reduced by using sedimentation ponds o
receive the final portion of harvest water (Chanratchakool
et al. 1995).

Pond sediments.—Shrimp ponds can accumulate con-
siderable quantities of sediment from suspended soil
particles in inlet water supplies and from erosion of the
pond walls and bottom. Two intensive shrimp ponds in
Thailand accumulated an average depth of 7.5 ¢m of
loosely consolidated sediment in a single 4-month pro-
duction cycle (Boyd 1992). Such high rates ot sedimen-
tation can quickly diminish the working volume of ponds.
Boyd (1992) recommended use of sedimentation ponds
to remove sediments from incoming water before it is
used in shrimp ponds. Erosion of ponds is caused mainly
by aerators positioned around the periphery ot the pond
and by wind-driven waves. Smith (1996) estimated that
erosion in aerated ponds for P. monodon accounted for
198 kg ha! d"' of sediment from pond walls and 90 kg
ha' d”' from the pond bottom (Smith 1996).

The quantity of organic material that accumulates on
the pond bottom from uneaten feed, organic fertilizer,
shrimp excrement. and dead plankton increases in direct
proportion to stocking density (Boyd 1992: Clifford
1994). This organic material enriches the sediment and
generally results in a much faster accumulation rate.
Briggs and Funge-Smith (1994) estimated that 31% of
the nitrogen and 84% of the phosphorus input in an in-
tensive shrimp pond was transferred to the sediments.
To avoid inhibiting etfects of accumulated sediment on
shrimp performance. many farmers wash the sediments
out of the pond following harvest (Clifford 1994). This
practice can deteriorate the quality of the receiving wi-
ter body. Sediments should either be dried and spread
cvenly over the pond bottom between cycles (Boyd 1992)
or removed from the pond when wet and dried in a sedi-
mentation pond. Chanratchakool et al. (1995) recom-
mended that the black anaerobic layer be flushed out of
the pond with a pressure washer and pumpad nto a sedi-
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mentation pond. Sandifer and Hopkins (1996) recom-
mended that sludge be pumped from the ponds weekly
during the production cycle, scttled, dried, and used to
improve agricultural land.

Polyculture.—Shrimp ponds generate a large amount
of plankton, which is a concern in terms of effluent but a
potential opportunity in terms of polyculture (Shpigel et
al. 1993; Chanratchakool et al. 1995; Sandifer and
Hopkins 1996). Promising polyculture species are bivalve
mollusks such as oysters, clams, and cockles and filter-
feeding fish such as tilapia and mullet. Scaweed such as
Gracilaria sp. can also be reared in effluents to strip ni-
trogen and phosphorus from the water column.

Nutrition

Continual advancements in shrimp nutrition are re-
ducing the cost and improving the efficiency of shrimp

feeds. This is partly related to a better understanding of

nutrient requirements, ingredient digestibility, attract-
ants, pigments, health additives, and feed processing
methods (D’ Abramo et al. 1997). However, itis also due
in large part to more efficient management of feeding
methods, particularly the use of feeding trays to estimate
the daily consumption rate of shrimp (Chanratchakool
ct al. 1995).

Low protein feeds.—One of the most promising new
developments in shrimp nutrition is the usc of low pro-
tein feeds in conjunction with zero water exchange. Re-
search by Hopkins ct al. (1995) indicated that P. vannamei
reared in intensive ponds with zero water exchange per-
formed as well with 20% protein teed as with 40% pro-
tein. Analogous results were also reported by Israeli re-
searchers working with tilapia (Avnimelech et al. 1992).
This approach uses the ecology of the pond environment
to maximize the efficiency of feed (Kochba et al. 1994).
In conventional shrimp ponds, only 6-24% of the nitro-
gen and 4-13% of the phosphorous input are incorpo-
rated into harvested shrimp while the remainder is ex-
ported to the environment in the form of effluents or
sediment (Briggs and Funge-Smith 1994; Robertson and
Phillips 1995). In ponds with zero water exchange, there
is an opportunity to use the microbial community to re-
cycle a portion of these wastes for later consumption in
the form of enriched detritus or plankton.

The threshold carbon to nitrogen (C:N) ratio of food
for zooplankton and bacteria is approximately 10:1
(Anderson 1992). Above this threshold, nitrogen is lim-
iting and below it carbon is limiting. Typical feeds for
intensive shrimp culture have a crude protein composi-
tion of 35-45% and a C:N ratio of 3-4:1. Bacteria arc
unable to efficiently use the waste from these feeds be-
cause they are limited by insufficient organic carbon.
Avnimelech et al. (1992) demonstrated that the C:N ru-

tio could be balanced by providing a carbohydrate supple-
ment to the pond or by including a carbohydrate diluent
in the feed. The lack of water exchange is important to
give bacteria and other microorganisms an opportunity
to colonize wastes without being continually flushed out.

Shrimp and tilapia apparently use bacteria-laden de-
tritus and zooplankton as a secondary food source. which
improves feed cfficiency. Moss et al. (1992) found that
effluent from a shrimp pond enhanced growth of P
vannamei 89% more than inlet water to the pond.
Bombeo-Tuburan et al. (1993) found that organic detri-
tus was the most important food source in penaeid stom-
achs. Some researchers attribute the nutnitional valuc ot
detritus to microbially mediated digestion of refractory
organic matter and others suggest that it 15 due to contri-
bution of important nutrients (Moss et al. 1992: Harris
1993). Shpigel et al. (1993) found that nutritional value
of particulate matter also was enhanced by attached
benthic diatoms.

Both Hopkins et al. (1995) and Avnimelech et al.
(1992) reported a 50% reduction in feed cost by using
minimal water exchange and low-protein feeds, but both
groups relied on high rates of aeration. Avnimelech et al.
(1992) used aeration rates of 200 hp/ha, and Hopkins et
al. (1995) used rates of 20-40 hp/ha. Apparently, acri-
tion is essential to prevent sedimentation and release of
growth-retarding anaerobic metabolites such as hydro-
gen sulfide. nitrite, and methane. Aerobic decomposi-
tion leads to the clean end-products of carbon dioxide
and water. The potential of achieving high production
rates and low FCRs using low protein feed and litdle or
no water exchange looks very promising. Future research
should focus on optimizing pond design 1o reduce acra-
tion requirements.

Site Selection and Predictive Modeals

Ecological models are being developed to help pre-
dict the carrying capacity of estuaries based on tida] ve-
locities, DO levels, and nutrient loads. Strutton et al.
(1996) developed an expression for calculating the flush-
ing time of coastal inlets based on mean depth, net evapo-
ration rate, salinity of the open ocean. and salinity of the
inlet. The state of South Carolina, USA. uses a dilution
model to determine whether the effluent discharge from
a proposed shrimp farm would cause a significant change
in the water quality of the receiving strcam (Hopkins et
al. 1993). Ward (in press) developed a model of the as-
similative capacity of a Honduran estuary with respect
to oxygen-demanding constituents. His model consists
of a hydrodynamic component that estimates the water
velocity in the tidal receiving body based on varving
degrees of farm development, and a mass transport coni-
ponent that predicts the sag in DO in the receiving body
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as a function of farm area. Such models, coupled with
routine monitoring, could allow planners to regulate ex-
isting shrimp farming areas and avoid overdevelopment
of new areas.

Legislation

A major effort has been undertaken in Thailand to pre-
vent a recurrence of the failures in Taiwan, China, and
the upper Gulf of Thailand. The following is a summary
of recent shrimp farming legislation (NACA 1994):

¢ All shrimp tarms must register with the Department
of Fisheries.

* Farms larger than 8 ha must submit the farm’s con-
ceptualized design and layout to the Department of
Fisheries for approval before construction. The de-
sign must include a waste water oxidation pond no
smaller than 10% of the total pond surface area. The
BOD of effluent should not exceed 10 ppm. Pond
effluent from the final portion of a pond harvest must
be passed through the sedimentation pond before
discharge in order to reduce the load on public wa-
ters.

+ Farmers are no longer allowed to wash their sedi-
ments into public waters following each harvest.
They must dry the sediments and dispose of them
in another manner.

* Biological treatment, such as cultivation of oysters,
mussels, and seaweed in the sedimentation pond, is
recommended.

Conclusions

Shrimp farming has been a multibillion-dollar income
earner for the top-producing countries; however, the dis-
tressing pattern of rapid expansion followed by dramatic
decline has raised questions about the sustainability of
current shrimp farming practices. Worsening viral epi-
demics are the primary factor limiting shrimp produc-
tion worldwide. By 1996, white-spot and Taura Syndrome
viruses were documented in virtually every shrimp-
producing country in Asia and the Americas, respec-
tively. This is a multifaceted problem that must be ad-
dressed by a multifaceted approach.

Clearly, improved systems for disease management are
needed if shrimp farming is to recover. Fisheries authori-
ties and aquaculturists should work together to limit ex-
posure to new diseases by restricting imports of live
shrimp. Selective breeding for disease resistance shows
promise as a means of adapting to viruses already estab-
lished in the local environment.

White-spot and yellow-head viruses are known to be
entering the Western Hemisphere through imports of fro-
zen shrimp, and the first cases of white-spot and yellow-
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head viral infection of American penaeids have already
been documented. Tighter regulations are necded to pre-
vent introduction of exotic diseases in frozen shrimp.
Major environmental and social issues associated with
shrimp farming include eutrophication of estuaries, de-
struction of mangroves, salt-water intrusion, discharge
of chemicals and therapeutants, collection of wild
postlarvae and reproductive adults, introduction of exotic
diseases, and social conflicts concerning land and water
use. Proper resource planning, allocation, monitoring, and
enforcement can prevent many of these problems.
New pond management technology is being developed
to greatly reduce water requirements, minimize loading
of receiving waters, and reduce the cost of feed. Shrimp
aquaculture is in a state of transition to a more controlled.
efficient, and environmentally sustainable form, which
will position it for substantial growth in the next century.
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Efficiency and Distribution Issues During
the Transition to an ITQ Program

LEE G. ANDERSON

Abstract—The transition to an individual transferable quota (ITQ) fisheries management program can he
partitioned into three phases. The first phase is the actual implementation. which includes the initial allocation
of quota and the structuring of regulations and institutions under which the svstem will operate. The second
phase is the period in which the market for quota trading develops and the participants have the opportunity to
make short-run changes in their operations as facilitated by an ITQ system, including trades in quotas. The third
phase is when participants can make long-term changes through modifications in harvesting and processing
capital equipment. There is the potential for developing new market channels in the second and third phases and
for analytical purposes it may be useful to distinguish between those which are tied to capital investraents and
those which can be carried out with the existing capital stock. There will be different efficiency and distribution
effects in cach of these phases. The types of effects likely to occur, how they will differ in the various phases,
and potential basic or fine-tuning adjustments in policy to mitigate potentially undesirable results arc de-

scribed.

Although the basic concept of individual transferable
quota programs (ITQs) is relatively simple, the manner
and timing with which they will achieve conservation
and efficiency benefits and the distribution of efficiency
gains are quite complex. (For a detailed discussion of
ITQs, see Mollett 1986 and Neher et al. 1989. For a more
detailed discussion on the transition to ITQ programs
using traditional economic models, see Lindner et al.
1992 also, author’s unpublished manuscript.) Among
other things, the type and timing of the efficiency effects
depend upon the amount and type of capital in the pro-
cessing and harvesting sectors, the existing regulation
program, and the current status and biological variabil-
ity of the fish stocks. The purpose of this paper is to de-
scribe the types of changes likely to occur during the
transition to a fully functioning ITQ program.

To set the stage, the first section is focused on the op-
erational incentives for the processing and harvesting
sectors under traditional and ITQ regulation programs.
The main points will not be new to readers familiar with
fisheries economics. However, the framework for discus-
ston is different and uses several somewhat restrictive
assumptions, but it has been designed to focus attention
on elements of industry structure that are important in
ITQ management. This focus will provide the basis for
predicting the timing and the types of conservation and
efficiency gains that are described in the next section
(Timing of Efficiency Gains and Distributional Effects).
The initial discussion also uses somewhat restrictive as-
sumptions concerning the status of the stock and the
malleability of capital. The implications of relaxin g those
assumptions is the subject of the next two sections (ITQs
in Overfished Stock and Non-Malleability). Although
distribution effects are covered throughout the paper.
the next section (Other Distribution Issues) summarizes

and expands the coverage of this topic. The final section
presents a summary and general conclusions.

Industry Structure and Regulation
Basic Operational Incentives

In order to study the workings of a commercial fish-
ery, we must understand the conditions that influence
the harvesters’ and processors’ choice of capital equip-
ment and the level ot operation. This can be described
using the break-even conditions in each sector.

At the outset, it will be useful to define three different
types of fish prices:

P, = the price received by processors or wholesal-
ers for final fish products,

the price processors pay for raw fish, and

.« = the raw fish price received by the boat.

The distinction between the last two may seem artifi-
cial because under traditional fishing arrangements they
are the same. However, as will be described below, they
are conceptually different in ITQ programs and, further.
this difference is critical.

Although most economic analyses of commercial fish-
ing assume homogeneous producers, in the real world
individual processors and harvesters are often dissimilar
owing to differences in capital, skill, location. and other
factors. These differences are explicitly considered in this
discussion. The basics of the operation of participants in
the processing sector can be explained using the follow-
ing expression:

P

(xPr—APC—Ppg() (L

where ot is the average recovery rate of final product from
the raw fish, which is a function of the type of capital.
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and APC is the average processing cost (total processing
costs including normal profits divided by output), which
is a function of the type of capital and the output level.

Average variable processing costs (total variable costs
divided by output) is an important variable in the con-
text of non-malleable capital (see Non-Malleability).
Assuming constant marginal processing costs, firms will
strive to minimize APC by operating at full capacity so
that fixed costs will be spread over the largest possible
level of output.

The maximum amount a given processor can afford
to pay for raw fish (hereafter the maximum bid price)
can be determined by solving expression (1) as an equal-
ity. This maximum bid price will only be valid for the
quantity of raw fish that will allow APC to be minimized.
Those processors whose maximum bid price is below
the current market price for raw fish cannot afford to
operate in the long term. Those whose maximum bid price
is above the market price will be earning intramarginal
rents; that is, they are earning more than enough to cover
all their costs. The marginal producer will operate where
expression (1) holds as an equality, and will just cover
all costs. Processors will tend to organize their invest-
ments in plant and equipment and their annual level of
output such that they can have the highest possible maxi-
mum bid price. This will put them in the best possible
position to purchase raw fish to keep their plants operat-
ing. At the same time, they will be hoping that they can
buy fish at a price lower than their maximum possible
bid price.

The operation of participants in the harvesting sector
can be explained in terms of following expression:

P_ - AEC/CPUE 20 )

where AEC = average cost of effort, and CPUE = catch
per unit effort. Note that in order to make the distinction
between the effects of stock (CPUE) and effort cost on
the average cost per unit of harvest, we must define ef-
fort cost in terms of a standardized unit of effort. The
quotient is the average cost per unit of output. Assuming
constant marginal cost of effort, boats will try to mini-
mize AEC by producing at full capacity.

The minimum a harvester can afford to receive for a
unit of fish (hereafter minimum reservation price) can
be determined by solving expression (2) as an equality.
Analogously, this minimum reservation price will only
be valid for that level of output where AEC is minimized.
Harvesters whose minimum reservation price is above
the market price cannot atford to operate, while those
for whom it is below the market price will earn intra-
marginal rents. Analogous to processors, harvesters will
try to keep their minimum reservation price as low as
possible so as to increase their chances of finding a buyer
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for what they catch and to make intramarginal rents if
they can.

Overall equilibrium in a non-ITQ fishery will occur
in the following situation:

Maximum bid P of marginal processor =
minimum reservation P of marginal harvester (3)

This expression will determine the equilibrium raw
fish price and the number of operators in each sector
Processors will use expression (1) to determine their
maximum bid price for raw fish, and harvesters will use
expression (2) to determine their minimum reservation
price for raw fish. If the existing price of raw fish is be-
low the maximum bid price of a particular processor, the
processor will choose to operate, and if that price is above
the minimum reservation price of a particular boat, the
harvester will choose to operate. Entry of processors and
harvesters will cease when the maximum bid price of
the marginal processor equals the minimum reservation
price of the marginal harvester. The marginal operators
will earn normal profits and all others will earn intra-
marginal rents.

In the long run, operators in both sectors will tend to
invest in new capital equipment if this will allow for a
reduction in APC or AEC. This reduction in cost will
allow processors to increase their maximum bid price
and harvesters to lower their minimum reservation price.
which will allow the operators to increase their intra-
marginal rents per unit of output and perhaps to increase
their market share.

While these expressions do not capture all of the intri-
cacies of the two sectors, they do provide the basis for a
heuristic description of how the sectors work and the
important parameters. The market channels and overall
final product demand are important in the dctermina-
tion of P,. Technology and the level of output deter-
mine APC, AEC, and «. The condition of the stock de-
termines CPUE. Regulations can affect, directly or
indirectly, any of these items. The main focus of this
discussion is to show how traditional regulations affect
these parameters and then to show what changes can be
expected with the introduction of ITQs.

Traditional Fishing

In order to describe the effects of ITQs, we need to
describe in more detail the process through which an
open-access fishery will reach a situation represented by
expression (3). The real issue centers on the types of
things that will change the parameters of expressions (1)
and (2) such that the minimum reservation price of
vessels is pushed up and the maximum bid price of pro-
cessors is pushed down.

Open access.—Open access leads to overfishing and
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economic waste (Anderson 1986). While the analysis
herein cannot demonstrate the resuits of open access as
elegantly as some of the more formal models, the basic
point is made. The relationship between the economic
parameters and the state of the fish stock is the driving
force for overfishing. Anything that raises the maximum
bid price for processors or lowers the minimum reserva-
tion price for boats will change the incentives for entry
to the fishery. These changes will lead to a situation where
expression (3) will not hold. To the extent that entry oc-
curs, increased effort will reduce CPUE. which will di-
rectly affect expression (2) for all boats and help move
the system to a new equilibrium. As an example, a new
technology that increases the product recovery rate, o,
will increase the maximum bid price. This will encour-
age entry, which will have a tendency to decrease CPUE.
In simple terms, with no regulation, anything that im-
proves profitability in harvesting and processing will have
an adverse effect on the fish stock.'

At the same time, changes in market or stock condi-
tions that change any of the parameters in cxpressions
(1) and (2) can potentially lead to changes in the indus-
try structure where condition (3) applies. For example,
the change in the recovery rate described above could
lead to a reduction in fleet size if the decrease in CPUE
pushes the minimum reservation price for some boats
above the maximum bid price for the marginal proces-
sor. In addition, the distribution of the intramarginal rents
could change, especially if only some of the processors
were able to achieve the improvement in recovery rate.

Open access regulation—The relationship between
profitability and the condition of the stock is at the heart
of traditional regulation. Administrators try to reduce
pressure on the stock by making it less profitable to fish.
For example, a gear restriction will affect the average
cost of producing effort, AEC, for those participants who
use that particular gear. According to expression (2), their
minimum reservation price will go up. Those whose res-
ervation prices are pushed higher than the market price
will not be able to continue fishing. Effort will go down
and pressure on the stock will be reduced. In one sense,
however, such a program will sow the seeds for its own
destruction. To the degree that CPUE goes up as a result
of the decrease in effort, the minimum reservation price
of the remaining boats will go down. This will tend to
increase effort, which will push the CPUE back down
again. Also, given sufficient time, the affected boats can

"Throughout this discussion, CPUE will be used as a measure
of the health of the stock. This is very simplistic because such
things as distribution of cohort sizes and fishing mortality dur-
ing critical life periods can also be important. However, given
the abstraction of the discussion, it will suffice, especially if the
results are interpreted correctly.
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adjust their technology and operating procedures to mini-
mize the increased cost of the gear restrictions. Such ad-
justment will reduce the biological efficacy of the regu-
lation; in the long run, the effect of the gear restrictions
on reducing fishing mortality will be less than it was origi-
nally. And there is a non-symmetrical effect here: While
the gear restrictions increased the minimum reservation
price of only boats with that gear, the increase in CPUE
lowered the minimum reservation price of all boats

Because gear restrictions tend to become less eftec-
tive over time, regulators may implement a new round
of gear restrictions, which will start the cycle one more
time. The history of open-access management is replete
with examples of tighter and tighter regulations. The re-
sults are short-term improvements in stock size (which
tend to be reduced over time as participants change op-
erating procedures or introduce new technologies) and
inefficiencies in production.

The same conclusion follows for area or season clo-
sures. Season closures reduce the number of days a boat
can operate, which means it must spread its fixed costs
over less output. This will increase AEC and raise the
minimum reservation price. It can also have the same
effect on processors, and they will reduce their maxi-
mum bid price. This will force some of the marginal pro-
ducers to stop fishing, which will increasc CPUE. Given
time, however, boats and plants can adjust their activi-
ties so that they can produce more output in the open
season and new participants may find it profitable to en-
ter if the initial increase in CPUE is high enough. There
will be improvements in stock size, which tend to be lost
over time, and permanent inefficiencies in production.

A total quota is an open-access regulation that, if prop-
erly enforced, can lead to long-term improvements in
the stock. However, total quotas provide incentives for
inefficiencies. A properly enforced quota can increase
CPUE. All else being equal, this will reduce the cost of
taking a unit of fish (AEC/CPUE), which will lower mini-
mum reservation prices. However, with the total quota.
the ability to produce at the lowest cost is not very useful
once the quota is reached. This leads to a race for fish. In
order to get the fish, boats will gear up to harvest ax fast
as possible. This will increase AEC. Gearing up for the
race for fish will cease when expression (2) holds for the
marginal participants. Quotas can also have effects on
the processing sector. They have to gear up to handle
fish in shorter amounts of time, which will atfect their
costs as well. The new equilibrium with the quota will
be achieved when changes in other parameters offset the
long-term changes in CPUE such that expression (3)
holds again. It is important to note that the change to the
new equilibrium will affect the number of processors and
harvesters that can participate in the fishery. Different
types of regulations can affect dissimilar participants in
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different ways. Therefore, the choice of regulations will
affect how many participants will operate, which ones
will operate, and the amounts of the intramarginal rents
that will be received.

ITQ Regulation

Individual transferable quota programs build on the
ability of the total quota program to achieve conserva-
tion goals. They also change the incentives facing par-
ticipants, and so there is no race for fish. This can reduce
some of the biological problems such as discard and by-
catch, which frequently accompany derby fisheries. and
will tend to improve the profitability and efficiency of
the harvesting and processing sectors.

As indicated above, a successful quota can maintain
CPUE at the desired level. (Optimal quota size and,
hence, optimal CPUE are considered exogenous. and so
this discussion is focused on the ability of ITQs to keep
catch within that limit and to maximize the net gain from
harvesting it.) Improvements in CPUE improve profit-
ability in the harvesting sector. However, with an ITQ
program, harvesters can obtain the “right” to take or catch
a unit of fish through market mechanisms rather than by
building a faster and bigger boat to win the race.

For discussion purposes, assume the ITQ fishing rights
are given to third parties who are neither harvesters nor
processors. (This assumption is for pedagogical purposes
only. It will make the description of effects more clear,
but is not an endorsement of this type of ITQ alloca-
tion.) These third parties will hire vessels to harvest their
catch and will sell it to processors. They can make the
most profit from their ITQs by maximizing the spread
between the P, they pay the boats and the P they re-
ceive from processors. Alternatively, vessels will have
incentives to lower their minimum reservation prices so
that they will have a better chance of being hired to har-
vest fish. This means they will try to keep AEC as low as
possible. At the same time, processors will have incen-
tives to increase their maximum bid price so that they
will have a better chance of getting the fish. In terms of
this model, they will try to find better markets to increase
P,, and they will choose capital and operation procedures
50 as to increase ¢ and decrease APC. The market price
that processors will pay for raw fish, P , will depend on
the total quota and the distribution of maximum bid prices
and capacities of processors. It will tend toward the P,
which causes expression (1) to hold for enough firms
that the quota can be processed. Those processors for
whom it holds as an inequality will earn intramarginal
rents even if they do not own ITQs.

Similarly, the market price received by boats, P,
depend upon the distribution of minimum reservation
prices and capacities of harvesters. It will tend toward

will

l.. ANDERSON

the P, . which causes expression (2) to hold for enough
boats that the quota can be harvested. Again, some of
the boats may earn rents.

The market process does not equalize P, and P, In-
stead there is a tendency for the difference to be maxi-
mized subject to the economic and biological realities of
the fishery. This difference is the annual market price of
the right to harvest one unit of fish:

p]'I'Q = PP - ch (4)

The above conclusions are not changed if ITQs are
owned by harvesters or processors. A harvester with quota
will have incentives to sell raw fish at the highest pos-
sible P and to keep the cost of harvest as low as pos-
sible. Similarly, a processor with quota will hire boats to
harvest the fish at the lowest possible P,,, and will have
incentives 10 maximize profits from processing and mar-
keting.

No matter who owns the quota, in the long run har-
vesters and processors will at least make normal returns
and those with special attributes may earn intramarginal
rents. The size of rents earned by ITQ owners will de-
pend upon the maximum bid price of the marginal pro-
cessor and the minimum reservation price oi” the mar-
ginal harvester. For the most part, the allocation of ITQs
will not have an eftect on the amount or timing of effi-
ciency gains, but only on who receives the gains. How-
ever, see the following discussion of non-malleable capi-
tal.

The focus of this discussion on the technical opera-
tion of an ITQ program tends to mask the potential dis-
tributional etfects. It is important to note that the num-
ber and identity of the processors and harvesters and the
amounts of intramarginal rents obtained will likely dif-
fer under open access (expression [3]) and ITQs (expres-
sion [4]).

Timing of Efficiency Gains and
Distributional Effects

For purposes of analyzing the efficiency and distribu-
tion issues in the transition to an ITQ program, the pre-
ceding discussion can be summarized as follows. Under
open-access or traditional regulation, a commercial fish-
ery will tend toward a situation where expressions (1).
(2). and (3) will hold. All elements in expressions (1)
and (2) can be aftected by the open-access race for fish
or the type of regulation. For example, the race for fish
caused by seasonal closures may reduce the quality of
the product so that P, 1s lower than need be. Processors
try to arrange their activities so that they maximize
profits and, in doing so, arrive at a situation where they
have the highest possible maximum bid price for raw
fish (see expression {1]). This means they will be in the
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best position to bid for raw fish, and if they can purchase
for a lower price, they will be earning intramarginal rents.
To the extent that current regulations affect o, P,. or APC,
efficiency in the processing sector will be adversely af-
fected and maximum bid prices will be lower than they
otherwise could be. In summary, expression (1) will be
brought to zero at the margin because firms will try to
maximize their bid price.

Because of the race for fish, there is a different equili-
brating mechanism for expression (2). Harvesters will
be motivated to arrange their activities so that they can
catch fish before the season is closed or before others
can with the given set of regulations. They can afford to
spend more for the race until AEC/CPUE is equal to the
maximum bid price of the marginal produccr. In sum-
mary, under open-access or traditional regulation, expres-
sion (2) will be brought to zero by increases in AEC/
CPUE.

An ITQ program will tend towards a situation where
expressions (1) and (2) hold and expression (4) is maxi-
mized. It will change the process in two ways. First, the
motivation of harvesters will change such that they will
try to minimize AEC/CPUE so that they can have the
lowest possible minimum reservation price for raw fish.
This will set them in the best position to sell their har-
vesting services if they do not receive quota, and it will
maximize the profits from their ITQ if they do receive
an initial allocation. Second. the direct or indirect ad-
verse effects on the elements of expressions (1) and (2)
can be eliminated.

The annual efficiency gains from an ITQ program are
represented by the price of the ITQ in expression (4).
One way to look at the transition to an [TQ program is to
consider how the various elements can and are likely to
change over time. While the expression focuses on effi-
ciency, distribution issues can be described as well.

The elements of expressions (1) and (2) can be bro-
ken down into final market, processing. harvesting, and
stock effects (Table 1). Given the previous discussion.
the price of an ITQ will be as indicated by the equation
in the footnote for Table 1. The table also contains a sum-
mary of the types of changes likely tc occur to the vari-
ous elements in the short, medium, and long run. The
terms-—short, medium, and long run—are relative and
will differ according to the nature of the fishery; the
short run could last 6-12 months and the long run
could be as much as a decade.

The remainder of this section describes these changes
in more detail. To keep things simple, assume that an
ITQ program has been implemented on top of a system
that maintains a safe catch level such that stock rebuild-
ing is not an issue. (The case with stock rebuilding will
be discussed in the next section.) In all cases, the pre-
dicted results are guite general. The actual results will
depend upon the peculiarities of the case mvolved. The
specifics of the regulation program in etfect prior to the
ITQ program and the size, composition. and the type of
capital (malleable or non-malleable) in the two sectors
will be especially important in determining the types and
timing of gains.

In the short, medium, and long run, producers cuan
potentially find betier markets for the final product. While
they may try to do so in traditional regulation programs.
such programs sometimes preclude certain marketing
options. The most striking example of this is the Ausira-
lian southern bluefin tuna (Thunnus maccoyiiy ITQ pro-
gram. Prior to the I'TQ program, the race for fish meant
that the bluefin tuna were caught at small sizes and
such condition that their best use was for canning. With
the advent of ITQs, market incentives encouraged har-
vest al larger sizes and better onboard treatment such
that the fish could be sold on the Japanese raw market at

TABLE 1.—Economic factors influencing the 1TQ price in the short, medium, and long run.*

Source of gain Shortrun

Medium run

Timing

Tongrun

Final market, P,

Regulation removal
Effects of initial allocation

Processing o, APC

Regulation removal
Effects of initial allocation

Harvesting, AEC

Market development

Operational changes
Quota trades and contracting
Regulation removal. minor retooling

Operational change
Quota trades and contracting
Regulation removal. minor retocling

Market development

Operational changes

Quota trades and contracting
Regulation removal, investment
New opportunities, investment

Operational change

Quota trades and contracting
Regulation removal, investment
New opportunities. investment

Stock, CPUE Low TAC Low or possible increasing TAC Higher TAC
Same CPUE Improving CPUE Higher CPUE
Elimination of race for fish Elimination of race for fish Elimination of racc for fish
AEC .
a = - -
PITQ = (aP;- APC) (CPUE )
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asignificant increase in market value. The Canadian hali-
but (Hippoglossus stenolepis) ITQ program is another
good example. With the elimination of the derby fishery,
virtually all of the product went to the fresh rather than
frozen market, which significantly increased the market
price and eliminated much of the processing and storage
costs. This increase in P; obviously increased the ITQ
price. While the gains from improved marketing only
appear as a single row in the Table 1, the potential for
such gains may be quite large. Indeed, the gains here
may come more quickly and be larger than gains from
increased efficiency in harvesting and processing.

In the short run, firms may have little opportunity to
make changes in capital and operating procedures, and
so there are likely to be few gains. Positive benefits might
be possible from the removal of certain types of restric-
tive regulations. For example, the surf clam (Spisula
solidissima) 1TQ program replaced a vessel moratorium
and a limit on the number of fishing days per boat. Own-
ers of quota were immediately able to reduce the num-
ber of boats they used. The least effective boats were
retired, and this reduced maintenance costs and allowed
for the replacement of high-cost vessel days with low-
cost vessel days. As a result, AEC was reduced. which
produced a small wedge between P and P,,. Whether
such opportunities are possible in other fisheries depends
upon the nature of the regulations and the possibility to
make rapid changes when they are removed.

If the initial allocation of ITQs is drastically different
from existing production levels of current participants,
there may be efficiency losses in the short run. The ITQ
owners themselves may not be geared up to harvest, and
it will take time for trades to take place or for contracts
to be established so that the fish can be harvested and
processed.

In the medium run, removing regulations might still
yield some gains. Certain types of restrictions atfect op-
erational behavior such that it takes time to adjust to their
removal (e.g., restrictions on power winches or dredge
width). Harvesters in an ITQ system may find it profit-
able to replace old winches or dredges, depending upon
the cost savings and the age of the existing equipment.
While this will not involve major investment such as a
new boat, the retooling will take time. Given the refit-
ting capacity of existing boat yards, it might take several
years before the full benefits are achieved.

Two other types of related changes are also possible
in the medium run for both harvesters and processors.
First, as a result of quota trading or long-term contract-
ing, firms can increase their level of output such that
they can take advantage of economies of scale and. hence,
reduce AEC or APC. Also, because of the increased flex-
ibility of the ITQ program, firms may be able to make
small changes in their operations that increase efficiency.
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For example, scheduling at processing plants may he
improved such that average storage costs fall

In the long run, the same types of changes that are
possible in the short and medium run can still occur.
However, the long run also opens up the possibility of
new investments. Some opportunities may be possible
because of the removal of regulations (e.g., things that
could not be fixed by simple refitting). For example, boat
length limits and days at sea limits will both result in
vessels that may not be the most efficient overall. An
ITQ program will produce incentives to replace these
less efficient boats.

In addition, an ITQ program may result in the design
of more efficient boats and deck equipment. Owners and
naval architects design boats and gear to maximize pro-
duction based on existing and likely regulations. With
restrictive regulations, certain possibilities and avenues
of research are not considered or explored: There is no
sense spending research and development efforts in ar-
eas where they will not prove useful. With the removal
of these restrictions, such barriers to research and devel-
opment are lifted. This could possibly lead to efficien-
cies that would not be predictable prior to the ITQ pro-
gram.

In summary, the economic gains frorn an ITQ pro-
gram are represented in annual terms by the annual price
of an ITQ. The types of changes that will lead to etfi-
ciency gains depend upon the elements in the equation,
and the timing of the changes depends upon the time
periods in which the various elements can change.

There will be distribution effects of these efficiency
gains, and who will gain and who will lose will depend
upon the initial allocation of quota and the type of capi-
tal and the operating procedures of the participants in
the two sectors. The first point is obvious and is frequently
made in the literature. The second point is a little more
subtle. One way to make this distinction as sharp as pos-
sible is to separate rents earned from the 1TQs and intra-
marginal rents earned by processors or harvesters. Those
who receive ITQs will receive an annual rent per unit of
quota equal to Py, and as explained previously, this rent
is likely to increase over time.

Whether they receive ITQs or not, all participants will
also be potentially affected by the change in industry op-
erations. Prior to the institution of ITQs, the industry
would be operating in response to expressions (1), (2).
and (3) in the ways described previously. Marginal pro-
ducers would tend to make normal profits and others
would tend to make intramarginal rents. With regulations
that restrict flexibility of operations, those participants
whose vessels, operational procedures, or personal skills
enable them to work well under the restrictions are likely
to be among those who earn intramarginal rents.

With the institution of ITQs, the number and compo-
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sition of both sectors may change. In addition. the indi-
viduals who receive intramarginal rents and the amounts
they earn can change. It is not possible to describe ex-
actly how this will happen because it will vary from fish-
ery to fishery depending upon the circumstances. It is
possible, however, to describe the nature of the changes.

With ITQs, there will be pressures for processors to
increase their maximum bid price and for harvesters to
decrease their minimum reservation price. Those who
are best able to do so will be best suited to continue in
the industry and will be most likely to earn intramar-
ginal rents. For example, thosc participants who were
able to operate well under the restrictive regulations may
not be the ones who can survive when the regulations
are removed. Also note that one way to increase maxi-
mum bid price or reduce minimum reservation price is
to increase yearly output. This will spread fixed costs
over more output and may result in economies of scale
with respect to variable costs. (This does not mean that
production will necessarily always end up in the hands
of few producers. For one thing, there are limits to the
efficiencies of increasing size. In addition, in some cases,
the lowest costs may come from smaller boats.) There-
fore, there will be a tendency for the number of proces-
sors and harvesters to decrease. In summary, the amounts
and the recipients of intramarginal rents will change. re-
gardless of whether they receive initial allocations or not.

Some believe that the initial recipients of ITQ will
receive all the potential rents. This is only true, however,
if all firms are identical in both current make up and po-
tential investment possibilities, and anything that can
improve efficiency in either sector is known with cer-
tainty. These are very restrictive assumptions indeed.

The simple argument that the initial recipients will
receive all rents is as follows: Assume that with an 1TQ
program, P, will tend to $21 while P, will tend to $15.
Therefore, the initial recipient will receive a right that
has an annuity value of $6/year. If the owner sells it for
the present value of annuity flow, the buyer will just re-
ceive normal profits from fishing.

However, given the differences in skills and capital
assets among potential participants, the situation is likely
to be more complex. To keep the story simple, assume
there are two harvesters with minimum reservation prices
of $15 and $10, respectively, and the former receives an
initial allocation. If P is likely to remain at $21, the most
that the first individual can make will be $6/year per unit
of quota. However, the second individual can make up
to $11/year per unit of quota. If the second individual
desires to buy quota from the first, the sale price will be
somewhere between $11/year and $6/year depending
upon their relative bargaining power. The closer it is to
$6, the more of the gains from the ITQ program the new
owner will capture.
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This discussion oversimplifies things to make the point.
The case for gains going to purchasers ray be stronger in
real-world situations. Once an ITQ system is started, it is
unlikely that new vessels will be constructed on specula-
tion. The owners will want to obtain sufficient ITQs (or
long-term contracts) before building the boat. The pro-
spective builder will know that its P, will be $10, but
current ITQ owners will not. The market price for ITQs
will be $6, and the new boat owner will be in a good posi-
tion to buy at that price and to receive some of the gams
that result from the ITQ program. In fact, it is these soris
of gains that will keep an ITQ fishery dynamic.

ITQs in Overfished Stock

If ITQs are established as part of a stock rebuilding
program, the efticiency and distribution effects described
previously will be altered somewhat. The main differ-
ence will be due to the reduction in fishing mortality that
will be necessary in the early years.

In the previous case, it was assumed that the TAC as-
sociated with the ITQ program was roughly equal to cur-
rent harvest. This was the case for the surf clim and ocean
quahog (Arctica islandica) fishery and will be the case
for halibut and sablefish (Anoplopome fimbria), two of
the three ITQ fisheries in the USA. With overfished
stocks. however, initial TACs will be less than currcnt
harvests. Since ITQs are normally issued on a percent-
age of TAC basis, this means that, initially, each ITQ
owner will have less fish to harvest. Over time as the
stock rebuilds, TACs will presumably be increased and.,
depending on the current level of overfishing. may even
surpass current catch levels.

Even with lower output levels, there may still be the
potential for savings owing to the removal of restrictive
regulations. The key question centers around how par-
ticipants will react to a production path with low harvest
levels during rebuilding. They may engage in short-term
leases or contracting to allow the catch to be harvested
and processed with fewer boats and plants. The efficien-
cies from the less restrictive regulation will apply to fewer
boats and plants, and so the gains will be less than they
otherwise would be. Alternatively, owners may elect to
operate more boats and processors than necessary, al-
though at lower levels of operation, in order to maintain
their labor force and keep market channels open until
TACs increase. This will allow for more potential sav-
ings from more operators, but the inefficiencies of low-
level output may counteract some or all of the savings.

Serious distribution effects will occur, especially 1if
the cutbacks are severe and long-lasting. Even those
operators who are included in the ITQ allocation will
suffer short-term reduction in intramarginal rents. How-
ever, in the long run, producers who receive ITQs will
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reap the benefit of the current investment in the stock.
This is one way that ITQs are different from other man-
agement regimes. If cutbacks lead to bankruptcics under
traditional regulations, current producers may be gone
when the stock is rebuilt. The gains will go to the new
participants when the fishery is re-opened, not to those
who suffered from the reduction in fishing mortality. With
ITQs, however, the original participants will have re-
ceived a significant portion of the eventual economic gain
from rebuilding. The medium- and long-term effects are
likely to be the same in this case, but it will just take
longer to achieve. Therc is no sense in investing in new
vessels until the stock recovers. In addition. the rebuilt
stock may exhibit characteristics that call for different
types of harvesting capital and operating procedures than
did the overfished stock. However, it will take time for
stock growth, biological research, and architectural re-
search and development to come together to design and
build a new boat.

Non-Malleability

One issue that has received relatively little attention
in the ITQ literature is the effect of the malleability of
capital on the distributional effects of an ITQ program.
While a complete analysis of this problem is beyond the
scope of this paper, some important conclusions are de-
scribed.

Malleability refers to the ease with which plants and
equipment can be switched from one use to another. Some
harvesting equipment can be used in a number of fisher-
ies on a day-to-day basis, others can be changed but only
with substantial time in dry dock, and some are suitable
for only one use. Similarly, processing equipment can
be single or multiple purpose. Since processing equip-
ment is normally immobile, the ability to move to other
uses is also dependent on its current location relative to
the other uses.

The main effect of non-malleability can be summa-
rized as follows. If processing or harvesting equipment
is non-malleable and there is excess capacity. the distri-
bution consequences go beyond merely who receives
initial allocations of quota. This can be demonstrated
using a simple example: Assume a fishery with perfectly
mobile capital in processing and harvesting that is 100%
overcapitalized owing to an open-access regulation pro-
gram. Assume an ITQ program is instituted and, for
whatever reason, the rights are distributed such that 50%
of the quota is given to half the processors and the other
50% is given to half the harvesters. Those that receive
quota can arrange it such that their equipment can har-
vest and process the TAC. They can remain in the fish-
ery and obtain the rewards from the program. Those that
do not receive quota shares must take their capital and
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use it elsewhere in the economy. They do not receive a
share of the rents. but at least they can still earn a return
from their equipment for the rest of its productive life
even though they must switch to another usc.

Now consider the same case, except assume that the
capital is completely non-malleable. Again, producers
who receive quota can receive the gains from the pro-
gram by using their equipment. Those who do not re-
ceive shares are in a different position. Essentially the
value of their capital has fallen to zero. Given the race
for fish, they were able to harvest or process such that
they received a return for the use of their equipment.
With the elimination of the race and with the institution
of a market-allocated quota, they can earn nothing from
the equipment and, hence, its zero value.

To carry the argument a step further, assume that the
participants who do not receive quota decide not to give
up but are willing to enter the market to bid for product.
Focus for the moment on a processor. Recall that pro-
cessors normally use expression (1) to determine what
they can bid for raw fish to keep their pant going. To
remain successful in the long run, the most they can af-
ford to pay is the difference between the returns from
processing a unit of fish and average total processiny
cost, where total costs include a normal return on invest-
ment. In this case, however, at the extreme. the plants
will only consider variable processing costs when deter-
mining their maximum bid price. Anything they earn over
the variable costs is money in their pocket taat they would
not earn if they did not operate. As the processors bid for
fish to keep their plants going, the price will approach a
point where only variable costs are being covered. The
firm may be operating. but again there is no (or a greatly
reduced) return on the equipment. The prozess can be re-
versed if overcapacity is eliminated as some of the plants
reach the end of their productive life. Non-malleability
and overcapacity are joint requirements for the loss of
capital values. This reduction or loss of return will also
happen to vessel owners who must bid for the right to
harvest. This means the price of ITQs will go up as pro-
cessors bid for fish and harvesters bid for the right to
harvest. Some of the lost capital values of processors and
harvesters are transferred to ITQ owners.

In summary. with non-malleable capital, firms that do
not receive quota not only lose out on the gains from the
program, but the capital value of their equipment can be
Jost or diminished. How much they will lose depends
upon the remaining useful life of their equipment and
time period over which overcapacity will continue.

It is important to recall that overcapacity causes many
biological and economic problems in a fishery. There are
great advantages to reducing it. The point is that the amount
and the distribution of the costs of doing so can vary ac-
cording to the malleability of capital. These are important
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social issues, and they will be extremely important to in-
dustry participants when ITQs are being proposed. One
way to address these problems is to design the initial
allocation scheme such that participants are compen-
sated for the loss in the capital value of their equipment
with the capital value of the ITQs they receive.

Other Distribution Issues

Many of the distributional issues of implementing
ITQs have been reviewed in the context of the preceding
discussion. In this section, I discuss two distributional
topics that have not been covered: (1) The potential ef-
fects of an ITQ program on the share system of crew
remuneration and how this can affect the distribution of
net gains between boat owners and crew members. and
(2) issues relating to sharing the gains of fisheries man-
agement between ITQ owners and the general public.

Crew Share

In most fisheries, the crews are paid a share of the trip
proceeds rather than a fixed wage (Sutinen 1979. Ander-
son 1982). There are two reasons for this arrangement.
First, it distributes the risk of good and bad trips between
the boat owner and the crew. Second. because the amount
caught on any one trip depends in some degree on the
skill and exertions of the crew, the share system can be
used to attract good crew members to a given boat and to
provide incentives for extra effort during a trip. As will
be demonstrated, the exact percentage of the net pro-
ceeds that goes to the crew depends upon the relative
sizes of the opportunity cost of labor, the annual fixed
cost of owning and maintaining the boat, and the rela-
tive bargaining power of crew members and owners.
Since ITQs will provide incentives to change the types
of boats used and the way they are operated, they will
also tend to change share rates and the relative rents
earned by the two groups.

The following definitions will be used in developing
a simple model that can show how the share rate and the
relative rents can be affected by an ITQ program:

s = the percentage share of net proceeds re-
ceived by the crew; (1-s) = the percentage
received by the boat owner,
the opportunity cost or minimum reserva-
tion wage of the crew for a representative
trip. It depends upon the number and types
of workers used,
the non-labor cost of operating a vessel on
a representative trip,
the fixed cost of owning and maintaining a
boat apportioned on the basis of a repre-
sentative trip, and

LC =

NLC =

“l"l]

the expected harvest from a representative
trip.

It the crew is to earn the minimum amount necessary
to cover its opportunity costs, the share rate, s, must be
such that the following equation holds:

s(P,Q-NLC]=LC ()

Q:

Solving for P, produces an expression or the mini-
mum P, that will cover labor opportunity costs for vari-
ous share rates for this hypothetical vessel:

P,. =[LC/s + NLC)/Q (5

This break-even equation for the crew is plotted as
the curve CBC (Figure 1). If the share rate poes as high
as I (i.e., all of the net proceeds go to the crew), P, can
get as low as [LLC +NLC)/Q. As s approaches zero, P,
must approach infinity if the crew is to break even. All
combinations of P_ and s above and to the right of the
curve represent points where the crew will earn an in-
come higher than their reservation wage. That is. the crew
will be earning rents.

If the boat is to carn the minimum amount necessary
to cover fixed costs, the share rate must be such that the
following holds:

(I-3)[P,Q-NLC]=FC (6)
By solving for P, . this becomes
P, =[FCA1 - s) + NLC|/Q (6"

This equation shows the combinations of P, and s
that allow the boat owner to cover fixed costs. This boat
break-even equation is plotted as the curve BBC (Fig-
ure 1). If the share rate gets as low as zero, (i.e., all of the
net proceeds go to the boat owner), P, can get as low as
[FC +NLCI/Q. As s approaches 1, P,, must approach
infinity if the boat owner is to cover fixed costs. All com-
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sC BBC)

Pex(1)
P . /
FC+ LC + NLC | “&xtpmi
FCaNC| 17 ™ q
Q S* ‘
0 s LC s S

LC+FC

FIGURE |.—-Relationship between crew share (S) and break -
even ex vessel price for crews (CBC) and boat owners (BBC).
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binations of P, and s above and to the left of the curve
represent points where the boat owner earns rents.

The intersection point of these curves is the lowest P,
that the boat can receive and still cover all costs, and the
share rate that must be used with that P, if the net pro-
ceeds are to be distributed such that both crew members
and the boat owner will break even. Although the alge-
bra is somewhat messy, the values of P, and s at the
intersection are indicated in the figure. The reservation
price is average total cost. This is no surprise as it fol-
lows directly from the preceding discussion. However,
the share rate that must hold is illuminating. It is the ra-
tio of labor opportunity costs to the sum of labor oppor-
tunity costs and fixed costs. This means that there will
be a tendency for the share rate on any vessel to equal a
value that is a function of the amounts and types of capi-
tal and labor used. Therefore, to the extent that ITQs lead
to changes in the way capital and labor are used, they
will have a tendency to change the share rate.

There is more to be learned from this figure, however.
With heterogeneous vessels, each will have a different
set of break-even curves. In the competition to sell fish,
P_, will be pushed down to the point where the marginal
boat is just able to cover costs. This boat will have no
choice as to where to set the share rate if both the owner
and crew are to break even. The analysis is different for
the non-marginal boats, which will be able to earn rents
because their reservation price is lower than the market
ex vessel price.

For example, assume that the boat represented by Fig-
ure 1 is non-marginal and the market price is P, , . The
boat will be earning rents that will be distributed accord-
ing to the size of the share rate. For example, if the share
rate equals s, the crew will just cover their opportunity
costs and all the rents will go to the boat. Alternatively.
if the share rate equals s,, all of the rents will go to the
crew, and the boat owner will just cover fixed costs. At
share rates between s, and s,, the rents will be distrib-
uted between the boat owner and the crew. The closer
the share rate is to s,, the greater the proportion of the
rents that will go to the boat, and vice versa.

It is not possible, at this level of abstraction. to deter-
mine the final share rate. It will depend upon the bar-
gaining skills and strengths of the two groups and per-
haps on the customs for particular types of boats or in
different fisheries or ports.

ITQs create situations where the parameters of the
CBC and the BBC (Q, FC, LC, and NLC) are likely to
be changed. This will result in a downward shift of the
two curves. The degree of movement will differ for dif-
ferent types of boats. While the reservation P, will shift
down, the share rate at the intersection could increase or
decrease. Similarly, the curves for newly constructed
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boats will have different shapes from those of existing
boats.

The same forces that cause the curves to shift down
are also likely to decrease the market ex vessel price. This
could lead to situations where the share rate for particu-
lar vessels will have to change in order to ensure that
both the owner and the crew break even.

In any event, the total amounts of rents and their dis-
tribution will change. For example, a boat that was rela-
tively efficient under a race-for-fish program could have
been providing rents to owner and crew. However, if it
becomes the marginal boat under an ITQ program, the
rents to both will disappear. This is an example of the
distribution effects that could follow from the efficiency
incentives to build more cost-effective bcats.

The nature and extent of these distributional changes
will depend upon the composition of the fleet and the
bargaining process that determines the share rate, and
either or both of these can be affected by the types and
timing of operational changes and investments encour-
aged by ITQs.

Returns to the Public

Because ITQs create quasi-property rigats out of what
is normally considered to be property of the entire na-
tion, there are often questions about how the rents from
ITQs should be distributed with respect to ITQ owners
and the general public. The discussion will be somewhat
limited and focused on issues raised in other sections.

In the first place, there are several views on whether
the public should be reimbursed when fisheries are priva-
tized. Some would argue that fisheries are like oil and
gas resources. which the government regularly leases or
sells for private exploitation. Others see a subtle differ-
ence in that the petroleum resources to be leased have
normally not been previously used, but given the exist-
ing laws, fish stocks have been used by certain individu-
als for many years. According to this view, these previ-
ous users have earned at least a preferential right to the
stocks. Ultimately, it is a political question, but one which
has economic overtones.

Two interrelated questions seem particularly relevant.
First, are the basic incentives of ITQ regimes atfected
by programs that extract payments from owners? Sec-
ond, if payments are to be collected, what is the best way
to do it?

The first question is a form of the principal-agent prob-
lem and is quite important to the entire philosophy of
ITQs. The notion behind granting property rights is that,
since owners can claim the present value of all gains and
are responsible for the present value of all costs related
to the use of their property, there will be incentives for
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both biological conservation and economic efficiency.
But how will these incentives be changed if some of the
gains are to be transferred from the “owner” of the ITQ
back to the public?

The question is especially relevant if the transfer is to
take place through an annual fee. Consider once again the
breakdown of the price of ITQs on the top of Table 1. The
value that will be generated from an ITQ program depends
upon cost, price, and production elements in harvesting
and processing and the CPUE. One of the goals of the
quota in an ITQ program is to maintain or improve CPUE.
Any increases in value that stem from changes in CPUE
are therefore directly related to the management program.
Improvements that stem from changes in the other para-
meters are in a sense only indirectly related to the pro-
gram. ITQs provide incentives to make the appropriate
investments and operational changes to develop new mar-
kets, increase recovery rates, and lower production costs.
The incentives to make these changes could be adversely
affected by an improperly structured or overly aggressive
fee collection program. New Zealand’s stated intent to
drive the price of ITQs to zero by collecting all rents raises
questions in this regard.

This is not to say that fee programs are inappropriate
or will limit the gains from an ITQ program, because
there certainly are elements of Ricardian rent in the opti-
mal use of fisheries. In addition, since the price of ITQs
will be determined by the returns to the marginal pro-
ducers and harvesters, a fee that collects some of the gains
related to market price will not destroy all incentives.
This situation just indicates that fee programs must be
designed with care.

Elsewhere, I have argued that because of the difficul-
ties of measuring the rents from ITQ programs, and in
order to reduce acrimony in the management process, it
might be wise to collect rents based on ad valorem fish
fee (Anderson 1994). If these fees are to be collected, it
is also important that the types and amounts of fees be
announced early in the program development and not be
changed without due consideration. If ITQ owners be-
come weary of capricious changes in taxes, the value of
the right will be diminished and some of the beneficial
incentives will be destroyed.

These problems can be avoided if the ITQs are ini-
tially allocated through an auction system. Prospective
owners will pay a one-time fee to obtain the right and
they will base their bid on the present value of the profits
that can be earned taking into account the potential gains
through investments in plants or boats. As far as revenue
generation is concerned, this has some merits because
those individuals who have access to better information
concerning possible future investments will be able to
make higher bids.

Alternatively, as concluded above, a considerable por-
tion of the gains from ITQ programs will probably be a
long time in coming because harvesters and processors
will make capital investments and it will be difficult to
predict the gains because the types of investments may
not be known at the outset. Therefore, auctions based on
current information may not return the same present value
of revenue as a properly designed fee system.

Summary and Conclusions

While this paper has covered a wide range of 1opics,

the main points can be summarized as follows.

+ The potential efficiency gains from implementing
an ITQ program will depend upon the existing regu-
lation program, the number and types of harvesting
and processing firms, and the state of the fish stock
prior to its implementation.

* The status quo regulation prograra will most likely
have an effect on the choice of capital equipment
and operating procedures of participants in both sec-
tors, and this will have an effect on the nature ot the
gains from implementing an ITQ program.

 The full gains of an ITQ program will probably not
be achieved for several if not many years, as it will
take time for participants to change their capital struc-
ture and operating procedures. Further, it will be dif-
ficult to predict exactly the size of the expected gains
if current regulation programs have restricted or
misallocated research and development activities.

* Although ITQ programs provide incentives to solve
conservation and efficiency problems. with hetero-
geneous fleets and processors there can be changes
in the amounts of intramarginal rents carned by the
various participants.

References

Anderson, L. G. 1982, The share system in open-access and opti-
mally regulated fisheries. Land Economics 58(4):435-49
Anderson, L. G. 1986. The economics of fisheries management.

Johns Hopkins University Press, Baltimore.

Anderson, L. G. 1994, Rents, rentals, and cost recovery in fish-
eries management. Pages 201-210 in R. H. Stroud, editor.
Conserving America’s fisheries. National Coalition for
Marine Conservation. Savannah, Georgia.

Huppert, D. D., L. Anderson, and R. Harding. 1992. Consider-
ation of individual fishing quotas in the North Pacific
groundfish trawl fishery. Page 85-91 in Report prepared
under contract to NOAA, NMFS. Silver Spring, Maryland.

Lindner, R. K., H. F. Campbell, and G. Beven. 1992. Rent gen-
eration during the transition to a managed fishery: the case
of the New Zealand ITQ system. Marine Resource Econom-
ics 7:229-248.

Mollett, N. 1986. Fishery access control programs worldwide.
Alaska Sea Grant Report Number 86-4. Fairbanks, Alaska.



224 l.. ANDERSON

Neher, P. A., R. Amason. and N. Mollett. 1989. Rights based  Sutinen, J. G. 1979. Fisherman's remuneration syslems and
fishing. NATO ASI Series E, Applied Sciences. Dordrecht: implications for fisheries development. Scottish Journai ot
Kluwer Academic Publishers. Political Economy 26:147-62.



The Icelandic Individual Transferable Quota Sstem:
Motivation, Structure, and Performance

RAGNAR ARNASON

Abstract—This paper provides a brief description of the evolution. structure. and economic performance of
the individual transferable quota (ITQ) system in the lcelandic fisherics. The ITQ fisheries management sysiem
in Iccland was instituted gradually over a period of 15 years: The system was initially imposed in the herring
(Clupea harengus) fisheries in 1976 and, subscquently, in the capelin (Mallotus villosus) fishery in 1980 and
the demersal fisheries in 1984. Since 1990, all Icelandic fisheries have been subject to a uniform system of
ITQs. The system, however, is still subject to some dispute and, consequently, further modification and chan ge.
The key steps in the [TQ system’s evolution were initially taken in response to financial crises in the respective
fisheries. More recently, however, the fishing industry has agreed to a significant improvement in the fisheries
management system without being threatened with the alternative of a financial disaster. The passing of the
comprehensive ITQ fisheries management legislations in 1990 is a case in point. While a definitive study of the
economic impact of the ITQ system is not available, the indications are that there has been a substantial eco-

nomic improvement in the fisheries.

Individual transferable quotas (ITQs) constitute one
of the most promising approaches to improved fisheries
management. Within the framework of analytical mod-
els, it is possible to show that an appropriately designed
ITQ system is capable of producing full economic rents
in fisheries (e.g., Arnason 1990). It should not be forgot-
ten, however, that these analytical models represent only
an approximation to the economics of actual fisheries.
In addition, they generally ignore the social environment
within which the fisheries operate. Therefore, studying
the socioeconomic conditions that allow the actual in-
troduction of an ITQ system and determine the subse-
quent course of the fishery is of great practical impor-
tance.

This paper considers the ITQ system in the Icelandic
fisheries. It describes the origin, evolution, and the cur-
rent structure of the system and presents indicators of
its economic impact. The paper is composed roughly
of the following sections: a background description of
the Icelandic fisheries, an outline of the origin and cvo-
lution of the ITQ fisheries management system. a de-
scription of the structure of the current ITQ system, and
an assessment of the economic performance of the ITQ
system.

The Icelandic Fisheries:
A Descriptive Background

The most important Icelandic fishery by far is the de-
mersal or groundfish fishery. In recent years, this fi shery

"This paper is a slightly modified and updated version of one
published in the journal Marine Resource Economics (Arnason
1993, 8:201-218).

has usually generated between 75% and 80% of the tota
value of all fisheries catches combined. The most im-
portant demersal species are haddock (Melanogrammus
aeglefinus). redfish (Sebastes spp.), saithe (pollock
Pollachius virens), and, in particular, cod (Atlantic cod
[Gadus morhua)). Pelagic fisheries based exclusively on
capelin (Mallotus villosus) and herring (Atlantic herrin Py
[ Clupea harengus]) normally account for about 50% of
the total catch volume and about 10-15% of the total
catch value. In addition to demersal and pelagic fisher-
ies, there are significant shrimp (northern shrimp
| Pandalus borealis)), Norway lobster (Nephrops norvegi-
cus), and Icelandic scallop (Chiamys islandica) fisher-
tes. The history of the catches is illustrated in Figure 1.
A more detailed numerical description of these fisher-
ies and their relative importance is provided in Table 1.
The fishing fleet measures about 120,000 gross regis-
tered tons (grt). It consists of the following four main
vessel classes.

Deep-Sea Trawlers

Deep-sea trawlers are relatively large fishing vessels
usually between 200 and 1,500 grt and 40 and 80 m in
length. They are engaged almost exclusively in the dem-
ersal fisheries, employing bottom and occasionally
midwater trawl. Because of their size, the deep-sea trawl-
ers have a wide operating range and are able 10 exploit
practically any fishing ground off Iceland. The two main
types of deep-sea trawlers are conventional or fresh fish
trawlers, and freezer trawlers. The fresh fish trawlers
conserve their catch by refrigeration. Each fishing trip
usually lasts for about 5-15 d. In recent years. there has
been a trend toward freezer trawlers. Current] y. there are
about 30 freezer trawlers and about 75 conventional
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FIGURE 1. —History of the leelandic fisheries by specics categories. 1905-92 ( 107 metric tons [mt]).

trawlers. The deep-sea freezer (rawlers are generally con-
siderably larger than the conventional ones. The lishing
trips usually last between 20 and 45 d.

Specialized Purse Seiners

From 200 gre and up, purse seiners primarily engage
in the capelin fishery. Most also participate in other fish-
cries, particwlarly the deep-seq shrimp lishery and the
herring fishery. The specialized purse seiners usually
follow the capelin schools over great distances and fand
their catches where it is most convenient,

Multipurpose Vessels

Multipurpose vesscls cover a wide size range. The
typical multipurpose vessel is smaller than those previ-
ously discussed. Some. however, are quite large (i.e.,
=200 grt). The multipurpose fleet is. for the most part.
not specialized with respect to fishing gear or fishery.
Most of the multipurpose fleet is designed as gillnetters
or longliners although it is technically capable of cm-
ploying trawls and purse seines as well. The geographi-
cal range is limited for the smaller multipurpose ves-
sels. which are normally contined o 1- to 3-d fishing
trips exploiting fishing grounds retatively close Lo their
home port.

The Port-Time Fleet

The numercus part-time fishing vessels have sizes up
to 12 grt although most are under 10 grt, These vessels
are typically owner-operated and employed on a seasonal
basis. This fleet employs handline, giilnets and longlines.
Depending on the fishery, the crew size 1s one to three
persons. As the smaller of the part-time fleet {i.e., ves-
sels <10 gri) were not subject to vessel guota eestrictions
until 1990, this component of the part-time fleet has
mushroomed in recent years.

Further details about the Icelandic fishing fleet (Table

23 show that the average age ol the lishing fleet is rather
high. This may reflect the effects of more restrictive fish-
ery management measores and official etforts in recent
years 1o hall new investment in the [1shing lMeel.

The Origins and Evolution of the
Fisheries Monagement System

Until the introduction of the vessel quota system in
the demersal fisherics in 1984, most leelandic fisherics
were what may be characterized as common property
fisherics. (Owing 10 the introduction of vessel quotas in
the herring and capelin fisheries a few years earlier. the
common property nature of these fisheries had been elimi-
nated; however, these fishenies only accounted for about

Tavre | —leelondic lisheries: cach and value daia.

Average Listimated Esumated
catch cireh Extimated MARY

1381 ) values™ MSY" vilues'
Spevies (LO00 ) (USH miltieny (LI {US$ million)
Demersal
Cod 3564 36T.R 400.0 4127
Haudock 5.6 R Hi.0 B3
Saithe GR.3 418 B0 520
Redtish L 96.9 90.0 BH.9
Dieher 0923 10240 75.0 g1
lutal 6703 o4d.4 7100 TN
Pelagic
Hermng 670 I LIt (L3N
Capelin® Ba2.1 422 Ta0.4} AT R
Lotal 729.7 52.0 B0 647
Crustaceans
Shrimp 241 429 30.0 53.4
Lobster 24 1.6 30 14.5
Tenal 26.5 54.3 33.0 674
Shellfish
Scallop 133 58 14.0 6.1
All 14398 B3 o170 BGL.5

1AL 1990 cateh prices,
"Maximuin sustainable yield.
“MEY estimate represents the leelandic share.
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TapLi 2.—The leclandic {ishing fleet, decked vessels. Decem-
ber 1992, NA = dats not available. Source: Anonymous ( 1992a, ).

Tutal wnnage Average
(1,000 gross regi- age

Number  stered tonnes [prt]} [years)
Deep-sea (rawlens 107 56.7756 15.6
Stundard 79 NA NA
Treczer 2 Na NA
Purse seinersy 44 20.626 232
Multi purpase flect 328 39681 253
=200 grr 53 141949 26.7
111200 et Y] 14.120 240
SE e 103 8091 280
12-50 gt 128 3271 229
=12 prt 427 3333 13.0

Al A 120,394

109 of the value of Icelandic fisheries). First, until the
extension of the fisheries jurisdiction to 200 miles (320
km) in 1976, the [celundic fisheries were essentially in-
lernationul fisheries. Large foreign fishing fleets featured
prominently on the fishing grounds, taking almost half
of the demersal catch. The extension of the fisheries ju-
risdiction to 200 miles all but climinated foreign partici-
pation in the Icelandic fisheries. However, the inital
management mcasures taken in the demersal fisheries
following this extension consisted mostly of total quo-
tas, limited access, and effort restrictions. Consequently,
they did not alter the common property nature of these
fisheries for demestic fishers, who were still foreced to
compete for shares in the catch. Thercfore, not surpris-
ingly, the development of the lcelandic fisheries in the
post-war era closely followed the path predicted for com-
mon property fisheries (e.g., Gordon 1954), exhibiting
increasingly excessive fishing capital and effort compared
with the reproductive capacity of the fish stocks (Figure
2). The value of fishing capital emploved in the Icelan-
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dic fisheries increased more than twelvefold from 1945
to 1983 while real catch values only tripled. Thus the
growth in fishing capital exceceded the increase in catch
values by a factor of more than four. This means that in
1983, the output/capital ratio in the Icelandic fisherics
was less than a third of the output/capital ratio in 1945,

This long-term decline in the economic performance
of the lcelandic [isheries did not go unnoticed by the
fisherics authorities. Tn fact. over the years, various
measures were taken in an attcmpt to reverse this trend.
However. before the extension of the exclusive fishing
zone to 200 miles in 1976, effective management of the
fisheries, especially the demersal ones, appeared imprac-
ticable because of the large foreign tleets on the fishing
grounds. For this reason, fishery management prior to
the 200-mile extension was minimal,

With the de facto recognition of the exclusive 200 mile
fishing rone in 1976, the situation was dramatically
changed. Since that time, the Icelandic fisheries have come
under gradually increasing management, culminating in
a uniform ITQ system in practically all fisheries since
1990 (Table 3), A more detailed review of the evolution
of the ITQ fisheries management system in individual
Icelandic fisheries follows.

The Herring Fishery

In 1969, owing w an alurming decline in the herring
stocks, an overull quota was imposed on this fishery,
Since this did not halt the decline in the stocks, a com-
plete herring moratorium was introduced in [972. In
1976, when fishing on the Teelandic herring stocks was
partly resumed, it was obvious that the whole lect could
not participate. Hence, an individual vessel quota sys-
tem with limited eligibility was introduced. Vessel quo-
tas, however, were small and, in 1979, by a ministerial
decree and with industry support, transfers of quotas were
permitted between vessels cligible to participate in the
herring fishery. In 1988. the vessel quota system in the
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FicitRE 2.—Fishing capital and catch values (fixed prices), 1945-92.
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TABLE 3.—Key steps in the evolution of the JTQ manage-
ment system: a chronological overview.

1975  Individual vessel quotas applied to herring fishery

1979 Vessel quotas made transferable in herring fishery

1980  Individual vessel quotas applied to capelin fishery

1984 Individual vessel quotas applied to demersal fisheries

1985  Effort quotas option introduced to demersal fisheries

1986  Vessel quotas made transferable in capelin fishery

1988  Transferable vessel quotas in all fisheries: effort quota
option retained

1990  Complete uniform system of transferable vessel quotas in

all fisheries

herring fishery became part of the general fisheries ves-
sel quota system.

The Capelin Fishery

The capelin fishery, which became very big in the
1970s, was subjected to limited entry and individual ves-
sel quotas for license holders in 1980, a time when the
stock was seriously threatened with exhaustion. The ar-
guments for this arrangement were similar to those used
previously in the herring fishery. The positive experi-
ence with the vessel quota system in the herring fishery
also proved a convincing argument for adopting a simi-
lar system in the much more important capelin fishery.
In 1986, the capelin vessel quotas became partly trans-
ferable. In 1988. the capelin vessel quota system became
a part of the general fisheries vessel quota system with
fairly unrestricted transters of quotas.

The Demersal Fisheries

Following the extension of the exclusive fishing zone
to 200 miles in 1976, the major demersal fishery (the
cod fishery) was subjected to an overall catch quota.
The annual quotas recommended by the marine biolo-
gists soon proved quite restrictive and thus difficult to
maintain. Hence, individual effort restrictions. taking
the form of limited allowable fishing days for each ves-
sel, were introduced in 1977. However, since new en-
try remained possible and the demersal fleet continued
to grow, the annual allowable fishing days had to be
reduced from year to year. At the beginning of the indi-
vidual effort restriction regime in 1977, deep-sca trawl-
ers were allowed to pursue the cod fishery for 323 d
only. Four years later, in 1981, the number of allow-
able fishing days for cod had been reduced to 215. This
system was obviously economically wasteful. Conse-
quently, in 1984, following a sharp drop in the demer-
sal stock and catch levels, a system of individual vessel
guotas was introduced. Initially, the Icelandic Parlia-
ment. the Althing, passed legislation to this eftect for 1
year only. In 1985, because of generally favorable re-
sults of the individual quotas, the system was extended
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for another year. However, an important provision was
added: Vessels preferring effort restrictions could opt
for that arrangement in place of the individual quota
restriction. This system was extended largely unchanged
for an additional 2 years in 1986. In 1938, the Althing
passed a general vessel quota legislation for all Ieelan-
dic fisheries to be effective for 1988-90. [n 1990. acom-
plete. uniform vessel quota system for all fisheries. the
Fisheries Management Act, was legislated, abolishing
the limited effort option in the demersal tisheries as
well as a few other loopholes.

The Shrimp and Scallop Fisheries

The inshore shrimp and scallop fisheries are relatively
recent additions to the Icelandic fisheries. Thesc fisher-
ies were largely developed during the 1960s and 19704
and have, practically from the outset, been subject to
extensive management consisting primarily of limited
local entry as well as overall quotas. In recent years, there
has also been a strong movement towards vessel quotas
in these fisheries. With the fisheries manage ment legis-
lation passed in 1988, the deep-sea shrimp fishery. the
only remaining significant Icelandic fishery not closely
managed, was also subjected to vessel quotas. The raan-
agemenl of the shrimp and scallop fisheries is now part
of the general ITQ system according to the general fish-
eries management legislation of 1990.

As may be inferred from the preceding descriptions.
fishery management in Iceland has evolved more by trial
and error than by design. In most countries. and Iceland
is no exception, there is a strong social opposition to radi-
cal changes in the institutional framework of production
and employment. A great deal of this opposition seems
to derive from traditional values and vested interests
rather than rational arguments. Therefore, in Iceland. it
was probably unavoidable from a sociopolitical point of
view to pass through an evolutionary process during
which various management methods were tried in dif-
ferent fisheries. The knowledge and understanding gained
from these experiments was probably crucial for the
eventual acceptance of an efficient fisheries manage-
ment system.

At the same time, it should be noted that the key steps
in the evolution of the fisheries management system hav .
usually only been taken in response to crises in the re-
spective fisherics due to a sudden reduct on in stock lev-
els. Thus, management of the herring fisheries started 1
1969 in response to an imminent collapse in the herrinz
stocks. Similarly, the management of the capelin fishery
and the current management of the demersal fisheries
were implemented in the early 1980s in response to a
perceived danger of a corresponding collapse in thes:
fisheries.
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This pattern reflects, above anything else, the reluc-
tance of members of the fishing industry to accept
changes in the traditional organization of the fisheries.
Only when faced with a disaster in the form of a signifi-
cant fall in income due to fish stock reductions or a drop
in the world market price for fish products have the in-
terest groups been willing to consider changes in the in-
stitutional framework of the tisheries.

The passing of the comprehensive fisheries manage-
ment legislation in 1988 and, even more so. in 1990 con-
stitutes a break with this pattern. For the first time, the
fishing industry agreed to a significant strengthening of
the fisheries management system without being threat-
ened with a financial disaster as the alternative. This must,
[ think, be attributed to the fact that the potentially im-
mense benefits of the vessel quota system were becom-
ing apparent to most of the participants in the fisheries.

The Current ITQ Fisheries
Management System

The Icelandic ITQ fisheries management system was
instituted at different times and in somewhat different
forms in the various fisheries. As mentioned previously,
it was made uniform by fisheries management legisla-
tion passed in 1990.

The essential features of the current ITQ system are
as follows: All fisheries are subject to vessel catch quo-
tas. The quotas represent shares in the total allowable
catch (TAC). They arc permanent, perfectly divisible.
and fairly freely transferable. They are issued subject to
a small annual charge to cover enforcement costs.

The ITQ system was superimposed on an earlier man-
agement system designed mainly for the protection of
juvenile fish, This system, involving certain gear, area.
and fish size restrictions, is still largely in place. The
ITQ system has not, in other words, replaced these com-
ponents of the earlier fisheries management system. Fur-
ther details of the ITQ system in the Icelandic fisheries
follow.

Total Allowable Catch

The Ministry of Fisheries determines the TAC for each
of the most important species in the fisheries. This deci-
sion is made on the basis of recommendations from the
Marine Research Institute, which the Ministry of Fisher-
ies has followed quite closely.

Currently, 10 species are subject to TACs and. conse-
quently, individual quotas. These include six demersal
species (cod, haddock, saithe, redfish, Greenland hali-
but [Reinhardtius hippoglossoides], and plaice [Hippo-
glossoides platessoides]), two pelagic species (herring
and capelin), and two species of crustaceans (shrimp and
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lobster). In addition to these. several 2xploited species
are not currently subject to TACs. This means that the
corresponding fisheries can be pursued freely. For the
most part, these species are subject to relatively light fish-
ing pressure or appear primarily as bycatch of other
fisheries. Most are also commercially negligible. The
10 species subject to ITQ restrictions account for well
over 90% of the total value of the Icelandic fisherics.

Permanent Quota Shares

Each eligible vessel is issued a permanent quota share
in the TAC for every species for which there is a TAC.
These permanent quota shares may be referred to as TAC
shares.

Initial Allocation of Permanent Quota Shares

The initial allocation of TAC shares to individual ves-
sels varies somewhat among fisheries. In the demersal.
lobster, and deep-sea shrimp fisheries. the TAC shares
were normally based on the vessel’s historical catch
record during certain base years. In the demersal tisher-
ies, this usually equaled the vessel’s average share in the
total catch during the 3 years prior to the introduction of
the vessel quota system in 1984, There ar¢ noteworthy
exceptions to this rule, however. For example. a demer-
sal vessel not operating normally during 1981--83 be-
cause of major repairs or because it entered the fleet uf-
ter 1981 could have its calculated share adjusted upwards.
Also, during 1985-87. it was possible to modity the TAC
shares by temporarily opting for effort restrictions 1n-
stead of vessel quotas and demonstrating high catches
during this period. In the herring and inshore shrimp fish-
eries, the initial TAC shares were equal and the same
applied to the capelin fishery except that onc-third of the
TAC shares werc initially allocated on the basis of ves-
sel hold capacity.

Annual Vessel Quotas

The size of each vessel’s annual quota n a specific
fishery is a simple multiple of the TAC for that fishery
and the vessel's TAC share. For instance. it the vessel’s
TAC share 1s 1% and the TAC is 100.000 metric tons
(mt), then the vessel’s annual quota would be 1,000 mi.

Divisibility and Transferability

Both the TAC shares and the annual vessel quotas are
transferable and perfectly divisible. This mcans that any
fraction of a given quota may be transferred to another
vessel.

The TAC shares are transferable without any restric-
tions whatsoever. Transfers of annual vesscl quotas. on
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the other hand, are subject to some restrictions. Annual
vessel quotas are freely transferable between vessels
within the same geographical region. Transfers of an-
nual quotas between geographical regions are subject to
revision by the respective fishers’ unions and the local
authorities. The rationale for this stipulation is to stabi-
lize local employment in the short run. In practice, how-
ever, it appears that few interregional transfers are actu-
ally blocked.

Apart from this, transfers of quotas only are subject to
registration with the Ministry of Fisheries. The particu-
lars of the exchange, including price, are not registered.

Restricted Access: Fishing Licenses

All commercial fishing vessels must hold valid fish-
ing licenses. Moreover, a fishing license is a prerequi-
site for being allocated a quota. Fishing licenses are is-
sued only to vessels already in the fishery in 1990 and
their replacements provided they are deemed comparable
in terms of fishing power. The fishing licenses are not
transferable.

Thus. in addition to the ITQ system, the Icelandic fish-
eries are subject to restricted access. One impact of a
well-designed ITQ system is to provide the socially ap-
propriate incentive for disinvestment (investment) in the
fishing fleet. The fishing license stipulation clearly adds
a deterrent to increasing the number of fishing vessels.

Exemptions from the ITQ System

There are two minor exemptions from the current ITQ
systemn, both in the demersal fisheries. The first concerns
longline demersal fisheries in mid-winter. More precisely,
50% of the demersal catch of vessels employing longline
during November through February each winter is ex-
empt from quota restrictions. The reason for this excep-
tion is primarily to support regional employment during
this period.

This exemption means that vessels employing longline
from November through February can exceed their quota
allocation by 50% of their catches during these 4 months.
Before allocating annual ITQs to vessels, the fisheries
authorities set aside a certain fraction of the TAC to al-
low for this.

Second, hook-and-line vessels under 6 grt may elect
to be exempted from quota restrictions, in which case
they are subjected to limited fishing days. This eftort limi-
tation is adjusted downward if the total catch of this part
of the fleet exceeds a certain volume.

Quota Fees

The annual vessel quotas calculated in the previously
described manner were initially issued by the Ministry
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of Fisheries free of charge. However, according to the
Fisheries Management Legislation of 1990, the Minis-
try of Fisheries is to collect fees for catch quotas to
cover the cost of monitoring and enforcing the ITQ regu-
lations. The Jaw imposes an upper bound on this fee
currently amounting to 0.4% of the estimated catch
value. This percentage is probably more than sufficien:
to cover the extra costs of operating the [TQ system
compared with the costs of the previous fisheries man-
agement system.

The Icelandic ITQ system exhibits most of the crucial
features of the ideal ITQ system as discussed in the theo-
retical literature (e.g., Arnason 1990). It is important to
realize, however, that there are certain aspects of the Ice-
landic ITQ system that deviate from the theoretical ideal
and almost certainly subtract from its economic effi-
ciency.

First, as discussed earlier, there are certain cxemptions
from the ITQ system. These exemptions are admittedly
relatively minor compared with the tota: volume of the
fisheries. Nevertheless, being exempt from the ITQ re-
gime, the vessels in question are essentially engaged in
the traditional competition for catch shares, with the asso-
ciated economic waste.

Second, in the Icelandic ITQ system, the ITQs are
closely associated with fishing vessels. More precisely,
only people who own fishing vessels w:th a valid fish-
ing license can hold quotas. In addition, the total quota
holdings must not exceed the fishing capacity of the ves-
sel in question (although this particular stipulation actu-
ally seems to be loosely interpreted and enforced). The
set of potential holders of ITQs is thus severely restricted.
This clearly subtracts from the ability of the quota mar-
ket in effecting the most econormnically beneficial alloca-
tion of quotas.

Third, the holders of TAC shares must harvest at least
50% of their TAC share every second year to retain the
share. This stipulation is designed to obstruct specula-
tive quota holdings. However, in so doing, it reduces the
efficiency of the quota market and may :nduce the fish-
ing industry firms to maintain more fishing vessels sea-
worthy than would be optimal.

The Performance of the ITQ System

The main purpose of the vessel quota system 1s to
improve the economic efficiency of the fisheries. The
Icelandic fisheries are biologically very productive and
should be able to generate high economic rents. How -
ever, until the adoption of the vessel quo:a system, com-
paratively low rents were generated in the industry. In
fact, during the years preceding the introduction of the
vessel quota system in the various fisheries, annual losses
were often quite substantial.
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The Herring Fishery

When the herring fishery was resumed in 1975, at the
end of a 3-year fishing moratorium, a system of indi-
vidual catch quotas was imposed. Because of the gener-
ally favorable experience with this system, the quotas
were made perfectly divisible and transferable in 1979.
In 1990, the herring fisheries management system was
incorporated, largely unchanged, into the comprehensive
fisheries management system for the Icelandic fisheries.

The ITQ system in the herring fishery has been very
successful. Since 1975, the herring stock biomass has
tripled and catches have increased fivefold (Figure 3).
Fishing effort,? on the other hand, has not increased. In
fact it has declined by some 20%. This means that the
technical efficiency in the herring fishery is now more
than 6 times higher than it was at the outset of the vessel
quota system in the fishery 19 years ago.

*Fishing effort is here defined as the application of fishing capi-
tal to the fishery and is measured as a multiple of vessel ton-
nage and days fishing.
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Since the introduction of the individual quota system
in 1975, catch per unit effort has clearlv increased (Fig-
ure 4). This development is especially pronounced atter
the quotas were made transferable in 1979.

The Capelin Fishery

An individual vessel quota system was introduced in
the capelin fishery in 1980. In 1986, the quotas were made
transferable. In 1990, the capelin management system
was incorporated into the overall Icelandic fisheries man-
agement system.

The capelin is a short-lived species and the fishery,
which depends on a single cohort each year, is very vola-
tile. Since the introduction of the vessel quota system in
1980, in spite of rather dramatic fluctuations, there has been
no discernible trend in annual catch levels (Figure 5).

While the catches have remained largely unchanged,
the capelin fleet has been substantially reduced. At the
outset of the capelin ITQ system in 1980. 68 capelin
purse-seiners were operating. At the end of 1992, there
were only 39. This change represents a reduction in
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FIGURE 5.—Capelin catch and fishable stock (1,000 mt).

vessel numbers of over 40%. Capelin fishing effort, mea-
sured as the multiple of vessel tonnage and days of fish-
ing, has also been substantially reduced (~35%). Thus,
there are strong indications that the efficiency of the cape-
lin fishery has been substantially increased since the in-
troduction of the vessel quota system. The development
of the catch and the fishing effort fleet size in terms of
tonnage is illustrated in Figure 6.

The Demersal Fisheries

The demersal fisheries are by far the most important
Icelandic fisheries, accounting for over 75% of the total
value of the catch. These fisheries were subjected to [TQs
in 1984. However, already in 1985. an optional effort
alternative became available. The system was subse-
quently under almost continuous revision until the adop-
tion of the uniform fisherics management system based
on ITQs in 1990.

The trend in fishing capital and tishing effort. —We

have seen that one of the reasons for the dissipation of

economic rents in the Icelandic fisheries has been
overinvestment in fishing capital and excessive fishing

14 r

—+- Catch; Index

index

effort. Thercfore, one of the tests of the efficacy of the
vessel quota system is the development cf tishing capi-
tal and aggregate fishing effort since the introduction ot
the system.

When the vessel quota system was introduced in 1984,
the previous growth in the value of aggregate harvesting
capital halted (Figure 7). In fact, fishing capital con-
tracted in both 1984 and 1985. This was the first time since
1969 that the value of the fishing fleet actually decreased.
In the preceding 15 years, this capital value had grown at
an annual rate of over 6%. Thus, at present, the vessel quota
system seems to have generated beneficial results. (The
years 1982-84, however. were periods of heavy losses for
the fishing industry: therefore, the halt in investment in
1984--85 can hardly be attributed exclusively (o the ves-
sel quota system.) In 1986, on the other hand. investment
in fishing capital resumed at a high rate. However, this
resumption of investment should not be iaterpreted as a
failure of the vessel quota system as suct. Afler all, the
increase in the value of fishing capital since the inception
of the ITQ system has amounted to just over 3% annu-
ally. Moreover, most of the investment sinze 1986 can be
explained by factors extraneous to the ITQ system.

—— Effort: Index

Year

FIGURE 6.—Capelin fishery catch and effort.
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FIGURE 7.—Demersal fisheries capital and effort.

First, a good deal of the investment in fishing capital
from 1986 onwards has consisted of the installation of
freezing equipment and the corresponding modifications
of several deep-sea trawlers.* In other words, this part of
the investment is in fish processing capital cmploying
new and profitable techniques. Second, a part of the in-
vestment was in specialized trawlers for the emerging
and very valuable deep-sea shrimp fishery, which was
not subject to vessel quotas until 1988. Third, by the mid-
1980s, a significant fraction of the deep-sea trawler fleet
was due for replacement. As 1986 and 1987 were unusu-
ally profitable for the harvesting sector, many firms took
the opportunity to replace their aging vessels. Fourth,
this period saw a very significant investment in smail
vessels (<10 grt) that were not subject to the vessel quota
system. Last but not least, the effort quota option in the
demersal fisheries, introduced in 1985. undermined the
efficiency incentives of the I'TQ system, inducing many
vessel owners to upgrade or replace their vessels. Dur-
ing 1986-90, Iess than 50% of the demersal catch was
taken under the ITQ system. The effort quota option was
abolished in 1990 and a significant reduction in fishing
capital occurred in that year. More importantly. this re-
duction continued in 1991 and 1992: from 1990 to 1992,
the value of fishing capital was reduced by almost 15%.

The course of demersal fishing effort tells & similar
story. Fishing effort in the demersal fisheries, measured
as a multiple of fleet tonnage and days at sea, dropped
by some 15% in 1984 (Figure 7), the first year of the
vessel quota system, and by an additional 6% in 1985.
From 1986 to 1990, on the other hand, fishing effort in-
creased considerably, primarily owing to the widespread
selection of the ill-advised effort quota option within the
ITQ system during 1986-90. Another important expla-

*In 1983, there were three freezer trawlers; in 1990, there were
28.

nation for the increase in fishing effort in 1989 and 1990
is the decline in the demersal fish stocks without a com-
mensurate reduction in the TACs, thus requiring more
fishing effort to fill the catch quotas. Although exact sta-
tistics are not available, demersal fishing effort in 199
apparently declined somewhat again.

The main question, however, is not whether fishing
effort has been reduced from its 1983 level. The crucial
measure of the impact of the vessel quota system is the
difference, if any, between the actual *ishing effort in
1984-90 and the fishing effort level that would have pre-
vailed during that period had the vessel quota system
not been introduced.

Clearly, it is not at all straightforward to predict the
course of fishing effort under the earlier managemeni
regime. However, in an attempt to provide « partial an-
swer to this question, a simplistic model has been used
to explain the path of fishing effort under the two differ-
ent management regimes. Essentially, a simple trend
model describing the path of fishing effort under the two
management regimes was specified. Somewhat more
precisely, it was hypothesized that during the 13-vear
period (1978-90), fishing effort evolved over time ac-
cording to the following relationship:

e(t) = (a-D, + b-D,)expl(c:D, +d-D.)t|

where e(t) = fishing effort in year t,
t = years measured from 0 to 13,

D, and D, = dummy variables for the two managemen
regimes,
aand b = intercepts under the two management re-
gimes, and

cand d = growth rates of effort under the two man-
agement regimes.
Thus, D, = | during the years of restricted effort (e.g.,
1978-83) and O thereafter, and D, = 0 in the years
preceding 1984 and | thereafter.
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The hypothesis that there is no structural break in the
evolution of fishing effort between the two management
regimes is resoundingly rejected. The relevant test sta-
tistic is c*(2 dfy = 58.9. Similarly, the growth of fishing
effort under the ITQ regime is significantly lower than
under the previous fisheries management regime. The
relevant test statistic is ¢ (1 df) = 6.9,

Employing this estimated relationship, we may pre-
dict the fishing effort assuming that the vessel quota sys-
tem had not been introduced in 1984 and compare this
with the actual fishing effort observed (Figure §). Ac-
cording to estimation results (Figure 5), fishing effort
under the earlier fisheries management system would, in
all likelihood, have continued to increase at a high rate
after 1983, Judging from these estimates, the vessel quota
system appears to have reduced total demersal fishing
effort by some 34% compared with the expected fishing
effort under the previous management system. The fi-
nancial benefits of this kind of effort reduction are very
substantial.

In interpreting these results, however, readers should
be mindful of the extreme simplicity and mechanistic
nature of the underlying model. They should also realize
that the observed path of fishing eftfort under both fish-
eries management regimes is a result of all the operating
conditions of the fishery. In particular, TAC restrictions
and the ratio between the TAC and the fishable biomass
level are probably more important determinants of over-
all fishing effort than the [TQ syster itself. It is another
matter that ITQs may make it easier to impose restric-
tive TACs and to enforce them.

More direct estimates of economic benefits.—We now
turn to more direct estimates of the economic benefits
generated under the vessel quota system. Unfortunately,
little research has been done in this area and the avail-
able information is, consequently, rather scant.

From a theoretical point of view. the economic ben-
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efits of a vessel quota system should include the follow-
ing itcms.

A reduction in fishing effort: Under the vessel quota
system, competition between vessels for a limited stock
of fish is eliminated. Consequently, the fishing firms will
attempt to catch their vessel quota with minimum fish-
ing effort. [t is important to realize, however, that aggre-
gate fishing effort will not necessarily be reduced if the
TAC is excessive. Given the size of the fish stocks. euch
TAC requires a certain minimum fishing cffort. If the
TAC is sct high relative to the size of the fish stocks.
aggregate effort may actually increase under an 1TQ sys-
tem.

Reduced cost of fishing effort: Having secured pri-
vate ownership of a certain volume of catch under the
vessel quota system, the fishing firm can concentrate on
taking that catch with minimal costs.

Improved quality of the catch: Being bound by its ves-
sel catch quotas, the fishing firms can increase revenues
only by improving the quality of this catch.

In a study carried out in 1985, the National Economic
[nstitute (Reykjavik, [celand, unpubl. rep.) attempted to
estimate the benefits of reduced fishing effort and im-
proved quality of the catch in the demersal fisheries for
the year 1984. The conclusion was that the benefits of
reduced fishing effort amounted to some USS 14 million
and improved quality of the caich to some US$6 mil-
lion. The total number, US$20 million, is about 8.5% of
the value of the demersal fisheries in that vear. These
results were confirmed in a less comprehensive study
done in 1987 (Althing 1987).

Quota values.— Yet another way to approach the prob-
lem of cstimating the rents generated in the demersal fish-
eries as a result of the vessel quota system is to look at
quota values. As the catch quotas are transferable, a mar-
ket for quotas has developed. In this market. quotas are
exchanged for other valuables such as moncy. Hence.
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FIGURE 8.—Actual vs. predicted effort in the demersal fisheries.
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applying standard economic theory and assuming that
the market for quotas is reasonably effective, the value
of the fishery should equal the total value of quotas.

There are two quota values to consider. One is the
annual quota value, which is the multiple of the annual
quota price and the corresponding total volume of an-
nual quotas. This measure may be more formally char-
acterized as the annual rental price of TAC shares. The
other is the permanent quota value. This is the current
market value of the TAC shares themselves. This, pre-
sumably, reflects the present value of expected annual
quota values in the future. Alternatively, it measures the
present value of expected future profits of using the TAC
shares for fishing in the future. Clearly, the permanent
quota value depends on the expected future path of bio-
mass, TACs, fish prices, fishing technology, and fishing
costs. It is the markcet evaluation of the future value of
the fishery.

In what follows, we estimate the value of the fishery
on the annual basis using annual quota values. This, as
discussed previously. should provide a reasonable esti-
mate of the economic rents generated annually in the fish-
ery. Notice, however, that this value will not necessarily
equal bookkeeping results. Quotas will be bought on the
market at a price up to their marginal variable profits.
Fixed costs (.g., those associated with harvesting capi-
tal) are irrelevant for these transactions. Therefore, a firm
may buy quotas at a high price without being able 1o
cover fixed costs.

The extent of the demersal quota market is consider-
able (Table 4). In 1984, the first year of the vessel quota
system, about 11% of quotas held by the fishing indus-
try were exchanged. Since 1986, this percentage has fluc-
tuated between 20% and 30%. The fourth column of Table
4 shows that, between 1986 and 1990, less than one-half
of demersal catch was taken under the ITQ system. This
reflects the widespread use of the limited effort option
during these years. Hence, although the fraction of out-
standing quotas being traded in 1986-90 had more than
doubled compared with the initial year, 1984, the actual

TABLE 4.—The extent of the demersal quota market (NA =
information not available).

Vessel quotas as
fractons of total

Total quota transfers
% total

Year 1,000 mt vessel quotas demersal catch
1984 64.1 11.2% K1 %
1985 81.0 192% T6.8%
1986 52.2 24.4% 36.0%
1987 40.1 21.4% 28.1%
1988 61.4 23.7% 43 8%
1989 722 29.8% 42.5%
1990* 78.9 22.6% 68.2%
1991 NA NA 95.9%

*The new complete ITQ system took effect on Sept. 1 of this vear.

quantities exchanged were not any greater than in 1984 -
85.

The economic rents generated in the demersal fisher-
ies can be inferred from the quota values (Table 5). Judg-
ing from the fourth column of Table 5. it appears that the
total value of outstanding quotas evaluated at the mid-
point of the given price range was sore 1IS$46 million
in 1984 and US$245 million in 1990. However, these
numbers almost certainly underestimate the true value
of demersal catch rights. The reason is that they ignore
the value of the non-tradable catches, which are mostly
taken under effort quotas. If all the demersal catch is
evaluated at the vessel quota prices, we obtain the vilu-
ation in the last column of Table 5. According to this
column, the economic rents generated in the demersal
fisheries are considerable and constitute a significant frac-
tion of the gross earnings of the fisheries. Thus. in 1989
the demersal quota values exceeded oae-quarter of tolal
earnings in the demersal fisheries.

These estimates, however, must be interpreted with
great care, especially during the latter part of the penod.
During these ycars. demersal catches were good and
fish prices extremely good. For this reason, the quota
prices for 1986-90 were probably higher than would oth-
erwise have been the case although considerably lower
than in a fully efficient equilibrium. More importantly, it
must be realized that one of the first cffects of a reason-
ably complete ITQ system is to make excessive fishing
capital commercially redundant. This reans that its nay-
ket price [alls drastically, the opportunity cost of its ase
is reduced. and the market value of catch quotas is cor-
respondingly increased. This, however. is a short-term
effcct that will be reversed in the long run when the level
of fishing capital reaches a new equilibrium.

How does the cconomic performance of the demersal
vessel quota system compare with optiraal cconomic use?
Comparing the above quota price valuation of fisheries
rents with the maximum attainable rents according to an
empirical study of the Icelandic demersal fisheries (see
Amason 1984) makes it apparent that the realized eco-
nomic rents in 1990 were well over 50% of the maximum

TABLE 3.--—Economic rents in demersal fisheries: quota price
valuation.

Total quota
values US$ million

Annual quota price
range US$ million/mt

Year Cod Other All quotas - Whole Nishery
1984 35-87 24-40 3¢--57 36-57
1985 84126 54-72 3¢--53 S0
1986 127176 79-109 22..32 6091
1987 206--259 104-131 35-44 104 - 131
1983 208-277 154-205 4665 108744
1989 262-349 157-209 62-83 143-189
1990 428514 256-308 151-182 222 267
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attainable ones. Previous reservations concerning the
probable upward bias of the quota values as estimators
of sustainable rents in 1990 must, however, be stressed.
Nevertheless, it is clear that significant benefits have been
generated by the demersal vessel quota system. As fish-
ing effort has been reduced only slightly, these benefits
must primarily be attributed to reduced harvesting costs
per unit of catch and higher quality of the catch. In fact.
there is ample evidence that this has occurred.

The Problem of Discards

Discarding of catch or high-grading is an often-cited
problem with ITQ systems, especially in mixed fisheries
(e.g., Rettig 1986. Squires and Kirkley 1991). The Ice-
landic demersal fisheries are certainly mixed fisheries.
Nevertheless, there is little evidence of increased dis-
carding under the ITQ system. According to measure-
ments published in a recent report by a government com-
mission (Nefnd um mdétun sjavaratvegsstefnu 1993).
demersal discards range from 1% to 6% of total catch
volume depending on gear and vessel type. Moreover.
according to this report there has been no detectable in-
crease in discards since the introduction of the vessel
quota system in 1984. Since 1993, however, the cod
quotas have been drastically reduced and the quota mar-
ket prices have skyrocketed and there have been grow-

ing rumors that discards of cod have increased. This, if
true, would in fact conform with the economic theory of

discards { Anderson 1994; Arnason 1994).

Conclusion

Versions of the ITQ fisheries management system have
been in operation in Icclandic {isheries since 1979. The
evidence on the performance of this system, although
somewhat mixed. is generally favorable.

The introduction of the ITQ system in the herring fish-
ery appears to have resulted in a dramatic increase in
efficiency. In the capelin fishery, the ITQ system also
appears to produced substantial economic benefits al-
though less striking than in the herring fishery. In the
demersal fisheries, the evidence is less conclusive: The
fishing fleet has increased and aggregate fishing effort
has contracted only slightly; however, various indica-
tors, including quota values in the demersal fisheries,
strongly suggest that significant rents are being gener-
ated by the system.

ARNASON

When interpreting the development of the demersal
fisheries since 1984, it is important to be mindful of the
imperfectness of the [TQ system employed during the
early part of the period. This applies especially to the
widespread use of the effort quota option during [985-
90. In fact, as shown in Table 4, the fisheries manage-
ment systermn was only partially an individual quota sys-
tem in these years. For this reason, the upward trend in
harvesting capital and demersal fishing effort during this
period is hardly evidence of the failure of the ITQ sys-
tem. In fact, as previously explained, since the abolition
of the effort quota option and the consolidation of the
ITQ system in 1990, demersal fishing capital has declined
substantially. Finally. there is little evidence that the ves-
sel quota system has increased discarding of catch.

References

Althing. 1987. Parliameantary bill for fisheries management
1988-1991. Annexes 111 and IV. Icelandic Parliament Ses-
sion 110,

Anonymous. 1992a. Utvegur, Fiskifélag fslands. Fisheries So
ciety of Iceland, Reykjavik.

Anonymous. 1992b. Sjomannaalmannak, Fiskifélag [slands.
Fisheries Society of Iccland, Reykjavik.

Anderson, L. G. 1994. An economic analysis ol highgrading in
ITQ fisheries regulation programs. Marine Resource Eco-
nomics 9:209-226.

Amason, R. 1984. Efficient harvesting of fish stocks: the case
of the Icelandic demersal fisheries. Ph.D. dissertation, Uni-
versity of British Columbia.

Arnason, R. 1990. Minimum information management in fish
eries. Canadian Journal of Economics 23:630-633.

Arnason, R. 1993, The Icelandic individual transterable quota
system: a descriptive account. Marine Resource Feonomics
8:201-218.

Arnason, R. 1994, On catch discarding in fisherics. Marine
Resource Economics 9:189-207.

Gordon, H.S. 1954. Economic theory of a common property
resource: the fishery. Journal of Political Economy 62:124-
142.

Nefnd um métun sjivardtvegsstetnu. 1993, Skyrsla til
Sjdvaritvegsrdoherra. Reykjavik, Iceland.

Rettig. R. B. 1986. Overview. In N. Mollett, editor. Fishery ac-
cess control programs worldwide: Proceedings of the work-
shop on management options for the north Pacitic longline
fisheries. Alaska Sea Grant Report 86-4. Fairbanks. Alaska

Squires. D.. and J. Kirkley. 1991. Production quota in multi-
product Pacific fisheries. Journal of Environmental Econom-
ics and Management 21:109-126.



The Political Economy of ITQs

ROGNVALDUR HANNESSON

Abstract~-Fish resources worldwide are coming under increasing pressure. This generates incentives o
claim exclusive use rights. Some social scientists seem to favor communal rather than private rights. ‘tis argued
that the differences between these rights are more apparent than real, as both imply exclusion of some users.
Individual transferable quotas (ITQs) are use rights that are becoming more widespread. Surprisingly. the initia-
tive for these rights has corne from from public authorities rather than the industry. even though politicians or
public servants do not have strong incentives to establish such rights. ITQs are, nevertheless, unkkely to be
cstablished without the support of a critical mass in the industry. This support requires that the industry gets a
share of the rent of the resource. To what extent this will be fair and compatible with the public interest is
discussed. Contrary to “ordinary" industries, rents in the fishing industry will be eroded not through healthy
competition but through unnecessary costs, since these rents reflect a pure natural scarcity. Any lasting gain in
efficiency will therefore mean lasting rents, which will be captured by the first generation of rights holders
unless some suitable measures are being taken, It accrual of rents to private individuals is considered unaceept-
able, it is neccessary to identify a community that is broad enough to be a worthy receiver of rents znd narrow
enough for the rents to make a difference, since rents are the driving force for achieving economic efficiency.
Despite possibly substantial gains by those who are grandfathered into a closed industry, there is widespread
opposition among boat owners and fishers to exclusive use rights such as ITQs. Uncertainty. distributionat
contlicts. and ideology. may explain such opposition.

Of Forests and Fish

In the early 1840s, a liberal newspaper called the
Rheinische Zeitung was published in Cologne, Germany.
The paper soon acquired a young and resourceful editor
whose name was Karl Marx. In one of his articles, he
offered the following observations: “If every violation
of property, without distinction or more precise determi-
nation, is theft, would not all private property be theft?
Through my private property, do not I deprive another
person of this property? Do I not violate his right to prop-
erty?” (McLellan 1973).!

Of particular interest in this context is that Marx was
writing about exclusive use rights over what used to be a
frec-access resource. The public had by custom gathered
dead wood for their stoves and fireplaces from the for-
ests of the Rhineland. By the time Marx was editing the
Rheinische Zeitung, the demand for wood had increased
to such an extent that the wood collectors were much
resented, and the great majority of the court cases in the
Rhineland dealt with the theft of wood. A law was pro-

posed empowering forest keepers (o assess damages and
impose fines in order to ease the burden on the courts.
Marx argued that the general public had common rights
in the forests by tradition and that the state should de-
fend those rights.

This story iflustrates two points. First. as open-access
resources come under increased press.are, exclusive ase
rights are likely to develop. If this does not happen. the
resources will be depleted, possibly beyond recovery.
Second, such exclusive use rights must ultimately he
sanctioned by the state to ward off a challenge by those
who arc unwilling to accept being excluded.

There are obvious parallels between what happened
in the Rhincland in the 1840s and what is happening now
in world fisheries. Improved technology and increased
demand for fish have increased the pressure on fish stocks
to the point where it is impossible to accommodate all
those who wish to harvest. Exclusive use rights, suck. as
individual quotas and fishing licenses, are already ne-
ginning to develop but are still highly contested. What
form should such rights take? Who should get them?

'Quoted from McLellan (1973), p. 56. The Rheinische Zeitung was not popular with the Prussian authorities ol 1ts day, and the
censor vetoed many articles (the Rhineland was awarded to Prussia at the Viennu conference, after the Napoleonic wars). In 1843,
the newspaper was banned. Prior to that, Marx once wrote the following, possibly to placate the censor or his wealthy bourgeors
financiers: “The ‘Rheinische Zeitung’, which cannot even concede theoretical reality to communistic ideas in their present form,
and even less wish or consider possible their practical realization, will submit these ideas to thorough critizism™ (quoted trom
McLellan, op. cit., p. 54). Marx wrote a series of articles on the proceedings on the new forest law in the Rhineland parliament and
argued forcefully for respecting the traditional rights of the wood collectors. The original text of these articles can be found. inter
alia. in “Karl Marx. Werke. Artikel, Literarische Versuche bis Miirz 1843.” Volume I:1 in Karl Marx/Friedrich Engels Gesamtausgube,
Dietz Verlag, Berlin 1975. The papers on the wood question occupy pages 199-236. Those who take the trouble to look up 1his
volume will be rewarded by some beautiful love poems Marx wrote to his fiancé, Jenny von Westphalen, as he was studying
philosophy under Hegel in Berlin.
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What is the role of the state in establishing and enforc-
ing such rights? Since exclusive use rights for terrestrial
resources have a much longer history, it is worthwhile to
consider thesc briefly before turning to exclusive use
rights in fishing.

The Development of Property Rights

Property rights undoubtedly arise from human greed.
and they amount to an institutionalization of the rule
“This is mine and not yours.” Or, to use Marx’s language.
one person’s property deprives another of the same
property. Undoubtedly, also, establishing and enforcing
private property rights often have amounted to theft or
robbery. Farmers have been forcibly deprived of com-
mon pastures by greedy landlords ultimately relying on
the coercive power of the state. A famous cxample is the
clearances of the Scottish Highlands. In a process that
nowadays might be called “ethnic cleansing.” the High-
landers were driven off the land by brute force and re-
placed by sheep (Galbraith 1977).

Yet it is a challenging thought that a social institution
arising from such ignoble origins can in fact be of great
benefit for the common good. Introducing property rights
is not a zero sum game; it is not just a question of depriv-
ing somebody else of property. Clearly defined and en-
forced property rights are productive in the sense of
making possible surplus production over and above what
would be obtained without property rights. Nowhere is
this perhaps clearer than in the context of natural, com-
mon-pool resources where the absence of any exclusive
use rights can lead to irreversible depletion. The chal-
lenge is to harness the productive nature of exclusive
use rights for the common good—to combine the exclu-
sive nature of property rights with a fair distribution of
their benefits.

With respect to the development of property rights, it
is possible to discern two schools of thought whose dif-
ference nevertheless may be more apparent than real:
the “property rights school” and the “common property
school.” Both share the view that exclusive use rights
are likely to develop when the pressure on an open-
access resource has reached the point where the ben-
efits of enforcing these rights outweigh the costs. The
schools part company in their view of what form these
rights can take.

The property rights school sees use rights as individu-
alistic and vested in persons, including persons “de jure.”
A classic article written within this genre is Demsetz
(1967), in which are cited examples such as territorial
rights to what used to be common hunting grounds in
Quebec. Libecap (1989) discusses how miners in the
American West agreed among themselves to establish
individual property rights to settle their competing claims
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and managed to have thesc rights recognized by law-
makers and the courts,

The common property rights school points out that
use rights often are held in common by a clearly defined
group. Members of a group, identified by location. lin-
eage or ethnicity, sec themselves as the rightful users of
a given resource. Together, they exclude others from ac-
cess to the resource while developing among themselves
allocation rules and use rights that may or may not be
cgalitarian and democratic. Ostrom (1990) cites numer-
ous examples where users of a common resource have
developed systems of common use rights.

For the purpose of comparison with fisheries, perhaps
the most interesting case is the system of common graz-
ing rights on alpinc pastures in Switzerland (Stevenson
1991). As population pressure in the Swiss villages in-
creased and threatened the carrying capacity of the al-
pine pastures, rules were devised at the village level on
how to limit the use of the pastures and how to allocate
the rights to use them. In some cases, the rights were
limited to the descendants of those who had settled m
the village before a certain time. In other cases, cach Jand-
owner in the village got grazing rights in proportion to
his landholding. From the fisheries perspective. it is
particularly interesting that in yet other cases the Swiss
grazing rights are allocated by individual and transfer-
able grazing quotas. These rights are very similar to the
individual transferable quotas (ITQs) used in ~ome fish-
cries.

Scholars of the common property tradition do. in my
view, overemphasize the distinction between individual
and communal property rights. Both types of rights would
appear to have a common origin in human greed. both
ate an application of the rule “This is mine and not yours,”
or in the common property case¢ “ours and not yours.”
The reason why use rights have taken the form of com-
mon rights and not individual rights often appears 1o
depend on technical circumstances such as economies
of scale; grazing land. for example, is likely to be more
efficiently used by letting a suitably sized herd of ani-
mals roam over a large area rather than by fencing it in
and having smaller herds graze on each lot. In the case
of the Swiss alpine pastures, economies of scile in pas-
ture use, herding of animals, and processing of milk are
arguments for a common use of the pastures. The use rights
do in some cases, however, come fairly close to being
individual rights. This is particularly true of the individual
transferable grazing quotas, which can be held by non-
farmers and leased to anyone who can use them.

The notion that the form that use rights can take is o
practical matter in large measure decided by technical
circumstances emerges very clearly from Libecap (1989).
He sees use rights to resources as arising from attempts
by a group of individuals to regulate the use of a resource
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for their own benefit and to seek legal protection of the
arrangements that best suit their interests. The success-
ful cxamples he cites involve both individual and com-
mon use rights. Which of these prevails is conditioned
by circumstance. Mineral rights are private. vested in
one individual or company. Property rights to mineral
deposits were defined instrumentally, as in following an
ore vein and not the boundarics drawn on the lund above.
Competing claims arising when ore veins met could be
settled by relatively transparent and simple rules. By
contrast, an efficient use rights system for oil fields re-
quires definition of fieldwide use rights because of the
migratory nature of the oil underground and incomplete
information about the dynamics of extraction. When
ficlds are unitized, leascholders share in the profits that
can be generated on the field under a unified manage-
ment. This can be characterized as a system of use rights
held in common by the lessees on the field. The parallel
with the ITQ system in fisheries is close. The difference
is that the “quota,” or profit share, is not related to the
quantity produced by each lease. The optimal use of a
field depends not only on the total quantity of oil ex-
tracted but also on the location of extraction. It may there-
fore be optimal not to produce at all on certain leases. or
to use them for injecting water to increase the pressure
in the field and enhance the recovery of oil. A similar
situation could arise where young and old year classes
of a fish population occupy different areas. It would prob-
ably make more sense to take the older and bigger fish
and so harvest in locations where these are to he found.

Exclusive Use Rights in Fisheries

Exclusive use rights to fish resources are for the most
part a recent phenomenon. Overfishing of the most valu-
able stocks has been with us for a good portion of this
century, but technological and institutional factors have
long prevented the emergence of property rights as a way
of rationing these scarce resources. The single most im-
portant impediment was international law. Until the late
1970s, most of the important fish stocks of the world
were accessible outside any national jurisdiction and
were, therefore, effectively open-access resources. As
pressure on the stocks increased, some coastal states
claimed extended fishing limits to secure exclusive fish-
ing rights for their citizens or whomever else they au-
thorized. This can be seen as a first development towards
individual use rights, as such rights would be impossible
without first clarifying which state jurisdiction would
provide the ultimate sanction. After a long political
struggle and sometimes armed confrontation. the national
jurisdiction over fishing was extended from 3 nautical
miles (~5 km) to 12 nautical miles (~19 km), enclosing
fiords and bays, in the late 1950s, and then to 200 miles

{320 km) in the late 1970s. Some important fish siocks
are still accessible outside 200 miles, and recent impreve-
ments in technology have made them more so. This has
prompted some coastal states to deraand binding and
enforceable regulations of fishing outside 200 miles that
would conform to fisheries regulations inside 200 miles.
(In 1993, the United Nations convened a conference on
straddling and highly migratory fish stocks to deal with
this issue. The conference ended in August 1995 with an
agreement on a convention on fishing cutside 200 miles.)

Once the question of national jurisdiction over the arca
where fish stocks are located has been settled, the ground
is clear for erecting the necessary rights structure for a
sensible harvesting of the stocks. Wha: kind of structure
would be adequate? A first point to notz is that territorial
access rights would be inadequate unless defined to in-
clude the entire habitat of a fish stock. There is a quite
large volume of anthropological literature dealing with
territorial use rights in traditional fisheries (e.g., Ruddle
and Johannes 1985). These rights are, in most cases. n-
sufficient to deal with stock externalities in fishenes
owing to the wide migrations of fish. The territorial use
rights may, however, have dealt successfully with crowd-
ing externalities arising from competition for the best
tishing spots. Clearly, such arrangements can be useful
as far as they go. The parallel of access rights in fisher-
les with those for oil fields is immed-ate: optimal use
requires that the entire field be owned or controlled by
one authority. Optimal or near-optimzl solutions have
been obtained in cases where there are only a few com-
panies or consortia holding rights to the ficld, but frag-
mented ownership has typicaily resulted in competitive
and wasteful extraction,

The migrations of fish usually are so extensive that
defining exclusive territorial rights that cover the entire
habitat of a fish stock will probably not be seen as politi-
cally acceptable. [n cases where two or more states share
the habitat of a stock, it would not even be possible ex-
cept by an unlikely consent of all states involved. For
this reason, and the fact that individual fish cannot be
identified and labelled unless captured, individual rights
to the fish resources themselves are hizhly unlikely or
impossible.

Individual use rights can, on the other hand, be de-
fined with respect to harvesting. There are two principal
ways of doing this: as a right to harvest a certain quan-
tity twhich can be defined indirectly, such as a share in a
total allowable catch [TAC]) or as a rigit to use certain
harvesting equipment (a boat of a given specification).
In some cases, rights have been defined with respect to
both.

The choice between these two types of harvesting
rights is a practical one rather than one of principle. Both
limit the access to resources but in a slightly different
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way. Each has its own advantages and disadvantages,
and circumstances of time and place will determine which
is to be preferred. Boat licenses are easier to monitor
than fishing quotas. The problems with boat licenses are
due to an uncertain and changing relationship between a
license and the quantity of fish that the license permits
one to catch. It is notoriously difficult to detine a unique
relationship between a boat license and the resulting har-
vesting capacity in all but the most simple and static cir-
cumstances. A boat license gives fishers an incentive to
increase the use of factors not specified by the license
and to economize on the use of other factors. This be-
comes easier as boats are replaced and their design
changed. Attempts to avoid this pitfall risk trapping the
fishery in a technological straitjacket and forgoing the
benefits of technological change.

To what extent such exclusive rights can be suaid to
amount to individual property rights depends on the de-
gree of transferability and length of tenure. For example,
nontransferable fishing quotas that are reallocated every
year are a fairly tenuous set of rights, but they would
probably amount to rights beyond that 1-year allocation
since courts would look for precedence and equal treat-
ment if having to rule on future allocations. Permanent
and transferable fishing quotas, on the other hand. would
appear to come as close as is practically possible to indi-
vidual property rights in the resource itself or, rather, in
a share thereof.

The length of tenure and degree of transferability of
fishing rights introduce a classic dilemma with respect
to exclusive use rights: that of efficiency versus equity.
Efficiency is best served by long and secure tenure. It
facilitates long-term planning and gives rightholders a
long-term interest in the resource. But the exclusive right
also protects the profits of the rightholders; the more pro-
tective of profit, the more successful the rights system is
from the efficiency viewpoint. This may be deemed un-
desirable on the basis of social equity. A limited tenure
of rights would make it easier to address any inequities
emerging by means of a new allocation.

If fishing rights are permanent, the resource will in
effect become a shared property of those who hold the
rights. Under this arrangement, the holders of the use
rights probably would assume the full responsibility for
managing the resource, from stock assessment through
the setting of TAC and monitoring of individual quotas
or licenses, much as is the case with the owners of share
rights in the Swiss alpine grazing lands. The state would
become redundant as a management authority, and its
only role would be the ultimate upholding of the rule of
law and the honoring of contracts. Such a system might
in fact become self-enforcing; each holder of a fishing
quota would have an incentive to keep his fellow quota
holders under surveillance, as the erosion of the resource
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base through cheating would diminish the value of his
property. This mechanism is particularly likely to work
in relatively homogeneous industries with few partici-
pants. It is probably important as well that the rents ob-
tained from the fishery be relatively moderate. Other-
wise, the claims by outsiders who want to get a share 1n
these rents might become difficult to resist, particularly
if the use rights are a recent phenomenon in what used to
be an open-access industry. If this is the case, the only
way to preserve the incentive structure inherent in the
fishing rights would be to have the state, or a regional
body, act as a rent collector and manager of a publicly
owned resource in the interest of the public. [ shall re-
turn to this point in the cnsuing section on fishing rents.

The Origins and Purpose
of ITQ Systems

Since the early 1980s, there has been a trend towards
establishing fishing rights based on fishing quotas. Thesc
quotas, transferable or not, seem to have emerged in two
quite different situations. Usually, they have been a de-
layed and tortuous response to a declining resource basc
and increasing economniic difficulties in the fishing in-
dustry. In Iceland, individual quotas first emerged in the
herring (Clupea harengus) fishery and soon became
transferable after it became clear that the cuantity allo-
cated to each boat was too small to make much economic
sense (Arnason 1995). In 1984, ITQs were introduced as
a l-year emergency measure in the cod (Gadus morhuu)
fishery and subsequently were developed and renewed
until [TQs of an indefinite duration emerged in 1990. In
Canada and the USA, the ITQ systems—those proposed
and those in place—have emerged in responsc to a
long history of economic and biological overexploita-
tion of stocks. An exception in the USA is the wreckfish
(Polvprion americanus) fishery where ITQs were intro-
duced only a few years after the fishery developed, in
response to rapid overcapitalization. The initiative ap-
pears to have come trom fishery administrators. with
fishers catching on to the idea after being skeptical ini-
tially (see Gauvin et al. 1994). In Norway, the use of
vessel quotas is widespread, but there is hardly any trans-
ferability.

Australia and New Zealand are partial exceptions. The
ITQ system in the New Zealand deep-water fishery was
put in place before signs of overexploitation had emerged
and, in fact, before much was known abour. the produc-
tivity of the resources. The reason appears to have been
precautionary: both the industry and government offi-
cials were well aware ol what could be expected to hap-
pen as a result of free access. The solution was undoubt-
edly facilitated by the fact that only a few companies
were engaged in the deep-water fishery, some of which
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had a large share of the fishery. In Australia, the ITQ
system seems to have been introduced in the south east
trawl fisheries for much the same reason. as the knowl-
edge of the resources appears to have been rather lim-
ited (Geen et al. 1993). But even in thesc two countries,
some ITQs emerged in response to resource depletion.
In the New Zealand inshore fishery. there was a perceived
need to reduce catches. This was accomplished simulta-
neously with introducing ITQs. In Australia. a rapid and
substantial decrease in vessel participation in the south-
ern bluefin tuna ( Thunnus maccoyi) fishery was achieved
by an ITQ system.

In the late 1980s, Chile made plans to introduce ITQs
countrywide, in part to enhance the overall efficiency of
the economy. These plans met with considerable resis-
tance in the industry, and in the end ITQs were imposed
for a limited number of stocks considered to be threat-
ened by overexploitation. These 1TQs are allocated by
competitive bids (see Pefia 1995).

One noteworthy thing about the attempts. successful
or not, to establish ITQ systems is that the public au-
thorities more often than not seem to have played a ma-
jor and decisive role. This is somewhat surprising. People
already in the fishery would benefit from keeping out
newcomers and so prevent a further erosion of their prof-
its. The transferability of quotas would make it possible
for some to buy out others and to take advantage of econo-
mies of scale. A quota allocation would make it possible
to avoid costs that otherwise would be incurred in order
to attain the highest possible catch in the short term, or a
highest possible share of the given total catch if the fish-
ery is controlled by an overall catch quota. In short, there
would be some aggregate gains obtained from an ITQ
system, gains that would become capitalized into a mar-
ket value of the quotas and accrue, roughly speaking, to
the first generation of quota holders. Those who eye the
chance to become the first generation of quota holders
would appear to have a very clear economic interest in
trying to convince their governments that this would be
a sensible solution to the perennial problems of fisheries
management.

On this basis, both the property rights school and the
common property school would predict that initiatives
for limited access and exclusive use rights would prob-
ably come from fishers acting in self-interest. even if
scholars in these two traditions might differ in their views
of what sort of arrangements would be most desirable or
likely to emerge. The industry, nevertheless. seems usu-
ally to have played second tiddle to government offi-
cials in proposing the ITQ schemes that have been put in
place.

The active role played by government officials in initi-
ating ITQ systems is somewhat surprising because nei-
ther they nor the governments they represent have a par-
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ticularly strong incentive to do so. There ure two reasons
why governments might be interestec in an ITQ system.
First, such systems can be used to raise revenue by leas-
ing or selling fishing quotas. This is rarely done. Second.
ITQ systems increase the economic efficiency in the ish-
ing industry and so the productivity of the economy as a
whole. However, the aggregate benefits of this efficiency
and productivity arc usually not very great and, further-
more, they are widely dispersed. Thus. ITQ systems
would not appear worthwhile pursuing against the ma-
jority opinion in the fishing industry under thosc cir-
cumstances. Nevertheless, government officials have ini-
tiated these systems for the purpose of reducing the
sometimes gross economic waste that occurs in frec-ac-
cess fisheries: the overinvestment in harvesting capacity
manifested by ever-shorter fishing seasons, the costly
regulations to limit fishing effort to what the resources
can take. and the threat to the viability of the resources them-
selves posed by the excessive harvesting capacity that might
be difficult to adequately restrain. The fishing industry i«
not unique in this respect. In fact, the situation with re-
spect to unitization of oil fields with fragmented owner-
ship seems rather similar. The initiative to unitize has (vpi-
cally come from the regulatory author ties who have been
concerned with the wasteful allocation of resources aris-
ing from competitive oil recovery (cf. Libecap 1989,

Not surprisingly, in no case has an ITQ system been
pushed through without the support of a critical mass ol
the industry. This support has been obtained through al-
locating ITQs on the basis of historical rights—ust.ally
the quantity fished, but sometimes the level ot invest-
ment has been taken into account as well. Limited entry
shields those who are in the industry from a further vro-
sion of rents through free entry and bolds outl a promise
of higher rents as some leave the industry and sell their
rights to others who can enlarge their scale of operations.
Since the efficiency gains from ITQ systems are not likely
be large enough to impress the general public. poliucal
support for ITQ systems must be sought from within the
fishing industry. Without a sufficiently strong constitu-
ency in the industry, ITQ plans will probably be aban-
doned despite the promises they hold with respect to co-
nomic efficiency. Support may be forthcoming only it
the constituents expect to get a capita. gain from the ITQ
system. Therefore, it is probably unavoidable that some
of the fishing rents become capitalized into a market value
of ITQs. To the extent that the government, representing
the ultimate owner of the resources (the public). is re-
garded as the rightful rent collector, this is a price that in
all probability must be paid for putting an ITQ system in
placc.

Is that a price worth paying? From the viewpoint of
economic efficiency, the most important property of 1TQs
is that they provide incentives to cut waste by limiting
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investment and the use of manpower and other inputs to
what is strictly needed to catch what the resources can
support. The social benefit of this is the amount of goods
and services that can be produced instead. For recreational
fishing the curtailment of this “waste” would be a doubt-
ful proposition; recreational anglers would not necessar-
ily devote their time to any productive effort or buy shares
on the stock exchange instead of their fishing rod in case
they could no longer go fishing. More importantly, they
have decided that using time and effort in this way pro-
vides pleasure largely or wholly unrelated to the value
of the material production it might ultimately provide.
However, there are no less clear and important cases at
the other end of the spectrum. Most commercial fisher-
ies are conducted solely for obtaining cash income. Such
activity has little or no intrinsic value and often is capi-
tal-intensive. Every society has limited investment funds
and needs to use them as efticiently as possible. Invest-
ment in fishing fleets is no exception; it necds to be lim-
ited to what yields a competitive return at the margin.

Many fisheries will fall somewhere between these two
extremes. Small-scale fisheries conducted with simple
and inexpensive capital equipment may have a cenain
element of recreational fishing. For fisheries with a large
recreational element, the ITQs are hardly the most ap-
propriate instrument. Individual quotas may be adequate
for preserving the resource, but some equitable rule of
dividing them between prospective recreationists would
seem to be preferable to ITQs that would select the most
“efficient” or affluent ones.

The Tradeoff Between
Efficiency and Fairness

Over time, fishing rents become capitalized into mar-
ket values of licenses or quotas held by private individu-
als. The role of rents provides a useful perspective on
the tradeoff one may be forced to make between effi-
ciency and fairness in limited entry schemes.

Fishing rents play a dual role. First. they are the result
of enhanced economic efficiency. As unnecessary costs
are cut, a difference emerges between aggregate revenue
and aggregate costs. This is what we call rent. In a lim-
ited entry fishery, rent will not disappear but accrue as
capital gains to those who have the privilege of being
“insiders™ (to the extent they did not buy their way in).
Ultimately, the rent is due to the scarcity of the fish; that
is why we need limited entry. Second. rents also serve as
an incentive to achieve economic efficiency: no one
would make an effort to cut costs or increase revenue
without a hope of making a net gain. Most of us prob-
ably do not have too much difficulty with the latter of
these roles; given that we can ignore the possibility that
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fishing may serve other purposes than merely producing
fish, we would probably find it an indisputable benefit
that the fish be provided at the lowest possible cost in
the sense of forgoing, as little as possible, other goods
that we also cherish. Tt is the question of who gets thesc
rents that gives us trouble. Is it really necessary that only
a few boat owners get rich just by providing tish at the
lowest possible cost?

Contrary to “ordinary” industries, which are charac-
terized technologically by “constant returns to scale,” this
question will not resolve itself with time. [n a constant-
returns-to-scale industry, production units can be repli-
cated endlessly, a process that will not stop until the
market price has fallen to the lowest attainable cost of
production. In such industries, there are no rents: they
are croded by competition. In an industry built on a lim-
ited, free-access resource, the rents would be eaten up
by unnecessary costs. In a constant-returns-to-scale -
dustry, they disappear because of expanded production

Yet many. possibly all, constant-returns-to-scale 1n-
dustries have started out as industries with high rents
and because of high rents. Somebody had some kind of
monopoly, an exclusive technological knowledge. a
patent perhaps, that made it possible to sell a product ai
a price that vastly exceeded the cost of providing it. But
in the end it was impossible to hang on to the monopoly.
The technology of IBM could be replicated and improved.
In the beginning, the salmon farming industry was char-
acterized by high rents, which took about 10 years to
erode through increased production and international dis-
semination of technology. Even the ball-point pen started
out as a luxury item protected (but not for long) by pat-
ents (Lipsey and Steiner 1972, pp. 287-88).

This scenario, however, will not happen in the fish-
ery. Fishing technology may be replicated anywhere, but
not fish stocks. Fish stocks are limited by the productiv-
ity of Mother Nature. and fishing must be limited in or-
der not to cxceed that productivity. If this is done through
market mechanisms such as ITQs, the scarcity value of
the fish resources—the fishing rent—will become capi-
talized in a market value of the quotas. This value will
not be eroded over time because the scarcity of fish stocks
will always be a fact of life. But more poignantly. unless
the quotas are leased, sold, or taxed by the government.
those who will get this value are the first generation of
owners who got them for free. By contrast. for a con-
stant-returns-to-scale industry, the argument can be made
that high rents are an acceptable price for progress be-
cause they are transitory anyway: the nature of economic
and technological progress is such that thesc rents will
be self-defeating. This is not so in an industry based on a
limited natural resource.

So. is the accrual of fishing rents to private operators.
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or more precisely, the first generation of private opera-
tors, an unacceptable price to pay for economic efficiency
in the fishery? This is a question for which the general
answer is necessarily ambiguous. Many fisheries are not
particularly profitable, and people who engage in them
would not be made immensely rich even if they received
the present value of future rents of a permanent but mod-
est share in the catch. Such inequitics as might result
from this would at any rate appear modest compared with
those resulting from ownership of land. minerals, finan-
cial assets, or scarce talent. Private ownership of fishing
quotas would under such circumstances appear to be a
moderate “price” to pay for ensuring sustainable and non-
wasteful fishing.

When, on the other hand, it is deemed inequitable to
let the fishing rents accrue to the industry. we need to
look for a community that is “worthy™ of receiving these
rents and at the same time small enough that thesc rents
make a difference so as to provide incentives to husband
the resource appropriately. Vesting the ownership in in-
stitutions representing the coastal communities of which
the fishing industry is a part is one option. Such institu-
tions would have to be given the right to levy user fees
or resource rent taxes to be used in the interest of the
community. Furthermorc, they would bave to be orga-
nized in a way that provides incentives to spend the
money wisely and in the interest of the community at
large rather than wastefully in the pursuit of political goals
or personal enrichment of public officials.

Why Fishers Are Against ITQs

Given that ITQ systems have the potential of provid-
ing capital gains for those who first get them. it is para-
doxical that fishers often are less than enthusiastic about
them and sometimes even outright hostile. Nevertheless,
there are some valid reasons for this. Prominent among
those reasons are uncertainty, conflicts over distribution
of gains, and ideology. Furthermore, there is the human
capacity for misunderstanding and wishful thinking.
which should not be underestimated.

Uncertainty

Both risk aversion and risk loving could account for
fishers® opposition to ITQs. Replacing uncertain catches
with a certain catch quota appeals to economists who

often take risk aversion for granted as a description of

human preferences. Fishers may think otherwise. Accept-
ing an ITQ (e.g.. on the basis of previous catch history)
means forgoing the opportunity to do better. If many fish-
ers believe they will be able to do better than they did in
the past, this could account for opposition against [TQs.

They may not realize that only a few, if any, are likelv to
make any gain from this. A free-access fishery is at best
a zero sum game in the long run; one fisher’s gain is
another’s loss, but to attain that result they will have in-
curred additional costs in racing for the fish. Gambling
against odds is, however, a tendency that keeps a thrv-
ing industry going in every country, and a similar atti-
tude is not uncxpected in fishing.

A different type of risk is related to fishers™ business
prospects. An ITQ is an asset fishers can and may be
forced to sell in times of economic difficultics. An 1TQ
program will raise the cost of entering the fishery. A tisher
who has gone broke and wishes to enter the fishery again
will, in addition to having to buy a new boat, have to buy
a quota. In this scenario, risk aversion in tact would ac-
count for opposition to an ITQ scheme.

Again, these problems are not unique to the fishing
industry. Similar problems are encountered as well in the
unitization of oil fields (cf. Libecap 1989). Oil leasehold-
ers. particularly small firms, have typically resisted unit-
ization for two reasons. First, the negative externalities
caused by small firms mainly affect other firms. Second.
there are cnormous uncertainties with regard to what tu-
ture production profiles will look like, as these depend
on largely unknown geological characteristics of the un-
derground reservoir. Many leaseholders are tempted to
believe that they will do better than what they are offered
in a profit-sharing agreement under unitization. Both of
these apply to fisheries. Fishing firms ere ty pically small.
and the negative cffccts their harvesting has on the tish
stock are mainly external to the firm. Future fishing pos-
sibilitics are highly uncertain because of uncertainty about
migrations, growth. and recruitment cf fish.

Distribution

The fact that an ITQ program will produce aggregate
benefits means there is a potential to make everyone
better off. In practice, it is difficult to attain such fine-
tuned faimess. The actual circumstances will always be
somewhat complicated. Consider an allocation of per-
manent ITQs on the basis of catch history, a method that
would appear to go a long way towards being fair.
Someone might just have bought their first beat and
thus be “*without history.” For some, th: engine may h.ave
broken down last year, or maybe the family needed extra
attention. There will always be cases like this. The more
gencrously they are treated, the fewer benefits there will
be for others.

One distributional issue particularly worthy of note is
the sharing of income between boat owners and hired
crew. [TQs have usually been allocated to boat owners
and not to crew. even if crew members that are not boat
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owners may have just as long a track record as the boat
owners themselves. This situation is important because
ITQs will probably affect the incomes of crew members.
This may come about in two ways. First, as fishing quo-
tas acquire value, this value will be a cost for those who
have to buy or lease quotas. This cost is liable to be sub-
tracted from the value of the catch before the shares of
crew and boat owner are calculated. If the current con-
tracts with crew members do not allow for this, it is in-
deed likely that they will be so amended. for it might not
otherwise be profitable to hire the crew. Effects of this
kind have recently started to appear in Iceland where this
practice is explicitly forbidden in existing contracts with
the fishers’ union but where crew members have been
willing to do this nevertheless in order to secure their
employment. An additional reason why crew members’
wages are apt to suffer is that the demand for crew will
recede somewhat as rationalization proceeds in the fish-
ery. Fishers who are not boat owners will, therefore, prob-
ably be unequivocally against ITQs.

Fishers, boat owners or not. likely will not get any
share in the fishing rents if the quotas are bought by the
processing industry or outside financiers. Boats will then
be hired on a contractual basis, and neither boat owners
nor crew will get any share in the fishing rent over and
above their skill rents. Instead, the fishing rent will ac-
crue to the quota owner, except for such rental fees or
taxes that might have to be paid.

Ideology

Here, 1 deal briefly with ideology in the political sense
and lifestyle issues. It is not surprising to find vigorous
resistance to ITQs on grounds of ideology. ITQs amount
to a privatization of the right to harvest fish. Since pri-
vate versus public ownership of resources and means of
production has been at the core of ideological disputes
for more than a century, it is natural to expect ITQs to be
controversial. Those who for ideological reasons are
against private ownership and market-determined allo-
cation processes will be against ITQs on principle. Many
of those who are against ITQs have explicitly taken this
stand because of opposition to giving away a common
resource to private interests. Some of those. but prob-
ably not all, might be satisfied by an explicit statement
to the effect that the resource itself is a public property
and by using fees or taxes to divert the resource rent from
the private holders of ITQs. Seen in this light, the ITQs
are merely an instrument to achieve economic efficiency
and not a vehicle to enrich a small group of “sea lords.”
There are, however, limits to how far once can go in con-
fiscating the fishing rents without losing the necessary
industrial support to put such a system in place.

ITQs will to some extent change the way fishers con-
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duct their business. With [TQs, there will be no point in
competing for the largest possible catch (provided the
quotas can be enforced). However, that is a game many
fishers appear to cherish. One can hear statements such
as “We must not let fishing become a business.” which
many people see happening as a result of less competi-
tive fishing under an ITQ system. What is a bit surpris-
ing is hearing such statements from people who are mak-
ing a living from fishing, an endeavor whose success i3
not unrelated to the profitability of the enterprise.

Conclusion

As economic development proceeds, open-access re-
sources typically come under increasing pressure. Sooner
or later, a point is reached where it is impossible to ac-
commodate all those who wish to use a resource unless
its yield is reduced. possibly beyond repair. In response,
exclusive use rights have often developed, sometimes in
a violent and unfair manner, but sometimes by mutual
consent among the partics involved.

Sometimes, not least with respect to fishery resources,
the response has been public regulation. Such regula-
tions have often been based on the premise that all claim-
ants can be accommodated. To accomplish this. various
restrictions have been imposed on the use of harvest
equipment and technology. Such restrictions have usu-
ally succeeded in protecting the resource jtom destruc-
tion or severe depletion, but at the expense of diverting
capital and manpower to unproductive use. This, no less
than the tendency to deplete open-access resources, de-
serves to be called the “tragedy of the commons.”™

There are better ways. ways that avoid the waste typi-
cally associated with traditional effort regulations and
that are, at the same time, reasonably fair. [TQs repre-
sent such an alternative. By “grandfathering.” a high
degree of fairness may be obtained with respect to those
who harvest a resource at a certain time. Fairness across
generations requires that the gains from less wasteful
harvesting not be capitalized into a windfall gain for the
generation that was grandfathered in. Some of this is
probably unavoidable to ensure the necessary support
from the fishers who are active at the time when an ITQ
scheme is established. but a substantial part of the re-
source rent could be confiscated through user fees or
special taxes. The revenue so generated would have to
be channeled to a sufficiently narrow constituency in
order to make a difference and provide incentives for
efficient harvesting. Communities or areas that depend
on the fish resources and in which the industry itself is a
part would seem to be the most natural candidates. The
fairness of this is open to debate, but quite often such
communities are poorly endowed with respect to other
natural resources and are otherwise disadvantaged.
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Allocation of Fishing Rights:
Implementation Issues In Australia

M. EXEL AND B. KAUFMANN

Abstract.—The allocation of property rights in fisheries is considered by some to be a solution to the prob-
lems of overexploitation and excess capacity in fisheries. Unfortunately. there are many implementation issues
in allocating rights that, if not properly addressed. endanger the use of rights assignment as a policy tool. Thix
paper examines implementation difficullies encountered in the allocation of fishing rights in two Australia
individual transferable quota (ITQ) fisheries, the south east fishery and the southern bluetin tuna fishery, and ir
one input-controlled fishery. the northern prawn fishery. A number of the specific problems identified relate to
the allocation process. the lack of meaningful industry involvement, and inadequate preparation on the part o”
the management bureaucracy. The seemingly innate inability of government burcaucracies to manage fisherics
etfectively is argued to stem from a lack of direct accountability Lo user groups and the existence of non
management-related incentives. In Commonwealth-managed fisheries in Australia. the crcation of a statutory
management authority, the move to 100% rccovery of management costs, and the continuing devolution of’
management responsibility to management advisory committees are seen as possible means of improving the

allocation-of-rights process.

The primary objective of this report is to examine the
implementation of individual transferable quotas (ITQs)
in two Australian fisheries, the south east fishery and the
southern bluefin tuna fishery. The intent is not to pro-
vide a bioeconomic evaluation of ITQ effectiveness in
these fisheries, but to provide a frank and open discus-
sion of ITQ implementation difficulties experienced and
lessons learned. A secondary objcctive is to outline new
policy initiatives being developed in Australia to address
overexploitation and overcapacity problems that char-
acterize many fisheries worldwide.

The south east fishery (SEF) and the southern bluefin
tuna fishery are managed through ITQs. A number of
difficultics were encountered in implementing 1TQs. es-
pecially in the SEF. After we discuss ITQ implementa-
tion in each fishery. we outline various lessons learned
from these programs.

South East Fishery

Background

The SEF is a multispecies fishery currently composed
of approximately 118 otter board trawlers and Danish
seiners. The value of the catch in 1993 was roughly
AUS$61 million. Of the 96 species caught in the fishery,
16 species are under harvest quotas. In 1993, two quota
species, orange roughy (Hoplostethus atlanticus) and blue
grenadier (Macruronus novaezelandiae). represented 45%
and 10%, respectively, of SEF landed value. The fishery
is essentially composed of three distinct components-—
Danish seiners that target on whiting (Sillago flindersi)
and flathead (Platvcephalus richardsoni), offshore orange
roughy trawlers, and multispecies inshore trawlers.

Pre-ITQ management arrangements included the cre-
ation of boat units that were assigned to each vessel in
the fishery. The number of boat units allocated to a ves-
sel was simply the sum of hull and enginc units, which
in turn were based on vessel hull size and engine power.
Boat units were used as a proxy for harvesting capacity.
[t was thought that growth in fishing capacity would be
constrained by limiting the total number of boat units in
the fishery. Boat units were transferable and acquired
value. (For an in-depth discussion of pre-ITQ manage-
ment arrangements, sce Geen et al. 1990.) Concern that
the boat-unit system was not stemming capacily cxpan-
sion and overexploitation resulted in a formal govern-
ment review of management options for the SEF in 1989.
In April 1990, the Commonwealth government an-
nounced that the SEF would be managed by ITQs. In
January 1992. 20 months after the formal decision. ITQs
were introduced into the fishery.

ITQ Implementation lssues

Even though quotas were not introduced until almost
2 years after the formal decision 1o proceed, preparation
for ITQs was far from complete. Consultation with in-
dustry was inadequate and ineffective. Certain sectors
of industry remained opposed to ITQs upon their intro-
duction. Many substantial difficulties currently experi-
enced in the SEF can be traced back to ITQ implementa-
tion failures.

The sections that follow outline various [TQ imple-
mentation difficulties experienced in the SEF. Specitic
issues include quota allocation and appeals, jurisdictional
overlap, elimination of cffort controls, the quota monitor-
ing system, the compliance program, overquota harvest
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policy, and stock assessment and total allowable catch
(TAC) sctting.

Quota Allocation, Consultations and the
Appeal Process

The quota allocation process has been subject to much
criticism. Over 2 years after the introduction of ITQs.
dissatisfaction over the allocation process in general and
quota allocations in particular continues to jeopardize
acceptance of the management regime.

Quota allocations had two components. First, quota
shares in the 16 quota species were divided between the
Danish seine and the otter board trawl sectors in propor-
tion to each sector’s share of historical catch. Second.
the quota for each species was assigned to individual op-
erators on the basis of each operator’s catch history and
boat unit holdings (see Geen et al. 1993 for a detailed
explanation of the quota tformula).

There were a number of layers to the consultation pro-
cess. The ITQ Liaison Committec, composed of indus-
try and government members, was established in August
1990. The committee met eight times from August 1990
to September 1991 to discuss implementation. In addi-
tion, a committee of state and Commonwealth officials
was formed to discuss ITQ implementation. The Quota
Implementation Team, composed solely of Common-
wealth officials, was tasked with the day-to-day respon-
sibility for ITQ implementation. Two rounds of port
meetings were held in September 1990 and in Novem-
ber-December 1990, and approximately 80¢ of fishery
operators attended at least one meeting.

A number of complaints were raised in relation to the
consultation process and the allocation formula. For ex-
ample, a number of industry operators argued that the con-
sultation process was perfunctory. Industry was not per-
mitted to see the management plan being developed. and
final quota allocations were not shown to operators until a
month prior to the introduction of ITQs. As the consulta-
tions were not concerned with whether ITQs should be
introduced but how they should be implemented, a num-
ber of operators (who did not want ITQs) were not predis-
posed to engage in constructive consultations.

Operator dissatistaction resulted in the establishment
(at the request of the Minister of the Department of Pri-
mary Industries and Energy [DPIE]) of the Review Com-
mittee to review the ITQ implementation process. It also
resulted in the following: appeals by operators to inter-
nal review process of the Australian Fisheries Manage-
ment Authority (AFMA) and to the Administrative Ap-
peals Tribunal (an independent body established to hear
appeals against Commonwealth administrative deci-
sions); application by two operators to the federal court
to overturn the management plan; and an AFMA-initi-
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ated independent review related to application of the al-
location methodology.

The Review Committee issued their report in 1992
(AFMA. Burns Centre, Forest, ACT, Australia, unpubl.
mimeo.), wherein they found that industry was not ad-
equately consulted on either the allocztion process or the
allocation formula. The process of consultation and
implementation was driven, tirst and foremost, by a min-
isterial deadline for ITQ implementation. The Review
Committee noted “that this objective unfortunately was
achieved at the expense of a sound consultative process
in the latter stages.”™ The committee also noted that in-
dustry was not even shown a draft of the management
plan, even though it had been indicated previously by
DPIE that this would be done.

In a dectsion by the federal court, the allocation for-
mula was found to be “capricious and irrattonal,” and the
court declared the paragraph in the management plan con-
taining the formula void. As a result of the reviews und
the federal court decision, the quota allocation formula
was changed in October 1992. In particutar, the catch com-
ponent of the formula was changed so that each operator’s
quota share was based on his or her catch share over the
entire qualifying period (as opposed to an average of the
sum of catch shares in each year of the qualifying period)

Nowwithstanding the qualifying formula change over
2 vears after the commencement of 1TQs. a number of
operators are stll not satisfied with their quota alloca-
tions, and political and legal avenues are being explored
to satisfy quota grievances. A recent Scnate comimittee
review of Commonwealth fisheries legislation (Commion-
wealth of Australia 1993) found “the evidence to be con-
vincing that the quota allocation process in this fishery
was seriously flawed from the beginning. The inequities
which resulted will continue to provice a major obsticle
to establishing a satisfactory management regime for this
fishery unless addressed urgently.”

The Senate commiittee further noted that the “restruc-
turing of the south east fishery, in particular the change
from a unitized fishery to one based on ITQs, provides a
telling example of how the property rights issue has been
mishandled. . . .” (As outlined earlier, prior to ITQs. ca-
pacity in the SEF was managed through boat units—
hence the reference to “a unitized fishery.”™) It is also
worth noting that because of uncertaintics surrounding
quota allocations, permanent quota (ransfers werc not
permitted until January 1994.

Jurisdiction considerations.—In general. the Com-
monwealth's jurisdiction over quota species extends from
3 nautical miles (~5 km) to the 200-mile (320-km) Aus-
tralian fishing zone limit. State jurisdiction extends from
the low-water mark to the 3-mile limit. Therefore, many of
the SEF species managed under ITQs in Commonwealth wa-
ters are also managed by effort controls i1 state jurisdictions.
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Mixed jurisdiction creates an enforcement loophole
in the SEF ITQ system, as most operators holding quota
are also endorsed to fish in state waters. Operators have
an incentive to report catch of quota species harvested
in Commonwealth waters as having been taken n state
waters, where quotas do not apply. Clearly, some op-
erators are misreporting their catch. For example, in
1990, 91% of the total redfish (Centroberyx affinis)
catch (a quota species) was reported as being harvested
in Commonwealth waters; however. by 1993, that share
fell to 30%.

The ability of operators to declare quota species as
being caught in other jurisdictions is a fundamental prob-
lem in the SEF ITQ system. Negotiations were under-
taken with state governments to close the “state loop-
hole,” and it was thought that compatible management
arrangements could be worked out prior to the introduc-
tion of ITQs. Unfortunately, the quota loophole was not
completely closed, and over 4 years after ITQs were in-
troduced, negotiations with states to achieve workable
management arrangements are still not finalized. Seg-
ments of industry unhappy with quota allocations are
lobbying certain state governments not to close the loop-
hole until specific changes are made to the ITQ system
(especially with respect to allocations).

Elimination of effort controls.—Prior to the introduc-
tion of ITQs, the following input controls were in place
in the SEF: vessel length and mesh-size restrictions. boat
unit restrictions, limits on the number of vessels. and a
limit on the number of boat units in the f{ishery. How-
ever, orange roughy was managed by a competitive TAC.
and gemfish (Rexea solandri) was managed under ITQs.

With the introduction of ITQs in 1992, boat units were
no longer used as an input control. However, all of the
remaining input restrictions have been maintained. Regu-
lations on mesh size were kept to “protect young fish.”
Vessel length and number restrictions continue at the re-
quest of the majority ot operators, who are concerned
about the potential for an effort blow-out directed at non-
quota species. The existence of nonquota species in the
fishery has created unexpected ditficulties in climinat-
ing input controls on quota species.

Quota monitoring system.—As pointed out in Hannes-
son (1993), “the main drawback of quotas is the control
needed to make them effective.” Quotas increase the in-
centive for misreporting. If quota limits cannot be en-
forced, the benefits that should flow from ITQ manage-
ment are likely to be lost. A number of difficulties have
been experienced in developing and implementing an
effective quota monitoring system for the SEF. Before
outlining current monitoring problems, the operational
aspects of the SEF quota monitoring are briefly discussed.

SEF quota monitoring costs are approximately
AUSS$0.5 million per year. Roughly 4.5 full-time-equiva-
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lent person years are needed to manage the monitoring
system (including data entry). All monitoring costs are
recovered from industry. The framework of the monitor-
ing system is as follows. Operators landing quota spe-
cies are required to contact a central reporting facility
(essentially a private 24-hour paging service) 2 hours
prior to landing and provide information on estimated
landing time. port of landing, and estimated catch. The
centra) reporting facility immediately notifies both
AFMA and the appropriate fisheries enforcement oftic-
ers of the landing notification. Once a landing notifica-
tion is received, enforcement officers decide whether to
be physically present for the unloading of catch on a dis-
cretionary basis.

Upon landing, operators must complete a catch dis-
posal record form. Part B of the form shows the operator s
determination of catch weight by species; itis forwarded
to AFMA immediately. While operators are to provide
an “‘accurate determination” of catch weight on part B,
operators are not obliged to weigh catches. Part C of the
catch disposal record form accompanies the fish and 15
completed by registered fish receivers (e.g.. processors
and exporters). Fish receivers specify on a weekly basis
the catch weight by species on part C and forward the
completed form to AFMA. The quota monitoring sec-
tion located in AFMA enters the catch dara from part C
and decrements the operator’s available quota.

Compliance program.—Most of the major difficulties
with the monitoring system stem from weaknesses in
compliance. In moving to ITQs in the SEF, a number of
compliance difficulties were encountered. The “paper
trail” associated with the above quota monitoring sys-
tem was seen as the backbone of the compliance pro-
gram. However. two factors greatly reduced the effec-
tiveness of the quota monitoring system in detecting
misreporting. First, the SEF is not yet managed under a
formal management plan, and AFMA has no legislative
basis to require processors to complete part C of the catch
disposal record form when a formal management plan is
not in place for a fishery. Second, the possibility of col-
lusion between processors and fishers ra'sed questions
concerning the validity of part C when it is completed
by processors.

Compliance difficulties have also beea experienced
with reported overquota harvests. Some fishers declared
catch levels for certain species on part B of the catch
disposal tecord form that exceeded their quota alloca-
tion—in other words, self-reported overquota harvest.
However, current legal advice questions the reliability
and admissibility of evidence taken from part B of the
catch disposal record form.

An additional difficulty in the SEF relates to non-truwl
harvests of quota species. Currently, only the trawl scc-
tor is under an ITQ system. The harvest of quota species
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by gillnet and hook in Commonwealth waters is man-
aged by input controls. Since some trawl operators have
gillnet and hook endorsements (and others can purchase
such endorsements), it is possible for trawl-caught quota
species to be reported as harvested by non-trawl meth-
ods (therefore, the harvest would not come off the
operator’s quota).

While not all quota monitoring and compliance diffi-
culties can be foreseen prior to ITQ implementation, ac-
tive participation by industry in developing the monitor-
ing and compliance system may help minimize the
number of unexpected and unwelcome surprises. In the
case of the SEF, when industry raised monitoring and
compliance concerns, the literal response {rom the then
Australian Fisheries Service was, “Don’t worry, we’ve
got that covered.” In reality, little was covered.

Overquota harvest policy.—If relative TACs do not
reflect relative abundance (owing to the uncertainties
inherent in stock assessment. or as a result of stock re-
building strategies), overquota bycatch problems are
likely to be a problem for quota specics that are harvested
together. In the SEF, a number of additional tactors in-
creased the possibility of overquota harvesting such as a
freeze on permanent transfer of quota, lack of a formal
lease market, leasing transaction costs, and a policy rule
that allowed operators 15 days after the end of the month
in which overquota fish were landed to obtain uota.

Australian Fisheries Service managers appear to have
given little attention to the issuc of overquota harvesting

prior to ITQ implementation. Unfortunately, dumping of

overquota catch is currently considered to be a serious
problem for a number of species. In response to overquota
difficulties, the South East Fishery Management Advi-
sory Committee established a working group, with a
majority of industry members, to consider overquota
policy options. Options being considered include quota
substitution (allow fishers to land overquota harvest of a
particular species with unused quota of another species),
deemed value (setting a surrender price for overquota
harvests), voluntary surrender and quota carry over or
carry under. For a more in-depth discussion of various
overquota options, see Baulch and Pascoe (1992).

Stock assessment and TAC setting.—As with many
aspects of ITQ implementation in the SEF, the initial
stock assessment and TAC-setting process was ad hoc
and rushed. For most species. TACs were not based on
formal estimates of relative abundance but were based
on average catch levels over the 1986-91 period. The
use of average catch levels can hide ycarly fluctuations
in abundance, and this can in turn create credibility prob-
lems with the ITQ system.

No formal stock assessment process was established
prior to commencement of ITQs in the SEF, and no di-
rect funds were made available to the management au-
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thority to undertake stock assessment. Although AFMA
developed a research and stock assessment strategy in
1992 to help rectify the situation (AFMA, Burns Centre.
Forest, ACT, Australia, unpubl. mimeo.). it would have
been more productive if a greater amount of the steck
assessment and TAC-setting groundwork had been com-
pleted prior to [TQ implementation. In particular, the cost
of stock assessment, the impact of ITQs on the useful-
ness of catch and effort data, high-grading, and other
stock assessment issues should have been more tully
considered prior to introducing ITQs.

Southern Bluefin Tuna Fishery

Background

The value of the southern bluefin tuna fishery is ap-
proximately AUS$95 million. The fishery is based on
the harvest of a single highly migratory species, south-
ern bluefin tuna (Thunnus maccoyii). Southern bluefin
tuna spawn south of Indonesia, and migrate southeast.
passing south of the Australian continen. They are mnainly
harvested by Australian, Japanese, and New Zealand fish-
ers, although catches by Indonesian, Taiwanese, and
Korean operators are increasing. Australian, lapancsc,
and New Zealand catches of bluefin tuna are managed
through the Commission for the Conservation of South-
ern Bluefin Tuna (formerly the Trilateral Management
Group), with each country receiving annual quota allo-
cations.

In 1984. Australia introduced ITQs into the Austra-
lian fishery. Before beginning discussicns on ITQ imple-
mentation issues, it is useful to consider both the Austra-
lian pre-ITQ management regime and the forces that led
1o the introduction of ITQs. During the 1982 and 1983
trilateral meetings, concern was expresscd that bluerin
tuna were being overfished. In particular, declines in the
spawning stock were seen as increasing the risk of ve-
cruitment failure. As well, as noted in Geen and Nayar
(1989), the financial performance of many Australian
operators had deteriorated in the early [980s—the result
of increasing capacity and reduced tuna prices. In 1984,
in a response to biological and economic concerns, the
Commonwealth government announced that the Austra-
lian bluefin tuna fishery would be managed under ITQs.
A more in-depth background on the introduction of 1TQs
is available in Robinson (1986).

ITQ Implementation Issues

Quota allocation.—The quota allocation formula for
bluefin tuna was based on catch history and investment
(for specific details concerning the allocation formula;
see Robinson 1986). To be eligible for quota. operators
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had to demonstrate that they had either taken at least 15
metric tons (mt) of bluefin tuna in any one year over a
specified period or had made irrevocable financial com-
mitments to the fishery (e.g., through the purchase or
construction of vessels). Recreational fishers were not
eligible to receive quota allocations. Approximately 220
fishers applied for bluefin tuna quota units; 140 satistied
the eligibility criteria and were allocated quotas ranging
from 1.4 mt to 823 mt. It is also worth noting that 485 mt
were not allocated to quota holders: instead, they were
set aside to cover incidental bycatch arrangements and
quota needs flowing from the appeals process.

Operators who caught more than 15 mt in any year
over the qualifying period were not included in the for-
mal quota scheme. To handle operators with small catch
histories, a bycatch allowance of either 1 or 5 mt of blue-
fin tuna was permitted as a condition on their license.
This would allow fishers who did not hold bluefin tuna
quota to land accidental bluefin tuna bycatch. It was rec-
ognized that this bycatch condition would require amend-
ment at a later date (as nonquota holders used the by-
catch allowance as a means to target bluefin tuna), but
it was not possible to arrive at an alternative solution at
the time.

As has been noticed in other countries (Arnason 1993),
leaving even small fleet sectors outside the quota system
can create difficulties later—the 1- and 5-mt bycatch al-
lowance was not an exception. In response to increasing
catches by operators through the bycatch allowance, the
bycatch arrangements were removed in 1989. Operators
who had used the bycatch condition were allocated units
and formally brought into the ITQ system. Elimination
of the bycatch provision was not welcomed by all opera-
tors, and in 1994 it remained a contentious issuc.

Even with extensive industry consultations, there were
many operators who thought the formula was discrimi-
natory. The use of investment information in the alloca-
tion formula was seen by some operators as unduly re-
warding late entrants into the fishery at the expense of
pioneers. Elimination of the bycatch condition was ar-
gued to penalize smaller operators. Allocation difficul-
ties were compounded by the 30% decline in TAC that
accompanied ITQ introduction.

Appeals.—After allocations were announced, an in-
formal appeal group composed of representatives from
each state fisheries management authority and one fed-
eral fisheries manager was established. While a large
number of operators put forward submissions in this pro-
cess, only three applicants were successful.

The next step in the appeal process was the Adminis-
trative Appeals Tribunal (AAT). Initially, 25 appeals were
lodged with the AAT, with only five appellants being
granted additional quota, However, subsequent appeals
to the AAT, the ombudsman, or the courts continued for
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another 5 years. The ITQ implementation process was
not helped by the uncertainty surroundiag such a long
appeal process. However, sufficient quota was set aside
to satisty appeal requirements.

In 1989, legislative amendments eliminated the pos-
sibility of appeals with respect to the initial quota allo-
cations. This guaranteed quota holders that their quot
share would not be reduced through further appeals.

Setting TACs.—The TAC-setting process starts with
a trilateral scientific group meeting around September
each vear. Until 1994, the scientific group made recom-
mendations on appropriate catch levels; managers anc
industry representatives from Australia, Japan, and New
Zealand met immediately after the scientific meeting
negotiate global catch limits and national allocations.

The process by which the TAC is set is evolving. Since
1994, there has been a growing split among industry
managers, and scientists concerning the status of bluefir
tuna. After the 1993 wrilateral scientific report raised con-
cerns over stock status, managers, at the request of sci-
entists, initiated a scientific review of specific biologica
uncertainties in the stock assessment aralysis. For the
first time, external scientists were employed by manag-
ers and industry to assist in the review. Managers alsc
broadened the scientific committee to include industry
and other user groups (including conservation groups
in the stock assessment process. In keeping with the stock
assessment and TAC-setting processes outlined by
Francis ( 1992). Lane (1992), Pearse and 'Walters (1992)
Hilborn et al. (1993), and Lane and Kaufmann (1993). :
more strategic, decision-making, TAC-setting framework
is being examined that explicitly identifies managemen
objectives, predetermines management decision-making
rules. and incorporates risk and uncertainty.

Quota monitoring and enforcement.—Catch is moni-
tored through the use of catch record forms, which arc
completed by the skipper (providing estimated catch
weight) and processing establishments (stating actua
catch weight). The skipper and processo- forms are for-
warded to AFMA, and the processor-veritied catcl:
weights are used to decrement quota.

The ITQ monitoring process has evolved over time
In particular, [TQ-induced changes in fleet and process-
ing structure have impacted the quota monitoring sys-
tem. Bluefin tuna are no longer harvested by purse sein-
ers for the canning market. In 1994, roughly 48% of
Australian quota was leased to Japanese vessels o har-
vest, and 23% of quota was caught and subsequently
reared in cages (see following text). In tne face of such
structural changes, the “paper trail” component of the
guota monitoring system remains essentially unchanged
However, additional procedures were introduced to dea.
with joint venture and farming operations.

Under joint venture arrangements, domestic quota
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holders lease their quota to Japancse longliners that har-
vest Australian bluefin tuna quota inside the Australian
fishing zone. In 1994, approximately 50 longliners were
fishing for 2,400 mt of leased Australian bluefin tuna
quota. Given that joint venture vessels do not land blue-
fin tuna in Australia, a number of changes in the moni-
toring program were made to monitor these vessels. These
changes include compulsory pre- and post-fishing inspec-
tions of the holds, 15% observer coverage, random at-
sea inspections, as well as daily position and catch re-
porting (via satellite transmission), daily catch-and-ettort
logbooks, and individual length and weight measurement
of cvery tuna.

Cage rearing involves catching bluefin tuna by purse
seine or pole and line, placing the fish into pontoons,
towing the pontoons to safe anchorages. and transship-
ping them to cages. The fish are fed for 3 to 6 months. then
harvested for the Japanese sashimi market. With respect
to the monitoring of fish farm activity, underwater cam-
eras were introduced in 1994 to count fish as they are
transferred from towing pontoons to holding cages.
Farming is a very recent change in the fishery and has
moved from 200 mt in 1992 to approximately 1.200 mtin
1994,

Carry-over policy and minimum quota holdings.—
Currently, there is no provision for the carry over of quota
underruns or overruns from one season to the next. This
can create planning difticulties for operators. ‘The value
of bluefin tuna varies according to size and fat content.
During the beginning and middle of the season, it is rela-
tively easy to take medium-sized fish. However. under
appropriate oceanic current conditions, the larger, more
valuable fish can be caught by longliners in the final
month of the season (usually off New South Wales and
Tasmania).

Over recent years, quota holders have been “caught
out” with either a shortage or surplus of quota at the end
of the season. The problem is greatest for fishers who
are over quota, as the lease or purchase of quota at the
end of the season can be very expensive.

There is growing pressure from industry to increase
the flexibility of the ITQ system through the introduc-
tion of a carry-over and carry-under policy. Current in-
dustry proposals include a maximum carry over or carry
under of 5% of the total quota. The international nature
of the fishery and concerns over the status of the stock
make the use of carry overs and carry unders a conten-
tious issue in the fishery.

There are no restrictions on minimuni quota holdings.
other than that quota holdings must be a multiple of |
unit. Minimum quota holdings were not introduced as it
was considered inequitable to force operators that har-
vest small amounts of bluefin tuna as a bycatch to pur-
chase a minimum quota holding. Also, it was thought

that the expense associated with minimum holdings
would only result in increased black-market activicy
(quota lease prices are currently about AUS$4.000/mt,
so any minimum quota holding could create a sizable
expense for smaller operators).

The Southern Bluefin Tuna Management Advisory
Committee is considering a minimum lease level of 500
kg (for the first lease) to eliminate admiristrative expens-
es associated with processing small leases. There would
still be no minimum limit on the purchase level of quota.

An additional issue related to minimum quota hold-
ings is the potential {or effort increases for nonquota spe-
cies. Vessels that hold bluefin tuna quota and arc endorsed
to fish in another fishery could sell their bluefin wou
quota and increase effort in the nonquota fishery. This in
fact happened-—the rationalization of the blucfin tna
fishery led to effort expansion in the south cast fishery.
Similarly, it is possible for new operators to enter the
bluefin tuna fishery by purchasing a small amount ot
quota, then using the newly acquired access right to tar-
get nonquota “bycatch™ (such as albacore tuna [T.
alalunga) and bigeye tuna [T, obesus)).

A per-trip possession limit is being considered in or-
der to avoid the latter problem. This would set specitic
limits on the amount of bycatch that could be taken rela-
tive to the amount ot bluetin tuna onboard. The fishe v
lends itself to this approach as it is a highly targeted,
single-species tishery with little “unintentional” bycatch.
Longliners catch only one or two other species regularly
in any quantity, and the purse seine and pole-and-line
operations are virtually single-species fishcries.

Distributional and adjustment considerations.—-Under
ITQs, the bluefin tuna fishery has moved from purse sein-
ing for the low-valued canning market to a longlining
and pole-and-line fleet that satisfies the high-valued
sashimi market. This structural shift created adjusiment
pressures and raised distributional concerns with respect
to canneries and the purse seine fleet. However, a 75%
decline in the TAC would have likely generated greater
adjustment pressures.

Two factors helped to mitigate adjustnentcosts. First,
the purse seine tleet developed a skipjuck 1una (Kais:-
wonus pelamis) fishery, which had positive downstream
implications for canneries. Second, infrastructure require-
ments related to cage rearing and joint ventures gener-
ated new economic benefits.

In an attempt to address distributional concerns. one
state government retained approximately 200 mt of quota,
which was leased annually to operators that agreed to
harvest the tonnage in that state’s waters. However, as a
result of administrative complexity, debates over reallo-
cations, and difficulties in determining lease prices. the
state government finally sold the remaining quota to -
dustry.
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ITQ Implementation Lessons

Industry Acceptance of ITQs and Involvement
in Implementation

Broad-based industry acceptance of ITQs and indus-
try partnership in the implementation process are the most
important prerequisites to the development of a success-
ful ITQ regime. It is better to continue to manage with
dysfunctional input controls than to introduce ITQs in a
fishery where industry is strongly opposed to the regime.

Confine the Appeal Process

Even if industry is supportive of ITQs, an equitable
quota allocation can be difficult to achieve. Appeals are
likely to continue for a longer period than first antici-
pated. The issue of appeals should receive a great deal of
attention prior to ITQ implementation, and appeal rights
should be constrained to a predetermined time period if
atall possible. As well, quota should be set aside to handle
successful appeals.

Minimize Management Involvement in
Quota Allocations

The allocation of quota in ITQ fisheries is notoriously
tricky. If possible, fisheries managers should have no
decision-making involvement in the allocation formula
or allocation process. Fisheries managers may be called
on to provide suggestions and input into the allocation
process, but they have no comparative advantage in quota
allocation decision making.

The management organization should be kept out of
decision making in quota allocation for at least three rea-
sons. First, because of their intimate involvement in the
fishery, managers tend to have subjective preferences about
who deserves quota. Second, for this very reason. indus-
try often considers managers to be biased. Third. long
after allocation is complete, any perceived inequities in
quota allocation will make it difficult for managers to work
with industry. The establishment of an independent allo-
cation body is preferable to encumbering the manage-
ment body with allocation decisions.

Ensure Adequate Planning Is Undertaken

New rights regimes are often introduced into fisheries
that are experiencing overexploitation and capacity dif-
ficulties. As a result, a false sense of urgency frequently
accompanies the introduction of ITQs. Worse, bureau-
cratic imperatives (e.g., meeting ITQ implementation
deadlines) often take precedence over operational reali-
ties (e.g.. determining acceptable allocations and estab-
lishing monitoring and surveillance systems).

EXEL AND KAUFMAN

A methodical approach that fully and openly exam-
ines the implications of ITQs has the best chance of suc-
cess. For example, the cost of effective quota monitoring
and compliance programs should be determined; com-
pliance penalties and enabling legislation should be in
place prior to implementation; quota allocation should
be largely agreed upon; and issues related to high-grading.
stock assessment, overquota harvest, and TAC setting
should be settled prior to ITQ implementation. Industry
should be fundamentally involved in the decision-mak-
ing process. This may seem a tall order; however, ITQs
may not be in the short-run interests of various scientific
and fisheries management groups, and failure duc to
implementation mistakes may be used by such groups as
evidence that ITQs do not work in principle.

One lesson that has become apparent in the SEF is
that it can be quite difficult to correct mistakes that flow
from the premature and unplanned introduction of any
new management regime. After ITQs are implemented,
new vested interests are created and some previously
available management options are foreclosed. Once mis-
takes are made, the management authority can become
frozen at particular points on the policy landscape, mak-
ing implementation errors difficult to rectify.

Recent Policy Initiatives in Australia

[n Commonwealth-managed fisheries (as well as in
many state-managed fisheries), new policy initiatives are
being developed to address overcapacity and overexploi-
tation. Initiatives in Commonwealth-managed fisheries
include creation of a statutory fisheries management au-
thority (the AFMA), introduction of 100% recovery of
fisheries management costs, establishment and/or revi-
talization of management advisory committees with
strong industry representation, explicit identification in
legislation of economic efficiency maximization as a
management objective, and the identification of ITQs as
the preferred management tool.

Establishment of AFMA

To achieve wider participation by industry. it may be
necessary to change the institutional structures that de-
liver fisheries management services. This was the case
in Australia. The Australian government policy statement
(Commonwealth of Australia 1989) highlights the fol-
lowing benefits from moving fisheries management to a
statutory authority from a government department:

The structure of a statutory authority would enable the
Government to effect its responsibilities in a flexible.
open and less burcaucratic way. It would also allow
greater community and industry participation in deter-
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mining the appropriate management programs for Com-
monwealth fisheries than has been the case in the past.

The AFMA is a statutory authority legislated to man-
age Australian Commonwealth fisheries. The AFMA is
headed by an eight-member board of directors. Board
directors are selected on the basis of expertise in the fol-
lowing areas: commercial fishing, fishing industry op-
erators other than commercial fishers, fisheries science,
marine ecology, natural resource management. econom-
ics, or business management. The managing director, who
is also a board director, is responsible for the day-to-day
management of AFMA.

The AFMA’s current budget is approximately
AUSS$18.5 million. Roughly 85 staff are employed, in-
cluding management and overhead (financial manage-
ment, systems, human resource management, etc.) staff,

The AFMA assumed responsibility for the manage-
ment of Commonwealth fisheries in February 1992. Prior
to the establishment of AFMA, Commonwealth fisher-
ies were managed by the Australian Fisheries Service, a
division of the DPIE.

There were a few teething problems in the creation of
a statutory authority to manage fisheries. The first diffi-
culty relates to the continued existence of a fisheries
branch within the DPIE (which advises the minister, de-
termines strategic policy, and undertakes international
negotiations). The creation of two groups involved in fish-
eries issues, where there was previously one. has the po-
tential to complicate the fisheries management process.

It is essential that AFMA and the Fisheries Policy
Branch of the DPIE maintain a close and cooperative
working relationship, and that their respective roles be
clearly communicated to industry. Without effective co-
operation, the AFMA could quickly become decoupled
from the government decision-making process. Many of
the individuals presently employed in the Fisheries Policy
Branch were formally involved in fisheries management
prior to the establishment of AFMA. The potential for
conflict in such a situation should not be underestimated
or overlooked.

A second challenge that AFMA had to overcome re-
lates to the establishment of its own identity. The AFMA
inherited a number of fisheries management difficulties.
such as the SEF ITQ system. As noted in a recent Senate
review of Commonwealth fisheries legislation (Common-
wealth of Australia 1993),

Most of the decisions about the management of the SEF
were taken prior to AFMA's establishment. As such,
AFMA cannot be held responsible for the ditficulties
which exist in this fishery. However, they are required
to develop and implement a solution, an extremely dif-
ficult task. Indeed, AFMA’s Chairman was moved to
comment that “the poisoned chalice was passed (o us.”

An additional identity difficulty relates to the fact that,
initially, AFMA engaged many of the former DPIE fish-
eries managers. Therefore, there was an appearance of
little immediate difference between AFMA and DPIE.
However, it is interesting to note that at prescnt less than
30% of AFMA’s current staff were previously employed
by the former DPIE fisheries managers.

The AFMA has established a management advisory
committee (MAC) for each major Commonwealth fish-
ery. Management advisory committees are the focal point
for joint management/industry participation in fisheries
management decision making.

Industry Involvement: Management
Advisory Committees

A prerequisite to the development and implementa-
tion of cost-effective and workable fisheries manage-
ment arrangements is meaningful industry participation
in the management process. In Australian Common-
wealth fisheries, industry participates as members «n
the AFMA Board, and on MACs. In some tisheries. in-
dustry is involved in day-to-day management through
the appointment of industry-based MAC executive of-
ficers. Membership on MACs comprises an indepen-
dent chairperson, an AFMA fisheries manager, and up
to seven other members, who usually include one mem-
ber from state fisheries organizations, one member from
the research community, and up to five user-group rep-
resentatives.

The MACs advise and make recommendations to the
AFMA Board with respect to the development. monitor-
ing. and amendment of management plars, and the imple-
mentation of management measures, such as closures.
size limits. and TACs. The MACs are also involved in
setting rescarch priorities and coordinating the stock as-
sessment process. They are heavily involved in the prepa-
ration of annual budgets for each fishery. Budgets in-
clude costs associated with surveillance and enforcement.
overheads, logbook collection and proceassing, and day-
to-day management activities. However, budgets musl
be approved by the AFMA Board.

Currently, most MACs are focused on the develop-
ment of formal management plans. A management plan
is a subordinate legislative instrument that is determined
by AFMA and accepted by the minister. Management
plans must include the following information:

+ identification of management objectives and pe -

formance criteria,

« description of the fishing concessions to be used and

determination of how they will be allocated, and

* identification of the rules governing those opera:-

ing in the fishery.
Management plans allow for the creation of statutory
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fishing rights (i.e., access rights defined in legislation),
which exist for the length of the management plan.

Involving industry in management is not without its
difficulties. Active participation in management decision
making is frequently new to industry, and industry may
not be prepared for the new role. Institutional structures
within industry needed for broad-based consultations may
not be in place. Existing power groups within industry
understand how to influence management decisions
through the political and bureaucratic process, and shift-
ing this power structure may not be in the vested inter-
ests of some industry players.

Constructive dialogue between managers and industry
is not easy to achieve. There is often profound distrust and
suspicion between parties. It takes considerable time
and effort on behalf of individuals from each group to
make a new cooperative approach work effectively.

Cost Recovery

Under current Commonwealth cost-recovery policy.
the commercial harvesting sector pays 100% of recover-
able management costs in Commonwealth-managed fish-
eries. Recoverable management costs include the run-
ning costs of MACs, licensing, day-to-day management
activity, ongoing costs associated with maintaining man-
agement plans, logbooks, surveillance, and quota moni-
toring. The commercial harvesting sector also contrib-
utes to the cost of fisheries research. Nonrecoverable
management costs include enforcement of domestic
fishing, a portion of recoverable costs in exploratory and
collapsed fisheries, surveillance and deterrence of ille-
gal foreign fishing activity in the Australia Fishing Zone,
and Commonwealth-requested participation of AFMA
in international forums (e.g., Organization for Economic
Cooperation and Development [Paris| and the Food and
Agriculture Organization of the United Nations [Rome]).

The mechanism by which management costs are recov-
ered varies by fishery. For example, in the SEF. which is
managed under ITQs, each operator’s share of manage-
ment costs is determined by the operator’s share of quota
for each of the 16 quota species. For example. in 1993~
94, orange roughy represented 53% of the value of total
quota, and therefore was allocated 53% of SEF manage-
ment costs. Levies on individual orange roughy quota
holders are in turn based on the proportion of orange
roughy quota held by each operator.

The move toward 100% cost recovery in Common-
wealth-managed fisheries is probably the most impor-
tant factor in setting the dynamics in place for both in-
creased industry participation and the continuing
devolution of power to MACs. While cost recovery 1s
not a prerequisite to increased industry involvement, it
appears to be a powerful stimulant.

EXEL AND KAUFMAN

Summary

The failure of current fisheries management arrange-
ments to solve overcapacity and overexploitation prob-
lems is receiving increasing worldwide attention in both
the academic literature and popular press. Pressure is
being placed on governments to implement policies that
redress the failures of current management arrangements,
and rights-based regimes such as ITQs are seen by many
as a possible policy solution. However, the premature
and ill-considered introduction of ITQs can jeopardize
the acceptability and potential usefulness of ITQs as u
fisheries management tool. Ironically, the greatest threut
to ITQs is not the existence of scientific and manage-
ment vested interests but rushed ITQ implementation.

Before ITQs are introduced into a fishery. a dispas-
sionate and empirical analysis of the timing and magni-
tude of potential benefits and costs should be undertaken.
Without such analysis, passion—rather than fact-—is
likely to remain the pervasive force in ITQ debates. The
underlying premise of this paper is that resolution of
current fisheries mismanagement problems does not re-
quire greater willpower on the part of governments 10
make the hard fisheries management decisions. Nor is it
likely that ITQs or bigger and better input-control pro-
grams contain solutions to mismanagement. The deci-
sion-making role of government bureaucracies in the
harvesting sector is substantial, and probably unequaled
in comparison to other sectors in most industrialized
economices. Unfortunately, public sector management has
resulted in unfocused and costly scientific research. in-
flated management costs, economic waste. overexploi-
tation. and social disruption. Public sector management
of fisheries may be the problem, not the solution.

Cost recovery, devolution of management responsi-
bilities, and significant involvement by incustry and other
user groups in management decision making are avenues
worth exploring as replacements to the current command-
and-control institutional framework. A case could be
made that the management of Commonwealth fisheries
in Australia is moving quickly in this dirzction.
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Unraveling Rent Losses in Modern Fisheries:
Production, Market, or Regulatory Inefficiencies?

JAMES E. WILEN AND FRANCES R. HOMANS

Abstract.—The H.S. Gordon paradigm has a long and prominent intellectual history and is certainly one of
the most important and often cited articles in natural resource economics. However., modern fisheries have
evolved in important ways beyond those envisioned by Gordon when he wrote his paper on rent dissipation in
1954, The most important impetus for change was the extension in jurisdiction in 1976, which gave coasal
nations the legitimacy to exercise control over harvesting and other aspects of fisheries management by creat-
ing exclusive economic zones (EEZs). The creation of EEZs resulted in the establishment of new regulatory
structures in most fisheries, converting formerly open-access commons into regulated open- (or closed-) access
fisheries. Regulatory structures have had dramatic impacts on the evolution of technology, on markets. and on
other aspects of the bioeconomics of modern fisheries. Recent adoptions of systems based on property rights.
such as individual transferable quotas (ITQs). give us some insights into the types of impacts and the sources of
rent losses that have emerged out of modern regulated fisheries. In particular, a surprising outcome from the
adoption of ITQs in several tisheries has been that significant post-ITQ gains have emerged not from cost
savings (as the Gordon paradigm would predict). but from revenues arising as fishers and processors were freed
up from the tight season. gear, and area restrictions of old regulatory regimes. Whether this first wave of gains
on the marketing side will be followed by additional cost savings from input reduction and consolidation is an
open question, but it is evident that the regulations adopted after 1976 affected the market as much as or perh.ips

even more than they affected costs.

Economists and biologists have traditionally viewed
the goals of fishery management from different perspec-
tives. Biologists tend to focus on the health of the stock
or biomass and view management objectives in terms of
ensuring a safe stock level. Thus, biologists have tended
to recommend policices principally aimed at preventing
harvest levels that place the stock in danger of collapse.
Economists have tended to focus on net economic re-
turns from resource use and have promoted policies de-
signed to achieve economically efficient, or rent-maxi-
mizing, outcomes (Scott 1953; Crutchfield 1965, 1979;
Alverson and Paulik 1973). In the last 2 decades, the
biologists’ and economists’ two perspectives have be-
gun to converge. There are several reasons for this shift.
First, the laws governing fisheries management in most
countries have begun to be framed in a manner that ex-
plicitly incorporates economic and other goals into the
policy-making process. The effect has been to tilt the
management process away from one in which biological
criteria dominate planning and actions toward one in
which economic criteria are also important. Second, fish-
eries biologists have been exposed to new intellectual
approaches that cast fisheries management in a decision-
analysis framework, enabling rigorous incorporation of
multiple goals including stock safety and economic re-
turns in stochastic settings (Walters 1986; Hilborn and
Walters 1992). Finally, fisheries managers increasingly
face pressure from the industry over the financial conse-
quences of regulatory changes in day-to-day manage-
ment decisions. All these conditions necessitate the joint
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consideration of economic and biological factors in for-
mulating fisheries management policy.

Given the growing importance of rent as a partial in-
dicator of the success of the management process, one
would expect that the concept of rent would have been
refined and its measurement made more precise over the
2 decades since the formation of exclusive economic
zones (EEZs). This has not happened. If one were to ask
economists to define cconomic rents, one would end up
with a manageably small number of relatively close defi-
nitions focusing on economic surplus. But if one were to
ask how to measure or forecast rents in fisheries, one
would end up with many conflicting suggestions.

This paper discusses rent generation in modern fish-
eries, with the aim of illuminating how potential rents
from management changes might be forecast. The next
section summarizes the intellectual origins of the con-
cept of rent and the role played by the dominant paradigm
developed by H. Gordon in 1954. The section that follows
examines some modifications to the basic Gordon para-
digm that incorporate features of today’s fisheries, and
the implications of these modifications for unraveling
rent losses. Case studies of three different fisheries illu-
minate where rents seem to be emerging in rationaliza-
tion schemes and what this may imply in general for pre-
dicting potential rents in fisheries yet to be rationalized.

Rents and the Gordon Paradigm

The literature in tisheries economics is dominated hy
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a simple theme—that open-access resource use dissipates
the rent, or economic surplus potential, of fisheries. This
theme has roots in a paper by Gordon (1954). Gordon
compared an ordinary enterprise such as farming—where
a legal owner directs the application of inputs to his land
and extracts a payment for the services of the land and
his entrepreneurship—with an open-access enterprise
such as a fishery, where no such legal owner exists.
Gordon’s insight was to realize that in an open-access
fishery, there is no proprietor or owner of the seabed and
fisheries resources. The implication of this absence of
ownership (or absence of property rights) is twofold.
First, there is no entrepreneur present to direct the appli-
cation of effort in a manner that yiclds the highest re-
turns to the resource. Second, the extra uncaptured sur-
pluses in the fishery, which normally would be withdrawn
from the system by the owner, remain to attract more
effort than would be the case under a circumstance with
ownership. Thus, in Gordon’s view, the absence ot well-
defined property rights in fisheries is the source of the
problem because without an owner to extract surplus
(rents), too many fishers enter and ultimately drive the
harvest and biomass down to a level below what would
be sustained if ownership rights to the seabed could be
claimed and exercised.

This simple paradigm has been important to fisheries
policy in several respects. First, by bringing attention to
the rent losses inherent in open-access resource use, the
paradigm brought economic efficiency and other social
objectives into explicit consideration in the policy pro-
cess. Second, by hypothesizing a rent dissipation mecha-
nism, the Gordon model provides a conceptual structure
with which to anticipate what might be happening in
open-access fisheries. Third, by focusing on the role of
incentives in motivating fishing behavior, policy options
were broadened beyond the standard command and con-
trol restrictions that were used almost exclusively for
regulation.

In many ways, however, the simplicity of the original
Gordon (1954) open-access paradigm has been unfortu-
nate. We would argue, in fact, that the simplicity of the
original paradigm, coupled with economists’ almost lit-
eral adoption of its premises, has set back the understand-
ing of modern fisheries significantly. In particular. to sim-

ICt. Turvey and Wiseman (1958), p. 77, which summarizes de-
bates about fisheries policy at a 1956 symposium sponsored by
the Food and Agriculture Organization of the United Nations.
Gordon’s views were summarized as follows: “"Gordon said that
the essential biological fact about the etfects of fishing on stock
numbers was that the reproductive capacity of fish was very,
very high. Statistics supported the view that the size of a fish
population was not related to the number of potential spawners.
The effect of fishing was not on spawning but on average age."”

plity his model, Gordon abstracted from four important
features of fisheries. First, he basically ignored the con-
nections between economic rents, harvests, and biology.
His basic model linked rents and fishing etfort but failed
to include the feedback between effort and total harvests
and biology. This omission was purposeful. because he
did not believe that fishing could have more than a neg-
ligible effect on populations.' Tn hindsight, Gordon un-
derestimated the strength of his own process: the tremen-
dous response of fishing capacity to rents that occurred
in the 1950s and 1960s drove several important fisheries
to collapse.

The link between rents and entry, harvests, and popu-
lation dynamics was eventually made by Smith (1968,
In terms of impact on management philosophy, Smith’s
extension was too late; by then, another paradigm.
Hardin’s “tragedy of the commons,” had become the domi-
nant model in resource management literature (Hardin
1968). Hardin looked at the same process. but instead of
focusing, as Gordon did. on the cause (individual incen-
tives under open access), he focused on the effects on
the resource itself. While Hardin’s tragedv metaphor
proved a popular device for drawing attention to resource
degradation, it did little to illuminate solutions because
it implied that degradation was inevitable and incxorablc.

A second simplification that Gordon employed was
the assumption that effort is unidimensional. This, too.
had serious consequences for policy development in the
late 1960s. In particular, the first limited entry programs
were guided by an intellectual characterization of the rent
dissipation problem as literally “too many boats chasing
too few fish.” As a result of this simple view. early man-
agement programs aimed directly at imiting boats. These
programs were quickly found to be ineffective as fishers
increased vessel capacity by altering other inputs (Wilen
1988). These problems might have been avoided if econo-
mists had developed a more general depiction of the open-
access rent dissipation process in a multiple input set-
ting.

The third abstraction Gordon employed was that the
industry is assumed to operate in a completely open-
access institutional setting, with no regulatory structure
or other constraints on behavior. While this was prob-
ably an accurate depiction of most fisheries in the 1950s.
it certainly was not atter 1976, when coastal nations ex-
tended their resource jurisdictions to 200 miles (320 kin ).
Economists have not responded to this ncw setting by
adopting model structures that incorporate regulations
in a meaningful way (see Wilen [1985] for a model ot a
regulated open-access fishery that incorporates both in-
dustry and regulatory behavior). As is discussed below,
one cannot really predict how a fishery will evolve with-
out a good understanding of the interrelationships between
biology. fishing technology, regulations, and markets
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(Homans [1993] provides an integrated model of indus-
try and regulatory behavior and market interrelation-
ships).

Finally, Gordon's fourth abstraction was that there is
no feedback between entry, harvesting, and the market;
thus, prices can be assumed given and independent of
the open-access rent dissipation process. This was a natu-
ral assumption and one that allowed a simple analytical
depiction of the process. However, in retrospect this as-
sumption has led to an almost single-minded depiction
of the open-access rent dissipation process as one of ex-
cess inputs, whose primary effects are to increase the
costs of exploitation. Little attention has becn given to
the possibility that open-access processes might also af-
fect product quality and the market side of the ledger.
This is not to say that economists completcly ignored
the impact of open access on markets and vice versa. An
carly and particularly thorough analysis of open-access
behavior is contained in Crutchfield and Zellner (1962),
who developed an empirical model of price determina-
tion in the Pacific halibut (Hippoglossus stenolepis) fish-
ery. Their model mainly focuses on price determination
within the production period, and does not link this pric-
ing to price determination during the marketing period
between harvests.

Gordon's abstractions and the manner in which they
have colored our view of fisheries have caused some
major surprises in the face of evidence emerging from
new fishery rationalization schemes. In particular, as the
data begin to accumulate from individual transferable
quota (ITQ) schemes, the results are not at all what the
simple Gordon paradigm predicted. We should be sec-
ing an unraveling or reversal of the rent dissipation pro-
cess as depicted by Gordon. Specifically, as property
rights have begun to emerge, we should be seeing a re-
duction of excess inputs with the consequent cost sav-
ings and generation of production efficiency rents. Sur-
prisingly, in many cases what seems to be emerging are
large rents from the marketing side of the ledger. As fish-
ers have gained security of harvest rights. in many cases
there have been more efforts expended to improve prod-
uct quality and develop new markets, rather than saving
inputs. In some cases, production costs have even risen
in order to generate new, high-quality raw product, which
earns higher prices in the market.

The next two sections discuss a new and broader para-
digm appropriate to modern fisheries. This new view
recognizes some factors that Gordon left out of his model,
particularly the roles of and the interdependencies be-
tween the regulatory structure and the market. Contrary
to what the Gordon paradigm suggests, the major ineffi-
ciencies in modern fisheries may be actually associated
with marketing losses rather than cost inefficiencies.
What is more important, these marketing losses seem to
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be induced by the very nature of the regulatory structure
that has evolved. a possibility the Gordon paradigm did
not allow. When one considers a more realistic depiction
of modern fisheries. which includes some of the factors
Gordon ignored, the issuc of identifying incfficiencies
becomes considerably more complicated, involving tech-
nology, markets, regulatory structure, and industry entry
and exit dynamics. This complexity is illustrated in the
case studies section of this paper.

An Evolutionary View
of Fisheries Institutions

The world has changed considerably since H. Gordon’s
seminal paper in 1954, which described the process of
rent dissipation in a pure, open-access fishery. Since the
extension of marine resource jurisdiction in 1976, virtu-
ally all coastal nations have had the ability. it not the
resolve, to avoid the waste inherent in open access. As it
turns out. the evolution toward rationalized systems has
been slow. Most fisheries today are neither Gordon’s pure
open access nor anything approaching Scott’s (1955) sole
owner ideal. Rather, a hybridized system has evolved
that is best defined as “regulated open access.” or “‘regu-
lated restricted access.” By this, we mean that most fish-
erics retain biologically determined effort restrictions
within an open-access framework or, in some cases,
within limited entry programs. Thus, the inherent incen-
tives are basically as Gordon described them although
their impacts are generally stifled and modificd by regu-
lations.

If one looks at cither the regulatory history of indi-
vidual fisheries or at a large cross-section time-series of
many different fisheries. an evolutionary process is ap-
parent. In particular, most fisheries exploitation begins
under pure, open-access conditions. Often. a fishery can
remain in this situation for a long time because a new
fishery usually begins as barely profitable. This may al-
low harvest levels to remain low enough to sustain the
biomass at a reasonably safe level.

At some point, however—either because a market
develops and increases revenues or because inputs in-
crease as technology changes-—rents rise, new vessels
enter, harvests increase, and the biomass may be endan-
gered. When this happens, if interested partics can over-
come the transaction costs necessary to agree to stop
overexploiting the resource, a regime shift occurs and
some biologically motivated regulations are adopted.
Often these are adopted after the fishery has been driven
to a low level, necessitating a rebuilding period with
fairly stringent controls.

In the next stage, which can be called regulated open
access, the fishery proceeds under continuous adversarial
pressures generated by increasing rents, increasing
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fishing capacity, and the resolve and ability of the new
regulatory structure to protect the stocks. In this phase,
access is open, and hence forces as Gordon described
them drive entry and capacity growth. Potential rents
drive the process (e.g., increasing real prices, techno-
logical change, and decreased opportunity costs). and as
new entrants increase potential capacity, regulators must
stifle the capacity in order to ensure stock safety.
Rcgulatory systems may use a variety of potential in-
struments such as gear restrictions, size and sex restric-
tions on harvests, and area and season closures. Often,
fisheries in this stage start out employing biologically
motivated restrictions such as closing the season during
spawning periods or establishing minimum sizes. As rents
cmerge, because of technological change or real price
increases, the pressure of excess capacity begins to
threaten stock safety, and these original instruments be-
gin to be employed to stifle effort. This stage may last
for a very long time because there are an infinite number
of ways for regulators to react to and mitigate growing
effort when technology is flexible. Often. managers sim-
ply continue to tighten a single instrument, such as sea-
son length, as potential capacity grows. This has hap-
pened in the Pacific halibut. sablefish (Anoplopomu
fimbria), and Alaska king crab (Paralithodes camtschati-
cus) fisheries. In other cases, the regulatory structure se-
lects from among a suite of instruments, successively
tightening one, then switching to another. For example,
managers may shorten the season, then increase mini-
mum mesh size or legally allowable size, then shorten
seasons again. and so on. Most of the world’s fisheries
currently operatc under a regulated, open-access regime.
Beginning in the 1960s, a modified version of the
above institution emerged that might be called regulated
restricted access. In regulated restricted-access systems.
alimited-entry system overlays the types of controls used
in the regulated open-access system. There are many
prominent examples of this situation, almost all of which
were adopted when open-access conditions threatened
the safety of the biomass. These systems emerged to halt
the entry process described by Gordon by also freezing
numbers of vessels. Depending on how flexible technol-
ogy is, these systems may or may not be effective, and
they may last a long time without significantly eroding
regulatory control. For example, Alaska’s limited entry
for salmon (Oncorhynchus spp.) has been in place for 20

years, and high license values attest to the existence of

rents and the ability of the system to lock up capacity.
However, these systems are ultimately vulnerable be-
cause the fundamental incentives to capture as large a
share of potential rents as possible still exist. An unfore-
seen technological change can upset the delicate balance
and send these systems into danger. For example. in Brit-
ish Columbia (B.C.), Canada, managers introduced a lim-

ited entry system in both their halibut and sablefish fish-
eries in 1980). By the early 1990s, however, the length ot
season for both of these fisheries contracted from 1 month
to 1 week even with limited entry and higher allowable
catches. [n these cases, rapid technological change caused
individual fishing capacity to grow, even though there
were fewer vessels. Hence, regulated restricted-access
fisheries ultimately face erosion, in which case regula-
tors and fishers may look to other options.

The most recent option in this chain of institutional
evolution has been a system based on property rights,
notably ITQs (Neher et al. 1989). This type of system
has become a viable option in many fisheries previously
managed by traditional methods. Unlike any of the pre-
viously defined sysiems, which only control the symp-
toms of open-access behavior, property-rights systems
fundamentally tackle the cause of the problem by alter-
ing basic incentive structures. These systems appear o
be costly to set up and involve considerable uncertain-
ties for existing participants and—equally important---
for the existing management structure. If successful,
however, these systems have the potential to end most
problems associated with the rent dissipation process
described by Gordon (1954) because they address the
problem rather than its symptoms.

Unraveling Rents in Modern
Fisheries Systems

If it is true that most modern fisheries are not as simple
as Gordon depicted them, what are their characteristics
and how do they alter his fundamental predictions?
First, as argued previously, the nature of the regulatory
structure critically affects the way rents are generated.
For example, gear restrictions, size restrictions, season
lengths, and many other biologically motivated regula-
tions affect rent potential directly as constraints on input
choices and fishing practices. In addition, these regula-
tions affect the rent generation process indirectly because
they atfect subsequent rent-seeking behavior. For ex-
ample, season length restrictions have a direct effect by
shortening time on the grounds; but they also have an
indirect effect by causing fishers to build vessels with
higher quick-response capacity that will operate effec-
tively in a derby setting.

Second, the regulatory structure is not static; it inter-
acts with the industry and is responsive to investment, tech-
nological change, and so on. For example, in the B.C. hali-
but fishery, when circle hooks, fish shakers, and automated
baiting equipment were first adopted. catch rates in-
creased, regulators shortened seasons, fishers adopted the
new technology at a faster rate, and seasons were short-
ened again. The significance of this cycle is that technol-
ogy. costs, and regulations are dynamic and endogenous.
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As a result, the technology and cost structure that we
observe at a snapshot in time is unlikely to be anything
close to efficient in the rent-maximizing sense. Instead,
it reflects inefficient regulation-evading behavior on the
part of the industry, as well as the whole evolutionary his-
tory of action and reaction between the industry and the
regulatory structure. Third., these interactions among the
industry, the regulatory structure, rents, and technology
also affect and are affected by the market. To take a com-
mon situation, as seasons are compressed, ex vesscl prices
are lower than they otherwise would be because fish qual-
ity is poorer in a derby fishery, and because the tinal prod-
uct must adapt to the short season.

These points about the connections among the regula-
tory structure, industry behavior, and markets in modern
fisheries are particularly important for several reasons.
If regulations reduce rents on the market side. overca-
pacity is mitigated somewhat because the potential profit
incentive is not as strong as it would be otherwisc. At the
same time, it means that if we attempt to measure rent
losses (or the other side of the coin. the potential gains
from rationalization) by focusing only on costs, we may
miss a large part of those losses. This observation may
explain what scems to be happening worldwide in sev-
eral adoptions of ITQs (Wilen and Homans 1992; Homans
1993). In particular, as old regulated open-access fish-
eries are freed from the regulatory constraints that have
evolved to stifle effort, the first change is often new op-
portunities to generate products different from those pro-
duced under regulated open access. A common situation,
for example, is for a fishery that has been backed into a
short season derby to convert to a year-round fishery. In
this situation, marketers and harvesters have new incen-
tives to work together to maximize the value of the catch
by fishing when demand is high and by developing and
targeting niches in the market that never existed before.
All of this is unimaginable within the Gordon paradigm,
which ignored the market, the regulatory structure, and
any interactions between them associated with rent dis-
sipation.

In the next section, several case studies reveal some
of the intricacies of rent generation in an expanded frame-
work that accounts for regulations and market effects.
These case studies are drawn from several fisheries re-
cently converted to ITQ programs, and they collectively
point to several conclusions. First, real systems that in-
volve endogeneity and dynamic interactions among the
industry, regulators, technology, biological factors, and
the market are obviously complex. Understanding where
rents are dissipated, and consequently where they might
be released, is a difficult task that requires a serious look
at the peculiarities of each situation. Often a single ran-
dom event in the evolutionary history of the fishery can
determine much of the entire subsequent path of rent dis-

WILEN AND HOMANS

sipation. Because of the evolutionary nature of technol-
ogy, confining one’s investigation to technelogies anc
fishing practices that exist at a given moraent is likely t¢
be a misleading indicator of what might exist under i.
more rational management structure. Current technol-
ogy, markets. and regulatory structures should probably
be regarded as accidents of history rather than as an out-
come of a rational optimizing plan. For the most part.
trying to forecast future structures of technology. costs
prices, and markets using current structures requires cau-
tion and caveats. and may, in some cases. he tutile,

Rent Dissipation and Rent
Generation—Case Studies

British Columbia Halibut

As discussed previously, the north Pacific halibut fish-
ery has a long history stretching back over a century. Its
history reveals a process in which continued increases in
rents generated (1) entry, (2) reductions ir scason lengths
to 5 days in the late 1980s, and finally (3) limited entry
in British Columbia and the recent move toward a rights-
based system in the 1990s,

During the 1991 season, Canadian fishers decided to
conduct their portion of the fishery under a vossel quota
system rather than the usual “fishing derby.” The U.S
fishery retained the short derby season system; hence.
observers had a vivid comparison of operations under
alternative incentive systems. During the brief U.S. fish-
ery openings in 1991, there were rcports that greater than
50% of the catch landed was never iced; during the big-
gest 1-day opening (in the first week of May). about a
third of the fish were not even gutted. The British
Columbians, in contrast, mostly chose to hold their quo-
tas until after the May opening in the USA and before
the final closing date of November. As a result, the Ca-
nadians obtained significantly higher prices in the firs.
year of the program. Fishermen's News (Junc 1991) re-
ported that ex vessel prices received in late May by B.C.
fishers averaged US$1.10 higher than those received by
their U.S. counterparts (who received about US$1.70).
From the first year’s data, this suggests a price “penalty”
associated with open-access fisheries and its regulations
of around 40%.

Since British Columbia adopted an individual quota
system in 1991, there have been dramatic changes. Al-
though it is too early to tell exactly what is happening to
fishing costs. one study suggests that costs did not de-
cline but rather rose slightly as fishers took longer trips
and readjusted fishing practices (EB Associates 1993).
The absence of significant reductions in inputs is due. in
part, (o the fact that quota trades and quota consolidation
have been limited by design during the early stages or
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the program. Current restrictions allow limited leases but
prohibit sales for the first few years. with the intent of
allowing the industry to learn how the system will work
before being freed up to quota trades. Anecdotal evidence
suggests that fishers are still fishing for halibut as part of
a larger complex of species targeted over the year, in-
cluding salmon and other fish. Thus, quotas are still be-
ing filled by concentrated effort over periods that last
less than the whole season, and full-time. year-round
halibut fishers are not yet replacing part-time fishers.

There have been dramatic changes in processing and
marketing, however. The B.C. industry has chan ged from
one producing only frozen fish to one producing mainly
for the fresh-fish market. New and higher-valued mar-
kets have developed for a year-round supply of fish, and
marketers often work with fishers to spread out supply
and avoid short-term market gluts. Surprisingly. the mar-
ket is composed of a completely new set of brokers who
are not affiliated with the old derby fishery. Rescarch in
progress suggests that processing during the derby re-
gime was not particularly profitable and processors par-
ticipated almost as a service to fishers who supplied the
real bread and butter species, namely salmon. Hence.
when the individual quota (1Q) fishery developed, a new
group of aggressive and imaginative marketers took
charge. Recent estimates suggest an ex vessel price pre-
mium of 60-70% in the IQ fishery, arising from this new
market structure, better quality raw product, and perhaps
more competition among handlers.

New Zealand Groundfish

In the New Zealand fisheries, the evidence for rent
gains from improved marketing is equally startling. An
important case is that of the snapper (Chrvsophrys
auratus), which is the mainstay of the northern New
Zealand inshore groundfish fishery. This fishery has a
long history of exploitation, much like that of the north
Pacific halibut fishery. In the early part of the century,
steam-powered trawlers caught snapper in vessels over
40 min length. In the 1920s, Danish seine vessels came
to dominate as gasoline and diesel power replaced steam
vessels. In the 1970s, a new market for higher-quality,
frozen, whole snapper opened in Japan. This market used
more carefully handled fish caught on longlines. a more
costly technology. The conversion to ITQs accelerated
this conversion of technology and opened further avenues
in which to increase revenues. One marketing innova-
tion is a live-fish market, in which live snapper are packed
in styrofoam containers with a water supply and whisked
to market.

Early reports are that revenues tripled in some ground-
fish fisheries after the introduction of the ITQ system.
This was made possible by a major shift in marketed

products away from mixed batches of small, trawl-
marked fish caught in compressed seasons with long
tows. More recent changes in technology and practices
favor longline-caught fish, or short-tow, trawl-caught fish,
selected for size and market characteristics and spread
over the whole year. Interestingly, both of these are evi-
dence of switches to costlier technologics induced by
the prospect of the marketing gains made possible by
the changes in incentive structure. Thus, in contrast (o
what most economists would have expected. in this casc
unit costs actually rose after a more efficien: regulatory
scheme was adopted. but revenue increases more than
compensated to increase profits. An ex anre analysis that
attempted to predict rent gains in this fishery by examin-
ing production cost savings not only would have missed
the most significant component of the rent gains, butalso
would have likely assumed that trawl technology would
continue to be the dominant, if not sole, technology.

Australian Southern Bluefin Tuna

The bluefin tuna (Thunnus maccoyii) 1s another inter-
esting ITQ case study involving a very valuable fish with
high market value in Japan. These tuna have been har-
vested for many years in the south Pacific by fisheries
from Australia, Japan, and other countries. Tuna spend
roughly the first 8 juvenile years in coastal waters off
Australia where they slowly migrate counterclockwise
as they grow. After maturing, tuna enter the high seas
and continue to grow and migrate over large areus. Dur-
ing the late 1970s. biologists warned of impending over-
harvests and recommended a catch reduction. In 19%3.
Australia and Japan both agreed to catch reductions. To
implement them and to improve economic retiurns. Aus-
tralia implemented an ITQ system in late 1984, the first
such system in the country.

With the introduction of ITQs, some dramatic changes
occurred in the bluefin tuna fishery. The most important
change in fishing practices was geographical movement.
With secure rights to specific quantities of tuna, fishers
refrained from fishing small tuna in nearshore regions
and moved off the continental shelf to target tish a( the
castward edge of their life-cycle migration. where the
fish are larger. Before ITQs, only 13% of the Australian
catch was greater than 15 kg; within 2 years. more than
35% was of this larger size class. Targeting of the larger
fish was a direct response to more lucrative prices paid
by the Japanese in the sashimi market. Significantly, av-
erage prices rose in real dollars from AUS$988 per met-
ric ton (mt) at the beginning of the program to over
AUS$2,000 per mt in only 3 years (Geen and Nayar
1988). Hence, revenues more than doubled, largely be-
cause fisheries were able to tap new markets that were
unavailable during the open-access phase.
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With respect to fishing costs, Geen and Nayar (1988)
reported that average variable costs have riscn while av-
erage fixed costs have fallen because of consolidation
and exit of excess capital. Variable costs have risen be-
causc fishers now travel at least 2 days to get to the edge
of the shelf, as opposed to the short day trips that used to
characterize fishing practices. Geen and Nayar estimate
that fixed capital investment in the southern bluefin
tuna fishery has been reduced by approximately 25%
beyond what would have occurred without the program.
Thus. on the whole, rents have emerged owing Lo re-
moval of redundant capital and consequent savings. but
these savings are offset somewhat by increased variable
costs, and are swamped by rent generation from the mar-
keting side. An analysis that attempted to project rent
generation due to ITQs without including the marketing
side changes wrought by new incentives would have sub-
stantially underestimated total rent gains and probably
overlooked fishing practice changes induced by thesc
gains.

Conclusions

As discussed in the introduction, the concept of rent is
achieving increasing importance in fisheries manage-
ment. First, rent plays a prominent role as the engine
that drives fisheries into biological overharvesting or
regulatory straitjuckets. Second, prospective rents are the
main indicator for gauging the potential success of
changes in fisheries management policy. In view of these
factors. it is important to understand exactly how rents
are generated, how this process atfects the nature of mod-
ern fisheries, and what might be expected from rational-
ized systems.

The Gordon paradigm has a long and prominent intel-
lectual history and is probably one of the most important
models in resource management literature. In important
ways, however, modern fisheries have evolved beyond
the structure Gordon considered. In particular. modern
fisheries are heavily influenced by the nature of regula-
tions in a manner that confounds the unraveling of re-
source rents. Regulations not only affect basic biologi-
cal factors, they also affect rents, entry and exit behavior.
technological choices, and markets. If that were not
enough, regulations in turn are endogenous and dynamic
in a fisheries system; hence, prediction becomes very
problematic. Of particular importance is the fact that
current technology, fishing practices, and product mar-
kets may have little in common with what might evolve
over time, and even less in common with what might
emerge under different institutional circumstances.

Individual transferable quotas and other institutional
systems based on property rights create radically differ-
ent incentives. Guessing what may emerge after these
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systems are introduced requires serious and careful con-
sideration of tactors unlikely to have been part of 4
fishery’s history. At the very least, this suggests thateven
the most rigorous and sophisticated statistical and econc-
metric analysis based on extrapolation of current circum-
stances may be wide of the mark (examdles of sophisti-
cated econometric analysis designed to project queta
program impacts can be found in Squires und Kirkley
[19911 and Squires | 1990]). It suggests that methods not
normally part of the purview of fisheries analysts might
be particularly useful, including focus groups. Delphi und
informed opinion methods, programming and simulation
models, and calibration techniques. All of these metk-
ods require as basic input the qualitative and yuantiti-
tive opinions of industry representatives, creative brair-
storming about potential effects of programs, and
judgment about the reasonableness of projections.
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A Government Perspective on New Zealand'’s
Experience with ITQs

PHILIP MAJOR

Abstract.—New Zealand has introduced a range of fisheries into individual transferable quota (ITQ) man-
agement since 1982 when explicit mechanisms to introduce transferable property rights were first used in New
Zealand's deep-water fisheries. Pre-dating this, there were individual quota arrangements in the Bluff oyster
fishery and the Ellesmere eel fishery. A comprehensive regime for quota management and individual transter-
able quota was introduced into New Zealand fisheries law in 1986.

This paper explores the mechanisms that were used to encourage fishers to accept the implementation of an
ITQ management regime. The incentives principally were a buy-out mechanism. a quota appeal authority re-
gime to review quotas of individuals, and a mechanism whereby government bought quota on catch reduction
and sold quota on catch increases. The paper further proceeds to examine the incentives that have develeped ror
fisheries conservation and for efficient fisheries economic use in the years since 1986. Discussion focuses on a
range of issues. These include the development of claims for aboriginal title, the outcome of the various litiga-
tion and government negotiations on this issue, the need for further structural retorm in the quota management
system, and warnings to those who are proceeding to implement similar systems to ensure that policies are clear
on the role of government and the role of industry in the management regimes that are established. The paper
advises that the return, if any, to the Crown or governing body should be determined prior to establishing the
management regime, and equally clear rules and policy should be established betore introducing quota regimes

with regard to the costs to industry and government.

I have been asked to address this conference from the
perspective of a fisheries manager assessing the valuc of
the quota management or individual transferable quota
(ITQ) management system in operation. In speaking to
similar audiences over the last 2 or 3 years, I have come
to understand that New Zealand, which has embraced a
quota management system, is now into a second genera-
tion of issues and problems that flow from such a sys-
tem. Those of you who are considering such systems
are grappling with problems that are associated with
implementation. As a consequence, I focus on those is-
sues related to implementation while pointing out the
benefits and pitfalls encountered in New Zealand.

As a ministerial policy advisor and fisherics manager,
I am particularly concerned with three primary objectives.
The first is conservation, which is aimed at ensuring that
stocks are able to replenish themselves in a manner that
does not lead to a dislocation of the marine ecosystem. The
second objective is to ensure that there is some economic
efficiency in the commercial exploitation of fisheries and
resources. The third objective is to ensure that mecha-
nisms are in place for establishing a suitable balance
among competing interests of groups who wish to have
access to New Zealand’s fisheries resources—commer-
cial, recreational, and indigenous fishers and people who
primarily seek to have the resource preserved in its natu-
ral state.

In New Zealand, fishery managers are concerned with
the activity of commercial fishers and, to a lesser extent,
the activity of recreational fishers. First, 1 briefly focus

on some positive aspects of the quota management sys-
tem in New Zealand. (Branson [1997] expands on these
quite substantially.) The first aspect is that New Zealand’s
domestic fishing industry currently spends some US$2
million on research on the orange roughy (Hoplostethits
atlanticus) fishery. Further, the industry has entered inte
communal contracts (o regulate its own activity for the
purposes of conservation and to ensure there is no over-
fishing in a range of subdivided marine areas.

In addition, New Zealand scallop fishers presently
contribute several million dollars as the total cost of en-
hancing the Nelson Golden Bay scallop (Pecren
novaezelandiae) fishery, and snapper (Chrysophrys
auratus) fishers voluntarily pay for additional enforce-
ment in their fishery. Snapper fishers also pay for re-
search projects studying different effects of harvesting.
which will lead to more efficient enforcement and bettet
management practices for the restoration of the fishery.

In rock lobster (Jusus edwardsii) and abalone (Haliots
iris) fisheries. fishers pay over US$150,000 per annum
for enforcement contracts to be carried out by the Crown
I doubt that there is anyplace else in the world where
fishers voluntarily contribute substantial funds to enforce-
ment agencies. Everywhere else in my experience, they
seem to be doing their best to have such agencies
underfunded and to ensure that they are unable to con-
duct their activitics with strong enforcement presence
In New Zealand’s squid (Nototodarus gouldi) fishery.
when the government would not reduce quotas, the in-
dustry voluntarily set its own. There were two reasons
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for this voluntary action: first, people in the industry be-
lieved the resource needed a rest to recover, and second,
there was a glut of squid on the world market.

Perhaps the most outstanding example ot the effec-
tiveness of New Zealand's fisheries regime on industry
behavior is that fishers voluntarily chose not to increase
the 50,000-metric-ton (mt) hoki (Macruronus
novaezelandiae) fishery, which would have placed
US$2.5 million directly into fishers’ hands through joint
venture arrangements. Instead, fishers chose to put the
increase on hold, stating that this action would result in
a greater number of fish of increased quality and sizc in
the future. That is truly remarkable behavior for fishers
anywhere in the world who are faced with the opportu-
nity to increase their catch.

What led to this extraordinary behavior by fishers in
New Zealand? Quite simply, it is that we have constructed
a system in which people acting in their own self-in-
terest have discovered that it benefits them to act in a
manner that enhances the fishery. The reason for this be-
havior focuses on four elements in our management
scheme.

1. Ownership: With ownership there is a capital value
ascribed to an assel. Many fishers in the industry
have had to purchase their quota, so now they have
great respect for their invested capital.

2. Perpetuity: A quota is held in perpetuity, which re-
inforces the capital valuc and gives fishers the se-
curity to invest for the long term. giving them a
vested interest in looking at the longer-term value
of their asset. Consequently, they are starting to act
with the capital value of their asset in mind rather
than mercly assessing their ability to obtain a cash
flow from an annual catch.

3. Market in rights: By being able to trade fishing
quota, fishers can obtain the parcel of fish that best
suits their interests (i.¢., the species they are liable
to catch).

4, Enforcement: Again, the quota management system
has changed the old game of outfoxing the govern-
ment to catch more fish. It is now socially unaccept-
able to catch more than one’s quota, as this consti-
tutes stealing from one’s mates rather than from the
government. Further, with the increasing promi-
nence of the conservation movement in New Zealand,
there is a reinforcing effect of the value of environ-
mental protection. which is leading to a discernible
conservation ethic not previously found among
fishers (or for that matter the general public).

At this point, I review the introduction of the ITQ
scheme into New Zealand’s fisheries. (I do not deal with
itin detail as this is well covered in the literature by Clark
et al. 1980.) There was an individual quota fishery in
New Zealand for the oyster (Tiostrea lutaria) fishery prior
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to the declaration of the New Zealand exclusive economic
zone (EEZ). However, after the introduction of the El:Z
in New Zealand walers, there was a dramatic increasc in
fishing effort through joint venture arrangements. In
1982, New Zealand introduced a quota management svs-
tem for nine species. which affected 12 companies. This
was a relatively small management arrangement and the
issues at the time were as follows:

* Method of allocation: Allocation was based on a
formula of catch processing and capital investment
in catching capacity.

+ Tradability of guota among companies: While the
government had approved this arrangement with
maximum holdings of 35% tor any one company
or individual, the establishment of a market and ac-
companying registry was not initiated, with changes
of ownership being notified to government result-
ing in cumbersome regulatory administration.

¢ Total allowable catch (TAC): Increases and de-
creases in TACs were not well handled at the time:
A proportional arrangement and an arrangement {or
keeping a share for competitive rishing were ele-
ments of the process in place.

A final issue. not dealt with at the rime. was that of
record keeping to ensure that catch and quota allocation
were properly accounted for. Nevertheless, for the first 2
or 3 years, the system worked quite well because the
resource was not under any great pressure and the ar-
rangements that New Zealand companies used to con-
trol their joint venture partners were adequate to ensure
that overfishing did not occur.

In 1986, a much more comprehensive inshore struc-
ture was instituted. and the inshore and offshore compo-
nents of the fishery were merged. This was a much more
difficult change as the inshore fishery was overcapital-
ized and overfished. Consequently, new legislative mech-
anisms were introduced to encourage acceptance by in-
dustry. This is the situation many fisheries managers
now face. The New Zealand fishery is large and com-
plex, and has some 160 fisheries areas with quota.

The mechanisms used in New Zealand's regime are
as follows. The first mechanism, designed to encourage
many fishers to accept a change to a quota management
regime, provided the government a maans to purchase
quota from fishers when a TAC reduction occurred and
sell it to them when there were opportunities to increase
TAC. This was designed to ensure that the fishers had a
secure investment and could see that, in the event of sc-
vere decreases (which were anticipated at that time). they
would be able to leave the fishery with dignity and in-
vest in other areas of the economy. Equally. there was a
benefit to the Crown, which recognized the potential for
exponential increases to future TAC, enabling it (o sell
any recovered stock at a fairly significant retum-—a return
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that would have been greater than the cost of the reduc-
tions plus interest. In retrospect, this was not a good idea
as the movements in quota were such that the govern-
ment decided that the risk of the fishery should be borne
by the participants and not by the Crown. Thus. 4 years
after the introduction of the quota management system,
New Zealand moved to a system of proportional quotas.
which was coincident with the necessity for a large re-
duction in orange roughy catches. In moving to this sys-
tem, the government then had to negotiate with industry
for a compensation payment as a transitory mechanism
for its accepting the risk of the fishery.

The next mechanism the government introduced as
an incentive for moving from open access to a quota man-
agement system was to provide for a buy-back scheme.
All fishers were issued a quota that was calculated ac-
cording to their fishing history. adjusted for a commit-
ment and dependence arrangement, at which stage they
were offered the opportunity to tender a portion of their
quota back to government. The government spent NZ$40
million on this program to buy quota from the fishery to
reduce the TAC to levels that would allow the stocks to
recover. This ties in to my previous point; the govern-
ment believes that in the future, with the recovery of
stocks. it will be able to sell quota at a price that would
recover what it cost to reduce quota. A number of ad-
ministrative reductions in quota were then made. The
fishers who suffered these administrative reductions were
guaranteed that when future increases in quota occurred.
these reductions would be restored.

The next area the government addressed was bycatch.
Fishers complained that it would be impossible for them
to target the exact tonnages of their quotas and that ar-
rangements had to be made for bycatch over and above
the face value quota, which takes into account the fluc-
tuations of stock and the inherent difficulty of targeting
one species alone. As a consequence, arrangements were
made for a 10% provision for over-catch, for under-catch
being carried forward to the following year, for a bycatch
trade-off where the primary species was surrendered or
a sum of money could be paid in lieu, and for a leasing
arrangement for quota.

In allocating catch histories, fishers argued that they
should be entitled not just to their established history,
but personal circumstances that deprived them of the
opportunity to make a fair and reasonable catch over the
qualifying years should also be considered. Consequently.
the government permitted claims for commitment to and
dependence in the fishery. Additionally, there was an ad-
ministrative appeal system. The Minister of Fisheries
established a body to hear cases, followed by a quasi-
judicial body, known as the Quota Appeal Authority, to
whom claims could be made. Beyond the Quota Appeal
Authority, it was possible to go to the courts. The conse-
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quence of the administrative appeal system was that large
quantities of additional quota were allocated in the fish-
ery, which resulted in some reatlocation of the original
cuts, particularly in the snapper fishery.

The government also believed that the quota manage-
ment system would make fishing extremely profitable, so
fishers should pay a resource rental, which would include
areturn to the Crown to recover the costs of managing the
fishery. The legislation supporting this mechanism was
not as specific as it might have been. The resource rental
was to be set annually and would involve a revolving fund
for incoming management costs. and total allowable
commercial catch reductions.

The final element of the 1986 legislation was enforce-
ment. which was to be managed through a paper trail
that followed the catch of fish on a vessel through the
wholesaling process to retail or export. Documentation
was made casier by the introduction of a Zoods and ser-
vices tax in New Zealand, which meant that all compa-
nies had to keep trading records. While the paper trail
would form the principal mechanism for investigating
over-catches, it was to be supplemented by i range of
other on-the-water and off-the-water observing operu-
tions.

The more astute of you and those who have visited
New Zealand will have already recognized a range of
fundamental flaws in the way the original system was
established and the way that it differed from the theory
that was developed by the original quota management
system proponents. [ will deal with these flaws in a mo-
ment. The reality is that over 6 years, the flaws in this
system became apparent. Consequently, for the last 3
years, we have been reexamining the natare and extent
of our quota management system. The nature of this re-
examination has consisted of a number of expert reviews.
However, this review process has become fraught with
difficulties because of the wider public interests. the ac-
tive involvement of conservationists, and the nced clearly
spelled out by government to have input from all stake-
holders prior to final decision making.

Notwithstanding these difficulties, the review of New
Zealand’s quota management system was absolutely cs-
sential because of problems arising from the narrowness
of the original established parameters. Areas of particu-
lar concern were as follows:

* bycatch issues:;

« the nature of the fishing right;

« aboriginal title, both commercial and customary:

= recreational fishing access rights;

= conservation value rights;

« the return to the Crown (the state);

* the charging mechanism for management; and

 the mechanism that would be used to allocate quota

in the future, bearing in mind that we had already



A GOVERNMENT VIEW OF NEW ZEALAND ITQs

shifted from the prescribed tonnage quotas to a per-
centage quota.

The first issue—bycatch—is perhaps the biggest and
most vexing. At this time, the mechanism for tracking
catch against the quota leases and other fishing arrange-
ments that have developed under the quota management
system has become cxtraordinarily complex. Adding to
the complexity is the need to track bycatch and over-
catch, which must be counted in descending order. Con-
sequently, quota holders and fishers are demanding a sim-
pler system for administering quota holdings. This debate
has spawned the concept of the annual catching entitle-
ment (ACE), which is derived from the quota held by an
individual, then bought and sold each year without hav-
ing to be assigned to any individual owner.

The ACE led to a review of penalties in the fisheries.
principally forfeiture. (In this case, forfeiture includes
boats, quota, and other property. including cash, used in
the commission of the offense.) There has been a move
to ensure that forfeiture is either abandoned or is only
used for the most excessive breaches of fisheries law.
lesser breaches would be dealt with by a sliding scale of
penalties. The issue is that the original market established
for quotas did not meet the needs of fishers to rapidly
trade quotas or fishing rights to ensure that their catches
matched their holdings. It is believed that the ACE con-
cept will provide a better market for trading fisheries
rights. However, because ACE is divorced from owner-
ship, an inherent conflict is set up in that ACE holders
may not have the long-term interest of the fishery at heart.
as individual owners would.

The second issue that arose is the nature and defini-
tion of the right allocated to quota holders. When the
government initially allocated rights, it belicved it was
establishing a catching right in an area and that it could
modify such rights by passing rules and regulations from
time to time. However, these rights were not so readily
modified. The courts ruled that people must be able to
catch their fish in a reasonable manner. as they had done
historically. The Crown therefore had to be extraordi-
narily careful in implementing modifying rcgulations.
Consequently, the government has come to appreciate
that the rights granted need to be very clearly defined—
such as what is permitted in the water column, seabed
extraction, general fishing areas, and size of animals that
can be taken. My advice to anyone who is contemplat-
ing a rights-based system is to look very closely at all
the interlinkages that may occur in terms of the scope
and nature of the rights being established.

The third and probably principal issue that had to be
addressed in the recent reviews of the quota management
scheme is indigenous title. Initially, no account was taken
of indigenous title. The consequence was that a high court
imposed an injunction on the Crown, requiring it to con-
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sider indigenous title. This could occupy an entire paper
in itself, but suffice it to say that claims relating to com-
mercial harvesting rights have been settied with New
Zealand's aboriginal people, the Maori. The range of cus-
tomary fishing rights that will apply in the future is yet to
be tully determined and defined, which must be done in
full consultation with the Maori. The next issue to be con-
sidered was recreational fishing rights, which are unde-
fined and regarded by recreational fishers as a prionty
in terms of the TAC allocation. Discussions held during
the recent reviews resulted in an outpouring ol anger
from anglers at the suggestion that recreational fishing
may be restricted or subject to licensing.

A further right, yet undefined, relates to conservation
and the intercsts of those people who wish to sec the
resource preserved in a natural state. Conservation may
be achieved either through marine reserves or through
preservation of large numbers of a population. While such
rights are based on the desire to preserve an ecosystem,
there is also the perspective of divers and tourists who
may wish to view these resources in their natural state.
Aboriginal, recreational, and conservation rights do con-
stitute a threat to the quota management system as it was
originally established. Each group wishes to claim a pri-
ority, and recognition of these new rights would affect
the perpetual nature of the existing fishing rights and any
ongoing share of them. Therefore, it is essential in estab-
lishing quota management systems that a balance be cs-
tablished at the start between the four claims on rights:
the aboriginal, the recreational. the conservationist, and
the commercial.

Another principal issue that remained unresolved was
whether there should be a monetary return 1o the
Crown for the allocation of catch rights. As mentioned
earlier, resource rentals did not clarify this matter. This
has led to a huge debate on the issue. Obviously the in-
dustry argued strenuously against such a policy, while
conservationists. and to a lesser extent recreationists,
argued that there should be a fee for the environmental
damage incurred while harvesting resources. This fee
would also assign a value to modification of an ecosys-
temn. Lately, the New Zealand government decided that
there would be no resource rentals in the form of an ac-
cess fee or a rcturn to the Crown. The absence of the
resource rentals, the Government stated. would create a
climate for investment in the fishery and improve the
certainty associated with fishing rights. It would also
ensure that New Zcaland was not hampered in terms of
international competitiveness. If it becomes essential to
obtain a return to the Crown rather than apply a charge
to each quota holder, it would be better in the initial allo-
cation process for the Crown to retain a small percent-
age, which it would lease out each year. This meets the
return to the public although it does not meet the criteria
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required by conservationists for a payment for damage
occasioned to the resource.

The question of a return to the Crown leads inexora-
bly to the question of whether the Crown should charge
users for resource management. From the beginning, it
has been intended that the New Zealand commercial fish-
ing industry should pay the costs of managing the re-
source. This intent generates two questions: Which costs
are associated with management of the resource? What
role do the commercial fishers or resource users have in
terms of overseeing management costs and services?

At this time, the Crown has determined that the com-
mercial fishing industry will be charged on an avoidable
cost basis (there would be no costs it there was no com-
mercial industry; thus, industry should pay all costs). Pro-
vision has been made for reasonably generous percentage
deductions to apply to noncommercial fishing, especially
recreational and Maori fishing rights, together with an al-
lowance for government policy advice, which is a cost
that lies with the Crown. In effect, the fishing industry
will likely pay attributable costs rather than avoidable costs
although there will inevitably be debate from the industry
as to which charges really do belong with them.

In association with this problem, an additional decision
has been made that gives industry wider influence in con-
trolling the administrative costs of the quota management
system. Similar decisions are yet to be made as to the way
research and enforcement of the resource will be man-
aged. In both cases, there is a desire by government to (1)
ensure independence of action by the particular agencies
to guarantee effective conservation and enforcement. and
(2) assure that conflicts of interest are avoided.

The final question I address is resource allocation at
the time the system was changed from open access to
quota management. As explained earlier, New Zcaland
bent over backwards to ensure fairness and equity in pro-
viding an allocation to fishers. This accommodation
worked dramatically against management of the system.
For example, the Quota Appeal Authority has, by nature
of its legal requirements, been exceedingly fair. As a
consequence, additional quota has been issued to inside
fisheries, which took us back to the catch limits estab-
lished before the buy-out scheme and administrative re-
ductions. Upon reflection, it would seem to be better to
take a much harder line initially—to rely on an alloca-
tion based on a number of qualifying years and let the
luck of the draw stand. Otherwisc, like New Zealand,
you could experience the prospect of administrative ap-
peals continuing up to 8 years after the initial allocation
occurred, followed by court appeals. In fact, in terms of
the court appeals process. the government passed legis-
lation to limit the grounds on which appeals were granted.

A further consideration in allocating new quota is
whether to sell the quota upon issue. New Zealand de-
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termined that there should be no charge, initially, and
that decision was sustained after the most recent review
by the Minister of Fisheries. A range of fisheries man-
agement material (Anderson 1986; Johnson and Libecap
1982; R. Johnson, Dep. Agriculture Economics and Eco-
nomics, Montana State University, Bozeman. Montana.
USA, unpubl. ms.) on resource theory suggests that there
should be some charge and suggests a range of mecha-
nisms for tendering charges, cither in total or in part, to
provide some return to the state. Again, New Zealand
found that it would be subject to a range of real chal-
lenges were it to adopt a tendering mechanism. The ten-
dering issue, coupled with the allocation of 20% of new
species to the Maori Fisheries Commission as part of the
indigenous settlement arrangement, ensured that it was
unreasonable for quota to be issucd at a cost to the people
who had fishing histories and whose quotas may be pro-
portionately reduced to ensure that the Maori receive their
quota under the settlement.

The final item that T refer to is aquaculture rights, which
fall into the similar arcas of conservation. recreational.
and indigenous rights. A separate regime exists for allo-
cation of aquaculture rights, or private enhancement
rights: this will conflict and undermine the status and
validity of wild fishery rights. Again, itis essential to (1)
cnsure that there is a spectrum of rights and mechanisms
for managing them, and (2) avoid conflicts among com-
peting rights or a hierarchy that usurps one set or the
other. If this is not the case, we will see the hencfits of
perpetual ownership undermined.

Conclusion

I have briefly covered a large number of issues in this
paper. However, if there is one piece of advice that I have
for you, it is to try to get it as near right as possible the
first time. As managers or fishers, you will inevitably be
drawn into trying to introduce a quota management sys-
temn on a staggered basis. This will only create more dif-
ficulties and more complexities. If you do seek a staged
introduction, 1 suggest that you do it on a fishery-by-
fishery basis, and make sure that the whole range of is-
sues is covered in each fishery, rather than leaving the
questions and points that | have covered open for dis-
pute or debate at a later date. Once rights are imple-
mented, it becomes very difficult to legislate. restrict, or
minimize them. Legislation that makes such changes un-
dermines the very benefits of the system that has been
established. As a fisheries manager and a policy advisor
to the Minister of Fisheries, I can categorically say that,
notwithstanding the problems that we have encountered
and the future problems that we will inevitably face. the
right choice has been made in terms of developing the
guota management system in New Zealand.
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An Industry Perspective on New Zealand’s
Experience with ITQs

ANDREW R. BRANSON

Abstract—The New Zealand fishing industry actively participated in planning and supporting government
implementation of quota management (individual transferable quotas [1TQs]) for decp-water fisheries in 1983
and inshore fisheries in 1986. The 1986 implementation of ITQs enabled delivery of restructuring assistance us
well as changes in overt fisheries policy. Major dispute occurred in 1990 with the change from direct to propoi-
tional quotas, and other, frequent regulatory and policy changes regarding ITQ management have resulted in an
over-complex and administratively burdensome system. Legal claims by the indigenous Maori. who challenged
the basis of property rights allocation. resulted in the Maori being significant holders of ITQ in the commercial
fishery. Recreational and other users have no guantifiable property rights although fisheries law upholds their
right to partake in fisheries. Despite problems, the New Zealand industry strongly supports the ITQ manage-
ment system since it facilitates rationalizing individual fishing practice and business investment against a sc-
cure property right. Quota holders are strongly motivated towards collective actin with regard to fisherics
exploration, research, management, and enforcement, and management planning occasionally includes all the
user groups. Examples of each of these effects are given. Current debate is focused on bringing the remaining
fisherics within the ITQ management sysiem and rationalizing the ITQ operation. Aquaculture concerns are
seeking a similar secure property right. The government captures economic rent from the fishery by imposing a
“resource rental” or special tax on guota holdings; this is opposed by industry as a disincentive to investment.
but industry has expressed willingness (o pay tore actual costs of research and administration, given a more
efficient, effective. and contestable delivery of services. Allocation rights policies for new fisheries continue to

be a matter of debate at time of writing.

New Zealand implemented individual tradable quota
management (ITQs) for its major deep-water fisheries in
1983 and for many inshore fisherics in 1986. Fishing in-
dustry leaders were active in planning and supporting
moves by government to make such overt changes to tish-
eries policy based upon historical experience of both open-
access and limited-entry fisheries management regimes.

Many procedural details covering the implementation
of ITQs have already been described by Falloon ¢ 1993).
Sissenwine and Mace (1992) have also described the way
in which the implementation of output controls by way
of quota management did not reduce the incidence of
existing input controls on fisheries. They also described
some of the additional administrative and record-keep-
ing burdens placed upon industry and government as a
result of ITQs. Some years later (1994), not all fisheries
are yet managed by ITQs. and most fisherics still experi-
ence a range of both input and output controls.

The purpose of this short address is to summarize some
problems and benefits experienced by the New Zealand
fishing industry from the inception of quota management
in 1983 to the present. I hope to demonstrate the reasons
why the New Zealand industry is a staunch supporter of
ITQs. A number of aspects referred to in this paper are
also discussed by other speakers from New Zealand (¢.g.,
P. Major; ITQ forum/discussion panel session by J. Mace
and G. Clement).

Adoption of ITQs required a considerable change of

culture by New Zealand’s fishing industry. An abundon-
ment of competitive fishing—where the first and appar-
ently best fisher can achieve the highest catch at the ex-
pense of his peers—required a good deal of thought before
it was accepted. Debates with regard to such a change in
outlook took considerable time in New Zealand. The
cultural change has occurred, and a stronger conserva-
tion commitment among fishers and businesspeople is
one outcome.

The next obvious and major problem was to find a
recipe acceptable to all concerned by which the initial
quota allocation might be made. As with any other allo-
cation of property rights, this issue was difficult, conten-
tious, and hard fought by respective interests. Initial quota
allocations were made in 1983 for arange of fish species
taken in deep water. Allocations at this time were hascd
upon such criteria as catch history and measures of in-
vestment and commitment to and dependence on the
tishery. Subsequent allocations in 1986 for remaining
deep-water and inshore species followed more formal
procedures specified in revised legislation and were based
upon established and demonstrated catch histories: quo-
tas were allocated to those persons or companics who
held fishing permits in the past and had thus demonstrated
an effective catch history. No quota allocations were made
to persons employed within a fisheries orgamization or
involved only in processing and subscquent sale of fish
but who had no history of actually catching fish.
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Next in the order of necessary events was the appeals
process, by which those who felt they were disadvan-
taged in the formal quota allocation might submit appli-
cations for more. An independent quota appeal authority
was established whose processes proved lengthy and the
criteria by which it operated liberal. Accordingly. a vari-
ety of arguments were advanced and reccived not only
to demonstrate inaccuracy in government catch-history
records, but also to show that individual fishers could
have had, and should have had. higher histories had they
not suffered vessel breakdown. illness, family distress.
or other events. However justifiable the reasons for allo-
cating additional quota to individuals who lodged suc-
cessful appeals, the accumulation of quota increments
had two effects. First, since quotas were at first based on
weight rather than on percentage, it meant that the total
allowable commercial catch (TACC) that had been es-
tablished immediately became inflated to the extent of
successful appeals. Second, where total guotas were sub-
sequently reduced to reestablish the target total catch,
individuals who had not lodged appeals or who were
unsuccessful in appealing were obliged to carry a share
of the proportional quota cuts. Nonetheless. the imple-
mentation of ITQs for a range of fisheries was success-
fully achieved. This was an administrative feat in itself,
one which supplied a mechanism for restructuring the
industry and, in particular cases, for amending and con-
trolling its overall catch.

As implemented in 1983-86, the New Zeculand ITQ
system was very much a creature of its time. It was born
of a concerted push from many people in the fishing in-
dustry to seek a process for effective restructuring and
catch reduction in many fisheries. Since 1963, when a
Commission of Inquiry recommended that all limited
license fisheries should be decontrolled, there had been
considerable multiplication of fishing permits, vessels,
effort, and catch. Pressure increased within the inshore
fisheries until the mid-1970s when fishers once again
petitioned the government to control the number of par-
ticipants in several fisheries, some of which again be-
came controlled- or limited-entry fisheries from 1977
onward. Nonetheless, in a number of cases the industry
continued to urge that there were too many fishers and
too many dollars chasing too few fish. Such debates
fueled the development of ITQ policies and their imple-
mentation during the 1980s.

Although the government during the 1980s demon-
strated no interest whatsoever in supporting buy-back
schemes to acquire and retire fishing vessels, it was per-
suaded that an alternative form of restructuring, first to
allocate and then to retire fishing quota, could benefit
both the resource and the fishing industry in the future.
Accordingly, the first major benefit of ITQ implementa-

tion was the abilitv to implement processes whereby gov-
ernment might purchase, then retire, excess (weight-
based) fishing quota to better achieve a more appropri-
ate TACC in cach target fishery. Government was satisfied
that it might recoup its investment in this restructuring
by instituting a fee or resource rental charged against quota
ownership. Industry supported and endorsed this pro-
cess—though it was later to regret supporting the over-
all resource rental concept.

At the same time that inshore fisheries were experi-
encing quota cuts, the deep-water fisheries were expand-
ing and developing following the declaration of the 200-
nautical-mile exclusive economic zone (EEZ) in 1979,
For the last several years, all fisheries within New Zea-
land’s management jurisdiction have been owned and
exploited by way of ITQ held by New Zealand businesses
and citizens. Fishing by foreign-licensed vessels under
government-to-government arrangements diminished
and ceased. Fishing by foreign vessels can still occur.,
but only under contractual arrangements with the New
Zealand ITQ holder, effectively transferring a greater
level of business control over New Zealand's fishing zone
to those within the fishing industry.

The new [TQ management scheme created additional
administration and record-keeping requirements, and new
and severc penalties for breach of the rules. Upon con-
viction for an oftense it might be possible, in addition 1o
a fine, 1o lose one’s whole catch, fishing gear, and fish-
ing vessel, and to have one’s quota confiscated. Repeat
offenses might lead to disqualification from further in-
volvement in the fishing industry.

The fishing industry and government management
agencies came to a compromise with respect to some rules
that control catch. Neither a particular TACC nor an indi-
vidual quota was totally inviolate, and an underrun or
overrun of 10% was permissible. This deficit or surplus
could be carried forward into a future quota fishing vear.
Some additional rules sanctioned over-catch by payment
of penalty fees to the government or allowed a trade-off
of quota in one species for excess catch made in another.

These compromise rules were judged very necessary
by many people in the fishing industry in order to encour-
age acceptance of this new fishing policy. However, the
rules increased the burden of record keeping within in-
dustry and led to a good deal of friction with the govern-
ment management agency since the two parties inter-
preted the rules differently for counting catch against
quota. Despite frequent amendment and clarification of
these rules and much effort from both sides, the rules re-
main very complex. There is still little agreement over an-
nual quota balances between individual quota managers
from industry and those responsible for administering indi-
vidual quota balances from within the government agency.
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On the positive side of the ledger, the ability to buy,
sell, and trade in quota, coupled with the economic pen-
alties for overcatch, has allowed the industry to evolve
procedures to balance their catch with their quota hold-
ings and supplied added incentives to avoid bycatch spe-
cies.

When implemented using weight-based quotas, quota
management offered a straightforward system whereby
government carried the principal risk of change in al-
lowable catch, making plain that it would sell for cash
any additional quota created by a TACC increase and
that it would repurchase for cash, at market rates. quotas
in any fishery where a reduction in TACC was deemed
necessary. There was a major argument between indus-
try and government in 1989 when the government found
that it was neither prepared nor able to repurchase ex-
pensive weight-based ITQ from industry and, thus, it
decided to change the rules such that any change in total
quota would be shared in proportion among ITQ hold-
ers. Most unpopular at the time, this particular action to
substitute percentage-based quotas nonetheless strength-
ened the nature of the property right. It clearly trans-
ferred the risk of quota change from government to in-
dustry and effectively further strengthened industry’s
resolve to have a greater say in research, management,
and establishment of quotas.

The rapid rate of change in fisheries policy within New
Zealand—first, to implement ITQs and, second, to change
and revise many of its rules and regulations—led to an
over-complicated system that is expensive and ditticult
to administer within both industry and government agen-
cies. The time spent in consultation and in preparation
for, or defense of, litigation is a significant cost that must
have a prominent place on the problems side of the bal-
ance sheet. Nonetheless, the fishing industry supported
the changes that were implemented at the time, supported
the change toward ITQ management, and implemented
the significant restructuring and catch reduction neces-
sary in a number of fisheries.

With the advent of the quota management system and
the allocation of ITQs, there came many opportunities
for rationalization of fishing activity and business invest-
ment. Fishers could and did combine their quotas and
fish them onboard a single vessel, rather than employing
two or more vessels as in the past. Fishers who had pre-
viously raced each day to the fishing grounds to secure
the biggest share of the available catch could and did
seek to take smaller hauls of fish and spread their catch
throughout the available season, with obvious benefit to
fish quality as well as to marketing and distribution. Fish
processors could better plan their staff and distribution
requirements with far more certainty. Those fishers who
wished to retire from the fishery could do so with dig-
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nity upon the sale of their fishing assets, and those who
wished to expand their investment had a clear and obvi-
ous route by which to do so. Despite the warts and wrinkles
of the new regime, the fishing industry in New Zealand
became a strong supporter and advocate for quota man-
agement and for the advantages of ITQs.

The ability to buy, sell, exchange, and trade quotas
has naturally resulted in some redistribution ot fishing
effort; this is most obvious within certain inshore fisher-
ies. Over time. a number of fishers have sold their guota
and left the fishery for pastures green, and the quota has
shifted somewhat from the hands of fishers (remember
that initial allocations were based upon catch histories
made good) into the hands of new investors or 1ish pro-
cessors and exporters. Whereas the original fishers may
have had a reasonably consistent fishing pateern. exploit-
ing on a regular basis their preferred and established fish-
ing grounds, current quota holders are more likely to al-
locate their quota into areas of more favorable catch by
the simple expedient of making contract fishing arrange-
ments with alternative fishers. Some redistribution of
fishing effort is therefore inevitable and brings the po-
tential for gear conflict and spatial conflict among fish-
ers now employed by those quota holders. To date, in
the New Zealand fishery scene, such conflicts have not
proven major.

An important effect of the quota management system
was the influence it proved to have upon fishery explo-
ration and development. It proved to be a marked disin-
centive for any individual quota owner to make major
effort or investment in exploration or new development.
The disincentive was that discovery of new stocks might
lead to an increase in TACC, which would either be cap-
tured by the government---which might sell it to the high-
est bidder-—or under the proportional quota regime, be
distributed among all quota holders in that fishery.

While individual incentives are diminished, there is
considerable positive encouragement for collective
group action. A particularly good example of this ex-
ists in the Orange Roughy 3B Exploratory Company.
All fishers holding ITQ in area 3B of the orange roughy
(Hoplostethus atlanticus) fishery have collaborated to
form a company whose shareholding reflects quota hold-
ing in the fishery. Over the years, they have engaged in a
variety of projects. More of these activities are discussed
by L.T. Clement in the transcript of the ITQ forum (this
volume, p. 281-300).

A number of other examples of collective action among
quota holders can be seen. In a prominent dredge scallop
fishery, the government fisheries agency has operated
an enhancement scheme to catch seed scallops (Pecten
novaezelandiae) and distribute them to the seabed where
they may be harvested for commercial gain. Quota hold-
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ers in this scallop fishery have recently established a com-
pany whose shareholding is a mirror image ot quota hold-
ing in the fishery. This company will take over and run.
on a commercial basis, all activities of spat catching and
enhancement. Quota holders in the paua (abalone.
Haliotis iris) fishery are currently investigating the po-
tential to create a paua quota holders company. and they
will explore similar management initiatives. Quota hold-
ers in a dredge oyster (Tiostrea lutaria) fishery operate a
similar oyster enhancement company with the aim of
mutual (proportional) benefits.

The matter of enforcement and supervision of quotas
has required a considerably different emphasis by the
New Zealand Ministry of Agricuiture and Fisheries. Ref-
erence has already been made to the additional layers of
record keeping required to verify catch and cross-check
the information against subsequent data covering fish
sales, processing, and exports. A comprehensive paper
trail exists that should, in theory, allow each fishing en-
terprise to be subject to a comprehensive audit, but the
frequency of such audits is not great given available staff.
Those involved in fisheries for rock lobster (Jusus ed-
wardsir), paua, and snapper (Chrysophrys auratus) have
each implemented processes to collect funds so that they
may commission additional supervision and enforcement
programs.

The New Zealand fishing industry finds it somewhat
ironic that in recent times the government agencies that
might receive these collected funds and implement en-
hanced enforcement and supervision programs to pre-
clude poaching deem it constitutionally inappropriate to
receive direct funding from some of the persons they may
be obliged to supervise. It is a double irony that any in-
dustry group should actually volunteer to give extra funds
to government only to discover that the government agen-
cies find it difficult to accept such funds. Industry mem-
bers are still of the view that death and taxes are among
life’s inevitabilities and we are both confident and fear-
ful that the government agency will, in the near future.
discover a way around this apparent inconsistency and
charge for its services. (Events subsequent to 1994 have
seen a move to full “cost recovery” for various services,
including enforcement, and this confirms that we had
good cause to be fearful.)

In addition to changes in the culture and activity of
the fishing industry, there has also been a considerable
change in the disciplines and programs required of fish-
ery researchers. Many have had to be retrained from be-
ing fish biologists to becoming fish counters, and there
is considerably greater emphasis on stock assessment
techniques than in years gone by.

Similar influence has been excrted over industry mem-
bers, who clearly now have an increasing incentive for
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investment in research so as to be assured that stock as-
sessment information, on which decisions on TAC quo-
tas are based, reflects the reality they sec in their daily
exploration of the fishery. An increasing number of indi-
vidual companies now employ persons with qualifica-
tions and experience in fisheries science. and industry
organizations, such as the New Zealand Fishing Indus-
try Board, employ in-house stock assessment experts and
contract with consultancies comprising international cx-
perts. An increased participation in and ow nership of the
products of research to establish optimal and sustainable
yields from New Zealand’s fisheries is a real cost, in fi-
nancial terms, but offers real benefits to the industry in
its future planning for the management and business of
fisheries.

Within New Zealand's inshore rock lobster fisheries,
several regional groups voluntarily contribute significunt
sums of money employing their own fisheries techni-
cians to supervise onboard catch sampling programs and
fishers’ loghook schemes in order to contribute consis-
tent data for supporting a better assessment of their fish-
eries.

A particular problem occurred for the government, and
potentially for industry. as a result of the legul claim made
by the indigenous people of New Zealand (the Maori)
that fisheries property rights were theirs, guaranteed by
treaty, and that government had no right to allocate such
property rights to industry or anyone else. Debates on
this score exhausted considerable effort and cxpense. The
claims were settled, establishing for the Maori a clear
position in the activity and business of fishing while
avoiding wholesale confiscation of property rights from
industry participants.

Recreational and subsistence fishers exert significant
pressure on a number of fisheries, yet there is to date no
quantifiable property right allocated to this category of
fishery user. Neither. regrettably. are there accurate data
to quantify their catch. While a realistic cap is placed on
industry’s ability 1o exploit fisheries by virtue of the ¢x-
isting quotas, considerable potential still remains for catch
and effort increase by noncommercial fishers.

Cooperative management planning groups exist for the
rock lobster and snapper fisheries; they involve indus-
try, recreationists, conservationists, and government re-
search and management agencies. These groups are work-
ing well to establish management plans within the overall
context of ITQ management of commercial fisheries.

Fisheries management by means of ITQs has brought
some interesting consequences for bankers and the invest-
ment community. In New Zealand to date, fisheries legis-
lation decrees that ITQ cannot be registered s a security
by way of mortgage or loan, which creares problems for
both sides of any business deal. Since total quotas mi ght
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be reduced or individual quota might be forfeit for
offenses against the system, quota holders have often had
to use alternative assets as security for finance. Nonethe-
less, the monetary value of quota as an asset in the books
of each business is increasingly recognized, and we have
learned that considerable care must be taken over the
nature of publicity and information given with respect to
quota change. Uninformed gossip or misinformation con-
cerning the potential for cuts in fisheries quota can lead
to disinvestment. To counter adverse consequences of this
nature, both the fishing industry and the banking commu-
nity now make an enhanced effort toward understanding
stock assessment and TACC change. Despite misunder-
standings at the hint of quota changes, there is increasing
recognition by the banking community that ITQ leads 10
security and improved business.

Problems have continued with respect to resource rent-
als payable upon ownership of individual quota. In
industry’s view, the legislation passed at the outset clearly
indicated that these rental payments should go into a re-
volving fund that would reimburse government for the
costs of restructuring the industry and would then accu-
mulate to pay the ongoing costs of fisheries research and
management. Regrettably, the government saw things
differently and set itself the target of capturing the ma-
jority, if not all, of the economic rent from the fisheries.
This proved an obvious and blunt disincentive to invest-
ment. We are happy to report that in 1994, the New
Zealand government indicated its intention to reverse this
policy and do away with special resource taxes. The in-
dustry indicated its willingness to pay the direct costs of
research, administration, management, and so on, but
clearly expects to see such services delivered in a cost-
effective manner with market competition between al-
ternative service providers.

BRANSON

Areview of the events aftecting ITQ management over
the last decade shows that the New Zealand fishing in-
dustry has experienced a major change in culture and
finds itself in a considerably more complex world of fish-
eries management than it ever thought likely. Nonethe-
less, the fishing industry is confident in ITQs and the
very real bencfits they bring to fisheries conservation, to
industry organization. and to business management. The
way in which both industry members and others perceive
the property right associated with ITQ has changed dur-
ing the decade. The property has an increasing strength
and value in that it can be defended against attack or threat
by various sources. including pollution, reclamation. re-
serves, parks, and restrictive fisheries rules.

The industry looks forward with enthusiasm to see
remaining fisheries brought within the same I'TQ man-
agement policy. On the basis of the lessons we have
learned in recent years. the industry shall be closely scru-
tinizing the further legislative amendments promised for
late in 1994, after which we look for simplification of
the system, some significant rationalization of its admin-
istration within government agencies, then a period of
stability so that we may further build our business based
on a secure ITQ.
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SUMMING Up:
AN OVERVIEW OF GLOBAL TRENDS IN FISHERIES,
FISHERIES SCIENCE, AND FISHERIES MANAGEMENT

ELLEN PIKITCH, MICHAEL SISSENWINE. DANIEL HUPPERT, AND MARCUS DUKE

The symposium, “Fisherics Management: Global
Trends,” comprised paper and poster presentations and
panel discussions. many of which appear in these proceed-
ings. Together, these constitute a comprehensive body of
information that provides perspectives on the current situ-
ation of the world’s fisheries. Both within and among re-
gions, the world’s fisheries arc characterized by immense
biological, geographic. economic, social, political. and
cultural heterogeneity. Yet, amidst this background of tre-
mendous diversity, global trends are evident. Here we at-
tempt to synthesize the many contributions to the sympo-
sium and proceedings to elucidate the status and trends
occurring within fisheries, fisheries science. and fisheries
management.

Trends in Fisheries

The worldwide yield from marine fisheries leveled off
during the 1990s, following 4 decades in which landings
increased by over 300%. The ratc of growth in marine
catches has more or less steadily declined to near zero
during this period, with most fishery resources now fully
or heavily exploited. This trend indicates that we are at
or near the limit of what the world’s oceans can produce.
The yield might be increased somewhat by recovering
the estimated 25% of populations now believed to be over-
fished and depleted, by reducing waste, or by expanding
the remaining few underdeveloped fisheries. However.
the scope for an increase in yield is now judged to be
very small, particularly for the traditionally important
wild harvest fisheries. Unless overfishing is prevented.
future yields will decline.

The interconnectedness of the world’s fish-producing
regions is strong, with over one-third of global produc-
tion exchanged annually through international trade.
Since 1970, there has been a dramatic change in the geo-
economic distribution of world fish production. The pro-
portion of the catch produced by developing countries
now accounts for more than 60% of global landings and
continues to increase. Much of the catch by developing
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countries is from industrial fisheries, but the importance
of small-scale fisheries to society, the economy, and hu-
man nutrition cannot be ignored. In fact. more of the fish
consumed by the human population is produced by small-
scale fisheries than by industrial fisheries. The percep-
tion of small-scale fisheries as marginal to the mainstream
of fisheries activity is erroneous and needs to be changed.

Overcapacity is globally rampant, affecting small-scule
and industrial fisheries in developing and developed
countries alike. While there is little promise for increas-
ing yields, the potential for substantially mcreasing net
benefits from fisheries is enormous if overcapacity can
be corrected. Harvest costs greatly exceed revenues from
fishing, leading to an estimated global deficit that may
be as high as USS60 billion. About US$300 billion of
investment in the harvesting sector is not carning an eco-
nomic return. Many (if not most) fisheries today are
stressed economically, whereas they could produce tens
of billions of dollars in rent.

Much of the overcapacity seen today stems from a
history of open access to fisheries or from a breakdown
of traditional limits to access, further stimulated by ac-
tive development and subsidization. This overcapacity
not only leads to the dissipation of potential economic
rent but to wasteful and destructive fishing practices that
ultimately could have irreversible effects. This is evidenced
in such disparate realms as the Alaskan groundfish fish-
ery in which large industrial vessels compete in a mas-
sive “race for fish"—engendering potentially avoidable
bycatch and waste——and in small-scale, tropical. artisanal
fisheries where the use of poisons and dynamite fishing is
spreading.

While overcapacity plagues both industrial and small-
scale fisheries alike, the nature of appropriate solutions t
this problem differs. The remoteness of many small-scale
fisheries occurring in isolated coastal communities where
alternative employment opportunities are often lacking
poses unique problems both in the developed and devel-
oping world. At the other end of the spcctrum are the
problems posed by the fleet of abour 27.000 high-seas
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and distant-water fishing vessels. With extended juris-
diction and development of exclusive economic zone
(EEZ) fisheries by coastal states, the trend toward less
opportunity for these vessels is apparent. What is less
clear is where this fishing capacity will be redirected and
what effect it will have.

In the face of stagnating global fish supplies and the
continuing growth in fleet capacity. the demand for fish-
ery products will continue to grow because of human popu-
lation growth, increases in wealth, and shifts in consumer
food preferences. One analysis projects an increase in
current global demand for fishery products of at least 39%
by the year 2010. A requisite increasc in supply to meet
this demand is not likely attainable. This situation will
continue to fuel overcapitalization and pressure to over-
fish. Unless there are controls, conditions will deterio-
rate.

Aquaculture is one method of closing the gap between
demand and production of wild harvest fisheries. There
has been astronomical growth in aquaculture production
(much of it in freshwater), which now accounts for ap-
proximately 15% of the volume and 30% of the value of
fishery production. But aquaculture is suffering from many
growing pains, such as market gluts for some products,
disease problems, and environmental damage (both caused
by and adversely impacting aquaculture), and the limits
to its growth and its ultimate potential to satisfy global
demand for fishery production are as yet unknown, There
are also serious concerns about allocation of limited, valu-
able space in coastal zones between aquaculture and other
uses, and about the impacts of fish cultured for stock en-
hancement purposes on wild (particularly endangered)
populations. The current dependence of aquaculture on
fish protein as input (i.e.. feed)—another factor limiting
its growth—is controversial, with some arguing that fish
are better used for direct human consumption.

Another potential means for increasing world fish pro-
duction is to reduce both the amount of fish caught as
bycatch and the amount of bycatch wasted. The trend in
bycatch and discarding as a proportion of the global catch
is unknown, but there is no doubt that concern about
bycatch is increasing. Recent estimates indicate discards
comprise about one-third of landings globally. This is a
striking statistic considering that it represents just the
“tip of the iceberg™ of heretofore largely unaccounted for
sources of mortality, which also include such factors as
catch underreporting, recreational bycatches, fish killed
following contact with fishing gear, “ghost fishing™ of
lost fishing gear, and unrecorded recreational and sub-
sistence catches.

Recreational fisheries are increasingly important, par-
ticularly in developed countries. There is a need to de-
velop new tools for allocating fishery resources between
recreational and commercial users. For example, total
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allowable catch (TAC) and individual transferable quota
(ITQ) management, which are commonly applied to com-
mercial fisheries, may not be practical for most recre-
ational fisheries. But when a fish species is targeted by
commercial and recreational fisheries, management must
find effective ways to regulate both sectors or resource
conservation may be sacrificed in the absence of an ef-
fective allocation scheme.

Trends in Fisheries Science
and Management

Recognition of the ubiquitous nature of the uncertain-
tics that pervade all aspects of fisheries science and man-
agement has grown enormously. Concurrently. resource
assessments are becoming increasingly sophisticated in
accounting for uncertainty in the provision of manage-
ment advice. Evidence indicates that managers both want
and will use this information.

Uncertainty can be reduced, however, with regard to
long-term management objectives and policy. Regulation
by pre-agreed management procedures has considerable
advantages over the more common regime of annual quota
setting, and a trend of greater emphasis on the former is
apparent. Reaching agrecment on long-term policy is not
an easy task, and it becomes increasingly difficult as the
number of parties to a decision rultiplies and the het-
erogeneity of their perspectives and circumstances in-
creases. This is illustrated by the difficulty to define a
multiannual framework for the Common Fisheries Policy
(CFP) by Member States of the European Union. In this
instance, while there is agreement on what constitutes a
step in the right direction, there is concern about whether
evolution of the CFP is proceeding quickly enough to
avert more serious problems in the future.

One method for coping with uncertainty that has gained
prominence is the development and testing ot manage-
ment procedures that are robust to alternative hypotheses
about how stocks will behave in response to fishing. The
scope of assessments have been extended beyond those
that consider only uncertainty in parameter estimates for
a single model. to examination of alternative single-
species models, and even further to examining multiple
models with varying specifications of stock structure or
species interactions. Unfortunately, the management ad-
vice provided by different models is often qualitatively
different, leading to the result that no management policy
can be robust to all models. Weighting alternative hy-
potheses according to their relative plausibility has been
suggested as an approach for dealing with this phenom-
enon.

Scientists are now beginning to recognize and under-
stand large-scale temporal and spatial (decade long; over
ocean basins) “regime shifts.” These shifts are probably
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climate-driven and chaos-like phenomenon inherent to
complex systems. Regime shifts are associated with ma-
Jor changes in ecosystem structure (e.g., species compo-

sition) and function (e.g., productivity). The collapse of

North Atlantic cod stocks, poor ocean survival of Pacific
salmon, and coherent variations in small pelagic fish popu-
lations (anchovy, herring) throughout the Pacific may all
be part of regime shifts. How much fishing inftluences
these shifts (or if they can be controlled by management)
is not known. Variability on large time and space scales
places new challenges on scientists to diagnose and pre-
dict regime shifts, and to develop management strategies
that are robust in the face of such change.

In instances where there is potential for spatial and tem-
poral diversification in management. an experimental
approach may be a feasible means to reduce uncertainty
about resource dynamics. The implementation of such
an approach in an Australian multispecies trawl fishery
proved to be both economically and scientitically viable,
and was particularly successful at illuminating the cf-
tects of trawl-induced changes to benthic habitats.

Significant progress in understanding multispecies
fisheries has been made on other fronts. For example,
the North Sea multispecies modeling effort is the suc-
cessful outcome of a 15-year series of theorctical mod-
els, model-driven data collection, parameter estimation
for numerical models. and model verification against new
independent data. The question now is, “Can these model
results be translated into management advice and will
managers respond?”

The quantity and quality of scientific information avail-
able to address fisheries management problems are also
of concern. Unfortunately, in many parts of the world there
1s atrend towards deterioration in the quality of fisheries
statistics, which clearly increases uncertainty. There is
also concern that management measures, such as ITQs,

that are designed to combat the pervasive problem of

overcapacity may lcad to further deterioration of fishery
databases by increasing incentives to underreport, high-
grade, or discard fish.

Economic factors are increasingly important to fishery
managers, but the scientific information needed to assess
and account for them is woefully inadequate. At present,
there is little evidence of improvement nor is there suffi-
cient funding to ensure good progress.

The importance of non-monitory values (e.g.. from
recreation, cultural uses, existence, biodiversity) is re-
ceiving increasing recognition. In fact, with the net value
of commercial fisheries near zero or negative, it could
be argued that non-monitory values are the most impor-
tant. Unfortunately, even less is known about the social
aspects of fisheries than about the economics.

There is a tendency to encourage members of the sea-
food industry, recreational fishing interests, conscrvation-
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ists, and other stakcholders to participate in fisheries man-
agement. Many countries, such as Canada, New Zealand.
Australia and Chile, have recently initiated consultative
processes that are moving in the direction of U.S. fisher-
ies management councils, which have been broadly em-
powered for nearly 20 years. At the same time in the USA.
these councils have been subject to numerous criticisms,
such as failing to adhere to conservation standards and
favoring some user groups over others.

The trend toward broader involvement of stakehold-
ers in the fisheries management process is accompanicd
by increasing controversy. A causal relationship is not im-
plied, but it is possible. Controversies arc fueled by poli-
tics, lobbyists, and litigation. The scientific basis for fish-
eries management is subjected to greater scrutiny, which
undoubtedly improves the scientific basis for manage-
ment up to a point. However, when alternative “scientific™
views are posed and argued primarily as a tool to iden-
tify flaws that will undermine the management interests
of opposing interest groups, scientific advice, the scicnce
profession. and fisheries management may all sufter.

The principle of “freedom of fishing” on the high scus
and elsewhere has, appropriately, been eroding during the
past 50 ycars. The area of high-seas management zones
has declined as national jurisdictions have been extended.
During this decade, significant progress has been made
in establishing principles for internaticnal management
of highly migratory and straddling fish stocks and for
improving compliance with some high-seas management
measures designed to combat problems caused by ves-
sel reflagging. Progress to ensure that principles are put
into practice is a current urgent challenge. In the face of
the lack of international agrcement on how to resolve
high-seas fisheries issues, there has been a trend toward
greater use of unilateral actions.

Within national EEZs, open-access fisheries predomi-
nated most industrial fisheries and fisheries of developed
countries a few decades ago, but most of these fisheries,
and certainly most fisheries in the USA, are now subjected
to some form of controlled access. There is an increa~-
ing trend towards use of individual transterable quotas
(ITQ), with some countries having embraced this form
of management wholeheartedly although the overall im-
pact of this method on worldwide fisheries is still small
Unfortunalely, in the USA, the controversy over I'TQs hus
led to a moratorium imposed by Congress.

Where ITQs have been used, there have been benefits
and problems. The view presented about I'1TQs in New
Zealand is extremely positive, whereas the view of ITQs
in Australia and Canada is mixed. One positive aspect of
ITQs that seems to be exceeding expectations is the im-
provement in market opportunities, quality. and price of
fish products. On the other hand, initial allocation deci-
sions to implement ITQs are inherently controversial and
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difficult. Of course, delaying these decisions does not
make them any easier. Rules on rent extraction and quota
consolidation are tough decisions that should also be
addressed in the design of the management system. Once
ITQs are implemented, enforcement. bycatch and high-
grading, and data quality are difficult problems.

There is a trend toward imposition of user fees (or
users pays, e.g., New Zealand. Australia, some Cana-
dian fisheries, and even serious discussions in the USA).
This is inevitable as government budgets are cut and use
opportunities are restricted (no longer is the resource
available to everyone, and some users are given indi-
vidual rights). The trend toward “user pays” has also led
to user demands for a greater say in how funds are spent
for research and management. To the extent this increases
accountability and efficiency, it is a positive trend. But
the influence of paying users should not be allowed to
jeopardize the long-term public interest, which is not
necessarily the same as the users’ interest.

Small-scale fisheries, particularly in developing coun-
tries, present some special problems, owing to lactors
including limited data collection, resource assessment,
and fisheries monitoring and enforcement capabilities.
Management approaches such as gear restrictions, closed
areas or refugia, and community-based management may
be particularly appropriate, and evidently these forms of
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management have a tradition of use in some areas. Com-
munity-based management may entail delegating man-
agement responsibility for a geographic area or a share
of the overall allowable catch to a community. The com-
munity has responsibility for internal allocation decisions,
monitoring, and enforcement. Allocating quota shares to
communities is a hybrid form of management combin-
ing elements of community-based and ITQ methods.
Community development quotas, which have been allo-
cated to remote communities in Alaska, are an example
of this approach.

Final Comment on Global Trends

Fisheries, fisheries science, and fisheries management
are all changing, as is our experience with, and under-
standing of, the attendant causes and consequences. Fur-
ther change is incvitable as technology advances, popu-
lations grow, and less developed countries strive to
achieve the standard of living of developed countries.
These changes are all associated with an evolution from
the era when oceans and fisheries resources were con-
sidered so vast that they could not be damaged by man-
kind to a future of sustainable use, we hope. The chal-
lenge is to successfully manage the transition to morc
rational fisheries. The status quo is not an option.
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We organized this Individual Transferable Quota (IT! Q)
forum with intention of giving participants in the sym-
posium an expanded opportunity to learn about the ex-
periences that our foreign and domestic colleagues have
had with individual quota management systems. Further.
we wanted this to be an occasion for extended interac-
tion between speakers and the audience. In accordance
with that goal we have assembled two panels. To open
each panel session each panelist is asked to provide a
brief response to the following focal question: What is
the most important aspect or consequence of ITQ man-
agement from your perspective?

The first panel is chaired by R. Bruce Rettig, Agricul-
tural and Resource Economics, Oregon State University,
Corvallis, and it consists of the 10 speakers from the momn-
ing session on “Allocating Fishing Rights” as follows:

Lee Anderson, College of Marine Studies, University
of Delaware, Newark

Ragnar Arnason, Faculty of Economics and Business
Administration, University of Iceland, Reykjavik

Andrew Branson, Manager Technical Division, New
Zealand Fishing Industry Board, Wellington

Martin Exel, General Manager of Southern Bluefin
and Northern Prawn Fisheries, Australian Fisherics Man-
agement Authority, Canberra

Rognvaldur Hannesson, Norwegian School of Eco-
nomics and Business Administration, Bergen

Barry Kaufmann, Chief Economist, Australian Fish-
eries Management Authority, Canberra

Harlan Lampe, Las Vegas, Nevada. Formerly with
Instituto Fomento de Pesquero, Valparaiso, Chile

Phil Major, Director, Fisheries Policy, Ministry of
Agriculture and Fisheries, Wellington

John Pope, Lowestoft Fisheries Laboratory, England

James Wilen, Department of Agricultural Economics,
University of California at Davis

The second panel is chaired by Richard Marasco, Di-
rector of the Resource Evaluation and Fishery Manage-
ment Division, Alaska Fishery Science Center, National
Marine Fisheries Service (NMFES), Seattle. Members of
the second panel are drawn from the fishing industry,
government management agencies, and environmental
groups. The individuals participating are as follows:

George Clement, Director, Clement & Associates Lim-
ited, Tauranga, New Zealand

James Joseph, Inter- American Tropical Tuna Commis-
sion, La Jolla, California

Doug Hopkins. Environmental Defense Fund. New
York

Jim Mace, Scal.ord Products LTD, Nelson, New
Zealand

Stuart Richey, Richey Fishing Co. PTY LTD, Tasmania

Bruce Turris, Canadian Department of Fisheries and
Oceans, Vancouver, British Columbia

The narrative below is a slightly edited transcription
of the Panelist’s statements, comments and questions
from the audience, and the panelist’s responses. Ques-
tions from the audicnce are numbered in sequence of their
occurrence. If we were able to determine the speaker 's
identity from the tape recording, the name of the ques-
tioner was included in parentheses.

Panel 1

R. Bruce Rettig, Chair

Rognvaldur Hannesson.—Since I am from Norway. |
will make some comments on what has aappened there.
or rather on what has not happened. Some years ago, the
Norwegian Fisheries Administration became convinced
that ITQs in some form was the appropriate way 1o go in
fisheries management. They prepared a white paper. A
critical portion of the industry turned down the proposal.
Why? Uncertainty was a major part of it. The cost of entry
to the industry would be raised. Another part of it was
ideology. Privatization of a common resource was an idez
that did not go down well with some people. Opposition
came mainly from small-scale fishers who feared being
bought out by large fishing companies. Also, restructur-
ing of the industry was feared by some. Some regions of
the nation might lose a critical mass of economic activity
and finally be abandoned. Unwillingness to accept what |
think is a necessary step to economic change prevented
support for the move to ITQs. Finally, another factor was
uncertainty whether this would be compatinle with fisher-
tes policy of the European Economic Union, which we
have applied for but have not yet joined.
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Ragnar Arnason.—I would like to mention some of
the characteristics of ITQ systems. They work to increase
economic efficiency. This has been the experience in Ice-
land, in New Zealand, and in some fisheries in Australia.
Also, there are reports that experience with I'TQs in
Canada has been very good. So on both cmpirical and
theoretical grounds. ITQs increase efficiency. And we
are not talking about small figures. The total value of the
world’s fisheries is probably about US$70 or US$80 bil-
lion dollars per year. Based upon rent gains in fisheries
we have studied. it might be possible Lo have pure rent
gains worldwide on the order of US$30 to US$40 bil-
lion dollars. So it is pretty important to keep this in mind
and not be overwhelmed by the problems of ITQ imple-
mentation experienced in various countrics

Still, we must keep in mind the problems of ITQ fish-
eries. The ITQ system must be well enforced. But many
fisheries around the globe are organized in ways that
make it very difficult to cnforce property rights regimes
like the ITQ system. Certainly the volume of catches has
to be very closely monitored. In those cases where you
have many different landing stations, very high unit value
of catch, and where you have small-scale operators, it
seems to me it may not be feasible to operate the en-
forcement system needed for an ITQ regime. So this we
have to keep in mind. Also, we have to keep in mind the
social problems that are caused by ITQ systems, as men-
tioned by many commentators this morning. These prob-
lems can cause great controversy. Implementation of
ITQs implies a reorganization of production relationships,
which is generally resisted by the established groups. By
the same token, ITQs imply a redistribution of income
and wealth, they require new talents and new skills. and
they imply a change in the distribution of political power
and even social prestige. Finally, even to the individual
operators, even though they/ITQs look good on paper,
there is great uncertainty about how they are going to
work. Even if they are successful in creating greater ef-
ficiency, is the increased income going to be expropri-
ated by the government? So, it is not a surprise that ITQ
systems are resisted by some portion of the population.

John Pope.—1 think that I made clear earlier the im-
portance of getting your industry members on board. This
means that you have to develop a means of communi-
cating with industry. One thing that struck me coming
out of our own debate is that fishers actually see the world
differently than economists or fisheries scientists or ad-
ministrators. You may need to recognize that. I could tell
alittle story about the captain of one of our research ships.
“[ like my wife very much, John. But I don’t like to lie
alongside her for more that six nights in a row.” Fishers
are like that. They like going away to sea. and they like
catching a lot of fish. Its the nature of the animal, and
you have to recognize that. You have to ask yourself what
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your objectives are. In some fisheries it szems that eco-
nomic efficiency is not necessarily the objective. For
example. in Newfoundland the population cxists mostly
to fish: there is not much of any other reason for being
there. If you implemented an ITQ system there, it seems
1o me prelty uniikely to end up in the hands of guys fish-
ing in little boats out of out-ports. Yet they are the reason
you have a population left in Newfoundland. So you have
to decide what do you want of your population in gen-
eral. Because is seems to me that all rent gets dissipated
in the end: its just a question of where you establish your
boundary. Now, a dilemma I always give to economists
is a situation, like Newfoundland, where you have lots
of little boats and where they dissipate the rent on build-
ing lots of boats locally. Or in comparisor., you can have
a big industry with ITQs, lots or profits, very rich fish-
ers, and the rent all spent on wine, women and song
Now. Lee Anderson has a reason why that situation 1»
better. 1 don’t understand it, but he may give you an ex-
planation later.

Bruce Rettig.—The next speaker, Lee Anderson, has
played two important roles recently. He chairs the Mid-
Atlantic Fisheries Management Council and he was in-
strumental in the development of the first ITQ system
under the Magnuson Fisheries Conservation and Man-
agement Act. Lee also undertook a task for the Nationul
Marine Fisheries Service, visiting with people in every
region of the country, trying to design what might be key
elements of ITQs in various fisheries.

L.ee Anderson.—1I'1] address John Pope’s guestion
first. [ don’t believe that the ITQs necessarily go to the
biggest firms. They go to the more efficient folks, and
those are the ones that can harvest efficienily. People with
low opportunity cost of labor could end ug with the ITQs.
It could go either way. It is incorrect to say that ITQs
always go to the larger industrial fisheries.

I want to address the question posed by our convenors:
What is the most important aspect or consequence of I'TQ
management? [ would say, “Do it right from the start.
but be prepared to change if you have to.” Do it right in
two ways—the nature of the system and the implemen-
tation. The nature of the system has to do with the nature
of the property right. Who can own it? Permanence, trans-
ferability, what are the types of regulation used in com-
bination with the ITQ? What kinds of exceptions do you
have, such as Ragnar Arnason mentioned (in Iceland there
is a use-it-or-lose-it rule). Are you going to use taxes ¢
collect rent? If you want the property right in order 1
get the advantages that it brings, you shou'd have as ¢lean
and clear a property right as is possible.

Theory can tell how to design [property rights] from
the start. This is what we did in the surf clam fishery. For
example, if you want to have a tax system, set it up fromw
the start. Do not leave a lot of uncertainty out there. be-



ITQO FORUM

cause that will tend to lessen the advantages. Ragnar
mentioned that Iceland did not have a perfect system from
the start but that they altered the system over time. L agree
that you can learn from experience under the ITQ sys-
tem over time, but at the same time you may not be as
lucky as Iceland was that the changes went in the right
direction. I would mention that the new IFQ system for
halibut and sablefish in Alaska is not a perfect system
from the start. The limits on transferability between fleets
do weaken the potential for gains from the system. It
will be interesting to see what changes occur as the sys-
tem moves along.

The second thing that you need to do right from the
beginning is the implementation of the system. Barry
Kaufmann talked about this very eloquently carlier in
the program. [ think you have to make sure the initial
allocation is set up right. Then make sure the enforce-
ment system does not have serious loopholes. We learned
from the surf clam system that it is a lot harder to imple-
ment than you might think. You nced to try to anticipate
all the problems, but if you need to adapt the system later,
be very careful. Every time you change some aspect of
the ITQ, it weakens the system. NMFS has recently dis-
tributed a report on the surt clam system. I recommend
that the audience looks at that report if it is interested
about the details and problems of implementation. Look
at the problems of monitoring and enforcement; fix the
problems if they are really significant.

Bruce Rettig.—Before going on to our last panelist
from the northern hemisphere, I would like to point out
that we have not yet had a speaker talking about the Ca-
nadian ITQ systems. The Canadians have had some ITQ
systems of long standing, some run by the Province of
Ontario. There are a number of systems that have had
terrible problems. Our next speaker, Jim Wilen, was on
the faculty of the University of British Columbia and
has followed the progress of 1Q systems in Canada for a
long time.

James Wilen.—What is the most significant conse-
quence of ITQs? I want to take a big picture view. To me
the most significant aspect of these systems is that they
harness the power of rents. There is some nice symme-
try here. In traditional fishery management systems—
regulated open-access systems—rent is the source of the
problem. Rent drives all the conflict between the regula-
tors and the industry in open-access systems. In contrast,
in ITQ systems rent becomes the motive for individuals
to make conscious, foresightful, conservation-minded,
rational decisions about how to use the fisheries. To me,
the differences in the role of rent in the two systems is
astounding and is the major difference between the two.
In deciding whether it is worth shifting from an open-
access system to an I'TQ system, a common mistake is to
think that the fishery will stay about the same if we don’t
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do something about it. That’s false. Ir will always et
worse. The pressure of rents is building in fisheries. Popu-
lation growth drives prices up, and potential rents are
always growing in traditional fisheries. So problems are
bound to get worse in the future. When thinking abouwt
whether it is worth absorbing the transaction costs and
overcoming the inertia of open access, we must think
about what the system is going to be like a few years
from now.

[ want to give a quick example of how dynamic the
system is. In 1980, the British Columbia halibut fishery
was fishing over a period of about a ronth and a half
Because the government was worried about excessive
entry, they implemented a limited entry system. Thal re-
stricted the number of vessels to 435. What happened
over the next 10 years was rather astounding. The fish-
ers switched to circle hooks, which increased their pro-
ductivity dramatically. As a result, the regulators had to
start shutling the season earlier. In response to that, the
fishers installed automatic baiting equipment and other
things to increase their fishing power. As a result of that.
the regulators had to crank down the season length even
more. The fishery was backed into a 5-day season in 1990,
even with a limited entry program in place. So, these
syslems are vulnerable and dynamic. There i1s always this
force behind them which is exacerbating the manage-
ment problem. Those of you who are in management
should be thinking about this. Things are not going to
get better.

You want to think about what is coming out ol the
systems where ITQs have been adogted. In the New
Zealand snapper fishery [TQs are leasing for as much as
NZ$6,5000 per metric ton (mt). That is 2qual to US$2.00
per pound. Groundfish fisheries off the USA are making
about 30 cents per pound. So the ITQ system has the
power to generate great rents. While many of our fisher-
ies are not earning rents, the fishery is essentially value-
less.

Bruce Rettig.—Thank you, Jim. Now it is time to take
some questions trom the audience.

Question #1 (Ray Hilborn).—My question is directed
to both Lee Anderson and Jim Wilen. Lee said that he
expects the catch per unit effort to increasc in fisheries
under ITQs. while Jim says that the catch per effort will
decrease as fishers try to maximize the value of the quota
they own. My experience is consistert with the latter.
However, in cases where a fish stock is declining betore
the managers implement an ITQ, the stock should in-
crease. You have to be very, very careful in how you
measure catch and effort in an ITQ fishery.

Lee Anderson.—Yes, | agree.

Question #2 (Steve Pennoyer).—Lze. you are right
that we have a lot of “bells and whistles™ on our ITQ
system in Alaska. This is in part due to the fact that Alaska
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is somewhat like Newfoundland, in that in many of our
coastal communities people have little else to do. The
question is for Arnason. You mentioned this morning that
you have geographical allocation of individual fishing
quotas, and you have a process. I think, by which com-
munities vote on transfers of quota. Could you explain a
little more about how the Icelandic community relations
program works?

Ragnar Arnason.—There are geographical restric-
tions on the transferability of the quotas within the year.
If operators want to transfer those quotas within regions.
they will have to seek the agreement of the municipali-
ties in the regions in question . If the municipalities ob-
ject to this transfer, it is up to the Minister of Fisheries to
decide. It turns out in Iceland that very few transfers are
blocked by the municipalities and the Ministry. Some-
what unexpectedly, there has been very litlle geographic
reallocation of the permanent quotas.

Question #3.—1 have a question concerning the ef-
fects of [TQ systems on catch information. We have ex-
perience in Australia where, after the implementation of
ITQs in the South East fishery, the actual catch for or-
ange roughy (one of the most significant species in that
fishery) was estimated to be somewhere between two
and three times the reported catch. As someone involved
in stock assessment, that is of concern to me. My second
comment relates to the costs of the system. The increased
cost in terms of administration, surveillance, and rescarch
sometimes engendered by these systems is particularly a
problem in Australia where we have a number of rela-
tively small and low-valued stocks. The cost of the imple-
mentation is more or less independent of the size of the
fishery. So you have a significant economic cost. Since
the ITQ seems to be an economic response to an eco-
nomic problem, [ wonder if there have been any serious
analyses of costs and benefits after the introduction of
these systems.

Lee Anderson.—I am currently doing an analysis of
surf clams and have yet to come up with the numbers
you may want.

Question #4.—Several of the panelists have men-
tioned the component of enforcement in ITQ systems.
Ragnar noted this morning that there is a quota fee of 0.4
percent of the value of the quota. What do you get for
this fee? Is it for enforcement?

Ragnar Arnason—The fee is a contribution towards
the cost of operating the management system. We esti-
mate that roughly 1.2 to 1.4 percent of the value of the
catches can be attributed to the management of the IQ
systems. So the fee currently covered one-third of that.

Question #5.—What about the enforcement system in
Iceland. Do you have observers aboard fishing vessels?

Ragnar Arnason.—The enforcement consists of a
very extensive landings control system. Every landing is
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measured by weight. There are also observers and land-
ings controls in foreign countrics where cur fishing ves-
sels might actually take their catches. We also have 4
secondary measure. We monitor the output of fish pro-
cessing factories and compare these outpats with the re-
ported inputs.

Question #6 (Francis Christy).—Clearly there should
be access control for this microphone! I suggest an auc-
tion system. [ am interested in the panel’s response to a
question concerning extraction of economic rents. This
is a matter ol some concern here in the United States
regarding revision of the Magnuson Act. I would like to
hear the views regarding whether rents should be ex-
tracted, and if so, at what level. Should it be sufficient to
cover the cost of research, or research and enforcement?
Should it cover a buy-back program or something like
that? Or. at the other extreme, should the entire rent be
extracted. Also, it would be interesting to hear what the
panelists have to say about the system for extracting
rent—should this be a user fee, 4 tax, a royalty on the
catch, or an auction mechanisms? Should there be a prop-
erty tax on the property right? What other kinds of mecha-
nisms might be available for extracting those rents? What
would be the consequences of that extraction of rents on
the fishery? These questions should probably be the topic
of another conference. but it would be nice to get your
reactions on this. Thank you.

Rognvaldur Hannesson.—First, | can understand the
argument for letting rents remain in the industry. That is
simply to make the system more entrenched. and to as-
sure the participation of the industry in rnanagement of
the fisheries. After all, I think the main benefit of the
ITQ system is that the process becomes industry-driven.
instead of being driven by public officials. And we all
know what that system has resulted in. As | emphasized
in my talk this morning, [ tend to favor the extraction of
rents for two reasons. First, I think that these resources
should be regarded as being owned by the people living
in the district of these resources. Secondly, the extrac-
tion of rents supports the legitimacy of the system. There
is no doubt that in Iceland, for example, resistance t¢
this system has developed because people have seen that
some chosen few have been given assets for free, assets
they have later been able to sell. That does not go down
well with the general public. I think that the legitimacy
of such systems could be enhanced by rent extraction.

There arc various methods for doing this. One is to lel
some portion of the quotas disappear each year, so thal
people will have to buy them back in crder to stay in
business at the same level. As far as I can sec. this would
amount to a neutral tax on rents,

Lee Anderson.—I would disagree with Régnvaldur on
collection of rents for two reasons. One, il you say the
system creating rents drives people to do the right thing.
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and then you turn around and have the government col-
lect the rents, you take away the incentives to do the things
that you want. This lead 10 a principle—-agent problem. [
would be very careful. I would say cost recovery. based
on a tax of fish landings might be useful.

Question #7.—I note a problem that we are likely to
face in European waters. That is that you only own a
share of the total stock. So if you buy a share, you are
buying a flat on the top of a building that is also owned
by other European-flag boats. I wouldn’t care to do that
unless you could introduce the system on a European
basis. But then you run into the problem that French and
Danish interests in the fish meal industry for herring are
completely different from the Dutch interests in the her-
ring fishery for human consumption. Then you have to
match those issues first before you try to impose a sys-
tem like the ITQ system,

Question #8.—Yes, my question deals with the initial
allocation when you first set up the ITQ system. We heard
of several methods of doing that this morning. They range
from allocating equal proportions of the quotas to each
license holder, to allocating them in proportion to his-
torical catches or in proportion to hold capacity. What
would the panelists recommend for future allocation
schemes? In particular, what methods would work best
to obtain agreement among the group of people that you
have recommended to actually do the initial allocation?

Ragnar Arnason.—I think the method of initial allo-
cation is mainly a political question. There is no fixed
rule here. First, from the viewpoint of economic effi-
ciency, it doesn’t really matter how the quotas are allo-
cated as long as the quota market works fairly well. So
the question boils down to the allocation of wealth and
income associated with quota ownership. There you have
to look at the particular situation. What is acceptable to
the population at large? From my own viewpoint, 1 would
like to see quotas distributed widely. preferably to every
individual in the population. That would deal with the
question of whether to appropriate the rents from the re-
source, since by and large the initial recipient of the quo-
tas will get most of the rents generated.

Question #9 (Jim Easley). | have a two-part comment.
First, many of our fisheries are participated in by both
recreational and commercial fishers. Many of you may
be aware that on the U.S. east coast and on the Gulf of
Mexico, some of our fisheries have a larger recreational
harvest than a commercial one. This may also be true in
other parts of the world. My question is whether ITQs
can be effective for those stocks that have significant
recreational sectors. My second question is whether panel
members have considered how to include the recreational
sector in the initial allocation.

Lee Anderson.—The short answer is that you can set
up a percentage of the annual quota to go to the commer-
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cial and recreational sectors. Then you have both sector
quotas go up and down with the total allowable catch
{TAC). The recreational sector could continue to be regu-
lated with bag limits and other regulations. The com-
mercial sector could be regulated within its share of the
quota.

Andrew Branson.—In the New Zealand snapper fish-
ery, we have a rebuilding program, wtich Ray Hilborn
alluded to earlier. If you were to close the fishery (o1 a
large number of years, you could get something like a
10% increase in biomass. The problem is that if. whilst
you are doing that. you don’t restrict the recreational
catch, then the recreational sector will continue to ex-
pand. In 10 years time, when the commercial industry
reopens, all the rebuild will be allocared to the recre-
ational catch.

Question #10.—[ have a question concerning the dan-
ger of aggregation of quotas under an ITQ system. That
danger would seem to be particularly severe where yeu
have quotas allocated to a mixture of established indus-
try and disadvantaged communities. Has there been ex.-
perience with ITQs in such a mixed system. and if so. <
there an effective and acceptable method to avoid the
problem?

Jim Wilen.—The issue of aggregation and consol:-
dation is a complicated one, and I don’t think that vou
can predict whether there is a tendency to aggregate or
not. I think that actually fisheries are toc complicated to
figure out whether consolidation will be a real concern
ornot. If it is, you can put on aggregation caps as is done
in a number of fisheries. Another thing was done in the
British Columbia (B.C.) halibut fishery. After the initial
allocation is done, you have a period in which sales ol
quotas are not allowed. You have a period in which yon
watch the system until it settles down. Ragnar talked
about asset markets for ITQs. They are volatile because
at the beginning investors are trying to forccast some-
thing that no one has good information about. I think the
B.C. system was very sensible. Put a lid on the system.
and see what forces develop in it beforz you let it go.
Then if it looks like there will be an undesirable degrec
of consolidation. you can put caps on it. Also, this gives
the participants some experience in figuring out how the
ITQ markets will equilibrate. If, during the trial period.
you allow people to lease quotas, you can figure out from
the lease market what is likely to happen to the assel
market. This could be very important because at the be-
ginning the market will be very uncertain and it will be
unclear what level of asset price is likely to occur, or
what forces are likely to cause consolidation and changes
in industry structure.

Question #11 (Jake Rice).—First, I want to make an
observation based upon the past few comments. It sounds
like fisheries are run as a tool of economics in a country.
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I have been dissatisfied by answers I have heard to the
question concerning fisheries that have an important so-
cial role. It sounds that there are some real problems with
1Qs for which we are getting rather cavalier answers.
The question I want to pose is whether therc seems to be
capital flowing into successful IQ systems. based upon
the ability of these systems to attract capital. Then the
fishery becomes more and more reliant on that capital to
run the fishery. What many of us have to deal with is not
how such a system would work in good times, but rather
how such a system would react to a crisis. Walching any
other commodity market faced with a poor ¢crop progno-
sis you see money flow out of the market very quickly.
Will a similar thing happen in these [Q systems. The first
time we get a pessimistic stock forecast, and we need
money for enforcement and the rescarch most, will the
capital flee elsewhere? This will make the system worse
rather than better when the crisis hits.

Rognvaldur Hannesson.—1I don’t think that the fish-
ing industry is a very good instrument of social policy.
Where this has been tried, it has ended up more often
than not being a disaster. I think we have to face the fact
that the fishing industry is primarily targeted towards
producing products to be sold in highly competitive mar-
kets and creating income for its participants. To the ex-
tent that you try to realize a social objective at the ex-
pense of the economic viability of the fishing industry,
you are making your industry less competitive in the in-
ternational market for fish products. By emphasizing
social goals and social policies we might be getting the
industry trapped in poverty, an escalating circle of pov-
erty. This doesn’t let people compete in international
markets with their products. It would be more sensible
to let the industry operate along lines of economic effi-
ciency. It would be better to produce an economic sur-
plus, which could be invested in other industries for the
benefit of the people in areas dependent upon fisheries.

Question #12 (Pope).—It is quite interesting to com-
pare Iceland and Newfoundland. They have similar sorts
of climates and resources, yet they are managed in such
different ways. And I can’t see that you are right. When
fishers think of conservation, I think it means to them
that their sons will be able to go fishing. That is the one
concern [ have. Yes, it will produce a viable industry. but
will it be their sons that will go fishing? It reminds me of
the enclosure movement in England that forced English
peasantry off the land. So it may succeed, but will it suc-
ceed for the guys who are in it now?

Bruce Rettig.—All right, thank you for your com-
ments. Now it is time to go south of the Equator. Harlan
Lampe. it is your turn to make some comments.

Harlan Lampe.—I would like to direct my attention
to the question posed by the organizers. In Chile. we have
fisheries with two important characteristics: they are

ITQ FORUM

mixed species fisheries, and they are integrated. Mos
fish plants own their own boats and produ.ce at least 60%
of their own inputs. So we have institutiona: quotas. We
don't really care what boat produces the fish and what
boat doesn’t. We also have small-scale fleet independent
operators, both industrial and artisanal boats. So we needl
to have quotas in several categories—institutional quo-
tas for the integrated operations and vesscl quotas for
the small, independent vessels. We have more difficulty
controlling the operations of the small vessels than the
integrated operations. From the integrateci operations, we
have information flowing continuously on the fishing trip.
One additional, problematic point. It is my estimate that
we used 1o have 30-35% overcapacity in our fishing flect,
and 30-35% overcapacity for processing fish meal in
Chile. Recently, an unusually high price of fish meal in
relationship to soybean meal prevailed until the end o-
1993. This encouraged investment. Add the fact that there
is a surplus of fishing boats in the world, and we sud-
denly had fishing boats of 1,206) mt capacity searching
for sardines and anchoveta. These boats are not particu-
larly efficient. I would estimate that in some areas we
have no less than 50% excess harvest capacity. Anothe -
factor is that in San Antonio, in the center of Chile, we
have an investment in capacity to process fish meal of
about 1,000 mt per hour. But there is no fish to be pro-
cessed al this time. So we are in a crunch in the small-
scale fisheries, where we would like to control capacity.
We have such great overcapacity that the resistance to
change is very great and we have had difficulty getting
the industry to follow our lead on this. These are the fuc-
tors that are particularly important to us.

In other countries. 1 think you also have integrated
operations. You cannot talk about just tishing boats a-
though they are the only factor in the expoitation of fish.
You have a large system and infrastructure which is also
over-scaled. This makes the estimates of economic waste
(that Francis Christy has made) much smaller than it
might seem.

Andrew Branson.—I just want to tell a short and simpl::
story. This predates the quota management system in New
Zealand. But it led me and others involved in negotiation
over the system to see the possible ITQ benefits. It occurs
in the very far south of New Zealand, 47° south latitude.
well into the “roaring forties,” in the Fouveaux Strait oys-
ter fishery. Rough water occurs there, and the fishery takes
place in winter when there are high waves and cold winds.
There is a fleet of 24 boats, all in the 70-foot class. They
are dredging for oysters in depths of anywhere trom 110)
to 150 feet. There is a total quota, with competitive catct.
of 115,000 sacks each season. The scene: is set one dark
and stormy morning. It is half past four in the middle of
winter. The twenty-three boats are all lined up against the
wharf, lights on, engines running, the crews onboard. The
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wind is rising and whistling through the rigging. and they
all know that the seas are building on the outside. They
are asking themselves: Shall we go to sea or shall we stay?
All of the sudden the boat at the end of the wharf line casts
off his lines and he heads for sea. Within 2 minutes the
other 22 do the same. They have a rotten day at sea and
burn a lot of fuel and break a lot of things and don’t catch
much. One morning exactly this thing happened. The first
boat to cast off was the fastest boat in the fleet. The skip-
per cunningly headed out of the harbor, but then turned
his lights off, killed the motor, and ducked into a little bay.
He watched the other 22 going past, fighting their way
through the chop. After they pass, he turned back, went
home and returned to bed—very sensible. And the others
had a miserable day, didn’t catch much, and burned a lot
of fuel.

Anyway, the fishers began to think about these sorts
of things. In this fleet the very best boats were catching
about twice the amount of the worst boat. But most boats
were catching in the neighborhood of about 4 and one-
half to 5 thousand sacks each. They suddenly had a bright
idea. If you divide the quota of 115,000 sacks by 23, it
comes out to exactly 5,000 sacks per boats. So we dis-
cussed with them, and eventually discussed with the min-
ister of fisheries, why don’t we have IQs? The Minister
said, “Yes, for one year, without precedent. by way of
trial. you can have a 5,000 sack quota each.” So next
winter, the first dark and cold morning with the wind
rising and seas building up, not one single boat had its
lights on, its engines on, its crew aboard. That sort of
management has continued in that fishery ever since then.
That experience was discussed at length among the in-
dustry as they planned and discussed and prepared for
the change in culture for ITQs. The 23 boats can now
plan their fishery. They plan when to go to sea. [f'itis a
rude moming they don’t have to go because no one is
going to beat them to their catch. They have 5,000 sacks
to catch when they want and where they want. Ray
Hilborn is right, the CPUE is not indicative of the status
of the stock because they go where they get the best oys-
ters, not necessarily where they get the most oysters. But
they can plan their investment and their fishing days. It
used to be in this fishery that the majority of the catch
was harvested at the start of the season. In March you
had a glut, in August you had an under-supply. Now you
can plan your distribution. The processing factories were
short of oyster openers one day. they were laying off
workers the next. No more. Now they can plan their oys-
ter deliveries, they can plan labor requirements.

For me this was a good lesson. It tells me that in the
pre-1TQ, as much as in the ITQ system, the most impor-
tant factor was ability to plan your own destiny: to plan
your own business and to generate these funny things
that economists call efficiency and rents.

Phil Major.—What Andrew didn’t tell you was that
there was a lot of money in that fishery, and that it col-
lapsed. and that all the people are busy working together
to restore that fishery. They are doing a lot of research.
That is what happens when a fishery declines like that.
You get a community effort designed to reinforce what
they have already achieved.

I want o elaborate on what I said in my address this
morning. First. you have to understand there are two
competing philosophies here in terms cf property rights
and other mechanisms for managing fisheries. You have
the traditional way of regulating public sroperty and you
have private fisheries. You have an intervention arrange-
ment with input controls, and a non-intervention arrange-
ment with [TQs. You have a prescriptive arrangement
without ITQs, and you have an ability to choose with
ITQs. That is the fact that Andrew was describing in the
oyster fishery. The ability of people to choose how to
run their affairs. Isn’t it amazing that we still think we
can tell people how to run their own affairs.

Second. because of this differential philosophy, prop-
erty rights in one guise or other are equally suitable for
indigenous fisheries; they are suitable for high seas.

Third, who is going to manage fisheries in the future?
I see here in this room this cozy arrangement in which
there is a group of fishery management people. a group
of fishers, a group of academic people. There may be
some indigenous fishers, but very little environmental-
ists. Let me tell you this. World fisheries are 68% over-
fished. This is appalling. It is partly becausc of the cozy
arrangement between fishery managers end fishers. There
is vacuum here, and it will not be filled by fishery man-
agers unless we seize some new initiative. It is going (o
be filled by conservation managers. They are coming
down the road and they will seize control from you. And
you will face a series of draconian fishery management
measures. You have already seen this with the high seas
driftnet fishery. New Zealand was one of the principle
advocates of that. I was all for rational fishery manage-
ment. 1 didn't think we needed a comp.ete moratoriurn.
But the Minister of Fisheries said, “Thanks for your ad-
vice, but we don’t really need it.” It had become, due 0
the conservation movement, a moral dilemma. You have
seen that with turtles:; and you have see it in a different
way with marine mammals. The reality is that conserv.-
tion groups—these are people that have claims to the
property right—are going to grab the high moral ground.
They have every reason to do this, particularly when vou
look at the waste and gross overcapitalization in world
fisheries. So we have got to make up our minds what we
are going to do. If you do not grasp the opportunities
that are here. the conservation groups will. And they will
impose a range of controls on you that you find to be
absolutely alien.
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I have a couple of follow-up points. There was a ques-
tion raised about economic rents and reasons why you
want to have them. First, the conservationists have a good
point. There should be some payment for damage or
modification of the resource. Second, this is a public as-
set. Someone said that everyone in the country should
be given a share of the rent; that would be one way of
distributing the rent, I suppose. But the reality is that
you have had people in fisheries for many years, and
that rent has been used to support employment and ex-
cess capital. I think you should lcave that rent there so
that the industry can make its own adjustments. I don’t
think you can anticipate where and how the industry is
going to change. In the New Zealand snapper industry,
we have had changes towards smaller vessels going into
longlining, employing more people, and getting higher
value for their fish. So we have actually seen an increase
in employment. I agree with Jim Wilen's carlier state-
ment that you can't predict these changes. So don’t get
carried away with that particular issue.

One of the questioners claimed that we were giving
cavalier answers. Unfortunately, in a private enterprise
system you can’t predict how people are going to shift
their capital or what direction they will move. So you
have to be a bit glib. But equally I think it is cavalier 1o
say that we can make social decisions for other people.
Certainly in an artisanal fishery, if you are worried that
because of a lack of education or sophistication they will
sell off their rights, you could make some rules to assure
that that doesn’t occur. But what you also have to under-
stand is that those poor people have no rights now, and
their rights are currently being imposed on by people
entering their fishery. So if you give them some rights,
at least they have something to protect. In the event of a
fishery collapse, certainly you have to include measures
to help people work together to come to a consensus.
Andrew Branson mentioned earlier what we are doing
in New Zealand to help encourage quota holder associa-
tions and stakeholder associations to assure that you don’t
have people trying to race each other for fish.

Bruce Rettig.—Thank you. Barry Kaufmann.

Barry Kaufmann.—It was nice to hear John Pope
say that there was little doubt in his mind that there are
significant economic benefits to be had from ITQs. |
agree. Actually. the only fishery I have seen where it has
gone badly was the South East trawl fishery in Australia.
Implementation was the major problem there. One of the
major benefits I have heard about from fishers is safety—
not an economic factor. The fact that they don’t have to
go out in storms, that they can spend a weekend at home
if they choose. Often you hear that fishers are not busi-
ness people, that they just want to go out and fish. Yet
every fisherman I know under an ITQ system says that
they would never go back. If you ask them if it is per-
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fect, they will say no. If you ask if they want to go back
to input controls, there is no doubt about it, they do not
want to go back.

This social policy question is a wild one for me. Take
the Newfoundland situation and examinz what you have
done there. Basically, you had input controls. You had
massive expenditures for fisheries biology. It has done little
for the fishers. You had massive expenditures on fisheries
management. It not clear to me who has benefited other
than bureaucrats. What has been the outcome of all this?
Basically, they have closed the entire east coast. So if you
are concerned about [TQs and social considerations, what
about input controls and social planning? It is not clear
that it has gotten you anything but grief.

Martin Exel. —The main points I would likc to make
concerning 1TQ implementation are four in number. First.
take time, and get industry support. Second. change the
framework; get bureaucrats out of management and gel
industry into it. Third, spend time to get your allocations
right, because that is essential. Lastly, ensure your legis-
lation is correct and your enforcement capacity is there
from the very first.

Bruce Rettig.—Thank you very muca Martin. Would
people asking questions from the audierce please queue
up at the microphones.

Question #13 (J. Hastie).—My question is in the con-
text of trawl fishery off the U.S. west coast of the USA.
a fishery that is typified by vessels of less than 75 feet in
length and where a high degree of observer coverage s
not anticipated. The fishery pursues a number of differ-
ent assemblages with a variety of species, of which some
are currently under quotas and some are not, and the ra-
tio of species in the catch can vary quite a bit from trip 1o
trip. Do you see potential for applying an I'TQ system to
fisheries such as this without an observer program? (f
$0, could you suggest what measures ne=d to be stressed
in designing the system.

Phil Major.—The answer is quite simply, “Yes.” In
your race for fish, people are not bothering about what
they are catching, what the mix of species is or what-
ever. They just want to get out there and catch as much
as they can. now. As noted by Andrew Branson, once
you issue individual quotas, people will begin to figure
out better ways of getting more value for their catch. In
our oyster fishery, for example, fishers began figuring
out how to get the best oysters instead of the most oys-
ters. You actually put time into people hands to think
about these issues, and they will start working out how
to differentiate between the ditferent bycatch species. We
have seen this all in New Zealand. People say “Oh, we
can’t work out the bycatch, give us more quota.” They
are after the rent. So we stand hard o1 it and say we
aren't going to give it to you. The fish are not as much
together as the fishers would have you believe. I was
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just at a conference where people from the United States
were showing how fish differentiate by temperature in
the water column. People are actually able to target ex-
actly what species they are going to catch by using tem-
perature gear. They have been able to eliminate all the
bycatch that they had previously experienced. Also. |
don’t think you should assume that they are going to
continue trawling once they have ITQs. They are going
to seek ways to use that resource more effectively to make
more money. As another consequence of that, they will
start looking at the bycatch—thinking, “How are we
going to make money from this stuff?” Then the bycatch
will begin to be used effectively too.

Question #14.—One of the important conscquences
of the catastrophe in the Atlantic groundfish fishery is
that people start looking around for scapegoats. It would
seem that partially implemented I'TQs are being held up
as a scapegoat in that particular catastrophe. I am won-
dering in the case I heard from Iccland and New Zealand,
where we heard that in the initial evolution of [TQs there
was a mix of effort and quotas in place, about the rheto-
ric we hear out of the Department of Fisheries and Oceans
in Canada now being that we should have an ITQ sys-
tem and input controls to go with it. So there could be
catch limits per trip together with a seasonal ITQ. This
seems to be at cross-purposes. In the case of Iceland and
New Zealand, does it seem that that mix of regulations
is feasible? And, if not, how can we persuade our admin-
istrators and scientists in particular how to do 1TQs?

Andrew Branson.—One of the papers I alluded to
earlier, authored by Mike Sissenwine, took a look at the
New Zealand situation. [t said something similar, that in

the evolution of ITQs there should be an elimination of

regulations controlling the inputs to the fishery. That
paper describes how the input controls had not disap-
peared at that time. I can report that those regulations
have still not disappeared. In terms of putting fishers in
charge of management of their fisheries, they certainly
like ITQs, but they also like being involved in the other
elements of their fishery. And for a variety of reasons, in
a variety of fisheries in different places and different
times, they still have reasons for other kinds of control,
of collective discipline about fishing. Such things as fish-
ing in daylight, but not at night. In one fishery, for no
apparent logical, economic reason they imposed upon
themselves daily trip limits. The limit was related to what
they could carry safely; it was related to what could be
processed on shore during the day: it was a collective
industry agreement. So, I believe that there is scope for a
mix of quota management and a whole raft of other con-
trols, if the industry wants it. If they see that is rational,
they will accept it and they will do it.

Question #15.—In New Zealand the law is pretty
settled that the quota share is a property right in perpetu-
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ity and if it is ever revoked it is compensable by the gov-
ernment. In Australia and the United States. the position
of the government is that the quota shares are revocable
harvest privileges, and therefore arguably not compens-
able hy the government if the regime is revoked.

My question is, “Where governmen:s hold that the
quota share is a revocable privilege, does this jeopar-
dize. and to what degree, the economic benefits derived
from ITQ programs?”

Phil Major.—Well, [ cannot answer for the United
States, but I think that once you allocate property rights.
it doesn’t matter what your legislation says about modi-
tying them or taking them away. You will find it very.
very hard to revoke them. That is why I say that you
need to think very carefully about it before allocating
the quota shares. In New Zealand we now know that a
catch history will convert into property rights. We were
issuing permits to harvest in a fishery with the stipula-
tion that the permit would not establish a right to a caten
history. The courts did not agree with us. It is very diffi-
cult to go back.

Question #16 (Jay Ginter).—I have a question for Mr.
Major. In his presentation, he spoke of the policy—dely-
ery split and the “corporatization of delivery.” [ wanted
to know whether he could expand on that. Does this mean
contracting for administration?

Phil Major.—Yes, it does imply contracting. The idea
is to create an organization responsible for the functions
of administration, enforcement, and research, which 15
separate from government. Why we call it “corporatized™
rather than “privatized” is that it may be a body that s
owned by government but will have directors from the
industry and other interest groups appoirited. So it is sort
of a half-way house. Once it is corporatized. it could ten-
der out or contract those services, and it would also be
responsible to the Minister of Fisheries for the range of
decisions that it makes. My colleagues here {rom indus-
try would probably argue that that is not an optimal situ-
ation; they would rather see those functions privatized.
although there would have to be an effor: to include rep-
resentatives of other interests groups, including
recreationists, conservationists, and the Maori. And what
government should do is retain some veto right over their
actions or over the plans they intend to institute, and set
a range of standards by which the privatized managers
would operate.

Andrew Branson.—My colleague from the New Zea-
land government has stolen my thunder. He is dead right.
From the industry viewpoint, we are in a “uscr pays™ and
50 “user says” regime. We are not interested in dealing
with monopolies, whether they be companies from Ar-
kansas or government-owned enterprises. We don’t care
who does the job so long as it is done effectively, effi-
ciently, and economically. We think that we should buy
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the services of administration, to the extent that we can,
where the services are provided best. [ quite understand
that the government will retain their own policy unit, and
if they do they can pay for that, But where we arc spend-
ing our money in the futare, we should get best value for
money. We don’t really mind who supplies the service.

Question #17 (Nina Mollct)—I have both a comment
and a question for Phil Major. The comment is about
corporations and companies. | think we have a little dif-
ferent situation in the USA, because we have corpora-
tions whose annual expenditures on lawyers and lobby-
ists probably exceed the annual GNP of New Zealand or
Iceland. We have fishers in Alaska, for example. who
are concerned about investments in fishing going to com-
panics who have not been fishers but who have becn
chicken farmers or soup manufacturers. [ think this is a
real concern, and I share the concern that this distribu-
tion question has not been fully addressed. The question
regards environmental concerns. In the North Pacific
Fishery Management Council meetings. there have been
quite a few environmental groups who have come for-
ward with ideas for somchow rewarding “clean” fishers
when we go to an ITQ system in Alaska. Pcople who
have been fishing fast and furiously should not neces-
sarily be totally rewarded for that. Somehow we should
come up with a system that rewards people who have
already been conservationist minded. Do any of you have
thoughts about that whether there is a reasonable way to
do that, or is it “pie in the sky”?

Phil Major.—First, if you go to ITQs, in due course
you will eventually get rid of most of the lawyers. be-
cause you will be doing things for yourself and you won't
have other people trying to manipulate your property for
you. The issue about the sharing of the resource is a very
valid one. When we took this issue to the government in
the first instance, and proposed the 1TQ regime, they
looked at it and said, “My God, the people that will ben-
efit from this are the people who have been out there
raping the resource. This doesn’t seem quite right.” This
is what the conservationists have been saying, that there
ought to be a charge for this program. But once every-
one was in agreement regarding the direction to proceed,
politicians really did not question that any further. And |
think that it is quite legitimate to ask how you allocate
these rights out. As I said earlier, if for the sake of effi-
ciencies you don’t want to charge a rent to individuals,
you could retain some of the quota for the government
instead of allocating out the full catch histories. That in
itself is a way of penalizing those who may have been
somewhat responsible for the excesses of the past. Of
course, fishers don’t ever believe that they were respon-
sible. The reason that excesses occurred is that govern-
ments allowed them to do so and provided no incentives
for them to act in a different way.
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Question #18.—1 am curious about the question ol
high-grading. T wonder how that has been dealt with by
the various countries. Is there a mechanism in place to
prevent that from becoming a big problem? It seems that
once an ITQ is in place, the high-grading could become
4 big issue because it is so wasteful.

Andrew Branson.—Yes, there is a legitimate question
regarding high-grading. The fishers will target the better
{ish and shape their season to obtain the better market price.
but I understand that that is not what you are talking abou.
In my comments this morning, 1 tried to irdicate that there
were at least three fisheries in which high-grading was
contributing very significantly to oversight and enforce-
ment issues. In one of those fisheries, there are accusi-
tions of high-grading and denials of high-grading. This
oceurs in a fishery in which recreational interests and com-
mercial interests conflict. The industry has provided funds
for an observer corps and for various overtlights of the
fishery to establish daily positions of the fishing and to
demonstrate the extent to which it does or does not oceur.
A lot of industry disciplinc is taking place. We think that
the claims of high-grading are very excessive and that we
will demonstrate exactly what takes place.

Question #19 (Alain Laurec)—I wonder if I am the
official uneasy observer of this very interesting sympo-
sium. Because listening to this discussion of ITQs, Lam
just wondering whether the passion, talent, and enthus.-
asm of some success story teller could become counter-
productive. You appear to be very hard-selling about ths
management tool. I wonder whether there are two nsks
following your discussion. First, the long-term objectives
must be defined by politicians. One could wonder
whether maximizing the rent is the objective for the poli-
ticians. I notice that in the European fisheries, for per-
fectly acceptable reasons, people try to rnaximize jobs at
sea in specific areas in, for example, the next 10 ycars.
This is a legitimate choice. Second, we are also choos-
ing for the fishers. We seem quite convinced that fishers
need to be included more actively in the process of man-
agement, but as pointed out by one of the speakers, maybe
they would choose something else besides ITQs for their
fishery. Also, I would like to quote the sacial issue. T can
promise you that just indicating that the free market for
individual fishing rights is the optimal approach, if put
forward in Europe, it will be terribly counterproductive.
A number of people are so scared about the unregulated
market that if they have to choose betwecn the unregu-
lated free market and the bureaucrat, they will discover
the beauty of bureaucrats. Just check what is happening
in eastern Europe. This has to be considered seriously.
This is why [ would urge you to consider, at least for the
scientists, what part could be played by the public au-
thorities for regulating the market for individual rights.
This has to be part of the debate.
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Phil Major.—I think that the European Common Fish-
eries Policy is one of the great travesties of fisheries in
our time. Frankly, the situation you have at present is a
reflection of the inability of bureaucrats to come up with
sensible arrangements to work things out. I don’t have
any doubt that if you sat down to work with all the coun-
tries involved in the common policy and worked with
the industries there you might actually find that you come
up with some solutions from a free market perspective.
Sure, it is a political choice as to how you use the rent.
And it is a choice as to whether you use the rent Lo create
jobs or to let rent flow through to some other component
of your economy where it will produce other goods and
services. Yes, maybe there has to be a phase-out. But
Laurec points out a problem with burcaucrats. and I am
one of them: we hate not knowing what the outcome is
going to be because we might be criticized. and we are
very sensitive to criticism. The reality is that the free
market will surprise you: it doesn’t do what you think it
will do. But usually it does better if given the opportu-
nity. That is the risk you have to take.

Question #20 (Christy).—I would like to follow up
on what Mr. Laurec said. This is supposed to be a global
conference, but if you look around you will see that only
half the globe is here. If you try to apply an ITQ system
in the state of Kerala, on the east coast of India, where
you have 600 km and 200 beach landing places, forget
it! If you try to apply a limited entry system in that situ-
ation, forget it' It is great to hear about how these sys-
tems are perfect in developed countries where you have
limited landing spots, and where you arc not dcaling with
tropical fisheries where you have large range of species
that come out of fishery. But how do you apply these
systems in developing countries and Asia?

Phil Major.—I can’t answer that directly. I was here
at a conference on electricity here earlier this week. The
president of Boeing was there. He said that there are three
words they ban from their company: **We are difterent.”
What I hear Francis Christy saying is “It’s different in
Asia; it’s different somewhere else.” The president of
Boeing said that they ban those three words because once
you accept that you are different, you close your mind to
the solutions. If T go to an engineering meeting, and I say
“we’re different,” 1 have closed my mind to the solu-
tions. Open your mind to the solutions! I can’t tell you
exactly the nature of property rights that will work in
those regimes, but [ can tell you that it will work if people
apply their minds to finding the right range of solutions.
I can also tell you that all the mechanisms that we have
tried in the past are failures. Christy showed that him-
self. That is a testimony to what we have not done. So,
don’t think that we are different, everyone is the same.

Coffee Break 3:15 PM
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Richard Marasco, Chair

Those of you involved in development of limited ac-
cess systems are aware that fairness and equity become
the most active issucs. So in the interests of fairness, [
want to start from the south and go north in this session.

Jim Mace.—I have thrown away my notes, because: |
was going to talk about the benefits of ITQ systems for
operators of companies like mine in the fishery. I think
the previous New Zealand speakers have covered that
quite well. If I were to continue along that line. it might
sound too much like preaching.

When I was preparing to come up here some of us
discussed, half flippantly, whether it vas really in oar
best interests to talk about ITQs in this part of the world.
Because having a well managed and profitable fishery
in this part of the world might not be it the interest of a
small country like New Zealand that is trying to scll spe-
cies like hoki, which is inextricably linked to the for-
tunes of pollock in the whitefish marke.. Having looked
around here. I would say that the answer is that we should
all work on these issues together. We are all working in
the same industry around the world. Something that is
very striking to me in Seattle is to see that the fish that is
on the menu of first-class restaurants is largely halibut
from Canada, fresh ITQ-caught halibut. The fish sold m
the fish and chips stores is largely pullec out of cold stor-
age, fish that was caught in one of the quick openings of
a few months past. The message there is that under an
open-access system the incentive is simply to get as much
into the cold storage as possible and then get it out again
as quickly as possible. All that does is drive down the
prices. In New Zealand, we have the luxury of planning
our catch carefully, so we can start on planning to add
value to the product when we sell. I am firmly convinced
that if we all had the time and luxury to do the job well,
we would raise the earnings to all peoplz in the business
by improving the impression of fish in the market. It is
clearly in the interest of New Zealand industry to come
up here and encourage you to get away from a manage-
ment system with the very short operational seasons you
have at present.

I wanted to make a very brief point about the pursuit
of social objectives. Perhaps because New Zealand is a
small country we can afford to be a bit glib about this.
but you need to think very carefully when you try to use
fisheries policy to achieve social objecrives. Our farmi-
ers in New Zealand would see their incomes as being
depressed due to the European Community’s common
agricultural policy. So if you are going to have social
objectives, you need to think about the effects they arc
going to have—often they are not what you expect.
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The last point is with respect to the government tak-
ing a portion or all of the rents on fisheries. We have
been through that debate very intensively in the last few
months. I am pleased 1o say that the outcome of that de-
bate has been reasonably satisfactory from our viewpoint.
The government has decided they will take from the in-
dustry each year an amount of money that is sufficient to
cover the cost of management and research and enforce-

ment of the fisheries, but will not be taking a portion of

the rents above that. From my perspective, rent-seeking
is the engine that drives the capitalist economy. If you
want to look at the opposite extreme just look at the com-
mand economy they had in the Russia where rent-seek-
ing was illegal and the damage it did there. I think this
has been salutary for us in New Zealand, because 10 years
ago we had a government that was taking more and more
of the rent from the people that were successful and our
economy went backwards quickly. We have spent 10
years teversing that. As people are earning more rents,
in whatever business, they are growing our economy. In
my company last year we created 300 jobs. That was
through a mixture of retained earnings and debt. Had we
not had the retained earnings because they were appro-
priated by the government, then we would have created
a lot fewer jobs. So from my viewpoint, the message is
very clear: If you take rents, you must be aware that you
are taking money that would have been used in growing
the business and adding value.

George Clement.—In New Zealand it is like living
in a laboratory. We have all kinds of experts and econo-
mists coming through. One came through the other day
who was definitely against ITQs. His thoughts were as
he walked through the airport “If ITQs were the answer,
it must have been a silly question.” He left two weeks
later shaking his head and thinking “Well, they work in
practice, I wonder if they work in theory.” When I was
growing up I always thought that the United States was
the hallmark of capitalism. Its a little like stepping back
10 years. We’ve tried all these management techniques
in New Zealand and they did not work. I’'m not saying
the ITQs are the only way to go, and I am not saying that
they are perfect. We have spent most of the past ten years
trying to improve it. But it is the best that anyone has
come up with, and it works. And the reason that it works
is it works for the fish. We have heard about managing
people and managing profits. and that’s fine. But that is
all political stuff, and the fish don’t have votes. If there
are no fish in the sea, we don’t have anything to manage.
Everything we want to do on theory, or management, or
profits comes to nothing. ITQs have worked for conser-
vation in New Zealand. We have stocks re-building.
When we put in some of the original quotas, they were a
75% reduction from the earlier catches. Those stocks are
rebuilding. We have our detractors. We have had some
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very healthy debates with groups from the conservation
movement. Some of those groups you have here; one is
Greenpeace. There have been strong debates from their
view that we should have ecosystem management. [ an
happy to say that there has been an intensive dialog over
the past few months. and that served to make them un-
derstand that in a multispecies fishery Lke ours we are
dealing with multispecies management and it is work-
ing. We have significantly less bycatch and discard prob-
lems without the competitive race to catch fish. It was
heartening to the industry to have one of the Greenpcace:
representatives to stand up and say they support ITQs.
The conservation thing should not be overlooked.

The key to success is private property rights. No one
respects government property. You have to give control
to the people who can control those rights We really
moved on to the second generation of management is-
sues, which is sclf-reliance. (Showing slide on overhead
screen) Here is the picture of a fish, I haven't seen many
of thesc at this conference so I thoughr I would show
you what they look like. This is an orange roughy, a very
important species to our fishery. There was a great deal
of concern amongst the quota holders that the resource
did not look as robust as we had hoped. We were not
getting enough information from the scientists, simply
because the didn't have enough resources. We have com-
bined the quota holders to form a company timpossible
to do in a non-ITQ system) to undertake a range of tech-
niques aimed at exploratory fishing, fisaerics research.
and fisherics management.

What have we achieved? In the last 4 years we spent
over $5 million in stock assessment, extra data collec-
tion. population modeling, stock structure analysis: wa
just surveyed the major productive areas using sidescan
sonar to do an inventory of the habitat, like mapping the
farm. We developed collectively, sharing the expensc and
the risks. exploratory fishing, seabed mupping. and sur-
veying new stocks. We brought in expertise from the
University of Washington and other companies and coun-
tries. We also operate a management system where we
have seven areas within the existing area and have closed
one area because the fishing in that area is too high.

So the system does work: it is not perZect. but it com-
bines people cooperatively. If you have any doubts about
ITQs. there is no better system devised, in our view.

Doug Hopkins.—First, I do not represent the entir:
environmental community by any means. The environ-
mental community has a range of positions on the sub-
ject of ITQs, and 1 think you have already seen the envi-
ronmental community becoming engaged in this issue.
They are becoming engaged at a level of the debate that
they have not been engaged in before. But there is one
point on which there is consensus in the environmenta]
community regarding 1TQs, and that is that we want to
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see conservation benefits. We want to see the fish and
the ecosystem better off as a result of the implementa-
tion of any management tool, including ITQs. There is a
lot of skepticism that ITQ management will lead to con-
servation benefits. For example, and these are issues that
have come up today, we are concerned about enforce-
ment. Enforcement is critical to ITQ management work-
ing. Who is going to pay for it? Right now the Magnuson
Act in the USA prevents the collection of user tees from
the fishing industry. Will an ITQ system work in any
complicated fishery in the USA without changing that?
Probably not. We want to see any management scheme,
including ITQs, lead to a reduction in bycatch. There are
reasons why bycatch may or may not be reduced under
ITQs. We are concerned about that. The list goes on:
High-grading, cheating, potential for windfall profits
flowing to entities that are not viewed very favorably by
the environmental community right now. There is also
the possibility of social and community disruption. There
is the possibility that ITQ management may lead to a
rash of takings claims when councils try to reduce TACs
or try to terminate or change a system substantially. The
example we have been hearing from New Zealand, where
there was a need to go into the market and buy back
ITQs using public dollars, is not an approach that would
be supported by the conservation community.

What needs to happen in this country in the view of

many of us in the conservation community is that the
NMES needs to change its role from an uncritical cheer
leader for ITQs to a role as provider of information to
councils and to industry about what works and doesn’t
work from the viewpoint of conservation management.
Second, NMFS needs to take on the role of setting crite-
ria and guidelines that the councils must follow if they
want to set up ITQ management. The criteria would in-
clude characteristics of fisheries that would be appropri-
ate for ITQ management, and the guidelines would be
for designing ITQ schemes so that they maximize con-
servation benefits. ITQs seem to be a good idea to many
people in this room. In theory and in practice there are
many positive signs about the value of ITQs in fisheries
management. But in this country, a major, highly public
failure of an ITQ management program will not be
brushed off by the conservation community, by Congress,
or by many fishers. A high-profile failure like that could
put this fishery management tool back in the tool box for
a very long time.

Borrowing from Barry Kaufmann’s presentation this
morning, the most important principles to adhere to in
converting to ITQ management are to go slowly and to
make sure all the problems are identified and the loop-
holes are closed up front, before the plan is implemented.
And be wary of the problem of theory versus reality. Fi-
nally, the Environmental Defense Fund has proposed that
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Congress create a pilot study to allow the entire USA to
watch and learn tfrom a limited number of ITQ manag.-
ment programs here in the USA. During this pilot study,
while there is an intense focus on a limited number of
fisheries which would include some fisheries that are
already being managed by ITQs and some additional tish-
eries, there would be a moratorium on 1TQs manage-
ment for other fisheries.

Richard Marasco.—-The bycatch issue has surfaced
a lot during the session of the past several days. Our nexl
speaker was included in the panel to shed some light ¢n
how bycatch is being addressed in the tuna ftishery.

James Joseph.-—I was just taken by the comment th.ut
Doug Hopkins just made, indicating that the non-gov-
ernment organizations are becoming much more active
in fisheries, and some earlier comments that unless we
did a better job. they may be in the driver’s scat. Given
the state of some of our fisheries and the way they are
managed, maybe that is not such a bad -dea.

The world is becoming increasingly more crowded.
Within the professional lives of some of this audience,
there will be 10 billion people on the earth. There will be
more demands on all of our resources, water, land, and
fish. In order to utilize fish in the future there are going
to be more limitations on access to fish. Fishers are go-
ing to be more involved in managing fish I think. and
there are going to be more responsibilities and require-
ments for fishers who want to harvest resources. [ would
imagine that in the near future most boats fishing on the
high seas are going to be carrying observers to collect
information not only for monitoring tte catch but for
scientific purposes. Observers and GPS systems and au-
tomated video systems will be used to monitor what is
going on vessels to ensure that compliarce is kept in or-
der with management requirement. IQs are going to be a
big part of that.

I want to talk about IQs from a different perspective:
rather than 1Qs for target species, IQs for bycatch. 1Qs
for bycatch have some benefits. It puts in the hands of
fishers their own destiny, as an earlier speaker said. I
there is a limit to what they can take as a bycatch, they
are going 1o find innovative ways to minimize their
bycatch and to maximize their catch. They will develop
gear modifications to ensure that they target successtully
and avoid bycatch species. They will develop strategies
for time and area locations to fish that will minimize
bycatch. I think that this kind of approach has a potential
for helping. Obviously it is not the answer for bycatch in
all fisheries. And bycatch is going to be the issue, in my
opinion. that controls high seas fisheries over the next
10 years.

I want to mention the approach that hes been taken in
the tuna fishery in the castern Pacific ocean with respect
to bycatch. As many of you know, in that fishery there



294

has been a very large bycatch of marine mammals. The
fishers use the mammals to target the yellowfin tuna.
Originally in this fishery, the mortality was very high, in
the neighborhood of 200,000 animals a year. Programs
were developed to reduce dolphin mortality—extension
work, gear modification, etc.~—and mortality came down
relatively rapidly through time in the form of a learning
curve. But it became progressively more difficult to re-
duce mortality further. so the governments actually
adopted what the staff of the organization I work for rec-
ommended—that there be some mechanism established
to limit the bycatch of dolphin. It took 3 years to con-
vince the governments that this idea had merit. and then
it became difficult to determine just how to implement
it. Again, the staff’s opinion was to assign individual lim-
its to vessels.

The rationale was that if overall limits on mortality
were set, there would be a race to take as much tuna as
possible before the fishing was stopped. If limits were
assigned to vessels individually, then the vessel captain
himself would search for ways to reduce the mortality of
dolphins. Indeed, this worked very successtully. In the
first year of the program, dolphin mortality (which was
already reduced to a low level) was reduced by more
than a third. Dolphin mortality is continuing to go down
under this scheme over time. Fishers have been extremely
innovative in finding ways to reduce dolphin mortality
because they know that if their dolphin mortality limit is
filled they will be prohibited from fishing for wuna any
further. I think this kind of concept can be applied 10
other fisheries where there is a significant bycatch prob-
lem. Not only will the concept of the limit be needed: it
will have to be supplemented with research on the im-
pact of bycatch on the stock and the strategies for gear
modification, time/area strata, etc. But the program has
worked beyond the wildest expectations of those who
put it in place. A target was set for 1999 of less than
5,000 animals. That target was reached and surpassed in
the first year of the program. In the second year it will be
surpassed again.

Bill Robinson.-—It seems like there is not a whole lot
to say after a day of speakers covering the entire spec-
trum of issues. I will just make a couple of obscrvations.
I did have an opportunity to help develop the “nuts and
bolts” implementation of the southern bluefin tuna quota
system in southern Australia, working under a common-
wealth form of government. And then 1 have had the
opportunity to develop a license limitation and 1TQ sys-
tem here on the west coast of the United States.

The fact that you need the full participation of the fish-
ing industry in developing the system cannot be over-
emphasized. Regardless of what form of government or
what authorities you are operating under, you arc doomed
to failure if you do not have the support of the fishers.
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So, this is the number one requirement. Regarding the
southern bluefin tuna fishery, 1 recall Martin Exel’s ear-
lier description of the government’s consultation with
the industry. 1 would note that under the Australian form
of government they had an advantage going into the pro-
cess—the government set certain standards and prior:-
ties. There were three of these: first, the government said
there will be ITQs; second, the objective of using ITQs
is to move towards cconomic efficiency: third, the basi-
for initial allocation of the ITQs would bz recognition of
the commitment of tuna fishers to the fishery. Then the
consultations with industry began. How to meet the three
standards was worked out in a series of meetings. Ther:
was certainly an advantage to have the parameters es-
tablished. Also, an advantage to that process was that
once an acceptable agreement was reached with the in-
dustry, it could be swittly implemented. Swift implemen-
tation of the system precludes the possiaility of a num-
ber of problems that we have been running into here i
developing a limited-access system on the Pacific coas.

In responding to a comment made by Doug Hopkin:.
our system here in the United States is ditferent. It is
more of a “bottom up” system of management. The De-
partment of Commerce and the National Marine Fisher-
ies Service have general oversight of fishery manage-
ment aclivities, but the charge for developing policy in
fishery management plans resides in eight regional fish-
ery management councils. Those councils do not have
the benefit of the kind of guidance that the Australian
government provided in terms of what the basic pars-
meters would be, and then developing a system to mect
those parameters. The council must struggle with the job
of developing their own goals. This leads us to managc-
ment by the lowest common denominztor. And that is
reflected in the fact that to get a decision out of the cour -
cil you have to satisfy a majority of voting members. To
get that you often have to come up with goals that e
conflicting or you have to compromise each goal to get
acceptance.

In the ITQ system we are developing now there urc
three important factors in getting acceptance among
members of the industry. The first is initial allocation.
We have had a number of new entrants to the sablefish
longline fishery during the development period of the
ITQ system. The council is struggling with how to ad-
equately recognize those new entrants and to recognize
the historical participants. Windfall gain is another con-
cern—that the initial allocation will result in windfall
gains to a number of fishers. 1 find that a little ironic
since we recently implemented a fully transterable Ii-
cense limitation program and there has been substantial
influx of vessels during the limited permit period in the
fishery. From the agency perspective, or at least my per-
spective, the windfall gains are not a great concern. It
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appears to me that the ITQ system generates capital in
the industry, and this provides the capital basis for ratio-
nalization. In many cases, this precludes consideration
of a taxpayer-funded buy-back system.

The other point I have is that in the term ITQ. the *Q’
means quota. But there are many other ways to skin the
cat. We could have transferable units of fishing effort,
fishing days, harvest capacity units, transferable fishing
pot licenses, numbers of hooks. There 1s also the option
of choosing “none of the above.” In a multispecies fish-
ery like the Pacific coast groundfish fishery—with some
80 different species, of which 15 or so are major target
species—it is very difficult to take the plunge. There may
be forms of management that lead up to a full-blown
ITQ program and provide a kind of evolution. The Pa-
cific groundfish fishery for a number of year has had a
major objective of spreading the catch over the year to
have fresh fish in the processing plants all year long. To
do that, we have had trip limits. As capacity increased
and harvest quotas came down, the original daily or single
trip limits had to be expanded to become weekly. From
there we added monthly trip limits to add flexibility for
larger vessels to operate, and the trip limits eventually
became so small that we created monthly cumulative trip
limits. Since the license limitation overlaid that. this pro-
vides a kind of springboard for a quasi-IQ program which
is now under consideration by the council. The idea is to
allow the limited entry permits to be stacked on a vessel.
and to assign a cumulative monthly catch limit to each
permit. This essentially provides some of the benefits of
an ITQ system to the fishers. So while this does not re-
semble a full ITQ system, it does build upon a set of
management measures that the fishers are comfortable
with, and have lived with for years. If the decision is
ultimately to go to an ITQ system, that step would be
like stepping into a lukewarm bath instead of into a cold
shower.

Bruce Turris.—It is a real pleasure to listen to the
panelists that have gone before me, and to realize that
there are programs all over the world, and for us to get
together to share information. [t is also a pleasure to see
Canadians and Americans in the same room talking about
fish. I wonder whether Steve Pennoyer took the scenic
inside passage on the way down from Juneau. You should
know that they charged me $1500 to cross the border
this morning, but the government has set up a fund to
reimburse me.

I come here as a fishery manager. I have spent the last
6 years managing fisheries. Not just individual quota fish-
eries, I also manage competitive fisheries and I have lis-
tened to all of the arguments. I have been asked to an-
swer the question, “What is the most important aspect or
consequence of the ITQ system from my perspective?”
That is difficult to answer because there are so many
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things that change when you go to ITQs, but perhaps tne
most important is the attitude of all the people involved
in the program—the managers, the fishers. the scientists,
the enforcement officers, the buyers of the product. tne
market. The attitude towards how they do their business
changes considerably, and the result in my experience is
that there is a net benefit to going to individual quotas.
There is a change in the way of thinking about fishing.
The change is from volume to value. The fishers new
think about how to get the most for the fish they catch.
Enforcement is important now to the industry. Before it
was important only if they got caughi. It is important
now because it affects them. If there is cheating, it really
affects their share of the allocation. In the halibut and
sablefish fisheries I am involved with, the quota sharc-
holders pay for enforcement, 100% of it. As an example,
in halibut the industry used to pay a total of $4,000 per
year. Last year they paid just under $1 million for the
year. A lot of that went for enforcement.

The industry’s concern for conservation has changed
considerably. Under limited access they were not so con-
cerned about conscrvation. Now they are not just fishing
for today, they are fishing for the future. The asset value
of their quota would fall if the fish stock falls. They are
interested in protecting the value of that asset, especially
in sablefish where they pay for all the science and re-
search budget. The expenditure on research will be greater
this year than it has ever been, because the industry has
contributed to the effort and is asking fcr more scientitic
work, and they are involved in the science. They want to
have a comfort level, or confidence in the science that 1s
being done. That is not questioning the competence of
our scientists; it is just a matter that, with the limited
budgets we had, not enough science was being done.
Their attitude towards planning has changed. Short-term
planning is now secondary to long-term planning. Safety
was brought up earlier by Barry Kaufrnann. This 1s al-
ways a major issue, even in open-access fishing. It is
just that the economic incentives don’t necessarily pro-
mote safety under open access. The economics don’t al-
ways promote safety with ITQs either. On the March |
opening of our halibut fishery, 100 boats rush out there
because the market price is the best they will experience
all year. Everyone wants to get $4.50 or $5.00 per pound.
So some boats are willing to go out there and take
chances. The difference now is that we don’t have 450
boats going out taking chances. They have a choice.

Regarding cost recovery, the industry now pays will-
ingly because they realize the benefits of doing that. Their
attitudes towards each other have changed. We now have
many fishers who share information about where the best
fishing spots are. Their attitude towards government has
changed; they don’t hate us as much anymore. There is a
level of cooperation that is refreshing to sce. Last. but



296

definitely not least, is their attitude towards the future.
With ITQs, the future is viewed as very good. This is
reflected in the price of quota and the way the fishery is
run. In the non-ITQ fisheries, generally we are running
around trying to fix things all the time and wondering
where we are going to be tomorrow.

Stuart Richey.—I think it is important to mention
some of the down sides to ITQs since we are aware of
the pain and problems that occurred in Australia’s South
East trawl fishery that Barry Kaufmann described ear-
lier. The problem we had in the southeast fishery had all
to do with the allocation process. The underlying reason
for the introduction of ITQs was to rationalize the fleet
and to remove at least 50% of the effort. This was to be
done without any additional adjustment process. In my
view, this made the implementation and allocation very
difficult for the industry to accept. The social and eco-
nomic dislocation coupled with the massive uncertainty
and the needless grief caused by the prolonged alloca-
tion crisis was a major cause of the industry resistance (0
ITQs. The ITQ system was introduced into a fishery that
had been managed by limited entry since 1985. It al-
ready had a system of limiting vessels by underdeck vol-
ume and engine power units. These were regarding as
the currency in the fishery and were tradable. These units
were defined in a major release by the minister of the
day in 1987, and he indicated that that would be the ba-
sis of any future allocation of ITQs. A lot of money
changed hands after that on the basis that people were
buying a stake in the fishery.

However, to complicate the allocation process a little
more, we had three distinct sectors in the South East trawl
fishery. We had an inshore sector catching primarily
market species, another sector fishing mainly eastern
stripe. and a developing big-water fishery fishing mainly
orange roughy, hoki, oreo dorries. These were all under
the same license system, and license units were freely
transferable between the sectors. So when we came to
allocation, the allocation was deemed to be based upon
your investment in the units in the fishery and your catch
history. Unfortunately. the catch history had been ac-
quired in many cases by boats fishing different areas and
different depths. By the time we had allocation. we had
an inappropriate species mix going to many of the boats.
To adjust, the industry had to undergo an internal read-
justment. The problems in the allocation process were
exacerbated by large reduction in the orange roughy TAC
at the same time. Also a zero TAC was set for the eastern
gemfish fishery. These two species had been major tar-
get species in the southeastern fishery.

As a result of problems in the allocation process and
the stated objectives of removing at least 50% of the ef-
fort in the industry, fishers themselves became totally
fragmented; one fisher was pitted against another as each
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sought to obtain a viable allocation. This 2xtended to the
industry organization, the Southeast Traw! Fishing In-
dustry Association, which had previously represented
fishers and had been a successful lobbying organization
on their behalf. As a result of the divisive nature of allo-
cation, this organization was forced to agree to avoid all
discussion of allocation issues. It took another 2 years 1c
resolve the incquities that were inherent in the initial al-
location. It also involved several adjustments to quota
holders™ allocations. These adjustments, as Barry
Kaufmann described earlier, involved a review by Aus-
tralian Fisheries Management Authority of the initial al-
location process and a legal challenge in the federal court
of Australia, which deemed that the original allocation
formula was statistically flawed. A number of refinements
were added after introduction of the management plar
by the management advisory committee. During the pe-
riod of changing these allocations, permanent transfcr:
ability of the quotas was suspended, wtich meant that
operators were prevented from restructuring their hold-
ings to make a viable operation, and the non-viable cp-
erators could not sell out to leave the fishery.

So, aside from the uncertainty and instability, we hac
a process that was poorly implementzd and poorly
planned. with many unresolved issues before the plar
was put into place. One of these problems was the 1ssuc
of bycatch. Another issue that slipped up 01 us completely
unexpectedly was the Australian capital gains tax sys-
tem, which imposed a tax on anyone who swapped. sold
or traded quota. This has been a major hindrance in try-
ing to restructure the fishery and get the ITQ systen
working. The uncertainties brought about by the uore-
solved issues initiated a period of great instability in th
fishery and disillusionment on the part of many of the
operators and a lack of confidence in the future of the
fishery and of the benefits of ITQ management itself
Also. in this period financial institutions were reluctan
to lend money on quota or to accept ITQ as security giver
the severe variations to the allocations.

So, in my view, the lessons to be learnad from all this.
to anyone contemplating the introduction of ITQs 1s thai
ITQs should not be the sole method employed to ratio-
nalize the fishery. if the rationalization 1s to the exten
required in the South East trawl fishery. Also, if the ITQ~
are to be introduced to a fishery that is under some form
of limited entry or some form of input ccntrol, that con-
trol should continue to be the currency in the fishery anc.
the basis of any future allocation within the fishery. The
allocation method must be statistically, constitutionally
and legally sound, as proved not to be the case in south-
cast Australia. Not a lot of people will agree with me or
this, but in a multispecies fishery consideration shoulc.
be given to allocating only the target species. The issucs
of bycatch have not yet been fully resolved. Before any



ITQ FORUM

plan is introduced, the method of any future allocation
of additional species should be decided before the initial
allocation so the industry knows where they stand. Then
we won’t get this rush of people trying to establish catch
history on paper and distorting the figures the scientists
attempt to use in setting the TACs.

Given all the problems discussed up to now. the survi-
vors of the last few years on the whole have accepted the
change in culture, of changing from fish hunters to fish
harvesters, and appreciated what we now consider the
benefits of ITQ management. which is being able to ra-
tionalize our operations and increase our economic re-
turns. And they realize they should have a secure invest-
ment in the fishery. This has resulted in their becoming
more responsible and certainly more involved in fishery
management issues.

Richard Marasco.—Thank you Stuart. I will now
open the floor to questions.

Question #21 (Ray Hilborn).—Most ITQ fisheries that
I know of had the good fortune to have a fish stock, or at
least the value of the quota that is building over time, so
that people that bought quota have usually done pretty
well. Does anyone know of a casc where the fishery has
in some sense collapsed after introduction of IQs and a
number of people have gone technically bankrupt? If so,
how does that situation differ from the case where there
is usually a massive government intervention and bail-
out?

George Clement.—The answer from New Zealand
is no, we don’t have such an experience. The attitude of
the government is important here. The attitude in New
Zealand is one of self-reliance. The ITQ is a private prop-
erty; it is a risk they have to take and they are on their
own. [ would suggest that that is only a problem if you
have social engineering in mind. Really, the overcapital-
ization that exists is between the vessel owner and his
banker. Where there was restructuring in New Zealand,
where we have reduced TACs after introduction of 1Qs,
there has been no compensation. The costs fall where
they may.

Jim Mace.—About 3 years ago my company bought
another company that was actually larger than ours. When
we did the financial analyses. we made our best esti-
mates of what the likely scenarios would be with respect
to ITQ adjustments. We factored in the likely reductions
in orange roughy TAC. There is an expectation in New
Zealand that those buying quota have to factor that in,
and if they get it wrong, that is the risk they take. There
is probably more of a risk in the single-species fishery
than in the multispecies fisheries.

Bruce Turris.—Canada has a few examples of fail-
ures, and they are not just in ITQ fisheries. But they are
not quantitative property rights. As in other countries,
the political intervention in those failures depends upon
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how that fishery plays in the political landscape. [n some
cases, there has been a lot of political intervention whether
or not there are 1Qs, and in others, like the abalone fish-
ery on the west coast, there were IQs and it has been shut
down. There was no political intervention or attempt at
compensation. The buyers of those quotas lost.

Question #22 (John Gauvin).—For Stuart Richev |
have a question on capital gains taxes and how they at-
fect share trades. As I understand it, in this country an
ITQ transfer is considered a zero-based capital gain. and
when a person sells one, they will pay on the full us-
sessed gain. Was the problem in Australia that pcople
did not know they were going to pay a capital gains tax?
1s that what disrupted the market? [ am also curious about
the level of assessment in Australia comparcd to here
where the maximum tax rate would be about 28%.

Stuart Richey.—-I have a fair amount of experience
with this, as I have been helping to prepare a submission
to the Australian taxation office seeking to get “roll-over
relief” for the industry from capital gains tax. In our case
the capital gains tax rate is about 33%. Assuming you
were a redfish quota holder, and I was a roughy quota
holder. and we wanted to swap our quo:a holdings with-
out paying cash or changing the value of our quota hold-
ings. this is still deemed to be a sale of an asset. In the
case of earlier entrants in the fishery, the base value of
the asset is only about $20, so almost the entire value of
the trade is a capital gain. To make it werse, we are mov-
ing to a system of statutory fishing rights. where cach
unit of quota is a statutory right on its own. So. if you
hold 300,000 pounds of quota, you actually have 300.000
separate assets. If you are restructuring your quota hold-
ings you are restructuring hundreds of thousands of as-
sets. That has brought major quota tradiag to a halt at the
moment.

Question #23 (Dan Huppert).—I am interested in the
interaction of the bycatch problem and the [Qs, so I am
directing my question particularly to Jim Joseph and Jim
Mace. [ understand that the bycatch of the dolphins went
down very quickly in the tuna fishery, and I am inter-
ested in how that happens. How were the fishers able 10
reduce their take of dolphins with IQs? For Jim Mace |
am interested in whether there are multispecies bycatch
problems in the trawl fishery in New Zealand. whether
the IQs either exacerbate or ameliorate the problem. and
what the mechanisms are for dealing with bycatch?

Jim Joseph.—Basically, it was a result of the fishers’
will to reduce the bycatch. The way they did it was to
modify some of their fishing practices, "o be more care-
ful in the “back-down” procedure, which is a way of let-
ting the dolphins out of the net without letting the tuna
out. It takes a longer time to do that. One of the impor-
tant things they did was to actually pass up opportunities
to catch yellowfin tuna when they calculate that there 1s
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a large probability of taking large numbers of dolphin.
Very large schools of dolphin which carry large bodies
of tuna with them were passed up. On many occasions
they would let go of the whole complex that they had
encircled when they saw some disaster or imminent
mortality was developing. They used a variety of tech-
niques. Another thing they do is to put themselves in
danger, unfortunately, by putting people in the net with
diving equipment (hooka gear) and walk the bottom of
the net to make sure than any dolphins that might be
sleeping or lying on the bottom can be released. There is
a wide variety of methods they used, and it is virtually
impossible to predict what fishers will do if given re-
sponsibility for their actions. My point is that we return
alot of the responsibility to them and they will find ways
to reduce the mortality whether it is in a dolphin type
situation or whether it is in a multispecies fishery.

Jim Mace.—In the New Zealand situation I think we
have made rather substantial progress in dealing with
bycatch issues, whether that be bycatch of commercially
caught fish or bycatch of marine mammals. In both cases.
there has been considerable work by the industry in de-
veloping codes of practice to change fishing practices to
minimize the impact. For example, fur seal catch: In 1988,
in the hoki fishery, the fur seals discovered that if they
head in the direction of a trawl winch starting up, there
was free feed to be had. Within 2 years the bycatch went
up to 800 animals a ycar. We have now reduced that by
more than 90 percent to 60 animals a year, We had simi-
lar results with our sea lion catch, and that has basically
been due to the development of fishing practices.

With respect to finfish bycatch in the multispecies trawl
fishery, there have been a number of developments, ba-
sically a matter of changing fishing patterns. One of the
most common is to change fishing time or depth or the
way the fishing gear is set, so that you are morc likely to
take your target species and less likely to catch the
bycatch species. There has, of course, been some redis-
tribution of quotas of those species so that operators in
the multispecies fishery buy quota from others who would
previously have targeted it. Therefore, although we still
have some quota overruns, the problem is largely under
control.

I would make one plea with respect to this issue. People
are critical of ITQs, saying that you have bycatch prob-
Jems. I think you have to look at the alternatives and see
whether the problem will be better or worse under ITQs.
I think that the program in New Zealand has been very
successful.

Doug Hopkins.—Picking up on the last point, it is
important to remember that the bycatch problem has
many kinds of solutions. Even after conversion to ITQ
management, the kinds of tools used before ITQs need
to be kept available. There needs to be a variety of ef-
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forts to create incentives over and above the incentives
that are created naturally through ITQ schemes for fish-
ers to be innovative as quickly as possible to reduce
bycatch. In addition to direct incentives to innovate and
requirements for use of certain kinds of technology. that
also may involve preferences in either reduced limita-
tions on transfer or preferences in actual time at sea or
even in initial allocations for the more se.ective fishing
methods.

Question #24 (Paul MacGregor).—One of the vex-
ing problems we have in the north Pacific is discards.
Discards of prohibited species which are required by law
and discards of target species that are required by law,
but there is also a large component of economic dis-
cards——discards that arc too small or not the right size
and shape. This is becoming a highly visible public is-
sue. The folks in the sector of the fishery that | represent
attribute a large part of this discard problem to the race
for fish and the fact that people don’t have an opportu-
nity to slow down their processing operations inaway
to utilize fish that are odd size or something like that. |
would like to know from any of the panelists who have
experience with ITQ systems whether the system helps
the fishers address that particular issue.

Bruce Turris.—By itself, no, but it provides you with
a tool by which you can address other issues. In our hali-
but fishery we had a significant rockfish discard prob-
lem. We still have a rockfish discard problem. This is
partly due to vessel size and partly due to shelf life. As
you are probably well aware, rockfish dor 't keep as well
as the halibut, but the mortality rate on the rockfish is
basically 100%. So, before we had discard of rockfish, if
they are not being used as bait. That still kappens if fish-
ers are on a long trip, but they have been given a 20%
bycatch allowance by weight. So now we can quantify
the bycatch, whercas under a competitive fishery you
could never do that. So it has provided a vehicle. Fishers
aren’t necessarily keeping all the bycatch, but the inci-
dence of bycatch retention is a lot higher than before.
We now get the information for biological assessment
purposes, and the fishers get the economic benefit of sell-
ing the fish. If they bring in anything more than the al-
lowable retention, the government gets il.

Jim Joseph.—I want to make a couple of observa-
tions. Part of the motivation for developing the dolphin
mortality limit, and the bycatch quota on dolphins, was
to prevent the type of problems that were described by
the questioner. In the eastern tropical Pacific, the purse
seine fishery operates in three different modes. One mode
catches tuna in association dolphins. The dolphin asso-
ciated fish are large, sexually mature animals at nearly
the optimal size in terms of yield per recruit. The other
two modes, called “school fishing” and “log fishing,’
yield small tuna that are sexually immature and of sub-
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optimal size in terms of yield per recruit. School fishing
and log fishing involve a reduction of 30% in yield com-
pared with tuna caught in association with dolphin. In
addition, there is a very large bycatch of other species,
small unmarketable tuna as well as many other types of
fish—mahi mahi, sharks, billfish and turtles. Although
there was a very intense campaign to prohibit fishing on
dolphins cntirely, the IATTC member governments
wanted to avoid forcing the fishery onto school and log
fishing. That is one of the reasons they finally agreed to
a dolphin mortality limit—in order to continue fishing
on the larger fish, to eliminate the problem ot growth
over fishing, and to minimize the bycatch of other tish.

Question #25 (Phil Major).—I want to address a num-
ber of comments by Doug Hopkins. First, I want to make
a correction, at the risk of sounding like an evangelist.
ITQs are a philosophy, not a tool. Really, what we are
dealing with here is a conflict between a controlled or
directed economy and a free market. As you noted be-
fore, you can have other sorts of management tools along
with ITQs, which is a reflection of the fact that it is an
overriding philosophy and not a tool. Second, I invite
you to come to New Zealand to study 1TQs. Bring all the
people you want. We may even be able to subsidize you.
We would be delighted to have you come and study it
because we have not had the time to stop and study it.

The next thing I want to say is don’t procrastinate.
Get on with the implementation of your ITQs now.

The last point is in the form of a question. If conserva-
tionists rcally think that they are better at managing the
resource, they have concerns about the way the resource
is managed, they want better balance in the ccosystem
or they have social distribution concerns, why don’t they
support the implementation of ITQs? Then they can get
in there and purchase them, and not fish them or redis-
tribute them. This puts conservationists, or other people,
who have other objectives, in the management seat on
their own terms without telling other people, who might
hold ITQs at the present time, how to deal with them.
This is already done with wilderness areas. In fact, it
seems that I myself have contributed to buying some of
the Amazonian rainforest. It seems that this is one way
that conservationists can really get into active fisheries
management, and I wonder whether or not this is not a
proposal that the Environmental Defense Fund and other
conservation groups might not take up.

Doug Hopkins.—Let me take up two of your points.
The first is your point about accepting a philosophy of
“getting on with it.” In this country there is a history of
conflict when public resources have been transferred to
private interests. The easy way to characterize this is that
the long private control over public resources has led to
substantial political power in the USA that led to deci-
sions being made by Congress and administrative agen-
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cies that don’t make a lot of sense to most pecoplec 1n this
country, and yet are made year after year because a few
people end up with a disproportionate amount of politi-
cal clout. There is a real fear that a large-scale conver-
sion of fishery management to ITQ systems will lead to
a similar disproportionate amount of pelitical clour. If
the theory and evidence that ITQs lead to more conser-
vation-oriented stewardship by quota holders is wrong
or is wrong in some cases, then it will be very difticult to
undo the system that is in place, even if one can get around
the more limited concern about 5th amendment takings
claims under our constitution.

The latter point—“Why don’t conservation groups
support ITQs and then buy up quota as quickly as pos-
sible?"—1I should have mentioned earlier that the premise
on which any cnvironmental group would consider sup-
porting an ITQ system is that, first and foremost, the
TACs are set conservatively with a substantial degree of
cushion built into them and that they are protectuve of
entire ecosystems. Hence, the ITQ system 1s simply used
to assure that the TAC is not exceedec.. It the TAC 1s set
properly, there should be no need to buy and retire ITQs.

Question #26 (Lee Anderson).—I have a question con-
cerning the effect of ITQs on the crew share system. We
all know that share systems are desizned to distnbute
risk, and that the actual percentage set in any fishery
depends upon the capital-to-labor ratio and the fish price.
But with ITQs, the capital-labor ratia can change and
the fish price can change. I will report that there has been
a change in the share rates in the surf clam fishery. Be-
fore they changed some felt that labor was not getting
their fair share. I am wondering whether other fisheries
have experienced a change in the share rate.

Bruce Turris.—Yes, in all three of the 1Q fisheries |
have been involved with there have been changes in the
ratio of crew share to boat share. There has been a reduc-
tion in the crew share settlement, but this is not across
the board. There are some cases in which there is no
change at all; in about half the halibut industry therc was
no change. In the half where there is quota leasing, the
lease payment is figured into the crew settlement, caus-
ing a reduction in the crew’s share. Also. there has heen
a reduction in the size of the crew. On average, our re-
search shows that the individual crew share is larger.

Stuart Richey.—In Australia it has made no differ-
ence whatsoever. The share on the quota owned by the
vessel remains the same. On quota that is leased, the cost
of the lease is deducted first, and then the crew share is
calculated on the normal basis.

Question #27 (Eilen Pikitch).—My question is di-
rected to Doug Hopkins. The issue is the relationship
between ITQ systems and conservation. I want to niake
my own observations on that, and ther: ask you again to
address the position that Environmental Defense Fund
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has taken that we should have a few selected tests of the
ITQ system, but have a moratorium on ITQ systems un-
til we find out how those tests work out. It seems to me.
on the face of it, that human naturc says you take better
care of your own property than when you rent someone
else’s. So I think there is a fundamental reason to be-
lieve we will have a better conservation ethic with ITQs.
The other thing that was pointed out by Phil Major is
that we now have a wealth of experience with these sys-
tems around the world. We can usc experience with those
systems to see whether conservation goals have been met
or not. Personally, I have seen the Canadian cod fishery,
with the enterprise allocation system, adopt the square
mesh codends voluntarily. Those are known to reduce
the catch of undersized fish; it made economic sense as
well as conservation sense. There are other examples that
have been given here. As a biologist who is primarily
concerned with the conservation aspects, I know that
there are instances in which conservation can be com-
promised. But I think we can identify those conditions
and, instead of having a moratorium in ITQ system, fol-
low your other suggestion and set some standards up front
and insist that any new management measure put in place
is at least as good as the existing management measures.

Doug Hopkins.—A decision by this country to con-
vert any fisheries to ITQ management is a long-term
decision that needs to be endorsed by the broader com-

munity, most of which is not represented here. Many of

them would probably have a hard time understanding
much of the discussion that went on here today. That
community needs to be involved and brought in. There
are plenty of members of Congress that don’t understand
ITQs. There are communities in New England that are
deathly afraid of ITQs for a number of reasons. The mes-
sage you should take away from the specific proposals 1
made are not the word “moratorium” but the words “go
slow” and “guidelines and criteria.” It would be difficult
to develop criteria overnight. Councils are working on
ITQ plans right now. It would be difficult for them to
incorporate any of these guidelines and criteria from
NMEFS unless they are given some breathing room. It
takes so long to get through the allocation battles in any
ITQ program that calling for a “time out” shouldn't be
threatening to anyone who is supportive of ITQs. For
those opposing ITQs, the moratorium proposed by En-
vironmental Defense Fund would appear inadequate.
Question #28 (Arni Thomson).—I just want to give a
few brief comments based on the speakers I have heard
over the last 3 days. Mike Sissenwine noted that Alaska
accounts for 40% of the USA seafood production by
value, and has potential for approximately 51% of the
value. Barry Kaufmann and Philip Major have noted that
we should not delay in setting up I'TQ programs, but that
we should get it right the first time. George Clement has
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noted that the USA is the world’s center of capitalism.
but we are a decade behind in fisheries management. Phil
Major has noted that the traditional fisheries manage-
ment is a travesty for the fish. Finally, I note that there 1s
no entity that is more conspicuously absent at this con-
ference on global trends than the state of Alaska. which
controls over 40% of U.S. common property resources
and is steadfast in blocking any meaningful analysis of
ITQs in the North Pacific Fishery Management Council
in favor of promoting the race for fish and the develop-
ment of an anachronistic license limitation program.

Question #29.—1 have a question for James Joseph
about the incidental mortality of dolphins. If it has gone
down so low, why are some countries still supporting
the embargo of tuna? Do they think that the system is
not working properly.

Jim Joseph.—Well, I didn’t think I would be asked
about embargoes here. | just came from Venezuela where
I was deluged by questions because they arc an embar-
goed country. What the question is referring to 15 the 1988
amendment to the Marine Mammal Protection Act, which
calls for embargoes of imports from countrics that don’t
conform to some standards set by the United States and
which the USA requires of their own fleet. I must admit
that the U.S. policy is kind of a moving target. It seems
that every time a nation meets the standard that the USA
requires, the standard is changed and the countries con-
tinue to be embargoed. At one time, thers were 25 na-
tions embargoed by the USA, primary embargoes and
secondary embargoes, because there was rot conformity
on the part of producer countries with U.S. law. Dolphin
mortality is very low now. As 1 said, it was 3,600 ani-
mals in 1993. That poses no threat whazsoever to the
dolphin populations, which number 9.5 m:llion animals.
The mortality represents .04 percent of the population.
But, nevertheless, the USA has these stzndards that it
goes by. The newest amendments made to the Marine
Mammal Protection Act prohibit fishing c¢n some of the
primary species and require other things of other nations.
In many respects those nations can’t meet those particu-
lar requirements, and so the embargo is sustained. [n my
opinion, the USA necds to reevaluate its policy with re-
spect to marine mammals in the eastern Pacific ocean.
Some of you won’t like what I have to say, but the USA
has a double standard with respect to how it treats ma-
rine mammals. On the one hand. the new proposed ma-
rine mammal legislation will permit U.S. fishers in U.S.
waters to continue fishing on marine mammals even
though those mammals are threatened or endangered.
Whereas it will prohibit nations fishing on the high seas
beyond the jurisdiction of the United States on popula-
tions that are not endangered or threatened from fishing.
I think that has raises problems for many other nations
and raises the kind of question that was just asked.
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The panelists who participated in the ensuing discus-
sion are as follows:

Dayton Lee Alverson, Natural Resources Consultants,
Seattle, Washington

Bart Eaton, Trident Corporation, Seattle. Washington

Richard Gutting, National Fisheries Institute, Wash-
ington, D.C.

Joseph Sullivan, Mundt, MacGregor, Happel, Fal-
coner, Zulauf & Hall, Seattle, Washington

Ed Wolfe.—We have an extremely well qualified and
diverse set of panelists here today. They will be address-
ing the following questions: What is the biggest prob-
lem in world fisheries that prevents sustainability? And,
what is the solution?

Lee Alverson.—What's wrong with fishery manage-
ment on the global scale? I think that issue was addressed
by almost every speaker in some degree this moming.
We heard persistently about the issue of overcapitaliza-
tion; we heard about lack of information and the quality
of information. We certainly heard a great deal about
uncertainty of the database, and there were hints about
capacity to enforce management rules. An able enforce-
ment regime can follow through with a punitive mea-
sure and catch the appropriate number of people. All of
these ideas came to light this morning. | think the solu-
tion that I like the best, because it just seemed the easiest
lo me, was to turn the fishery over to the foreigners, be-
cause you can manage them any way that you want and
the political ramifications of putting them out of busi-
ness or sefting a quota is not going to be debated to any
degree at all. You've got them where you want them.
That being unlikely, I think maybe a fair analysis of these
opinions will be subjective in character.

Ihave the feeling that the biggest problem in terms of
global fishery management is lack of political will at the
national and international level. We have a whole host of
regulatory regimes that everybody has committed to. and
everybody has committed to conservation ever since the
[Conference on the] Law of the Sca. There is a tremen-
dous amount of literature on how to behave and what the
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objectives are, but none of us seems to be getting there
very effectively. We have heard that there is undue po-
litical pressure on the part of the fishing industry. und
that may have occurred and still may be occurring, but 1
still come back to the basic view that the responsibility
is vested in national entities or international entities and
that they are over-sensitive to such political pressures.
The fault lies there, and there is where it needs to be
resolved. Lack of political will, I think, is driven by the
fact that we have gotten into such an overcapitalized
position that disenfranchising a significant sector of the
population is just not an easy task for a politician to face
up to.

Beyond the overcapitalization issue and the problems
it has generated, I would certainly look at a number of
other factors (in no order of priority). First. inability 1o
effectively monitor fisheries in many areas of the world.
resulting [ think in under-logging of catch (the so-called
“black fish, gray fish”) and all the protlems associated
with those who take advantage of the system. Second, |
think there is a lack of data, certainly on certain stocks in
terms of management. I do not consider this to be Sig-
nificant factor in terms of mismanagement. But I think
there is certainly a need for better data on a number of
our stocks. Third, the inability to establish in the minds
of the user groups that there is an advantage to taking
short-term losses in order to achieve the longer term gains
seems to be a tremendous obstacle in achieving conser-
vation goals. Many users don’t see themselves as the ul-
timate benefactor of the management process, doubt the
fact that we are going to be able to rebuild the stock, and
finally that if we do they will be the recipient. I think
some manner of more effectively demonstrating that wha
you're trying to do will lead to more stable. economic
viability for users is important. | suppose that with the
collapse of the cod fishery in Newfoundland that mes-
sage probably has gained significant importance in that
part of the world.

Bart Katon.—I can tell you that I haver’t learned any-
thing today that goes against what Oscar Dyson told me
the first day | got on a boat. He said “Son, the fisherman
that knows when to sell his boat, that’s the one who makes
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the most money.” I'd also have to say that every time
I’m with fisheries managers or a council meeting, whether
they are public or private managers, I am reminded of
the Jewish philosopher Philo who was from around the
first century |AD]. His first claim to fame was that he
was the first to articulate the basic difference between
philosophy and religion. Basically, philosophy is based
on reason, and religion is based on faith. It always scems
to me when I am in a room of fisheries managers that
there are a lot more preachers than there are philoso-
phers. We really see that in the North Pacific.

To talk about fisheries problems in 5 minutes, you al-
most have to talk in bumper-sticker-style sentences be-
cause that is about all that can stick. That is probably all
anyone can remember anyway. I'm not speaking about
the problems of the world. I'm not much on giving ad-
vice to the world, but 1 think from what we’ve gone
through, the main problems I’ve seen might apply in other
places. The main problem is the confusion I know that
exists in industry between biological possibility and eco-
nomic probability. This was talked about earlier, but this
really creates problems in an industry that tries to cope
with fishery management as they try to do what they call
“rent seeking”’—irying to get ahead of management. It
is especially a problem in distinguishing hetween what 1
call science and engineering. Now the second bumper
sticker is so simplistic I am amazed that most people do
not know it: no species can long exceed its carrying ca-
pacity in its cnvironment. I will try to link that problem
with economic development models: When you don’t
know where you're at, you can develop some false pre-
mises in your development models. [ think it’s very im-
portant that we be awarc of that because it is true that the
amount we can extract from the ocean is less than some
of its parts. As long as we delude ourselves by building
these separate models, we're always going to have prob-
lems.

The third bumper sticker, based on my experience, is
that both state and local governments have been the main
goading force toward creating fishery overcapacity. In-
dustry doesn’t develop in a vacuum. Industry develops
by whatever is in its best interest of that day. When you
have fishery loan guarantee programs, construction dif-
ferential subsidy programs, capital construction funds.
and maritime administration subsidies out there, people
are going to take advantage of that and they are going to
create overcapacity. What is very frustrating in industry
is that some of our fishery managers require full use of
capacity. Under the Magnuson Act, we had to build more
harvest capacity before we could put the foreigners out.
We had to build more boats before we could put the for-
eign joint ventures out. We have [sic] to build two do-
mestic fleets. Or you have to extort capital investment
on the beach if you want some concessions on the high
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seas. But people in industry at the time are making logi-
cal decisions based on that time and place. How to solve
it? Really. 1 don't know how to solve it, but I know any
fisheries management should be coordinated with invest-
ment tax policy and with development policy. These
should be coordinated because otherwise they are going
to be at mixed purposes continually. That 's what seems
to put everything out of balance. In our case. very rarcly
do fisheries managers cven know what programs are in
existence for industry. or how they work, or what the
implications are going to be on a decision that they make.
So if there is one solution I can recommend, it is coordi-
nation of national polices so you’re headed towards the
same goal.

Dick Gutting.—The question that we got was what is
“the” biggest problem? What is the single biggest prob-
lem that is preventling sustainability”? Like Lee, I come to
the same conclusions. It is the simple fact that we as hu-
man beings profoundly disagree with each other over the
objectives of fishery management and why we are spend-
ing all of this money studying fish and going through hear-
ing processes. I think this political problem, if you will.
accounts for the decision loops that we saw described
this morning and the paralysis in decision making. The
evidence of this political problem is all too apparent. 1t
you look at the way the initial allocation of individual
fishing quota evolves, you will sce the political problem
in spades. You will see the disagreement over vbjectives
in the discussion of community development quotas. The
notion that somehow fisheries should be involved in so-
cial engineering and social reform. You will see this in
the course of day-to-day technical attacks on fisherics
biologists and in the need for more science, and in the
kind of discussions about risks that we have had here.

I think that we are also beginning to see this political
problem in the evolution of ocean use planning or zon-
ing. The emergence of sanctuaries in ocean urea man-
agement, which is replacing the resource management
mechanism that we are all familiar with. The fact of the
matter is that states and local governments and interna-
tional agencies arc beginning to set aside large areas of
the ocean as sanctuaries. The root problem of all of this
is a profound disagreement on what we want our fisher-
ies to produce, on what the objective of management is.

[ have to commend the scientists this morning. There
were recognitions in passing that this was a problem.
You heard phrases like “Fishery management is all about
managing people, not resources.” We heard references
to political decisions and economic and social issues. But
1 have to say that 1 am disappointed in the scientific com-
munity, because it seems to separate itself from the po-
litical. It sort of doesn’t want to get tainted. My solution
is to bring on the psychiatrists, the anthropologists, and
the political scientists, and to begin to study this pohti-
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cal problem. I think we have a great opportunity to learn
more about the nature of this problem. We have had 15
years of experience in the Magnuson Act and there have
been success stories and there have been failures. What
there hasn’t been is an analysis, a scientific study of why
things worked some places and didn’t work in other
places. We like to study fish and not study human be-
ings. I think we need to get on with the task and address
the political question head on. We do so indirectly every
day in fishery management councils, Congress is touch-
ing on it a little bit, but from a scientific standpoint. 1
think there is a great opportunity to learn over the last 15
years.

My final addition is that in thinking about the politi-
cal problem, we are well tooled and well equipped in
our current fishery management structure to maintain
stocks and keep stocks on a sustainable level. What we
are not prepared politically to do, with the current man-
agement structure, is rebuild stocks. The evidence of that
is when it comes to rebuilding everyone rushes to Con-
gress for federal assistance or a bailout or a political de-
cision. The current management structure is not strong
enough, it doesn’t have the tools. I think we need to think
about rebuilding stocks and whether our fishery man-
agement system is strong enough for that.

Ed Wolfe.—Maybe we can ask Dick if the National
Fisheries Institute were to fund this analysis that he is
talking about, would that be helpful. Is it possible, Dick?

Dick Gutting.— Yes, we fund it every day with a lot
of political pain. I think the industry would be willing to
join with the academic community and with the govern-
ment in setting up some honest guide to study what hap-
pened and why it happened. and I think it would be use-
ful.

Joseph Sullivan.—I am going to strike off into entirely
new territory here in terms of identifying what I think the
biggest problems are concerning sustainability. I think the
political tension is unresolved in fishery management pro-
cess. Here, obviously, I am not in all new territory. [ am
right in sync with the viewpoint that Lee Alverson and
Dick Gutting bring to the table. Nonetheless. I'd like to
run through what I think are some essential themes in these
issues. We have the tools for fixing specific management
problems, such as overcapitalization and more sophisti-
cated science. We're addressing habitat and ecosystem
issues, but yet we're having an extremely difticult time
employing those tools to solve the perceived problems.
We understand, for example, that the “tragedy of the com-
mons” is short-hand for saying that it is rational for indi-
viduals to overexploit a common property resource. We
also understand that individual transferable quotas address
that problem, perhaps as well as any possible fix could,
yet we find it tremendously difficult to implement any
sort of ITQ system, under any circumstances. [ think the

tension stems from the diversity of interests and values
that seek 10 be addressed in dealing with what we more
and more consider to be a unitary resource complex. The
allocation of wealth, as Francis Christy mentioned, is a
political process to which values are brought and not from
which the values are derived.

At the international level, 1 think the developing na-
tions are hungry for capital, they re seeking at both local
and national levels to bootstrap their economies. they 're
making an economic transition from agricultural and
agrarian-based society that no longer supports their popu-
Jation to a more urban and to some extent industrial ap-
proach. Consequently, their national and local incentives
are maybe to maximize their short-term yields rather than
longer-term sustained yield. We see social dynamics in
the international sphere that include protection of cer-
tain social sectors or that place high value on capturing
control over certain types of highly valued resources.
which lead to subsidies for industry sectors that may be
either fully or even overcapitalized. On the U.S. national
level, I think the tension might be most clearly demon-
strated by the fact that we have eight regional councils
that are applying a single set of national standards. ] think.
it it were intended that the standards be applied consis-
tently on a national basis, we would have one council.
No, we prefer to have this tension between what we con-
sider a national policy and a reflection of local interests.
local dynamics.

We have tensions within the national standards; I think
the Magnuson Act national standards tell us that “opti-
mum yield” is maximum sustained yield modificd by
appropriate economic, social, and environmental factors.
These are often preceded as qualifiers that allow us to
take into account local impacts of significance in the pro-
cess of looking at what should be a national. maxiraum
sustained yield. National standard number four says thai
there should be no discrimination between states, but how
does one balance that against the incorporation of what
are often local concerns in the economic, social, and en-
vironmental area? The tension, I think, has been evident
throughout some very contentious North Pacific fishery
management decisions, such as the inshore/offshore al-
location of pollock quotas, which involved a state-of-
the-art battle between experts, bolstering both sides with
science being used essentially to drive what was more
political conflict. It brings to mind sornething that I found
at the council meeting last week. This is a quote Irom
the man to my right (Lee Alverson): “The human dimen-
sion in resource exploitation and management has be-
come increasingly pervasive, and the use of facts and
statistics in the public influence game has become an art
to which science seemingly takes a back seat.”

This political tension can be summarized as attempt-
ing to manage a natural resource in the best interest of
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the nation as a whole and a with concern for local char-
acteristics of individual fisheries and local economics—
to make sure they are not marginalized in the national
management process. I think there are several real themes
that are of some interest, themes that emerge when we
look at how this tension has played itseif out in the Pa-
cific and North Pacific fisheries under U.S. management.
I think one of the themes is a federalism conflict: na-
tional interest verses local economic development. This
is the inshore/offshore conflict. [ think in some respects
it is the Community Development Quota program. Given
that Alaska holds 6 of the 11 votes in the North Pacific
Fisheries Management Council, it perceives that it has a
license basically to manage the resource to benefit the
state’s interests. This political debate I don’t think is go-
ing to be resolved easily. It runs back to the federalist
debates, and I think that when we finally reach a conclu-
sion on those we will reach a conclusion on how to bal-
ance the conflicting interests in this area.

Another theme that emerges is the conflict between
artisanal and industrial fisheries. For example. look at
the salmon bycatch issue in the midwater pollock fish-
ery. The midwater pollock in the North Pacific is, if not
the cleanest, certainly one of the cleanest fisheries in the
world. However, what little bycatch it does have of
salmon is tremendously controversial and the North Pa-
cific Fishery Management Council. for about a year now,
has hovered about the possibility of taking some very
significant management actions that could impose tre-
mendous costs on that midwater pollock fishery. The
Alaska halibut and sablefish ITQ program and the Pa-
cific coast limited entry permit formulas reflect an effort
to provide some recognition to the importance of the lo-
cal interests. The tensions are also connected to the effi-
ciencies of operating scale for exploitation and manage-
ment of certain resources. Pollock are processed in a
large-scale, industrialized fishery, which is probably the
most efficiently managed at that scale in terms of, for
example, observation and enforcement. The fish catch-
ers are small in number and large in size. There is ten-
sion and interaction between those large-scale fisheries
and artisanal fisheries.

I think global competitiveness and national benefit
have suggested to us that we should manage for effi-
ciency, but local values such as employment, traditional
community structures, and stability have been in the bal-
ance consistently. [ think we also have what I would call
a traditional values issue. I think that in our attempts to
maximize for national benefit we often run into issues
that are contentious such as economic discards. or by-
catch. Assuming that the bycatch is accounted for as bio-
logical removal, there is no indication that the affected
species is endangered by it. These become very signifi-
cant factors in our concerns. I think those factors assume
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importance because of what I will call a nostalgia for the
artisanal as opposed for an actual artisanal value. In other
words we are seeking to apply what we would consider
to be subsistence values—such as “waste not, want not™
or “keep what you catch”-—in a context where from a
market or economic perspective it is of questionable le-
gitimacy to do that. It may be counterproductive if we
increase biological removals or if we concentrate waste
discharges in the process. So where does this put us?

Well, [ have one recommendation in conrection to the
process. We need to recognize that politics is part and
parcel of the process; it is foundational to the ability 10
resolve political tension and will often be foundational
to the ability to implement an appropriate management
regime. That leads us to a recommendation that we enter
into and encourage dialogue between the significant play-
ers on either side of these tensions before we bring the
issue of contest to the fishery management spherc. I think
it is very important that the political dynamics be recog-
nized and sorted out at that level rather than clothed in
science and dealt with in a context where experts are put
forward to provide a great deal of information, that os-
tensibly has to do with the fishery management implica-
tions of a decision, when the concern is actuaally the po-
litical ramifications of the decision. I think there have
been some success stories when that has been done. |
think the herring bycatch issue and the Bering Sea trawl
fishery is in some respects a model for what I am sug-
gesting. There is an opportunity for the fleet and the af-
fected, or believed to be affected, fishers to get together
and talk through these issues in advance of the issuc be-
ing dealt with at the management level. A framework on
which there is some consensus will lead to =fticient and
usually non-controversial implementation of the man-
agement regime. Attempting to deal with that contention
within the management process doesn’t seem to work
well.

Ed Wolfe —The panel today, as you know, was to be
oriented towards global fisheries problems. But I would
suggest to you, as Tip O’Neil said, “all politics is local.”
And when you get down to fisheries, most of our prob-
lems are local although we are dealing with them in a
global arena with markets and we are fishing around the
world. It all gets down to our regional areas, where we
happen to be from. What I will do is comment on some
remarks that were made and direct them to individual
analysts or ask them to jump in, and then I will invite the
audience to ask us any questions that you may have.

Getting back to the international issue, I think Lee
made an excellent point, and I couldn’t agree with him
more. I assume he has been talking about the U.S.~
Canada salmon issue, but if not I think that it is a pretty
good example where there appears to be a Jack of a po-
litical will to solve this problem. I would also suggest to
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you that there has been a lack of political will for a long
time to resolve this problem for political reasons. Lee
and I were involved in this process back in the mid- and
early 1980s. We got a treaty, and the treaty has been go-
ing along and we have been putting Band-Aids on this
treaty tor a number of years. If you read the papers, you
will know that there are major problems out there right
now. [ think for this issue to be resolved. there will have
to be a very high level of intervention, and I think that is
what will occur because of the overall bilateral relation-
ship with Canada at this point. I would be very inter-
ested to hear Lee’s point of view since he has been in-
volved in this for over a decade.

Lee Alverson.—I had intended to try and deal a little
more internationally. but I think there is an analog in the
international setting for what is going on here. The North
Pacific Salmon Treaty has a certain number of obliga-
tions that relate to both conservation and allocation. As
you might suspect. each side perceives a different rea-
son for why the treaty has broken down. One side con-
centrates largely on the allocation or equity issue-—that
each country of origin should receive salmon from its
coastal waters where it spawns. The other side sees a
diminishing number of resources that migrate up off
Canada, probably not because the Canadians have been
involved in intercepting those fish, but for a number of
habitat reasons. The stocks are declining and we want to
see a decrease in the interception. The fact that two sides
can’t get together seems to be based on the allocation
and equity structure, and I guess it would be ungodly of
me to take sides in this because I might have to switch
citizenship. I would just say [ do think it is an 1ssue where
the political will to get a resolution has to go beyond the
local parties, which cannot find resolution because of
their commitments to their local constituents. That sort
of issue confronts people all over the world in terms of
overcapitalization. Governments don’t want to have to
deal with the issue because it means disenfranchising
people, economic difficulties for people, and there are
trade-offs between achieving that disenfranchising. How
do you protect all interests of the people who partici-
pated in the fishery? But I think we have a very strong
commitment all over the world to the basic statutes of
conservation as written under Law of the Sea Treaty, but
we have a very frail commitment on the part of national
leaders to really try to seek it.

Ed Wolfe.—I would just add to what Lee said that,
during that period—during the negotiation and the final
signing, having been there—we knew that this was a tem-
porary fix. It was a Band-Aid at the time. and the Band-
Aid stayed on a lot longer than we thought it would. It
will be resolved shortly, and I think it will be resolved at
the highest level, the Presidential level in our country.

The other point that I thought was well made today
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has to do with how we deal with fisheries in our country.
and I will relate that to internationel issues. There are
substantive problems that we deal with on a daily basis
in fisheries. Obviously, there are legal problems, scien-
tific problems, and policy problems that we deal with on
a daily basis. But the people that [ am looking at around
the room-—scientists and lawyers and policy people—
would all agree with me, I think, that these very immpor-
tant scientific issues that are taught here and in other
schools and the policy issues, they all come down to
politics. That may sound terrible, and [ don't even leel
comfortable to say it, but ] think it is a reality when 1
look back and I think about the international issues that
some of us have been involved in: the salmon issue, the
driftnet issue, the tuna issue in the South Pacific, and
shrimp issues in Mexico. These are international issues.
They all came down to regional pressures und regional
interests. That is how they were resolved, with national
assistance moving it forward.

Dick Gutting.-—I think Bill Burke said something that
we shouldn’t lose sight of, because hz"s dead right. “We
have a power vacuum. There is a hole in fisheries man-
agement authority beyond 200 miles and when you have
a vacuum it won't stay there very lonz. People are going
to move into that vacuum.” Bill talked about coastal statc
expansion beyond 200 miles—unilateralism. There is
another unilateralism going on to try to {ill that vacuum.
and that is using market power, using trade sanctions.
using the strength of your import market to force other
government agencies to do something out there in that
vacuum. The fact is we are running out of fish, the de-
mand is going up, that vacuum is becoming more and
more serious. and we have to deal with it. I think resolv-
ing it at the international level is by far the biggest chal-
lenge that we have, and has got to be the focal point of
our efforts right now.

Ed Wolfe.—My final point before we move onto ques-
tions would be just to pose a question to you. Is the prob-
lem we are talking about, the resource problem, an eco-
nomic problem or is it a scientific problem or is it both?
From our perspective in the Pacific Northwest it is a re-
gional problem in that there are just too many boats, and
I think this is an international problem also— there arc
too many boats in the fishery. We need to limit the num-
ber of vessels that are operating. I think our scientists
have done a very good job of managing the science. For
the most part, our stocks in this part of the world are
sound and probably as healthy, if not heaithier than any
other stocks in the world. And we are proud of that. So |
would promote limiting the number of vessels. That will
go a long way towards resolving many ol the problems
that we have in the Pacific Northwest, hopefully through
some sort of comprehensive rationzlization program.,
whatever that may be. But I think it wull have some limi-
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tations on vessels within our fishery in this part of the
world, and it is a regional problem, yet it is an interna-
tional problem and it effects everybody in other fisher-
ies around the world.

Lee Alverson.—I would just like to make one final
comment. Everybody today talked about the problems
facing world fisheries. And there have been a number of
items that have been brought to everyone’s attention. The
people talk about the lack of data, the lack of enforce-
ment capability, overcapitalization, a half-dozen or more
additional items. Yet I think Dick Gutting is right in the
fact that we are trying to write a prescription when no-
body has sat down and done a detailed diagnostic look at
success and failures around the world. I think before we
do that, it would probably be nice to have someone sit
down and say why are some fisheries in an overfished
position, and why are some other fisheries essentially
well managed and productive over a long time period?

Ed Wolfe.—That concludes our presentation. We
would be happy to entertain and attempt to answer ques-
tions from the audience.

Question #1.—I might have missed it this morning,
but I was just wondering if there is a global estimate on
the extent of overcapitalization?

Francis Christy.—We did make an estimate in the
FAO analysis indicating that the total global revenues
from fishing were $70 billion in 1989. The total operat-
ing cost of the global fishing fleet was $92 billion and
the total capital in operating costs combined was $124
billion dollars. So this in essence shows overcapitaliza-
tion. Beyond that, there is an estimate of the economic
rent that is being dissipated of $30 billion. So you have
an estimate maybe on the order of $60 billion dollars a
year being wasted globally because of overcapitaliza-
tion.

Now I would like to take this opportunity to address
another point. I found the discussion this afternoon to be
very refreshing. I think we are talking about the question
of political will. This morning 1 tried to point out the
reason we don’t have the management is because we
haven’t made the political decisions. It is not so much a
matter of political will as it is a matter of making deci-
sions to allocate wealth, or redistribute wealth. That has
to be done, and as long as we have the open-access con-
dition, this can only be done by arbitrary means. We don’t
have this in any other industry to speak of. In other in-
dustries, the access right is allocated through the market
mechanism; this is what we should be striving for. To
get to that point, we have to make the initial decision on
allocating access rights through whatever system we use,
whether it is an ITQ system or entry limits scheme or
territory use right or whatever. That is the basic impedi-
ment to adopting a better management measure.

However, once those decisions have been made, then
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the role of government and the role of scientist change
considerably. Then you have created, on one hand. a real
demand for a lot of the information because scientific
information can be used. At the moment, the scientific
information to some extent is useless. You can come up
with the best models, but if you can’t make the decisions
to manage the fishery to control access, it is of no real
value to mankind. It may be of value to the fish. butit is
of no real value to mankind. Once you have established
a real system where property rights exist instead of the
open access condition, then that information will appre-
ciate very greatly in value. I am reminded of the situa-
tion in the northern Australian prawn fishery where they
established a license limit scheme, and the fishers found
it in their own interest to postpone their harvest to catch
the larger prawns rather than racing because they had an
exclusive right. They also found it in their best interest
to employ their own scientists to tell them when to move
from one stock to another stock. What I arn getting at is
I think there are two phases. The first phase is the politi-
cal decision that has to be made to distribute the wealth
through some sort of closed-access system. Once thal
decision is made and the property rights are created. then
the allocation decisions are made automatically through
the market place.

Dick Gutting.—Thank you. I have to complain here.
All of us have been reading reports about the ITQs and.
before that, limited entry. We are well aware of the grand
scheme and the beauty of the concept. What [ am ap-
pealing for is a little understanding that the initial allo-
cation of quotas is not just a mere problem that one has
to work through and the whole system comes into play.
That initial allocation of resources is why we are spend-
ing 10 or 15 years trying to work out the system. If you
believe in these systems. as academics, if you really think
that we will optimize our benefits, then my appeal to
you is help us get through that initial decision. That is
the killer decision. That is where the bottleneck is. Thi
is where 1 don't quite frankly see the professional aca-
demic focus. How do you get 100 people or 1,000 people
through that bottleneck? And how has it been done in
XYZ fishery. and why hasn’t it been done in other ar-
eas? I have large holes in my back as a result of partici-
pating in the process. | don’tlike holes in my back. Please
give us some insight. Give us some real examples that
we can point to and say, “See they did it here or they
didn’t do it there.”

Bart Eaton.—I just wanted to address vvercapital-
ization. I don’t think that overcapitalization is a prob-
lem. The capital is going away. The bankruptcy judges
are taking it away every day. The fishing power 1s stay-
ing. We are going to have a much lower capitalized flect
here in 3 or 4 vears. but we are still going to have the
same amount of power.
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Joe Sullivan.—One of the points ] would like to make
echoes the same themes that we have been hearing. One
of the difficulties 1 see is that we have a fisheries man-
agement process that develops our policy (in the United
States context anyhow) and provides that policy to the
management administration and then asks them to imple-
ment it. We are asking that process to address the first
phase of quota allocation. That is a political issue. In my
mind it is questionable whether it should cven be ad-
dressed within the fishery management policy develop-
ment process, whether it is cfficient to do so. or maybe

that process should take place outside of the context of

fishery management decision making. Rather. should this
be an issue addressed at the national political level or
inter-local political level, resolved there, and then to some
extent brought forward from there to the management
process. Then from that point, the management plan can
be implemented.

Question #2 (Bert Allsopp).—Sorry to intrude, but [
come from a country where we have been frustrated by
the advice of all the developed nations who have been
suggesting maximum sustainable yield. But in the North
Atlantic or the North Pacific or in the Indian Ocean, I've
seen the stocks collapse. I have worked with the United
Nations Food and Agricultural Organization. and [ have
seen the advice being transferred about things that you
advocate and that have failed. [ have seen places like
Iceland tenaciously hold to the management principles
without any interruptions or political accommodation
from various parts of the country, locally or otherwise,
and they have succeeded. I have worked in countrics
where they have maintained that they must manage their
spiny lobster stocks in Belize, while you have been vac-
illating about it in Florida, and lobster stocks have been
vacillating in other countries. I have seen places where
the fish bycatch has been overexploited and these issues
have never been addressed. I've seen the South Pacific
Fisheries Commission tenaciously hold to the managc-
ment of their tuna stocks, Seychelles holding to their
management, and the Maldives, and so forth.

You lack the political will. The academics have been
unable to influence the politicians. There have been
changes in administrations either in states or in prov-
inces in Canada, which have not coincided with the breed-
ing cycles of the salmon, or the cod, or whatever. In fact,
the issue is, “Has the developed world taught the devel-
oping world anything about fisheries management?” This
morning you have had the issue presented by Danicl
Pauley, indicating very clearly. lucidly, that in fact when
you overcapitalize. you lose money, and in the artisanal
fisheries social and economic gains (as food brought in)
are greater per person. You've seen the maximum by-
catch discards, etc., which do not end up being tood for
people. To the question addressed by the panel “What is

the biggest probicm in world fisheries sustainability?”
my answer is greed. Thank you.

Dick Gutting.-—I think that there's plenty ot greed
out there, but I also think that we ask our fisheries to do
many different things. It may not be a major issue in the
Pacific Northwest, but I assure you in the Gulf of Mexico
and along the South Atlantic, trying to balance recre-
ation opportunity with food, you can zall it greed i you
will. Still, were asking our fisheries to produce both rec-
reation and food. That’s a two-edged demand whicn is
often inconsistent because one demands efficiency and
the other demands inefficiency. We demand that our fish-
eries provide employment at the same time we demand
that they provide food, and again, there are these con-
flicts. I think that “greed” has a nice ring to it. but I think
that it’s a little more complicated than that.

Lee Alverson.—I'd like to jump in and comment just
a little on the greed issue, becausc I think thatit’s a very
casy thing to say. and everybody raises their hand and
you get the audience to clap. Fact: Greed probably exists
in all sectors of society, whether it’s fisheries, whether
it’s industry, whether it's academia. A lot of rich people
are sitting on top of good contracts tc¢ be consultants to
high-level exploiters. Society has to develop the bound-
aries in which people can operate, and those are the
boundaries that control greed. And in fisheries, it greed
is out of line, the social structures ard institutional ar-
rangements need to be refurbished.

Joe Sullivan.—1I'd like to respond by saying that 1
think that there is indeed an appropriate role for acade-
micians in the process. But I guess what I see is that
currently the step in the process in which academicians
are typically brought in may be inappropriate. The point
that T was trying to make in my inital presentation is
that [ think that there are certain basic political tensions
that will condition how an analysis is undertaken and
what types of recommendations will stem from that
analysis. Political issues of a federalism sort determine
whether you have a certain amount of local control, lo-
cal employment. local economic development given a
priority, or whether you emphasize national efficiency.
Those decisions, 1 think, really are value choices that
need to be made as part of the political process; to ask a
scientist to assign relative weight to those values I think
asks them (o do something that they're not well equipped
to do. But when you get to the point where some of the
basic premises have been addressed and where some of
the basic priorities have been established. I think it makes
perfect sense in the context of negotiating a resolution
between contlicting user groups to bring in people with
academic expertise who can measurz value, establish
value, can show how value can be traded or maximized
in that process. I think that can be of great assistance in
resolving some of the second-level tensions associated
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with the impact of decisions. But it is a problem. I think,
to try to employ academics too early in the process. which
really frustrates [sic] both the process and the academic.

Ed Wolfe.—Maybe just one final point by the panel-
ists. I would also add that the services this University,
and I’m sure other universities in other regions, provide
to the regional fishery body. the regional councils, on
the scientific committees and on the advisory panels is a
very valuable resource.

Dick Gutting.—I have two suggestions: Maintain the
discipline that is evident here, but which was not evident
15 years ago. The discipline of distinguishing political
decisions from scientific ones. I think that a number of
the scientists came forward and emphasized the impor-
tance of keeping clear the difference between those two.
That was not happening in the beginning of the Magnuson
Act, and I’m delighted to see the scientific community
beginning to come forward on that. The second sugges-
tion I have is, you can think of the fishery management
process as a human process, a group of individuals try-
ing to resolve conflicts. When we have taxes and it's compli-
cated, we go to an expert. [ think all of us in the process
think were experts in the process and we're not. I really
think that there is a role in the academic community to
study the system, the process, conflict resolution. and draw
upon success stories, perhaps in other resource manage-
ment areas, and bring new ideas as to how we can struc-
ture conflict resolution in fishery management. I think
that other agencies and other programs are going through
conflict resolution processes that hold a lot of promise.

Lee Alverson.—Well, [ want to help Ellen where 1
can. To begin, I didn’t hear any statements that [ thought
were implying that the academic institutions or the aca-
demicians did not have a significant role. I think the point
being made is that the decision-making process in fish-
eries, both nationally and on a global scale, is driven sig-
nificantly by a political process. And certainly, academia
can and is frequently a part of the political process. They
certainly can be the arbitrator of facts. They have an im-
portant role in developing new concepts and methodol-
ogy, looking at the consequences of our activities both
in the social, scientific, and economic arena. They've
done that in the past. I think that they need to continue
that process. Certainly one thing, and I’ ve made this com-
ment before, is that the news media today is full of abso-
lute nonsense about what’s going on in fisheries. Factu-
ally incorrect consistently. Certainly academia can play
a role in sorting out the factual basis of what I consider
to be misleading the public continually in what’s going
on in fisheries. So I think they have a very important
role in developing new hypotheses and ways to man-
age—looking at better ways to analyze data, to collect
and interpret the facts quicker, and I think that they have
and continue to have a significant role in that arena.
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Question #3 (Brian Pierce).—1 am speaking from a
non-academic background, if you like. Firstly, worldwide
when I’ve traveled around, I have yet to mect anybody
that doesn’t support wise stewardship of fish resources.
And yet on the ground, in reality, when I present bio-
logical advice, I lose about 80% of my battles. I can usu-
ally predict that when somebody’s got a vested interested
and can make money out of doing the opposite of what-
ever we biologically suggest is best for societv and for
its resource, I tend to lose. I've heard from Dick that we
should do some research on that, and I agree it's a really
interesting series of experiments that are out there that
we’ve actually performed ourselves. But I don’t see that
research in itself has actually solved a lot of problems
worldwide; it still returns to the political issue that you
guys raised. My question, my reason for being here, is to
ask you guys, how managers and how the real resource
owners can have a more effective input into the political
process, because certainly the folks who can make a few
thousand doliars out of the resource are exceptionally
good at it.

Dick Gutting.—I totally agree, research is not going
to get us there; it may help. When you devote your life to
fisheries, and I've been in this game for 25 ycars, you
tend to think that we’re damn important. You forget that
we're a very small percentage of the GNP. [ think you’ve
heard some of the panelists suggest that raybe within
the fishery community, because of the self-interest,
whether we’re an elected official sitting in the middle of
a tishing community, or someone in that community it-
self, we may lack the intestinal fortitude to make the kind
of decisions that you suggest are needed That means
that our problems or our issues have to be elevated out
of our own little backyard and onto a larger stage. 1 think
that was the suggestion on salmon, and I think that it
applies in other areas as well. How one elevates deci-
sions out of the fishing community, when the fishing
community isn’t always too pleased that that occurs, is a
difficult question. I think a lot has to do with what Lec
Alverson just said. and that’s speaking out at a national,
educational level, and responding when you see the front
page of Time magazine. Getting the word out, as best
you can, to a broader constituency is the only answer [
can think of. I think the environmental community in the
last 2 or 3 years has begun to serve that function; how-
ever, like any other special interest group, they have an
interest which [ don’t think is necessarily coextensive
with the public’s interest. They need to raise money, they
need to have certain problems and crises, and they present
things a certain way to raise money. I think public edu-
cation is a function that you can perform.

Question #4.—It’s not really a question, but, frankly
speaking, coming from Europe, I must indicate that [
don't feel very easy in the discussion we had the second
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half of this afternoon. First point: If this is world fisher-
ies, I do not recognize myself in a world debate, frankly
speaking. I don’t have the feeling that the question is to
be for or against ITQs. It seems to me a very American
debate now. [ don’t want to enter this debate. but I want
to make it clear that it’s not a world-scale debate, up to
now. I would like also to add a comment on the political
will. I am involved now in some political decision, and [
am very scared by this idea of the lack of political will.
What does it mean? I am afraid that many scientists have
kind of a dream of the enlightened despot. They would
know what is good to decide. A good politician will be a
politician who will decide exactly what was advised. I

do follow the point of view according to which scien-
tists should try to understand what went wrong in the
past. Because if the political will did not appear. maybe
it’s also becausc the parts have not been clearly defined
between the scientist and the politician. It we are all of
us within democracies, or most of us, f the political will
doesn't exist, it’s maybe because the debate was not or-
ganized in the proper way. And it’s also part of the re-
sponsibility of the scientific commun.ty.

Ed Wolfe.—Thank you. I thank the panelists. [ thank
Dan Huppert and Ellen Pikitch for inviting us, and I thank
you for being attentive this afternoon. Good day.
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Clarence Pautzke.—Two questions have been given
to our panelists: How should we manage fisheries given
the change in ocean environment? And how should we
regulate artificial enhancement programs for long-term
sustainability? 1 put those together into the question:
When we’ve managed all the stocks down to their low-
est sustainability, will the aquaculturist be there to bail
us out? I think we have five good panelists here who
have been through varied backgrounds and experiences
as far as different fisheries. The first one is Suzanne
Iudicello.

Suzanne Iudicello.—Good afternoon. The first thing
I'd like to do is answer the second question with a very
brief, U.S.-specific response. How should we regulate
artificial enhancement programs for long-term
sustainability? I would suggest that if those federal per-
mitting agencies who are called upon to allow artificial
enhancement programs within U.S. waters would sim-
ply comply with the National Environmental Policy Act,
the proponents of such facilities would have more pre-
dictability on alternatives and consequences and costs in
their operations. The public would have more informa-
tion on consequences to the environment and human
health; and the decision makers would be better informed
in terms of other environmental consequences and off-
shoots, and we would probably have a better regulatory
regime. So that’s a very simple answer.

The first question is the one that’s more fun. and 1
would like to use my time to respond to it. How should

we manage fisheries given a changing ocean environ-
ment? I think the second part of that question is what is
most important. There's kind of a fatalist assumption
there: ““given a changing ocean environment.” It brings
to mind the saying that you can’t see the forest for the
trees. And if the practice of not seeing the forest for the
trees has brought us to our present state of affairs in the
Northwest logging industry, then our inability 1o see the
ocean for the fish, because we see fish as a product, [
would suggest has brought us to the present state of af-
fairs in our global fisheries management. So. what do
we need to do to recognize that second element in the
equation, recognizing a changing ocean environment?
How is the ocean changing? Global climate change has
brought about phenomena from coral bleaching 1o sea-
level rise to pollution. We've heard about it in the con-
text of aquaculture facilities and in the context of salmon
habitat. It has been predicted that by the year 20 (0. three-
fourths of the population of the United States will live
within | hour's drive from the coast. What is that going
to do to alter the physical capacity of the ocean? Trans-
portation of alien species, they come in ballust water
tanks, they come in the bottom of vessels, they're moved
from ocean to ocean, ocean to river, river 10 lake. to in-
land places. What today is a zebra mussel problem in the
Great Lakes in the United States may tomorrow be, who
knows. one of these shrimp-borne diseases that might be
transported. Further. bycatch and incidental catch in di-
rected fisheries. Finally and probably most important,
every single one of these human-caused changes in the
ocean environment is driven by the most important hu-
man consideration to the ocean, and that is population
growth.

So, all of those are human-caused changes. but only
one of those things is cven susceptible to solutions that
can be derived from fisheries management. So then we
get back to the first part of the question: How should we
manage fisheries? Well, given that whole list of threats,
it's a pretty dismal picture. You’re talking about the tini-
est portion of the equation, where you’re managing hu-
man behavior in one particular activity, but you've got
all this other human activity over which fishery manag-
ers have little if any control. So what do we do” Well,
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let’s try looking at the forest. Let’s look at the whole
system; let’s look at the ocean. Let's look at fish not just

as a product but as a predator, as prey, as the object of

recreation, as a source of tourism, maybe even as a source
of aesthetic inspiration for some people. Let’s not forget
the human clement of the system. not just those who make
their living from catching fish. but those who affect the
ocean: the people who are moving to the coast, the people
who eat fish, the people who want an ocean view. So
what do we do about those people? We have to engage
them in the process.

Right now, most of fishery management and certainly
most of the fishing industry view the public either as just
consumers or folks like those who I represent, the
“greenies” (we like to call ourselves the “bluc-ies™ be-
cause we deal with the ocean), but the greenies and the
environmentalists are who are causing you all these prob-
lems. Well, why don’t you bring us into the process”
Because openness, whether it's transparency in the in-
ternational context for non-government organizations or
participation in the regional councils in the United States,
makes us an informed public who can help to advance
the case to fix some of those other human-caused prob-
lems, such as habitat degradation. pollution, and so forth.
You can’t place the entire burden of those issues on people
who catch fish for a living. So, in conclusion, I would
say that if we arc going to manage fisheries sustainably
in the face of a changing ocean environment, you have
to look at the public not just as consumers, and not just
as targets for new markets, but as a potential informed
group of opinion leaders, of advocates for sustainable
fishing in the future. Because with that constituent group,
we could possibly build the political will today to con-
serve fish for the future. And then we wouldn't have to
spend our marketing dollars and our fishery research
dollars figuring out ways to convince people that they
really want to eat mackerel hot-dogs and krill patties.
Instead, if we had fish for the future, they could be eat-
ing the haddock and the salmon and the swordfish that
they really want to eat. Thank you.

Ole Mathisen.—At one point of my education, [ was
made to read the dialogues of Plato. I do not remember
much except his discussion of the ideal world and the
real world. The ideal world is universal and [has] change-
less concepts. And it was a shadow or a projection of the
real world. I'd like to submit that the management deci-
sions today should be more experimental in nature. There
can be controlled experiments, instead of all this pre-
senting of indisputable knowledge. And, of course, the
reason for saying this is that we have the annual vari-
ability, and then we have the long-term changes in pro-
ductivity. Furthermore, when [ look at the decline of so
many stocks of fish all over the world, I sit back and
want to manage for sustainability. You have to introduce

the concept of threshold limits. In other words, the popu-
lation size below which you never go. And again. in or-
der to do so, you need to be able to assess the stock.
Then of course, you have this quest:-on of what is the
upper limit of the harvest level. Well, again, I know that
you can calculate many yields; I do not think there are
overestimates until you mix it with population genetics,
which is happening these days.

Furthermore. 1 have never had much sympathy for
people talking about too large a spawning biomass. or
overescapement of salmon. As we are all getting to know
more about the behavior of these animals, we can see
that large, excessive escapements of a large spawning
biomass has a function. It might be to fi 1 out niches which
are lacking. However, aside from this, there are long-
term changes and they can come rather abruptly, as wit-
nessed in the late 1940s, when the salmon populations
on both sides of the North Pacific Ocean declined. It came
too quickly for the industry to adjust, and it caused a
drastic economic restructuring of the indusiry. Now, I do
think that we are on the verge of being able to predict
some of these long-term changes, using indicators like
earth surface temperature anomalies, the atmospheric
circulation index. and the earth rotation velocity index.
They have all shown close relationships to long-term
changes in the abundance of salmon, herring. pollock.
and even marine mammals. Stability, or sustainability in
the future in the capture fishing industry will. to a large
extent, hinge on the extent [management| can make pre-
dictions based on these recommended srudies in this area.

Now, you have the second question: How should we
regulate the fishing enhancement programs? We are told
not 1o be parochial, but let me say that at lcast in Alaska.
the justification for nonprofit hatcheries was to buffer
the low years, to fill out the valleys. And of course there
are simple fallacies here. You don’t build a large hatch-
ery or construction without using it every year. Second,
although there may be some advantages in the freshwa-
ter stage, in the long run the production 1tom these hatch-
eries has shown a tendency to follow the production fluc-
tuation of the wild stocks. What probably happens is their
initial gain achieved during the freshwater stage is lest
by predation, accumulation of predation at time of release
of fry that have been hand-fed up to this point. Of course
there is another side. and that is the loss of genetic diver-
sity. which in the Northern Hemisphere has been acquired
during the last 12,000-15,000 years, since the last gli-
cier period. It's casy to say that we must conserve go-
netic diversity: it's much more difficult to sce how it can
be done. In a large-scale hatchery operation. it's very
difficult to maintain your genetic diversity. Sustainable
harvest is ultimately linked to increased knowledge. and
I'd like to submit that the knowledge has to come from
directed questions. Eventually these directed questions
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will lead to basic research. I believe that institutions like
the School of Fisheries here in Washington and elsewhere
were created for this purpose. They can only justify their
existence on this ground. Thank you.

Clarence Pautzke.—Next, we have Jake Rice who is
now from British Columbia, but who also had experi-
ence off Newfoundland with the cod fisheries. He tells
me that the cod are not really gone from the east coast,
they’re just on their way around to the west coast.

Jake Rice.—I'm also only going to deal with the sec-
ond question. Five minutes isn’t a lot of time, and [ don’t
know much about the first question. I don’t know much
about aquaculture, so I'll take this opportunity to pon-
tificate about things I do know about. Now, to me. look-
ing at how we mange fisheries in a changing environ-
ment, or any environment at all, there’s five points we
need to really focus on. A number of them came out of
the talks we’ve had in the last couple of days. If we put
those six points together. I think we’ll find a guide to
how we manage fisheries in a changing environment.

First, we need to focus on forecasting. Lots of people
in this room have contributed to the really rich fisheries
literature in backwards-looking types of assessment
methods. Forecasting is a mathematical discipline, and
not enough of us, and I include myself in this group, pay
enough attention to forecasting as a tool. We're going to
have to do a lot more forecasting as we try to deal more
realistically with evaluating risk. dealing with the possi-
bility that the environment is going to be different in the
near future, whether it’s a point regime shift, a gradient,
whatever. So forecasting is one thing we really need to
deal with seriously.

Another important thing we need to consider is iner-
tia. And I mean inertia in a lot of ways. Fortunately, al-
though the environment is changing, it does have some
inertia. Today isn’t a perfect guide for tomorrow, but it’s
a better guide than lots of other things we could be us-
ing. And in this forecasting sense, the inertia that the eco-
system system has is a real ally. We need to use it. But
there’s another kind of inertia, and that’s the decision-
making inertia. Even after you®ve diagnosed that some-
thing has changed in the ecosystem. and some action is
necessary, there’s an awful lot of institutional inertia that
makes fisheries management systems respond way 00
slowly to the need for change. And we have to deal with
that institutional inertia effectively. This is something
different than the lack of politica! will. It’s the real reluc-
tance we have to respond quickly to changes. And that’s
an important thing to deal with when we’re trying to
manage fisheries in a changing environment. Postpon-
ing reaction to a change can really increase the pain you
have to take when you finally do react.

Next, regarding data, I firmly believe that modest
amounts of really reliable, really relevant data are much
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more valuable than large amounts of amorphous data of
questionable reliability. Fisheries in general and ecosys-
tem-oriented research is notorious for collecting very
large but inconclusive data sets. We have to cure our-
selves of that very attractive fallacy if we're going to
manage fisheries in a changing environment. I firmly
believe, and we can discuss this later, that even if you
choose less than the ideal thing to measure, measuring a
few things well is belter than measuring many things
poortly. Also under data. I'll touch on the infatuation that
[ personally have with databased, rather than model-based
ways to analyze forecasts. But I couldn’t cover that topic
in 5 minutes here.

Regarding diagnostics, I believe we have something
to learn from medicine. Medicine for hundreds of years
had a pretty good track record; long before it understood
the full pathology of a disease. Important diseases had
symptoms that could be recognized and there were treat-
ments that could be applied for the benefit of the patient.
This is not a perfect model for fisheries management,
but it’s a tool we don’t use. There’s a paper that I was
very impressed with by Chris Hopkins cn the Barents
Sea capelin, where there is a measure that can be taken
that can really highlight when the Barents Sea capelin
stock is in trouble. And it can give you that information
in time to react to it. [ have more faith in that as a guide
to management in a changing environment than much of
the work done on the huge Barents Sea ecosystem mod-
eling activity that’s going on. And I think that there’s
lots of opportunities to look for diagnostics of change
and react to them, without having to do a full ecosystem
system study beforc we get into the issue of managing
the ecosystem.

Less—sometimes, it not always, we will have 1o use
less to manage fisheries in a changing environment. And
finally, we need to deal with effects of our management.
I think Keith Sainsbury is the only person who mentioned
this in the last two days: The fact that after we’ve done
everything else right and prescribe a reaction, the fishers
react to our reaction. That’s a tractable problem; we
should be studying how that thing that we manage, the
fishing fleet, responds to our management initiatives. [t’s
called implementation uncertainty; we can do something
with it. Now. if we combine these five points, it tells us
how we should manage fisheries in the future. We should
fiddle with them. Thank you.

Don McCaughran.—Let me answer the second ques-
tion first, because that’s rather easy for me to answer.
How should we regulate artificial enhancernent programs
for long-term sustainability? Well, I would say. “care-
fully.” We’ve heard that this afternoon; there's good evi-
dence for that. And the other answer, and probably the
more important one is to talk to somebody like Ole
Mathisen, because I don’t know a thing about it. So 1



MANAGING FOR SUSTAINABILITY 313

will concentrate on the first question, which I know a
little bit more about, and that’s how we should manage
fisheries given a change in ocean environment.

Well, Jake said we should do some forecasting. Being
a statistician, and a very conservative kind of statisti-
cian, [ don’t think a lot about forecasting. and the older |
get, and this is in terms of months, the more I'm begin-
ning to agree with Ray Hilborn. About the only thing
that scares me is that by the time I finish my career, maybe
I’ll agree with him 100%. However, there’s a lot of un-
certainty, and you know that when you go beyond the
range of your data, your confidence bounds expand ex-
tremely rapidly, and you’d quickly get to the point where
you shouldn’t make any decisions based on that kind of
uncertainty. Now, we're supposed to talk globally, but |
would like to talk about Pacific halibut because there’s
an awful lot of data there and it’s an old, managed fish-
ery, and it does occur in both the Pacific and the Atlan-
tic. And perhaps under the Arctic Sea as well. So in some
ways, it’s global. We have about a 20-ycar cycle in re-
cruitment. Roughly, 1945 was a peak, and 1965 and 1985
were also peaks of recruitment, and right now at 1995
we expect a lull. But what do we make of that? How
many fisheries have data going back that far? In the North
Pacific, very few, if any. And what am I supposed to think
of this? Is this the effect of the environment?

There’s some interesting variability in the stock-re-
cruitment relationship for halibut. You can fit most any
kind of model through the data, like you can through
most stock—recruitment relationships, and the reason for
that, I think, is the effect of the environment on halibut
stocks. The environment has a huge effect on halibut
stocks. Now we saw that 20-year cycle in recruitment;
we don’t know if that’s environment, or something in-
trinsic, or what it is, but we know it’s there. We see a
tremendous amount of scatter in the stock-recruitment
data like this. We’ve seen very high spawning biomasses
produce very good recruit populations. and of course,
very low spawning biomasses produce very good recruits.
In general, there is some relationship that would show it
decreasing, but that’s probably the effect of the environ-
ment. So in halibut management, we just say there’s a
lot of environment going on. We can’t forecast, nobody
can forecast worth a damn. We can’t even tell you what
environmental things are important, except perhaps ocean
current drifting halibut onto shallow grounds when
they 're ready to settle out. There might be some mecha-
nism we can speculate about, but we don’t really know.
So what we do is this: Annually, we do the best job we
can of estimating the standing biomass, the exploitable
biomass (the 8-year-olds to 20-year-olds). So we get a
stock assessment every year and we take a constant pro-
portion. In other words, we have a constant exploitation
rate.

You have to get good estimates, or consistent estimates
over time of spawning biomass, and rhat will fluctuate
with the environment—so you don’t care about the en-
vironment, you just have to get a good ¢stimate. And
then you take a consistent proportion of that in your fish-
ery every year. There's two tricks then. The first trick is
getting consistent biomass estimates; the other trick is
what proportion should that be? How do we figure that
out? The only tools we have available, and we all use
them, and most of you are familiar with this, are models.
We build computer models, we build elaborate simula-
tions with all sorts of strategies. And we do a lot of com-
puter simulation, and you choose different exploitation
rates and you see what happens under a lot of different
scenarios. And you try to protect yourself. But what do
you protect ourselves from? That’s the third question.
Well, what we've decided to do is say we’re going to
protect the spawning biomass. We don’t want it to drop
below a certain value. And so we cheoose a strategy, in
other words an cxploitation rate, that in the long term,
using simulation, will not cause the spawning level to
drop below some historical level. That’s one approach.
and it’s the approach we’ve done.

What we’re really saying here—and this applies to a
lot of other species besides halibut-—is the environment
is going to change:; it’s going to change your fish stocks.
So you have to develop a method in which you don’t
have to rely on forecasting. You have to estimate what
you've got and take a certain proportion. And then you
have to think a great deal about what that proportion
should be, and you have to think a great deal about how
good a biomass estimate you can get. I think that kind of
a strategy is probably better than trying to develop some
hypothetical forecasting where the uncertainty is very
great. Not to say there isn’t a lot of uncertainty here, but
you can remove a lot of the uncertainty in terms of causcs
and so forth by just operating with what you’ve got. The
problem becomes what those exploitation rates should
be, and of course that requires a lot of raodeling and you
just hope that it works. How do you know it it works?
Well, if your estimates look like what the fishers are tell-
ing you, if they look like the survey work that you're
running at the same time, if things are kind of consistent
with anecdotal data plus survey data, then you must be
on the right track. But there’s really no other measure of
how good you're doing. except if in the long term. it
works. And in Pacific halibut, it seems to work. So, that's
one way we’ve thought in managing fish with changing
environment. We’ve tried to avoid the forecasting. We've
tried to do something that works today, and back this up
with a tremendous amount of computer simulations and
modeling and so forth in choosing exploitation rates. I
know [ was kind of parochial in terms of talking about
halibut, but it’s a nice species to talk about because we"ve
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managed it for a long time, and it does occur in both
oceans.

Clarence Pautzke.—I saved Marc Miller until the end
because when the stock collapses. or if something bad
happens to the fishery, I can still get in my car and drive
home. I think that most of you in the audience who are
biologists and fisheries managers probably will still have
your pension funds. But if we don’t make the right deci-
sion and the fishery is having problems, then it's the
people out there who are actually fishing on the stocks
who have to tie up their boats. Marc Miller’s experience
and background are in the social sciences. He is the so-
cial scientist who is on our Scientific and Statistical Com-
mittec; in fact, he's the only one we’ve ever had in the
North Pacific.

Marc Miller.—It’s my pleasure to be here. Let me say
at the outset that at the University of Washington, the
Schools of Fisheries and of Marine Affairs have a Joint
Program in Fishery Management, and we're reformist in
our view. We're trying to encourage students to under-
stand the management side as well as the science side,
and essentially we see fishes behaving in the constraint of
the ocean, and people behaving in the constraint of some-
thing of what you might call society or institutions.

1 have taken some liberties with the question set here
before us. I've looked at it and noted that the panel deals
with managing for sustainability, so then I wonder. “Well,
sustainability of what?” Then 1 look at the first question.
Well, I'm going to amend that question to fit my disci-
plines (I'm a cultural anthropologist), and I'm going to
substitute for “ocean environment”-— the constraint on
fish-—to “institutional, or ethical environment™—and
that’s the constraint on what it is that people do. Essen-
tially, what usually happens is we take oceans and insti-
tutions as given in sort of a parametric sense and then we
try to anticipate what it is that folks will do.

Every now and then the real world surprises us and
the environment itself changes. El Nifio is an example of
that, and global warming is an example of that, and on
and on. The same thing happens on the human side. From
time to time, humans redesign their values, their ethical
postures, and institutions themselves change. And in a
sense, if people define situations as real (this is well
known in sociology), they are necessarily real in their
consequences. So it’s important to understand how people
approach what we routinely call fishery problems, and
to understand how an ethical problem to one person is
only a technical or logistic problem to someone else.

First, L ask, “What is a fishery from a sociological point
of view?” For the “fishing industry” (I'm using the term
to include commercial, recreational, charter, and subsis-
tence people), it turns out that we know very little about
how people arc committed to those different activities.
Or we don’t even know how people move in and out of
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fishing as an occupation or as a way of life. The “publiv
element” has to do with diverse social movements and
special interest groups who feel, increasingly, that they
have a direct connection to what we call fishery resources.,
via an emotional tie. And then we’ve got the “manage-
ment” element here at the federal, state, and traditional
sectors, and it turns out that from a sociological point ot
view. these people are definitely a part of the system under
inquiry. So health of a system, viability of a fishery sys-
tem, has to do not just with the habits and behaviors of
fishers, but with how they communicate or do not
communicate with their management sector and the other
public element constituencies.

Let me talk just a little bit about values here, and how
values drive this whole thing. This is a well known state -
ment of Aldo Leopold in 1949: “A thing is right when it
tends to preserve the integrity, stability. and beauty of
the biotic community. It is wrong when it tends other-
wise.” You can cqually well apply that to the ecology of
humans. And you can decide for yourselves, “What is
social integrity? What is social beauty? What is social
stability?" Expanding the notions of values over the last
100 years, we've had what’s sort of called an “experi-
ment in conservation.” I think that it’s important for us
to realize that conservation is a double-edged ethic. I re-
fer to the extractive conservation associated with the
“wise use” thinking of Gifford Pinchot, and I contrast
that with the aesthetic conservation of John Muir. I"ve
identified two executive agencies here: the Forest Ser-
vice and the Park Service, to illustrate ditferent funda-
mental orientations toward the relationship between hu-
mankind and nature. Importantly, both of these can be
and are successful, and they are both improvements over
the alternative, which is sort of a laissex faire, cavalier
use of resources. Sort of from a clearcutting, “do as you
will,” to the extractive or aesthetic variants here, both
stressing sustainability.

You might wonder what we have as an ideal for better
management down the road. There has been an influen-
tial report, the well-known Brundtland report, which ot-
fers one variation of what sustainable development can
be if it's not oxymoronic in the first place. That’s not
exactly my favorite formulation. Bob Francis and . in
fact, prefer this one by Gregory Bateson from his fabu-
lous article, “On Steps to the Ecology of Mind.” Gre-
gory Bateson takes his proposition and then identifies.
carefully, each word in it. Essentially, it’s the same sort
of ideal. In the last years in different resource manage-
ment settings. different practitioners and scientists have
called for a new kind of an order, a new kind of a para-
digm. Daniel Botkin articulates that there’s « differencc
between new management and the old management. |
think that it's important for people in fisherics in a sense
to not refuse to see the “forest” for the fish. There’s been



MANAGING FOR SUSTAINABILITY 315

a dramatic change in how forests have been managed,
wildernesses have been managed. parks have been man-
aged over the last 25 years in this country. Fishery man-
agers can not be indifferent to that history.

Then you wonder. well, what might be a solution, given
that challenge? Essentially, [ would be calling for a new
fisheries in the pattern of a new forestry. Here's one varia-
tion, from Wilderness Experience recently: “Ecosystem
management is regulating internal ecosystem structure
and function plus inputs and outputs to achieve socially
desirable conditions. Thinking like an ecosystem here
it’s important to reflect attention to environmental and
socioeconomic concerns.” In the forest setting, ecosys-
tem management emerged in this way: it’s a “strategi-
cally planned and managed ecosystem to provide for all
associated organisms as opposed to strategy or plan for
many individual species.” So, you say what is the status
quo? What is the orthodoxy? Consider that to be single-
speciecs management. Essentially, ecosystem manage-
ment is asking a larger question. That given. | wrote a
paper with a colleague recently dealing with thc reau-
thorization of the Magnuson Act. the Endangered Spe-
cies Act, and the Marine Mammal Protection Act. [t turns
out that you have to be conversant about all three of these
acts if one is to do a responsible job in fisheries manage-
ment alone. Yet I know too many people who know one
of these acts well and have never seen first-hand the other
two.

You can discuss sort of an institutional ecology of laws;
these laws do reflect, in legal text, a reflection of the val-
ues of society. Notice that they have slightly different ob-
jectives across the three Acts. Optimum yield, fishery im-
pact statements, optimum sustainable population, critical
habitat—it depends on different kinds of science. In a
sense, however, they are all better questions than the stan-
dard, single-species management approach. Note that. in
the Magnuson case, it’s incumbent on researchers to for-
mally study—I don’t mean guess; I'm not talking folk
science—formally study sociological conditions, cultural
conditions, and how people are involved in fisheries, in
addition to the economic studies. That's to balance along
with ecological information to adjust maximum sustain-
able yield into an optimum yield. In my view. that’s a bet-
ter question. In the other two instances, it's an adjustment
from a single-species approach to one showing concern
for people and for environmental and ecological at-
tributes. All three of those in 4 sense are illustrations of an
ecosystem management approach, given the fact that
you're dealing in the first place with something called a
fishery. I think it’s important to understand, for example,
that a forest, a park, and a wilderness have connotations.
They arec managed for different objectives. And so you
could manage, from some people’s point of view, a forest
as a tailed park, and a park as a failed wilderness.

The best [ can do then, is argue that ecosystem man-
agement Is an adaptive departure from the status quo. It
asks a broader and more responsible question than the
orthodox doctrine it displaces. It’s a process of steward-
ship in which goals are problematic. By that, they are
emerging through the process of representative govern-
ment. Thank you.

Clarence Pautzke.—First I'm going to tirn to the au-
dience to see if anything here has stimulated vou to ask
some questions. 1 know that I'm very interested in how
many people out here have had to actually shut down a
whole industry—I know one of the panelists here has-—-
and whether they were willing to go on very scant data,
or indicators of the fishery, or did they always want more
data as they sweated the decision on what to say on what
the stocks were going to yicld for the next vear.

Question #1(Ray Hilborn).-—All right, the title of this
symposium is “Global Trends.” and one trend that hasn't
been discussed much—Marc Miller probably came as
close as anyone—is what one might call the Animal
Rights Movement. We've already seen whale fisheries
pretty well ruled out as a commercial proposition for the
future. I have a suspicion that bluefin tuna, and some of
the larger tishes, may be coming up next. I was wonder-
ing if any of the panelists want to comment on how they
see this changing socioeconomic trend in terms of fish-
eries management”

Suzanne ludicello.—Well. first of all, neither [ nor
the organization that I represent would characterize our-
selves as Animal Rights representatives. I think in terms
of Marc’s spectrum—with Pinchot on the right and Muir
on the left—we are somewhere more rowurd the Muir
side. but we're not to the John Muir end of the spectrurn.
I think that the way you have to account for the public
opinion on the Animal Rights side is to try 1o talk to
folks about conservation. There's a difference, I think,
between conservation and protectionism. between a
choice about values that says we can find a sustainablc
use—that means we can use ocean creatures and sys-
tems for the tfuture and for the present—-which is difter-
ent from a point of view that says, “I’'m not going to eat
fish. I'm not going to eat veal. I’'m not going to wear a
leather belt. I'm not going to wear leather shoes.” There's
a whole range of opinions, and various groups fall n
various points on a spectrum.

With regard 1o the bluefin, I think the bluefin has deti-
nitely become a poster child species. It is a charismatic
megafauna. It’s the closest thing that we hax e in the fish
world to a whale. Maybe sharks will te the next “feu-
tured” species. if you will. But I think the groups that are
using these images of the apex predators 1o try to get
people interested in fish are doing so, not to stop fisher-
ies on them, but to engage people in the whole discus-
sion of fishery management. There are no “hug-a-halibut™



316

posters out there. We tried the idea, but nobody wanted
to buy one. The whole idea of trying to engage the pub-
lic in these complex and very complicated mathematical
issues of fishery management, not to mention the eco-
nomics and sociology of it, is not casy. It’s not as sim-
plistic as “Save the Whales.” So, you're going (o see in
the coming months and years more creative ways to try
to engage folks in the kinds of issues you've been talk-
ing about—we’ ve been talking about—for the past couple
of days.

Question #2 (Ray Hilborn).—Could I just mention
that Greenpeace in New Zealand has the Ministry of Fish-
eries in court over the mathematics of one of their stock
assessments?

Jake Rice.—Yes, I’ve got a somewhat different view
of this, having lived through the demise of the Newfound-
land seal fishery due to slander and misrepresentation of
the facts associated with quite a sustainable harvest of a
renewable resource. Society has the right to set values
and society has the right to change values. If society, in
its infinite wisdom, chooses not to allow certain organ-
isms to be harvested, so be it. It is our job as resource
mangers to represent the will of our society as best we
can. Some of us are still naive enough to think that we
can educate the public and have them make only wise
ethical decisions, but some of us are a little more pessi-
mistic than that. [ don’t think very many people both-
ered to do any calculations on what the future impact of
all those seals that were saved by the end of the seal
fishery was going to be on the charismatic outport fish-
ers of Newfoundland. And yet many people belicve that
there has been an impact of those cute, cuddly seals that
haven’t been killed on hard working fishers. We're go-
ing to face a lot more societal values that are somewhat
different than we’re used to dealing with in the future. I
don’t think that we should be building some way to re-
sist them. We’re going to have to accept them, and maybe
do a better job of trying to educate the public about what
the consequences of some of our ethical choices are. None
of us have been doing very good about foreseeing them.
That’s the future, let’s deal with it. People’s opinions
change just like climates do.

Mare Miller.—I like your question, Ray. It's interest-
ing; it sort of illustrates a point 1 was trying to make
about the difference between how something might be
coded as a moral issue by one person and a technical or
scientific question, or a straightforward routine issue by
someone else. It turns out that population thinning is a
good illustration of that. And it doesn’t matter whether
you're talking marine mammals or human populations,
whether you’re talking whales and fur seals, or you're
talking birth control and infanticide and abortion. If these
are coded as ethical or moral issues by people, then they
are issues about which people have no intention of com-
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promising at any time. And oftentimes as managers. we
sort of assume that reasonable people together will come
to the same position. Now that’s not entirely clear when
things are cast in ethical terms. I tell people that natural
resources and environment as terms are competing sym-
bols. One person’s natural resource is someone else’s
element of the environment. If you go to other cultures.
while you don’t find bumper-stickers saying “hug a hali-
but,” you most definitely find people who say that they
are related to halibut, or related to sharks. So these arc
fundamental orientations that need to be explored for-
mally. rather than anticipated or presumed away.

Question #3 (Doug Butterworth).—Two questions:
First, I'm very disappointed that Don McCaughran isn’t
fighting with Ray Hilborn any longer, so ['m going ¢
try to give him someone else to fight with. Basically, ['ve
thought Don McCaughran gave the best answer to the
first question before the panel. Essentially what I think
you were asking about was management strategy. The
question I want you to fight with me about was, [ get the
impression, looking at what you put up there, that you're
underexploiting your resource, and I want to know, “Why
are you doing that, and do you feel happy with that™
And a question to Jake Rice as well: He raised a ques-
tion of diagnostics and he gave the medical analogy. I'm
not very happy with that because I'm perfectly happy
with doctors having had a very large sample size to de-
velop their diagnostics. ['m not sure in fisheries we do
have a large enough sample size to be confident abou
diagnostics to use them in that way yet.

Don McCaughran.—Well, one might look at the bot-
tom line for Pacific Halibut. The fishery started in about
1883 or something like that, and it’s been managed un-
der a group that’s been put up to manage it since 1923,
and by God, weve still got a few halibut around. So
maybe it’s not bad. The International Pacitic Halibut
Commission has always been conservative. except for
one point in it’s history, and that point was i bad point
because there was this concept called maximum sustain-
able yield. Way back when, people thought that was «
good thing to test, so let’s push the halibut yield to test
the MSY principle, and that was actively done by the
Commission, but it happened to coincide with the ad-
vent of the foreign fleets arriving in the North Pacific
and beating the hell out of halibut with bycatch. Both
things coincided and the stocks collapsed. That was the
dark side of the Halibut Commission’s management.
Since then and before then too, we’ve always been very,
very conservative. The bottom line is we still have hali-
but, so maybe we should be conservative.

Jake Rice.—1I actually agree with Doug. I'm not par-
ticularly comfortable with the medical diagnostic anal-
ogy. I'm trying to capture something somewhat more
complex than that in one-sixth of a 5-minute talk, and
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that was a convenient shorthand. I will say that as we
move to more ecosysterm management, what we're cn-
countering is the need for some management tools. If
the choice is, “Well gee, we're going to monitor the eco-
system, study the ecosystem, and build an ecosystem
model that consists of something more than a bunch of
made-up functional relationships unconstrained by any
data,” I have more confidence in a diagnostic approach
if we do have some reliable time-series than in those eco-
system models as a source of advice. The other thing |
will say in defense of the analogy is the fact that it is
much quicker and much cheaper than waiting until we
have an ecosystem model that we believe and that we’ve
tested adequately. If we’ve got some diagnostics, even
though they may be faulty, if they give us a message, 1
think it’s worth paying attention to. I could be wrong,
but I wouldn't want to ignore it. Nor would | want to
wait 20 years for the ecosystem model before I do some-
thing about it. It would be only in the sense that it’s a
tool, it’s a thing we can use more than we are. It’s cer-
tainly not an endpoint.

Clarence Pautzke.—When we were talking about
halibut and diagnostics, we were looking at what. a 20-
year cycle? Is that what you showed up there? When
you’re managing those fisheries, do you really think
you're helping to produce those cycles or are you just
hanging on to the cycle and holding your breath and hop-
ing it goes out of the trough and back up to the next peak?

Don McCaughran.-——Well, we have three peaks, but
is this a cycle, or is this just a phenomenon®?

Clarence Pautzke.—Do you think you can manage
it? Is there a particular diagnostic that you can look at,
and are you comfortable enough that you know what’s
going on out there with oceanic change that you're able
to adjust your management?

Don McCaughran.—Well, we're trying to remove
the oceanic change from it by looking at standing stock
and taking some conservative portion of that standing
stock and then looking at a lot of different possibilities
through modeling to see if that’s not a bad strategy. That's
what we’ve done, and that’s the state of the art right now.
We hope that we’re doing right.

Clarence Pautzke.—And Suzanne, when we re talk-
ing about sustained fisheries and sustainability, would
you consider the Halibut Commission a success?

Suzanne Iudicello.—Based on the record, yes.

Question #4 (Bart Eaton).—We’re talking about
sustainability here, and you touched on it there with your
last line of questioning. The question I really have is:
Are we talking about sustainability of the resource, like
in the halibut fishery? Are we talking about sustainability
for the fishing industry or the fishery, or is it sustainability
of biodiversity of a given ecosystem? To me, there are
three separate goals there. How are we combining those?

Or are we going to manage for a separate one? I guess
I'd like to hear the panel’s thoughts on that.

Suzanne ludicello.—I'll take a short whack here [
think when Marc Miller was talking about looking at the
system—and a lot of people have talked about ecosys-
tems over the last 2 days—we may look at the Halibut
Commission as a successful experiment in i sustainable
fishery. That is, there are persons catching halibut, mak-
ing money to some extent, and it’s been going on for a
number of years. Whether the Bering Sea and Gulf of
Alaska ecosystem has been sustained in terms of 1ts ¢bi-
versity and integrity is another question. I don’t think
any of us has sought to answer that yet. In terms of the
whole system question, we still regulate and manage and
consider certain types of bycatch not even as bycatch. It
isn’t even listed in the list of prohibited discard species.
There are a lot of organisms that come up in nets. for
example, that are just discounted entirely. There’s no
regulatory regime, there’s no accounting for them, there’s
no measuring for them, they’re just trash. Well,
somebody's jellyball or trash fish may be food or nutri-
ent to someone else. | think that we’re just at the begin-
ning of trying to understand that. There has been the de-
velopment of a conscrvation biology on the terrestrial
side, and I think on the marine side, we’re still not there
yet. We’re just beginning.

Question #5 (Ellen Pikitch).—I want to explore the
medical analogy. I think that in a way it’s a good one.
One of the things that you’ve been asked to address is
the sustainability question. I think one of the observa-
tions that I have is that we have seen “failurcs” in fishery
management where we have not sustainably managed
resources. We thought that we failed because we didn't
know enough and that if we just collected more data.
then we would know more and that wouldn't happen. [
think we’re coming to the realization that we can collect
all the data we want. and there are lots of things outside
of our control that will cause fisheries to not fare well
for certain periods of time. I think there’s a growing
awareness of the level of uncertainty in fisheries and in
fisheries management, but I’'m not sure we’ve yet em-
braced the fact that stocks not prospering, will be a con-
tinuing fact of life, and that all the knowledge in the world.
and all the management techniques in the world aren’t
going to prevent those things from happening. I think
that there’s a large element of that, although it’s a very
complicated story, in the Northern cod case.

And here’s where I'd like to expand a bit on the med-
cal analogy. When you're trying to live a healthy life.
live a long life, not get cancer, you don’t smoke cigarettes,
you exercise all you can, you eat the right foods. and
low and behold, some people develop cancer anyway.
They go to the doctor and the doctor, if it’s 4 good doc-
tor, uses the latest techniques, and may or not diagnose
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the problem well, and let’s say you do have cancer. They
diagnose it, and they set you on a course of trcatment.
They know that a certain percentage of the people will
survive and go into remission, and others will die. I think,
perhaps, that thinking that way about fisheries manage-
ment can help us. Because if you look medical science
over time, we have imperfect information, but we diag-
nose people anyway. We treat them anyway. and what
we see is an improvement over time in the treatment of
most diseases and in life expectancy. T guess that I just
wanted to elaborate a little bit on those thoughts and say
maybe we should be looking more at fisheries manage-
ment that way. [ like Jake’s suggestion.

Clarence Pautzke.—I would respond, and maybe
Marc wants to respond. One of the problems with a pa-
tient with cancer is that you have to prepare them prop-
erly for the bad news. I think that many times we're not
prepared as fisheries managers to deliver the bad news,
and so we procrastinate as the stocks get worse possibly.
until they get to that slippery slope. when then it’s time
to move to the Pacific coast.

Question #6 (Loh Lee Low).—Well I thought [ had a
friendly panel, so I gathered some guts to come up here
and say a few words. The main theme here is: How should
we manage fisheries given a changing ocean environ-
ment? How should we regulate artificial enhancement
programs for long-term sustainability? I would like to
say that, although a lot of the talks here have been fo-
cused on the technical and science side, maybe that’s not
a problem. It’s basically managing with the best avail-
able sources of information and with accountability—
accountability in the sense that the process has to be very,
very transparent to everybody. Because when that pro-
cess is public, such as the North Pacific Fishery Council
process, any input should be very responsible. We may
have to develop firmer set of rules on how that input is
to be incorporated. You know in the technical game
there’s only so many ways you can score two points at
basketball. In the fisheries field, we don’t have that. We
don’t have a firm set of rules. I think we need to tighten
them a little better so that the proponents. opponents,
and people who siton the fence have a clear input through
that process. Since that input is so clear, they would have
to act fairly responsibly. I wouldn’t come out here and
utter clearly erroneous material if I knew that I was go-
ing to be accountable for it. And that’s a process which
is actually taking place in the North American fisheries
management process. We may eventually gel to the point
where we’ll be all managing these fisheries with infor-
mation, with accountability, and with responsibility.

Question #7.—1 sometimes get the feeling that the
scientists in this era become more or less paralyzed by
the idea that all the data they have are uncertain. There’s
just so much uncertainty everywhere. As a scientist. [
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would also highlight the things we are quite certain about:
that is, the number of stocks in the world which are over-
exploited. We are quite sure that the cause is that the
fleets are too large, there's an overcapacity. [f we use the
fleets, we can use some of the issues that Jake was bring-
ing up, like less fishing, [which] gives you more inertia
in the system because you have more year classes around.
more biomass, so you can respond much more efficiently
to the developments in the system. I think actually that
we know a lot about the effects of fishing on fish stocks.
and we can use that information in order 10 improve
management. We shouldn’t hide ourselves behind our
uncertainty about everything.

Clarence Pautzke.—But then I don’t think we should
hide ourselves behind the premise that it’s large fleets
that are causing all the problems. I think that the manag-
ers have the tools they need, at least under the Magnuson
Act, to control the amount of catch out there. regardiess
of how big the fleets are. It's a matter of whether they
use those tools that are available to them to shut down .
large fleet in the face of the political realities?

Marc Miller.—I don’t think it's a good idea to get too
romantic about the medical analogy here. because in a
sense it illustrates the opportunity for a problem of hu-
bris. What happens in health care is we have people who
are technically very well trained, keen on technology and
science. with a poor understanding in tact of their pa-
tients. And we’ve had problems with people who have
assumed—doctors in particular—that life is necessarily
good and should be sustained at any cost. And human
constituencies are arguing for different endings. And so
the lesson here I think is for managers in science, as well.
to take more scriously the variation in the cultural orien-
tation of their constituencies and to examinc that.

Question #7 (Jim Beckett).—Yes, 1 think we ve
touched upon it a couple of times and [ think actually
Doug Butterworth ruised it when he suggested that hali-
but had been underutilized. 1 think we have to accept
that we are going to underutilize the resources because
we’re going to have 10 be cautious and we're going to
have to be flexible. And that means we cannot push the
resources to the maximum. And I would say with the
involvement that Jake and [ have had on the Atlantic fish-
ery in Canada, we just cannot try and push. We thought
we were being conservative and going at the F | level.
It has been quite apparent that because of the way thiut
the fishery’s been undertaken and the data that we’ve
had, we’ve not been very conservative. So we just have
to accept that we cannot get that last piece of fish out of
the ocean. And that is how we're going to be sustain-
able. Thank vou.

Clarence Pautzke.—Can I ask one question of you
before you leave? 1 assume there wasn't a catastrophic
drop in the stocks back there that just happened over-
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night. What signals or diagnostics did you see and why
did the scientific community or the managers not react
quickly enough?

Jim Beckett.—Lct’s see. Do we have 2 hours? Actu-
ally, there may have been diagnostics and slow change
over time but the actual event was pretty dramatic. We
appear to have lost 600,000 metric tons of spawning fish

over the space of a few months. We do not know where
they went or what happened. But we do seem to have
had a pretty dramatic effect that actually did precipitate
this. It certainly overcame the political inertia in a hurry.

Clarence Pautzke.—I call that catastrophic. | want
to thank our panel very much for being with us. Thank
vou.
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ITQ fisheries management 225-236. See also
individual transferable quotas
herring 225, 240
ITQ management of 231
restricted access 230
scallop 225
Icelandic Low 75
Ictalurus punctatus 186
imports 6, 9-11. See also aquaculture, Chinese
indigenous
people 273
title 267
individual quotas 78
individual transferable quotas (ITQs) 73, 213-274
implementation 252, 246, 264
industry acceptance of 252
monitoring process 250
New Zealand 271
origins and purpose of 240
system for Icelandic herring 231
individual vessel fishing quota (IFQ) program 149
inefficiencies in modern fisheries 258
infectious hypodermal and hematopoietic necrosis
(IHHN) 198
infrastructure, lack of 40
interannual catch variability. See catch
International Convention for the Regulation of
Whaling (1946) 92
Multispecies Working Group 193

International Council for the Exploration of the Sea 83

International Pacific Halibut Commission 141
International Whaling Commission 84, 88, 91-99
ITQ. See individual transferable quotas

J

Japan 175
Japanese Aquatic Resources Conservation Act 175
Jasus

edwardsii 264,273

lalandii 84, 85, 89
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jurisdiction 247
extension of 73

K

Katsuwonus pelamis 4,251
king crab. See Paralithodes spp.

L

landings 3-13
from distant-water fishing 8
reported 4
law, trends in international 50-60
Lepidopsetta bilineatus 120
Lethrinus spp. 107. 110
Limanda
aspera 120
ferruginea 117
limited entry 42
salmon 259
schemes 70
litigation 272
lobster. See Homarus americanus
Lophiidae 62
Lutjanus spp. 107,110

M

mackerel. See Scomber scombrus
Macruronus novaezelandiae 246, 265
Magnuson Fisheries Conservation Management Act
of 1976 141
Mallotus villosus 4, 225
management
advisory committee 253
decision making 82-112
objectives 91
performance 88
procedure 84-89. 91
mandarin fish 191
mangrove destruction 200
Maori 267. 273
marginalization of small-scale fisheries 40-49
geographic and socioeconomic 41
mental constructs 40
mental maps 40
mariculture. See aquaculture, Chinese
maximum sustainable yield 13
Megalobrama amblyocephala 191
Melanogrammus aeglefinus 4, 62, 118, 130, 225
Merlangius merlangus 62, 126
Merluccius
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bilinearis 4,118

capensis 4, 84. 85, 88, 89, 134

merluccius 62. 84, 85

total allowable catches (TACs) 135, 137

paradoxus 84. 88, 89, 134
mesopelagic resources 15
Metapenaeus ensis 196
Micromesistius poutassou 61
minimal realistic model 135
minke whales 88
misinformation 274
model structure uncertainty 90
molecular diagnostics 197
monetary return to the Crown 267
monoculture. See aquaculture
Monte Carlo simulation 84
moratoria. See fishing
mortality, density-dependent natural 139
Mullus spp. 62
multigrade conveyor system 187
multispecies fisheries 74
mussels. See Mytilus spp.
Mytilus spp. 62

N

Namibia 134,136
Nemipterus 107. 110
Nephrops 120
Nephrops norvegicus 62,225
New Zealand 264

exclusive cconomic zone 265

inshore groundfish fishery 261

ITQ system 264-274

Fishing Industry Board 273

Ministry of Agriculture and Fisheries 273
non-equilibrium production model 84, 85
North Atlantic Oscillation index 75
northern cod. See Gadus morhua
northern shrimp. See Pandalus borealis
North Pacific Fisheries Management Council 141, 145
North West Shelf 108, 111

region of Australia 107
Norway lobster. See Nephrops norvegicus
Norway pout. See Trisopterus esmarkii
Nototodarus gouldi 264
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Oncorhynchus 122, 141142, 175,259
gorbuscha 175
keta 175
masu 175
mvkiss 185

See also salmon
observer program 144,145
open access 42
resource use 257
operating models 133
one-hake-species 137
two-hake-species 137
orange roughy. See Hoplostethus atlanticuy
overcapacity 3. 63,65, 67, 69, 70, 252,254
overexploitation 252, 254
overfishing 43
biological 42
economic 42
growth 42
Malthusian 43, 44
recruitment 42
ownership 265
absence of 257
oyster. See Tiostrea lutaria

P

Puralithoides spp. 117
Pacific cod. Gadus morhua macrocephalus
Pacific halibut. See Hippoglossus stenolepis
paddlefish. See Polvodon spathula
Palaemon styliferus 197
Pundalus borealis 225
Purabramis pekinensis 191
Paralithodes camtschaticus 142,259
paua. See Haliotis iris
Pecten maximus 62
Pecten novaezealundiae 272
Nelson Golden Bay scallop 264
pelagic fishery 84
penaeid shrimp 195-209
Penaeus 195-209
chinensis 196
indicus 196
Japonicus 195,196
merguiensis 196
monodon 195,196
penicillatus 195. 196
per capita consumption 10
performance 84, 85, 88, 89
statistics 88
perpetuity 265
pilchard. See Sardinops sagax
planning 86
Platycephalus richardsoni 246
plausible hypotheses 89
Pleuronectes
asper 149
bilineatus 141
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Pollachius virens 62,130, 225
pollock. See Theragra chalcogramma
Polyodon spathula 185
pond aquaculture. See aquaculture, Chinese: shrimp
prey size preference 126
price
of cod, hake, and haddock 11
of crab 11
of tish 10
procedure performance 87
production
aquaculture 153
national distribution 7
productivity, shallow and enclosed or semi-enclosed
seas 16
property rights 237-245, 270

Q

quota 65, 66
allocation 249
process 247
carry-over of 251
management system 266, 272
on a staggered basis 268
monitoring costs 248
tradability of 265
weight-based 272

R

race for fish 150
rainbow trout. See Oncorhynchus mykiss
rational use of resources 190
rationalized systems 258
record keeping 265
record-keeping and reporting program 148
recreational and subsistence fishers 273
recruitment 83, 88

fluctuation 87

survey 86, 87
recruits 85
red king crab. See Paralithodes camtschaticus
red mullet. See Mullus spp.
redfish. See Sebastes spp.; Centroberyx affinis
regional distribution 6
regulations 262

of open access 258

of restricted access 258
remoteness

from decision makers 40

physical 40
rent 242

INDEX

dissipation 257
losses 257
research surveys 85
resources 15
allocation of 268
collapse of 85, 87, 89
Atlantic cod stocks 76
dependence on 75
revenues, sources of error in the calculations of 29
Revised Management Procedure of the International
Whaling Commission 88, 92
Rexea solandri 248
rights, market in 268
risk 85. 87, 88, 89. 9]
roach. See Rutilus rutilus
robustness 88
rock lobster. See Jasus edwardsii
rock sole. Sec Lepidopsetta bilineatus; Plewronectes
bilineatus
rockfish. See Sebastes spp.
round herring. See Etrumeus whiteheadi
rural communities 73
Rutilus rutilus 185

S

Sardinops
pilchardus 4
sagax 4, 84, 85, 88, 134
sabletish. See Anoplopoma fimbria
saithe. See Pollachius virens
Salmo salar 61,73, 175
salmon. See aquaculture; Oncorhynchus spp.; Salmo
salar
ranching 166174
sandeels. See Ammodytes
sardine. See Sardinops spp.
Sardinops
melanosticta 4
pilchardus 4., 61
sagax 84,134
Saurida 107, 110
scallops. See Chlamys spp.; Pecten novaezelandiae
scientific recommendations 83
Scomber scombrus 61
sea bass. See Dicentrarchus spp.
seal cull 134
seaweed 192. See also Gracilaria spp.
Sebastes spp. 149, 225
second-order cffects 139
seine fisheries 116
selective breeding 203
self-interest 265



sensitivity analyses 137
shellfish 155-158, 192
shrimp. See aquaculture
Sillago flindersi 246
silver carp. See Hypophthalmichtiys molitrix
silver hake. See Merluccius bilinearis
simulation 84, 85, 88, 89, 135
games 87
models 262
Siniperca chuatsi 191
skipjack tuna. See Katsuwonus pelamis
snapper. See Chrysophrys auratus
sole. See Solea solea
Solea solea 62
South Africa 84, 85, 136
fisheries 89
anchovy 83-90, 134
pilchard 83-89
hake 83-90
west coast 85
pelagic 87
south coast 134
South East fishery (Australia) 246-249
southern bluefin tuna. See Thunnus maccoyii
fishery 246
Southern Bluefin Tuna Management Advisory
Committee 251
species composition 4
Spisula solidissima 218
sprat. See Sprattus sprattis
Sprattus sprattus 61, 128
squid 134. See also Nototodarus gouldi
stability 85
status and trends in world fisheries 3-79
status, perceptions of low 41
Stenolepis hippoglossoides 117
stock
assessment and fishery evaluation 144
collapse 87
enhancement systems 156
stock-recruit relationship 87, 88
stocks 89
highly migratory and straddling 52-56
stomach sampling 126
stressful environment 196
subsidiarity 66
principle 66, 70
suitability 126
surf clam. See Spisula solidissima
survey 88
sampling error 87
swordfish. See Xiphias gladius
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T

Ta

nner crab. See Chionoecetes spp.

Taura Syndrome 195, 197

Theragra chalcogramma 4,120,141, 22
Convention on Pollock Resources of the Central

225

Bering Sea 57-59

Thunnus

alalunga 61,251

ITQ implementation 249-251
obesus 251

maccovii 217,241, 249, 261
thvnnus 61

Tilapia 185
Tiostrea lutaria 265.273

total allowable catches (TAC) 61, 65-67, 69, 70, 73,

76. 84--87, 89,91, 132, 134, 144, 229 247,265

allocation 267

anchovy 88

setting process 249, 250

total allowable commercial catch 271
variability 89

total landings 3
toxic pesticides 189
Trachurus trachurus 61

T, trachurus capensis 134

Trachypenaeus curvirostris 196

trade 9

trade-otfs 86. 87, 88

tragedy of the commons 257

trawl fisheries 116

trawl-induced damage 112

trawlers 107

trends. See status and trends in world fisheries:

aquaculture

Trisopterus esmarkii 62,128,130
wna. See Thunnus spp.

U

uncertainty 87-89, 100-106

Bayesian statistical analysis 100
bootstrapping 100

major sources of 100

maximum likelihood 100

resource dynamics and fishery economics 107

United Nations
Conference on Environment and Development 53.

157

Conference on the Law of the Sea 51-52, 54-56

overview of fisheries 153

utility function 85
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Vv

vessel incentive program 148

virtual population analysis 88
multispecies 126

voluntary quota 265

W

water exchange 199, 203
rates 196
West Coast rock lobster. See Jasus lalandii
white amur bream 191
white-spot virus 195, 197, 198, 202, 203
whiting 62, 118, 126. 246
women
changing roles 47
education of rural 45
increasing contribution in fisher communities 44
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world fishery resources 13
worst-case scenario 88, 89

X

Xenocypris davidi 191
Xiphias gladius 61

Y

yellow-head virus 196, 198, 203

vellowfin sole. See Limanda aspera; Pleuronectes
asper

vellowtail flounder. See Limanda ferruginea

Z

zero water exchange 205




