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Preface

The idea for a symposium on global trends in fisherie» management was stimulated by ii
series of discussions among the conveners � Ellen Pikitch, Dan Huppert, and Mike Sissenwine-�
and by observations about the way fisheries were heing managed in the United States and else-
where in the world. Clearly. fisheric» are facing some very seriou» problems, problems th;it arc
drawing increased attention, especially from the public, and that are being addressed around the
world. Yet these problems are heing approached to a large degree independently by each region.
The many symposia and conferences held each year enable researchers to exchange informa-
tion on the scientific aspect» of ti»heries; unfortunately, few occasions offer people the opp<>rtu-
nity to get together to talk about I'isheries management. This symposium was convened to pro-
vide such a forum, a forum that addresses the issues on a global scale. Moreover, a goal ol' thi»
forum wa» to emphasize actual experiences, not just theories of how we might manage fish<.ries.

An important underlying theme for this conference was. "What can the United States Ie;<rn'?"
While we were interested in the global overview, we were also interested in learning I'rom
nations that have more experience in certain aspects of management than we do, such a» 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 Fisherie» Ser-
vices and the University of Washington College of Ocean and Fishery Science» � was an iiiip<>r-
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 prot'essional» from around the worhl to discuss and learn from each
other's experiences. The University '» reputation as a center of excellence extends to the Scl iool»
of Fisheries and Marine Affairs, where fisheries science and management are taught, and v, 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, I'isherie» 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;ire particularly fortunate to
have large and diverse fishery resources throughout our exclusive economic zone. Ijut ihe»e
valuable assets come with respon»ibility for conservation and wise use. As a nation, the United
States can and must do better in fulfilling these responsibilities, and we underscore that thi» will
require improved, sound, and comprehensive scientific information. We must not all<>w scien-
tific uncertainty to fuel controversy and confusion.

Ultimately, the problems facing fisheries management � overfi»hing, 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 ultiinately 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 � both 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 desciibed

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 emphasi» on fisheries habitat protection. fish stock conservation, and a< oid-
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
proceeding», 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.



The proceedings of the symposium "Cilobal Trends: l'isheries Management" represent coop-
erative efforts among the education, research, and management communities worldwide to irn-
prove our communication toward» the goal of resolving the formidable array of problems that
face fisheries management. The participants of the cont'erence came together to communicate
with and learn from each other, and it i» our sincere hope that some of what we learned will be
used in the future to improve the state of l'isheries management >n thc united States and around
the world.

Fllen Pikitch. Associate Director, School of Fisheries
Ross Heath, Dean, College of Ocean and Fishery Sciences

Rolland Schmitten, Assistant Director, National Marine Fisheries Service
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STATUS AND TRENDS IN WORLD FISHERIES





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

S. M. GARCIA AND C. NEWTON

At>sirncr.� Following an earlier analysis provided by the Food and Agri«ulture Organization of the IJnitcd
Nations  FAO 1993a!, this paper give»;m update of the trends and future perspectives of world fi»hcries, It
describes and comments on worldv ide treiuls in landings, trade, prices, and tleet size. It illustrates the d«crea»e
in landings in the last 3 years, the relationship between landings and price». and the large overcapacity ii. w<>rid
fishing Ilcets. It provides a review of the state of world fishery resources, globally, by region, and by <pe«ics
groups, as well as a brief account of environmental impacts on t'isheries. It presents an economic perspective for
world I'i»heries that underlines further the overcapacity and subsidy issues that characterize modern I'ishcne». In
conclusion, thi» paper di»cusse» management issues including the need for fleet reduction policie» rind the
potential combined effect of overcapacity and international trade on resource depletion in developing cxl!ori ing
countries, and on the overall sustainahiliiy of the world fishery system.

Trends in World Fisheries Production

Total Landi ngs

World fisheries play an important role in development.
providing incomes to about 200 million people, directly
or indirectly. One-third of the world catches i» 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 1900» has had a tremendous 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 i» 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-
tries 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 o»cillations 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 ot'
marine fishery landings �950 � 1994!. Trends analysis and tish-
eries potential. Food and Agriculture Organization of the United
Nations, Fisheries Technical Paper 359, Rome.

The economic consequences of these political «ha>i cs
have led to a curttiilment of the activities of these fleets
 largely subsidized in the past! and to a shift in their;ir«a
of operation and target species, with i retiirn to their «:!-
elusive economic zones  EEZs! and waters closer r<>
home, and a greater interest in high-value spc cies I'<>ir the
export market. In some developing regions re.g.. iii ili«
Gulf of Guinea! that were markets for part of thc I;uid-
ing» of the Eastern European fleets, the»udden I«<I<i«-
tion in landings by these foreign fleei.s h;i» 1«d to sir<>rt-
ages in supply and significant increases in prices   ~ g.,
in Guinea Bissau!.

All these important changes have affectecl fisheries;ind
resources, sometimes positively, often n«gativcly. Thc
perspective of the Food and Agriculture Organization»f
the United Nations  FAO! on fisheries tr«nds and their
implications has been presented in many d! >ciiments pre-
pared for, and following, the UN Conference on Envinni-
ment and Development  UNCED! in 1992  Garcia I '!'
:
Garcia and Newton 1994; FAO 1992;i, 19<�<i!, Thi» p;i-
per presents an update of this perspectiv«, focusin<i on
trends in fisheries landings, trade, prices, and fleet »ir«,
and it describes the state of the world fisliery resource.
 globally, hy region, and by species groups!. It prov i<le»
a global assessruent of the world fishery re»ources as,v«l I
as a global economic model for world I'isheries, u hi«i>
underscores the huge overcapacity that characterizes
modern lrsheries. In conclusion, it discusses managcni«nt
issue», briefly addressing environmer>tal impact.

Marine ecosy»tems produce 85% of tiie world I'is!i
yield». The process of intensification of marine. fish«r-
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ies, which started just before the WorM War II, acceler-
ated notably after it and led to an exponential increiuse in
landing»  Figure I!. During 1950 � 92, marine I'ishery
catches increased by 300% from 18.5 to 82.S 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 inarine
fisheries increased at an average rate of 6.8%/year in the
19SO» �8.5 million mt in 19SO to 31.2 million mt in
1959!, 7.4%/year in the 1960s  to S4.S 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 mt in 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 worM wars, de-
spite increased landings of anchoveta  Engrauli» ringen»!
of 4.0 million mt in 1991 and 5.5 million mt in 1992.

The first period of low growth, in the 1970», 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 1990», corre-
sponds with a decrease of Japanese  Sardinap»
inelana»ticta! and South American pilchard  S. »agax!,
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 thc Japa-
nese pilchard, as well a» to the intensil'ication of exploi-
tation of Alaska pollock  Theragra chah ogr<inmui! for
the surimi industry.

FlallRE I,� Evolution of fishery production»incc 1800.
Modified from Hilboni �992!.

In 1992, the marine catch consisted of 81.3%, 10.4 n,
5.9%. and 2.4% for I ish, mollusks, crustacean,, and othe i
species, respectively. An analysis of the trend» by spe-
cies group» indicates that most of the increa»e in mann«
catches since the carly 1980s  Figures 3 arid 4! came
from five major pelagic or semi-pelagic species  ancho-
veta, Alaska pollock. Chilean jack mackerel IT< a< hurui
murphy!, South Ainerican pilchard, and Japane»e pil-
chard!, which accounted for 24% of the total inarine pr<:-
duction  including aquaculture! in 1992 vs. 3<!% in 198'!
 Figure 4: sec also FAO 1993a!. These»pecies accounf
for about S% of total value in 1992 vs, 6% in 989. Front
1970 to 1992, the catch of the four major deiner»al spe-
cies  silver hake [Merlu«. iu» biliiieari»], ha<ldock !M<-
lanagr<itntnu» a<gl< finu»], Cape hake !h1erlu«hi.<
<'ap< n»i»!. and Atlantic cod ! Gadu» in<rrhua! i d«crea»eil
by about 67% �.0-1.6 million mt!. Atlantic < od wa» 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 Ipolhick. anchc
veta, .Iapanese and South American pilchard», and   Iiil-
ean jack mackerel! v ith landings of 1.8 million mt, anil
the tenth mo»t important species in 199:?, I'ailing below
capel in  Mallatu» i ilhi»u»!, Atlantic herring  Clupea harei,-
gu»!, skipjack tuna  K'<tt»uw<inu» pelami»!, and Europca<i
pilchard  Sanliiiap» liil<.hardu»!, with landings of 1.2
million mt. The world fish supply is increa»in ~fy relyin
on low-value species. characterized by large I lu«tuati<>n»
in year-to-year productivity, concealing the»low but
steady degradation of the demersal high-valu<i rc»our««,

Between 1970 and 1992, landings of flatfish, tuna. aml
shrimp  Figurc S! show that flatfish production ha»
been very stable  around 1.2 million mt yr i. Tuna aml
shrimp landings, on the contrary, reflect the lai ge increa»«
in overall prcssure. Tuna landings have increased at .i
rate of 74<ye/year. Total shrimp production iiicr«ased bv
8.3%/year, but a part of that increase carne fiom shrinip
culture, which now represents about 25% of  lie total pr< i-
duction  Figure 5!. In certain areas, howeier. »hrint11
culture expansion seems to be reachin: cnvironmcni-
imposed limits; the environmental impacts ob»erved  e.g.,
in Thailand! and the severe economic los»es incurred
through disease»  e.g.. in China in 1993! indicate that, iii
some areas, an environmental limit has been i cached that
cannot be passed without more costly rnethiid» of pni-
duction and more stringent management me,isurc».

Four»pecies or species groupings constitute about hii I I
of the value ol' the world catch  Figure 6!. In 1992, by d«-
creasing order of importance, these were shriinp. redfi»h.
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Geoeconomic Di stn'buti on

Regional Distribution

miscellaneous marine tish, and tuna. The miscellaneous
category occupied the third rank in 1992  I'igure 6A!
whereas it did not even appear in the first 13 species in
1970  Figure 6B!. This likely reflects the trends in many
fisheries toward» 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  retlecting an increase in fishing pres-
sure!. Overfishing is retlected 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 �0 million mt! has doubled between
1970 and 1992 and now occupie~ the first rank while
cod regressed from the third to the tenth rank.

Information on the regional distribution of flsheries is
extensively documented in FAO �993c, 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 �9.2%! and the Indian  8.5%! oceans. The data
by FAO Statistical Areas  Figure 7! show that, despite
some decrease since 1988 �6.6 million mt!, the north-
west Pacific continues to have the highest production
�4.2 million mt! in terms of landings in 1992, followed
by the southeast Pacific �3.9 million mt!, northeast At-
lantic �1.1 million mt!, western central Pacific �.7 mil-
lion mt!, and western Indian Ocean �.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
tluctuated between S.6 million mt  in 19721 and 15.3
million mt  in 1989! owing to instabilities iii small pe-
lagic stock». A significant decrease �0% or 6 
,000 mt 1
was observed between 1990 and 1992 in the eastern cen-
tral Atlantic mostly because of a decrease in Europe ll1
pilchard and in the tleet activity of the foriner USSR
countries. During the same period, the landing» of thc
northwest Atlantic decreased by 25%  or 65<0.000 mt i
mainly because of continuous declines in Atlantic cod
stock». The greatest increase �.5 million mt! was ob-
served between 1990 and 1992 in the northe;i»t Atlantic
where Lindings were at their highest level since 1985.
mainly as a result ot increases in capelin  ,5%<; or  ! 9
million mt!, Atlantic herring �1% or 0.1S niillion mt 1.
and Norway pout.

In many developing countries, fisheries rcpre»ent an
important source of foreign exchange with a net earnin
 exports minus imports! of more than US$10 billion tall
monetary values in this paper are cited in USS! in 199 .i,
higher than earning» from other selected;ii acultur;il
commodities such as coffee, tea, or rubber   I'AO 1992h i.
The relative contribution to world production by devel-
oped and developing countries has significantly changed
since 1970  Figure 8A, B!. In the early 1970», the devel-
oped countries caught 57% of total landing . With the
acceleration of the process of extension of the EEZ» anil
the sharp rise in fuel prices  after the 19'l4 and 1979 <iil
crises!, this share fell progressively to less titan S0% 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 developin ~
countries' share of the world catches reflects some trans
fer of foreign fleets' catches under coastal countries' tlag»
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increased its production from 3.1 million mt in 1970 tti
more than 15 million mt in 1992, progressing from thc
fourth to first rank as a result of intensive muriculture
expansion. more liberal trade and price policy, and long
range fleet expansion. Chile progressed from the four
teenth to the fourth rank �.2 � 6.5 million nit!. The Re-
public of Korea also expanded its distant-water fishin .
increasing its production from 750,000 to 1.8 million mt
and passing frcun 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 watet s decreasctl
by 41%, from 1.6 million mt in 1982 to O.t> million ini
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, anil
a decrease might be expected as sardine siocks return
to long-term average levels of abundance. The USA anil
Canada have increased their catches froin the ntirth

through the establishment of joint ventures, thereby
changing the nationality of the catch if not ot 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 1 1 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, ihe
Russian Federation, and USA! produced 50% of the
world landings whereas in 1970  Figure 9B!, four coun-
tries produced 50%  Peru, Japan, 1!SSR, China!. China
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Atlantic and the Pacific during their post-L'f Z era
�970s!, but the recent collapse of demersal resources
in the northwest Atlantic  particularly cod! has severely
affected the economic and social conditions of coastal
communities.

Landings froin distant-water fishing  in the EEZs of
other nations and on the high seas! increased I'rom 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"/nl, 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-

Antarctic
SW Pacific
EC Pacific

SE Atlantic
Medit. & Black S.

WC Atlantic
SW Atlantic
NW Atlantic

NE Pacific
EC Atlantic

E Indian
W Indian

WC Pacific

ment of the long-range tleets of these countries to lesi
distant waters and in their own f.'EZs. Between 1991 anil
1992, the catch by the distant water fishing tleets of these
countries, consisting mainly of small pelagic I'ish, de-
creased between 20/r and 71% depending fui the coun-
try  Table 2!, with a total decrease for all former USSR
countries of about 50'/n in 2 years. Landing» <if 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
to 430,000 mt!. The total decrease in actiirity i>f the Fast-
ern European tleets has affected fish-for>d supplies anil
prices of small pelagic species in West Africa, and it i.
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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 I'or
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 v ith more
than 85% of the imports in value from 1969 tn 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 nina, i espectivel!
Their imports increased less than exports �% ~>i
opposed to 8.8%/year!. Their share in worldv, i<I<
exports increased from 32% in 1969 � 71  hefore the
establishment <if EEZs! to 44% in 199 I while theii
relative share ol the iinports increaseil only fr<»»
10.7% to 12.9%. These countries appe,ir, tlierefoi«.
as net expoiters with a positive trade balance th;»
increased froin $500 million to $10.ti billion bc
tween 1969-71 and 1990, represem ing,i significant
source of foreign exchange. Thailand, I'or installed
multiplied by 6 its share of world exports   from I "1
to 6%! while the Republic of Korea and Taiwan
 provi nce of   hina! increased their shar« from prac
tically nothing in 1970 to 5% in 1990. The coun
tries principallv responsible for this nct trade l>al
ance are China, Chile, and Thailand. In the case <>I
Thailand, expansion of trade is related to thc v«r!
rapid development of tuna canning and a 400%< i»
crease in shrimp culture, although thei.e was a r»
duction of Thai! and's tish meal exports, which wci e
redirected towards its aquaculture industry.

The global balance of fish and fishery products is ncg<i
tive for developed countries, with a deficit of about $ I 5
billion/year, with western Europe  including the Euro
pean Union! accounting for more than $12 billion. De
veloping countries have a positive balance <if more thari
$10 billion, with East Asian countries accounting for $ /
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;1
significant opportunity in terms of foreign exchange.

Foreign exchange and national food security objecti v«s
may often be conflicting as the incentives to increase ex
ports are reducing the relative availability ot Iood fish f<>i
domestic consumption in the developing world. In the
medium to long term. demand will continue t<i grow fast<>i
than supply, as a consequence of demography in the dc
veloped world and c<! ntinued increase in demand for foo<1
fish in the developed regions. During the I<!80s, devel-
oped countries started to tighten their controls on levels ol
effort, decreasing harvest rates, fleet sizes, and access. 'I'h<.
recent crisis in Europe, Canada and the USA should ac-
celerate the process. Combining forecasts ol' population
growth with stagnation in fish supplies indicates that thc
world availability of tish for food, which had increased
from 9 to 13 kg per capita  FAO 1992c! between 1961 and
1990, will decrease to 1 I kg per capita between 1990 anal

'-The "terms of trade" <>f a particular product is the ratio h»
tween the average unit value of this product aml the average
unit value of all commercial trade. This ratio reflects the cvolii
tion of the relative purchasing power derived from this prod»< I
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Prices

Prices of fish in international trade are essential to the
understanding of the evolution of world fisheries. They

2030  Brown 199S!. 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 i» 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 consuinp-
tion. During the same period, about 30o/«of thc world
tish production was used essentially for ani!nal feeds ln
agriculture and aquaculture. The absolu><e quantities g! >
ing to fish meal and oils have increased, however. In the
developed countries, they increased from 5 niillion mt ii>
more than 12 million mt between 1961 and 199 !. Durin,
the same period, in the developing world, the quantities
going to tish meal and oils increased from 6 million mi li>
16 million mt, with oscillations due to the collapse and
recovery of the anchoveta, which provides between 2S
and 49% of the workl production depending <>n the years.
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are a lected by various I'actors including demogiaphy,
tracle circuits  e.g., 90 � N22g of' shrimp imports in Japcm
come trom Asia, and �'3 � 75% of shrimp imports iii the
USA conte trtiin I..a in Aiiicric;I!, conipelition with local
species  c.g., competition bctwccn tropical pcnacids and
cold water shrimp in Europe;m inarkcts! and products of
substitution  such as surimi!. all of which may limit im-
ports and constrain prices. In thc long run, thc price of
fish is affec ed by its availabili y; the overall availability
of fishery products per capita had started to level off in
I t�0  Figure 10!, and since the i the gap between supply
and p itential deniand has been increasing rapidly.

An analysis was 6.onducted of the relatioiiship betweeii
dctlatcd prices  base = f971 ! and fandings I'or species
used f' or huinan consumption  I'igurc I I! and for species
used inainly t'or industrial reduction  Figure 
!. For jacks
 TrachifriisSpp.!. nluffe  Mug� Spp,!. luna, CCphalOpOdS
 I'igurc I I A!. and Alaska pollock  Figurc 118!, thc price
has remained fairly constant despite positive changes in
landings. indicating that the demand is fairly elastic
 i.e., large changes in supply have little eftect on prices!,
lhe marke  is tlemand-driven, and the increased supply
ha» been sufticient to satisfy the increased demand with-
out pushing prices upv'ard. The downward trend t'or tuna
«iid cephulopods during Ihc I is  decade may reflect sonic
 narkct saturation and increased production ot second-
ary species. particularly for tuna. as well as cost decreases

resulting from new harvesiingr technoltigy. The denianil
appears f'airly el istic also for shriinp and salmon  during
the last decade at least!, indicating probably that the ad-
ditional production from a fuacuhurc has bccn able to
compcnsatc tor thc incrcascd dcinand. Thc price of crab
has increased dcspi e increased produc ion. indicating
that the increase in demand has outstcppcd thc supply
dcspitc the success of surimi as a subs itute. The deniand
appears very inflexible  supply-driven! for lobstei  Fig-
ure 11A!, flatfish, and rcdfish  I'igurc 118!, reflecting
their increasing scarcity and the I'act thiit they tire diff'i-
cult to suhs itutc. Notably, the price of cod, hake, and
haddock has reinained stable despite the sigiiit'icanl de-
crease in landings  inainly as a result ol'overt'ishing!,
probably illustrating thc fact that these fish have been
subs ituted on thc market by Alaska pollock, whose price
rcniaincd stable despite large incrcascs in landings.
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State of World Fishery Resources
and Environment

'I'hc picture is less clear I'or thc stria!I pelagic spccics,
p.irtly because of their large fluctuations. Species that
arc partly used for human consumption  I:Igurc 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 huiuan
coniu»iplion, appe;irito h;Ive increiried  I'igure 12B! de-
spite very large increrciei in landings moitly related to
environmenlul flue uations  Bukun 1995!. On lhc con-
trary, thc price ol' Unchovcta, rrrcnhadcn  Brr vryrrin
ryrnrrrrr�!, Chi!ean jack mackerel. and Capelin haS tlue-
tuated apparcn ly independently of their landings, con-
verging at a common price around $ I0/Int. This situa-
tion probably reflect~ the fishes' common destination  fiih
meal! and that the impact of their price fluctuations is
dampened by the iuuch larger produciion of soya, the
ni'Iin iubiiilule for! iih ineul.

In 1 �1, FAO first published  Gulland 197 I! Ii world

rcvicw of fishery resources. which cs imatcd thc ivorld
thcorelical potential of tr rditionally cxploitcd species ro
bc around 100 million mt. of which just 80 iuillion mt
was probably achievable I'oi pr;Ictical re;iioni rclatcd to
the impossibility to optimize nianagement on, every wild
stock in a coinplex multiipeciei iysiern Since then, evi-
dence cle;Irly indicates an incrcaie in the number  il stocks
reported as heing under ievere 1'iihirig pressure and U
iimuliarieoui deere  se in the number ol' stocks oft'cring
potential for expansion  Figure 18!,

Thc last review made b> FAO on thc state of world
fishery rcsourccs  I'AO 1994a! has yielded a more de-
tailed picture  Figure 14!, On the basis of an extensive
analysis of the literature and thc worl' of the FAO
regional fishery bodies v orking groupi, Ihii review
categorirei. regiirn bv region, lhe slocki f ir which an uiieii-
nient cxiiti as underexploited   ! !, miiderutely exploited
 M!, heavily to f'ully exploilcd  I'!, ovcrcxploitcd �!,
depleted  I!!, und recovering  R!. The category  F! com-
prises stocks that arc exploited at a level ot' fishing close
to FM,,  thC fiShing mOr alily CorrCSpOnding v ith thc
maximum sustainable yield [MSY]! and whose abun-
dance is close to BM� the biomass corresponding with
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the i»axii»um su«tainable yie!d!.' The other categories
arc expo«e<l io re«pec ive!y higher �, D! or lower  I>.
M! fishing i»ten«ity than that corresponding to MSY.
When there i«uncertainty a« io thc cxiic> «t<ick s>atu«.
thc stock has been pu  in the two u>ost likely categoric«
 c.g., F � �! and coun cd twice. Soine «><>ck«or group«of
stocks arc in an unknovx n «tate and have not bccn taken
into account in the following analysi«. Figurc 14 shov s
the distribution of aH stocks or species aggrcga cd among
these categories  oge her with the position of thc category
in a systen> of coordin;ite«defined by the fishing mortal-
ity  as X ixi«! a>ul bioniass  as Y axi«!. It shows  hat
32% of Ihe stocks f<ir which da a are a.vailable in IAO
appear as underexploited or moderately I ished and >night
bc ab!c Io support «ome increa«e in fi«hing. It also «how«
that 6<!% arc cxplo> cd u  or bcyi>nd the level corre«pond-
ing to MSY. This docs not imply that 69"7i- ot' hc «lock«
are i i»properly utilized. "Full" utilization i» generally thc
goal of fisheries dcvclopincnt, and ihe figurc indicates
mainly that little scope exists for further dcvclopmcnf.
However, hecau«e of  a! the uncertain y in the positions
of I'��,  h!  he non-precautionary natu>c of MSY as a
n>anagen>ent target Ior 03any stocks, and  c! the inc>a!a
iri I!eet dyni>inics and thc f>shcry devel<>pine»i proce~s,
"thc 1'uHy I>«hed" « i>ck«are obviou« and likely! 0;mdi-

'In F>g<>re 14, ihc iv o subcaiegoiics "heavily" iind 'I'oily" ex-
p!»i>ed have been coi>ihined to account for the hi h level of
unccri;iiniy in Ihe e«<innate of the curreni fishing level and for
the level corresponding v i>h "full" f<«hing  i.e., < onveni»>n;illy
Msv!. For stocks in  his category, increa«cd effort mill noi lead
Io any significant increa«e in. landings.

F><> n<> 14. Slate <>I worhf Ii«herv re«»urea«: Proportion of
the assc«scd stocks thai are un<lciexploiie<l. ii>o<leraiely or Ihlly
exploited, overfi«hed, depleted, or recovering. Sour< e FAO
  I '!94c!.

dates for ovcrfishing in the near future if past behavior
persist~.

If the «i ua ion is examined region by region. the analy-
sis is more difficult because the proportion of stocks and
aggregat~~ of stock« for which a««essinents are noi. avail-
ablc miiy «omeii>nes he relatively high, va>y ing from 53%
in the n<>rthwes  Pacifi<  <>7<lr in the «outhwestAtlantic.
Because they are very aggregated, the«e value«should
bc taken cautiously, hui they are intended to stress that
CVCn thOugh the situation appears seriuu« ir> 1»any re-
spect«, thc database availab!c to fuHy assess it is dru-
matically incoinplctc. With this caveat, v c have calcu-
lated for each region the propor ion of thc asscsscd stocks
that appcaicd to be exploited beyond F��andbclow 1!�v;
further. ir> this last I AO review, the proportion of the
a««es«ed « ock» and stock aggregates that are either fuHy
exploited, overfishcd, and deple ed or slowly recover-
ing 1'ix>in <lepletion varies fr<»>t f X!% it> the n<>rihwe«i
V >citl>c to 291< in the ca«terr> central pacific  Figure !S!.

In the FAO regular rcvicws, thc sifuaiion i«ul«o ex-
arnincd stock by stock  FAO !994 >!. The state of' thc
stocks varies obviously bctwcen species and region«. A
statement abou  the average state of 4 «pccics or species
group, based on many s ocks in different region«and
receiving different levels of f>shing mortality, has little
operation><1 and s a i« ical value. Hov'ever, a««imilar
«pecie« lend to have siinilar market value and are ci>ri-
frontcd v, 1th «ir>iilar  i«hing> pre««ure«, an attempt ha«been
made to provide fora<fun!i i> ivc «!a««it>cali<>n of'the st ue
of stocks as follows. Va!ucs from I to 5 have been given
to stock~ considered, respectively, undcrfishcd, inodcr-
ately flshcd, fully fished  i.e., a  MSY or F��x!, over-
fi«hed, and. depleted and recovering  considered as
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pclugics;ind a growing number of dcmersals. the assess-
inents of many stocks clearly would need to be more
t'rcquently revised  han they arc presently, particularlv
in the tropics whcrc thc icscarch capacity is often defi-
cient. Nonetheless, these overall s atistics indicate that
the state of world fishery resources should he a suhiect
of riia!or concern and that. this global ussessmeni is sulfi-
ciently confirmed ut regional, country, or stock level to
be taken seriously.

Environmental Issues

Reflecting the general pressure cxcrtcd on natural sys-
tems from dcvclopment activities, environmental is-
sues � as established af er the United Nations Confer-
ence on F.nvironment and Development and considered
here in the broadest sense to concern living resources
;md their habi at � have become increasingly significant
in fisheries, posing difficult challenges. Soine prohlerns
are internal to fisheries and concern depletion ot' thc re-
source base, insuft'icicni selectivity of gear and practices
with significant consequences on byeatch and discards,
direct datnage to the cnviromncnt by fishing techniques
 c.g., trawling, dynamite fishing!, and at-sea and onshore
processing facilities and fishing ports. Other probleins,
among the niost serious ones, are related to itnpacts made
on the fishery resources and envir<>omen  by other user~.

Discard» during fishing operations are a major sou roe
of concern. Alverson et al. �994! have esiiinated ihut
the annual qua i ities caugh  and discarded  probably dead
and including unknown large quantities of juveniles! by
the world marine fisheries atnount to about 27 million
int. Thc world rcportcd landings being 82.5 million mt,
this means that about 25% of the fish caught ih discarded
and returned to the sea where it is naturally recycled.
The distribution of total maririe catches  average 1988�
92! and estiina ed discards by major I'AO Statistical Area

Ffal<RE 15.� State of regional fishery resources: Propor-
tion <it' ihc as>ca<cd stock» thai urc. very in en<i vcly cxploiicd
it.c.. fully exploited+ ovcrcxploltcd + depicted t rccOvCring!
by major I'AO fishing area. Source: 1 AO �994ck

depleted!. 'I'hc average value was calculated for each
major spccics as wcllas for species groups across all
regions  Figure 16!,

Keeping in mind thc cavcats about thc data, it is in cr-
esting to see that redfish, hake. An arctic cod, lobster,
shrimp and prawn, cod, and tropical demersals are, on
average, fished t>eyond I'ull exploiiati<in, ln a<ldiiion,
despite the gener<1 sta emen  <if en made  hut sinull
pclagics urc still underfished, sardine, pik.hards, men-
haden, und anchovy appear tully fished <in «VCrage.
Mackerel. bivalves, und traditional  una stocks are close
io full exploitation  the potential of tropical, sm;ill
cakkstal tuna iS nOt well knOWn!. The rCSOurCCS  hat. on
average. appear inodcratdy to fully fished are cephalo-
pods  mainly oceanic ones! and horse inackerel
 Tructmrus spp.!.

These overall statenients on average statu~ of species
or regional resource aggregates should he cautiously in-
terpreted. In an uggrega c, some stocks are in a much
worse state than average arid wouhl require more sirin-
geri  nieasures while others are in a bc ter state than av-
erage und could, in theory, stand higher fishing effort.
There are, for exainple, indications that silver hake in
 hc northwest Atlantic could bc further exploited and that
hnchoveta in the eastern central Pacific is now
underfished. Mesopelagic resources are also known to
offer a large potential, but regular assessments are not
available. Kiill is usually «tso considered as a resource
<iflering a large potential for increased catches althoug>h
some concern has recently been expressed about  hc po-
tential impac  ol' thc ozone hole and ultraviolet light on
thcsc stocks. While the importance of interannuai vari-
ability is progressively being recognized for most

'Sce Figurc 14 for a significance of these terms.
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 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 problem«come from the coastal zone
degradation; this zone includes the critical habitats, nurs-
eries, and feeding and spawning areas that su«tain about
90% of the exploited world I'ishery resources. Produc-
tivity in this area is being affected by an increa«ing de-
mand for coastal space and resources from a growing
coastal human population. The marine environment i«
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 tii
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 anti it«poten-
tial consequences is given by the ecological collapse of
the productive system in the Black Sea which, becaus»
of its magnitude and doubtful reversibility, could prob-
ably be considered the marine ecological catastrophe of
the century. The Itshery 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-

lars, leaving more than 1SO,OOO people without a liv»li-
hood and an important lishery sector in totiil disarr;iy
 FAO 1993b; FAO 1994b!. In the future, «iniilur prob-
lems may also affect other closed or semi-enclosed, low-
»n»rgy, and strongly stratified water bodies «ucli as the
Baltic Sea and large lakes. Although the above example
i» an extreme one and is not representativ» of the risks in
an open ocean, it shows that the problem is «»riitus and
that without a change towards integrated manairem»ni,
the fate of coastal resources may be similar tti. and pos-
sibly worse than, the fate of wild, freshwater re«ource«.
A reasonable level of organic contamination inay, how-
ever, have positive eftects and indeed increa«e fish pro-
ductivity, particularly in shallow and enclosed or semi-
enclosed seas  Caddy 1993!; thus, current effort« 'it
reducing organic pollution from land-based sources ntay
indeed reduce t'isherie«potential.

Natural variations in the abundance and re«ilienc» ol
fishery resources and the potential impact of global
climate change are also a source of uncertainty t'or fisher-
ies planning and management. A complete analysi«
of the trend» and future perspectives of fisheries supply
tnd management should consider the impact iif climate
variability and global climate change on fishery systems.
Both phenomena relate to the dynamics of tlie ocean�
atmosphere coupling and its evolution untter global
environmental chang». The issue is particularly v ell
documented for pelagic resources. For example, the dev-
astating effects of El Nino on the pelagic r»«ources ol'
Peru and Chile  Glantz and Thompson 1981! were d»-
scribed long ago. The impact of less catastrophic but
po«sibly more I'requen t environmental osc i 1 1 at i ons tend«
to be blurred by fishing impacts and to remain unde-
tected or difficult tti demonstrate. Such oscillation  or
"regime'! changes are now being reported fiir a large
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number of stocks, both demersal and pelagic, coastal or
offshore, 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 trend»
are hardly predictable. Important resourcei have under-
gone increases in potential from the mid-1970» to the
mid-l980s, such as sardine in Japan, Peru. Chile, Cali-
fornia; anchovy in South Africa � Namibia; north Pacific
Alaska pollock and other demersal tish; 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 stock» 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»u»-
tainable levels.

Global Economic Perspective

The information available at the beginning ol'the 1970s
already indicated that the fishery resources of the world
had a limited potential  Gulland 1971! that was heing
reached rapidly, and the need I'or 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 thc
Chairman's summary  Needler 1974!:

It has been unanimously recognized that thc resource I»
not unlimited,... that there is a tendency for prices io
rise fa»ier than ihc general leye! of commodity prices,
... that the pressure Ion the resource! is already in<en»c
but will become more»o... and that the need for man-
agement to sustain the yield ii already the rule rather
than the exception.

Unfortunately, the process of extending national jurisdic-
tions in the 1970» 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 examine the trends in world fleet capac-
ity and in its performance in terms of landing ratei as well
as the relationship between the two, leading to a global
bioeconomic assessment of the worM 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, althougli not entiri I!
complete, indicate the extent of the size ol these fleeti
The 1992 Lloyd» Register of Shipping lists ihip» ol <u
lea»t 24 m or, in terms of gross registered tonnage   rt i,
100 grt, and fishing vessels  industrial fishing fleet! c<>n>-
pose 30/o of the total number of all ships in the Regiitcr.
Although their t<>nnage is only 3% of the iota! tonna c
of all ships, the replacement value of the fishing flect ii
estimated at '$173 billion  FAO 1995, Table I!, or aim<>it
45% of the total replacement value of all »liipi included
in the Regiiter  Fi< ure 18A; FAO 199S!.'

The FAO Bulletin of Fishery Fleet Statiitic» li»ts the
industrial fishing fleet at 38,400 ships with a Ionna e < 4
16.6 million grt  compared with the 24,400 vesseli <ind
13.0 million grt retlected in the Lloyds Regi»ter!. The
FAO data also indicate that the number ol decked yei-
»els less than 100 grt or 24 m is about 1.14 million with
a total tonnage of 9,4 million grt. The FAO Bulletin I i i>i
2.3 million undecked vessels in the world, <>f which only
32c/o are powered open boats. The tonnage of these pow-
ered vessels i» not recorded, hut it can reai<>nably he ai
»umed  ba»ed on FAO's practical experience! that their
tonnage is between 2 and 4 grt. If a rcugh average of 3
grt per undecked powered vessel is assunied, the fleet
would represent about 0.74 million g>t or about 3Y«>I
the world's total gross registered tonnage. The di»tribii-
tion ol'the world tonnage in fishing vessel» by continent
in 1989  Figure 18B! illustrates the large proportion <>I
vessels from Asi;i and the former USSR fleeti.

A time-seriei of fishing fleet data is av.iil<ible in thc
I'AO Bulletin of F'lect Statiitics 1994 foi ships ab<>'<e
100 grt or 24 m  Table 3, column 2!. F' or tlie purpose <>I
any c<miparison of catches per grt in a time-series, uiing
these data as a measure of world fleet »uc I'or decked
vessels would underestimate the actual tonnage ol the
world fleet by only the tonnage of the undecked ve»icli
 i.e., hy about 3'/o!. Thi» time-series indicates that. be-
tween 1970 and 1989, the actual tonnage increa»ed at; >
rate of 4.6%/year, from 13.6 to 2S.3 million grt  h<>w-
ever, in the latest revisions of the FAO data, which .irc
not taken into account in thii paper, this y alue I'or 1989
appears to be 26.0 mt!.

There are interesting comparisons to be inade. During
the same period �970-89!, when a large number of F:I-,/i
were claimed, the size of coastal developing countrtci'
fleets increased from 26.7% of the total number of Iiih-
ing vessel» to S8'/o, while the tonnage incrca»e<l Irom
12.7% to 28.8"/o. The developed countries had itartctl
their increase much earlier. For exampl<:, in Icehind,,

'For forthcr compari»on», see Table I, page I'!. in I'AO < I <»'6 !
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of only 2.4%/year. An examination of the fleei statistics
of countries exploiting the main pelagic species hy type
of vessel» shows that very little of the in rease in fleet
capacity has been directed to fishing those low- value an<1
pelagic specie~ that have produced most of th» increase
in world catches during the last 20 years. 1 f the five prin-
cipal low-value and pelagic species  Alask;i p<>llock,
anchovcta, Japanese pilchard, South American pilchard,
and Chilean jack mackerel! are subtracted froi» the total
marine catches, the landings of the other species � -her<-
atter called sclcctcd landing~ � have incre<iscd from 42.'.!
to 61.3 million mt  Tah!e 3, column 4! at 8 rate ol'2.3'/i /
year, that is, at half the rate of increase of the v orld fish-
ing flee size �.6%/year!. From 1975 to 1989, the tot<i!
landing rate, which was obtained by simply di< iding the
total selected landing!s by the grt index  Table .I, column
6!, varied around 3.4 mt grt ' without trend an<i with the
1970 value of 4.4 appearing as an outlier. Thc sclcctcd
landing rate  Table 3, column 7! decreased, however.
from 3.2 to 2.4 between 1970 and 1989 with ail average

between 1945 and 1983, the capital employed in fisher-
ies increased by 1.300%, catches increased only by300%,
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, so!netimes
with great opposition. Following economic transit!on in
Eastern Europe, a significant part ot' 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 flcet size
by only about 3%, can be used as an index <if 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 avera e rate

TAB! 8 3.� Fleet capacity  >100 grt or 24 m!, total I<indings, selected landing»  excludin the five main pelagic spicics!. <otal
deflated value �989 base!, and indexes of catch per unit iif capaci<3  mt! and va!uc �0! LISS/grt!.

Toi.i! value
<donat<d!

�0> S 1978!

Stleoio�
landings
�0o mi 1

Total
lani!ing rate

<>ni/grt!

Selected
landing ratv

 mugrt!

Value/8> t
 deflated!

�0 .'h I'>78!

1 otal
landings
�0 !11<!

8 it
�0 i>ii!Year

28
NA
18

NA
NA
VA
VA
VA
NA
VA
VA
VA
ss

42 <!
1 ! o

!
92 s
92 s
81

94.<!

37 i
89 9

ii !,3

'1
NA
1.8
NA
NA
NA
NA
NA
NA
NA
NA
NA

S9.2
88.6
63.0
64..s
66.8
68. 3
68. 3
73.9
7s.7
81.1
8! 7
8S.7
864

3.2
2.8
2.7
2.7
2.6

2S
ii

2,1

2.4

13,8
17.3
19 3
!9. 8
20.0
20.8

21.8
'! o
23 s
24.1
24.8
2S.3

34

1,3

3 !

3 1
33

3 8
3 I

1970
197S
!978
1980
1981
!982
1983
!984
1988
1986
!987
1988
1989

FI<'URE: 18.� Importance o  the world fishing flee< numbers in relationship to  A i other types of ships  >100 mt gross re istered
tonnage [grt] and 24 m! in the world merchant manne fleet »nd  B! distribution by continent of the wor!d total fi..hing flee in grl
 >100 grt and 24 m!. Source: World Fleet Statistics. December 1992, I.loyds Register, I.nndon.
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of 2.$; in this case, the 1970 value of 3.2 tits perfectly
with the rest of' the data. It seems, therefore, that during
1970 � 89, the apparent maintenance of the world fleet
productivity in global term»  around 3.4 mt grt '! c<>n-
ceals the fact that its yield in higher-value species de-
creased by 2$% despite technological proglress  »potter
planes, factory and motherships, satellite naviglation,
sounders, wide opening nets, etc.!.

One could expect that this relative and progressive deg-
radation of the specie» composition of the landing» would
have resulted in decrease in the value of the landing»  or
revenues! and economic yield», 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 landing» �978
US$!, or total revenues, was examined for 1970, 1978,
and 1989, the only years for which this type ot' data was
available when preparing thi» paper,'together with the
index of revenue per grt. The data given in Table 3  col-
umns $ and 8! and Figure 21 show that, while the overall
fleet size increased by 87 4 7r., total landing» by only 4f>%.
and selected landing» by only 43%, the total value of the
landing» 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 ';ind the selected
landings per grt decreased by 25%, thc revenue per grt
increased by 38%  from $2,100/grt to $2.300/grt!. Thi»
trend indicates that the economic incentive for growth in
fleet capacity has been at least maintained and possibly
increased over time, despite the repeated sign» of over-
lishing 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 I'our species accounted for
7$% 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 km  E. Cinco, J. Diaz, R. Gatchalian. G. Silvestre,
International Center for Living Resources Management,
Manila, unpubl. rep.!. In the Philippines' Sam;ir Sea, the
resource abundance dropped from 8.0 to 3.5 kg d ' be-
tween 1981 and 1990 while the number of cominercial

"These data  starting from 199<!! are now availabl» < FAL! I 993g.
Table K!.

species of major importance dropped from 2$0 to 10 and
the standard of living for 100o<l 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 Ili«
potential of the world traditional fish resources  »n>el I
pelagic, large pelagic, and demersal fish! wa» close i<>
100 million mt excluding discards  Gulland I'�1!. 'I'h>s
work stressed, in addition, that "in practice no more ihiiii
809!I of the potcnti;il in an area may be harve»table h»-
cause ot' the difficulties of ensuring the be»t inanagem»nt
of each individual »tock.' For all practical purpo»e»,;u>d
because it would m>t be feasible to extraci MSY fr<lni
every stock  assuming that thi» would even be an advi»-
able objective!, the world potential of traditional species
would be close to 80 million mt. The landing» 1'rom iri;i-
rine fisheries passed this level in the mid-1980», Addiiig
to these landings the average 27 million mt of fish caught
but di»»arded  Alverson et al. 1994! would brin< the
pre»ent catches above 100 million mt. It »ee>n», ther«-
I'ore. clear that the maximum production <if traditional
fisherv resource» is either being approached or alreaily
has been reached  »ee Figure I!; this <,eems to be con-
firmed by the fa«1 that the annual rate of in«rease ol the
world marine landings is approaching!ero < Figure I ',> I.

The data available on world fleet size. »»le«ted land-
ing», and landing rates from 1970 to 1989  Table 3! point
to an inverse relationship between fleet cap;i< itv and la»d-
ing rates, which would indicate the possibility to I'i<,>
global production inodel to the data provided thai th»
data on grt represent the trend in fishing n>ortality and
the landing rates represent the trend in glob;il ahundan«l'
of world re»ource», During the same peri<>d, how«v»i.

1950-59 1970-79 1 990-98
1960-69 1 980-69

F>r«RE 19. Ev<iloiion of the rate of growth oiwo>ld»>ll
rinc I>sherie» Land>ng» < 1950 � 92!,
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To<BI
Selected I.<oding

landmg rate rate
1m</grt*! < mt/grt i

gri Technology grt"
�0' mt! cocfficicai �0" mi >Year

9 3
14.5
17.9
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21.4
23.5
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27.5
29 9
32 7
>5 2
37.9
40. 2

0 6<!
0.84
0.93
1.00
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1.13
1.70
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1.33
1.39
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1.53
1.59

13. 5
17.3
19.3"
19.8
o00
20.8
21.2
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22.5
o> 5
24. I
24.8
25.3

4.6
3.4
2 9
2 7
> 5
22
2.1
2.0
1.8
1.8
>.7
1.6
1.5

6.4
4.0

2
2 9
2.7
2.7

5
2 5
2 >
23
2.1

1970
1975
1978
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

the average t>shing 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 �996! estimated the relative value of the
"technology coeNcient" calculated for 13 different types
of fishing vessels ranging from super trawlers  of 120 m!
to pirogues  of 10 m! in 1965, 1980, and 199S. taking the
value of' the coeff>cient in 1980 as a basis.  !n average,
this coefficient has increased from 0.54+ 0.26 in 1965 Io
1.0 in 1980  the basis! and 2.0+ 0.9 in 1995. Thc evolu-
tion of this relative coefticient approximates the changes
in the efficiency of these vessel types t'rom a technologi-
cal viewpoint. The coefficient applies to new ve~sels 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, therefore, that
the trend indicated by Fitzpatrick reflected the trend in
efficiency for the world fleet and that these relative effic-
iencyy values could be c< unbined with data on world fleet
size in grt to better reflect the likely increa~e in fishing
pressure exerted by this fleet. Interpolating between the
1965, 1980, and 1995 values given by Fitzpatrick. we have
estimated the relative technology coeNcient for the years
1970 � 89  Table 4!. Multiplying the world fleet capacity
in grt  Table 4, column 2! by the relative coefficient of
technological efficiency  Table 4, column 3!. a corrected
index of world fishing fleet capacity in "stand ud" git  in-
dicated hereafter as grta! has been developed  Table 4,
column 4!. The corrected fleet capacity and index of fish-
ing mortality appears to have increased by 332<!<u from
9.3 million grt* in 1970 to 40.2 million grt* in !989. Ex-

TA>>t I: 4.� Fleet capacity  >100 gri or 24 m!, technology
coefficient, corrected flee> capacity, and landing rates for se-
lected and total landings.

"The tonnage for >978 has heen interpolated.

eluding the five main low-value and small pelagic spc
cies, the selected landings per unit of fleet capacity and
abundance index of the selected species dc»i eased from
4.4 to 1.2 mt grt" '  'I'able 4, column S!. The total landings
per unit of capacity, which appeared stable in I'able 3, de-
creased from 6.4 to 2.4 mt grt* '  Table 4. col un>n 6i.

The relati<inship» between the fleet corrected capac-
ity, landings, and landing rates for selected and total land-
ings are graphically represented in Figure 2 !. The lin>i-
tations of the available data are easily recognizetl as well
as the pn>blems of applying the production model theory
to an aggregated worM -stock." For want of;i better gl<>-
bal approach to the dynamics of the world fishery sectoi,
and because the relationships appear coherei>t, a simpl»
exponential model  Fox model! has been I'itted to the
data to take into account the nonlinear appcai ance of th»
relationship. The results are as follows:

A. For selected landings
n: 13
R: 03

a: 5180
b: -0.03.s
MSY: 57.7 million mt
f�s,: 30.S million grta

The results indicate that the MSY of the selected spe-
cies  excluding the five principal pelagic spc«ies! woulcl
be at S8 million mt and that the correspondiiig index <>I'
effort would be 30.5 million mt of correcte<l grt". Th<
comparison of this estimate with the effort and landings
in 1989  the latest d.ita point available in the analysis i
shows that the grt" in 1989 was f32~I<i of the MSY level
for selected species and that the landing in 1989 was
106<1<, of the estimated MSY. The results indicate. there-
fore, that the world resources nf selected speci»s is c x-
ploited beyond the MS Y level with an overcapacity of' a<.
least 30'7n.'

B. For total landings
n: 13
R: 095
a: 5.41
b: -0.02 
MSY: 82.8 inillion mt
f��: 42.0 inillion grt"'

The results indicate that the MSY of the >otal world
resource would be at about 83 million int and that th«

'By reference io the capacity required io produce MSY. A morc
precautionary approach would require larger,edu< >ious in ca
pac<iv.
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F!G IRE 2 !.� World landings «nd landing r«tes i<» a function of the total »<»rid lleei size index  in correcied gri"!.  !pp< r
curves = all species. I.ower curves = selected species  i.e., excluding the five main pel«gic species!.

Global Economic Assessment

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

"The present cost for a grt of a fishing ve~sel is;iho«t 10 t«»cs
the cost R>r a grt of any other type of vessel excliiding miliiai»
ones  J. Fitzpatrick, F!><0, Rome, pers. comm.!.

corresponding effort would he 42 million g�'r.. The coin-
parison of thi» estimate with the effort and landings in
1989  the latest data point availablc in the analysis! shows
that the grt* in 1989 was 98'7r of the MSY levelfor the
total world resource and that the landing» in 1<989 were
practically equal to the MSY. The results indicate there-
fore that, when all species are considered together  in-
cluding the tive main pelagic species!, the world resource
appears as exploited at MSY level.

The two results would confirm that the species of
higher value  the selected species! are more affected by
overcapacity and require morc drastic management mea-
sures than thc small pelagic specie~. Thc results tend to
confirm that the progressive inclusi<m ot' t1uctuating.
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 thi» 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 <>r overfished
 Figure 16!.

very approximate bioeconomic assessment <>I'v orld li»h-
eries.  !n the basi» iif data from FAO �993a, page 17,
Table 21!, which shows the estimated total value of mii
rine landings in 1989, an average price ol' $862/mt h«s
been calculated I'or the world landings in 1989. Whcii
the production curve for all species is inultiplied by tlicir
average unit value, a total world revenue curve  US$! is
obtained  Figurc 21 !. Rough and conservative estiinatcs
of both the total and operating costs for 1989  noi in.
eluding the opportunity cost of capital and debt ser» i;
ing! have been calculated by FAO �993a, p;ige S2, Table
29!. These values are, respectively, approximately
$3,600/grt and $4,600/grt  uncorrected'!" leading to iot;il
and operating costs of al>out $91 and $11 > billion. r:-
spectively. I'or a  lect size of 2S.3 million grt or 40.2 n» I-
lion corrected grt". 1'hese two points have been plotted
 Figure 21! and joined to the origin of the gr.iph to repro.
sent the relationship between total world fleet capaciti
and operating or total costs, assuming a simple linear
function. For the sake of comparison and v.ilidation. thc
calculated deflated»alues  base = 1989! of the total catcli
for 1970, 1978. and 1989  respectively S34.0, $57,5, t»i<l
$70.0 billion! have been reported on the graph at their
corresponding levels of corrected capacity Their p<>si-
tion in relation~hip to the calculatecl re»enue cill»<1



 >ARCIA ANI3 NI3WT !N22

120

120

100

10

10 grt*
0

0 20 30 dQ10

Index Qf world fleet capacity

Ftot>RE 21.� Total reve»ue of the world fishery  all species included!. operating anal total costs of the world flee> in relation
ship to total world fleet size  in corrcctcd gri*!. Based on 1989 prices and costs. ~ = the total deflated revenues 1 b:isc = 1989! 1<ir
1970, 1975, and 1989.
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 calculated without using them! shows a surprisin< ly 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! tor the
global resource of traditional species  at 1989 prices!
i» $71 billion, corresponding to a fleet sire of 42
million grt*.

~ The theoretical value for the revenue at equilibrium
corresponding to the fleet capacity available in 1989
�0.2 million grt*! is practically equal to the MSR
and very close to the actual value of the landing~,
estimated at about $70 billion  FAO 1993», Table
21, page 17!. One could, therefore, conclude th;it
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 deticit  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
�993 a!.

~ To make thc world fishery sustain;ible on an e«o-
nomic basis at 1989 levels of tleet size wi>ulil, there-
I'ore, require lou ering the costs per unit grt hy abi>ui
43'/c, or incrc<ising ex vessel fish prices by 71%, i>i
a combination ot the two. Fish price increases will
be limited by the price of substitute products. Pro
duction «osts could be lowered subst;intially b<,
making more efficient use of artisanal fisheries anil
reducing the use of long-range tleets.

~ To reduce the de  icit by only adjusting the I'lect «a-
pacity, it would be necessary to reduce the fleet ii>
the point where the cost and the revenue functions
inter~ect. For thc revenues to cover oper;iting costs.
 point X, Figure 21! the world capacity should be r«-
duced by 25%  from 40.2 to about 30.0 million gn"'!
with a loss of revenues of about 4% only. 1' or the rev-
enues to cover total costs  point Y, Figure 21!, th«
world tleet should be reduced by 53c/c i from 40 2
to about 19 million grt*! with a loss of revenues ot
only 21'/c. These reductions in tleet capacity wi>ulil
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lead to a significant improvement in catch rate» of
about 20'7o in the first case  point X! and 60o7n in the
second case  point Y!.

In practice, an overall economic rationalization ol' the
world I'ishery likely would require a combination of
measures related to prices, unit costs, and fleet capacity,
particularly when one of the objectives will b» to maxi-
mize cmployrnent.

Conclusions and Discussion

After a long history of fisheries growth.;ill available
data point to the conclusion that the total potential ol'
traditional species has been reached on the average, even
though there are differences between specie» group» and
regions. The species composition of landings ha» changed
over time, showing that the world I'ish supply i» increas-
ingly relying on variable, small pelagic and other-low
value species, thereby concealing the slow but steady
degradation of the demersal, high-value re»ources.

The problem of overfi»hing, stressed in the 1946 Lon-
don Conference on Overfishing, has clearly become gen-
eral and now concerns all region» 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 S8'%%un of ihe world
fleet complement!, which has been prompted hy a high
demand on their local markets a» well as on the devel-
oped countries' markets. More than half ot' the 20 top
producers in the world are developing countries. The trade
in fish and fishery products has increased from 5%%u< to
I 1%% of the trade in agricultural product», and the devel-
oping countries appear as net exporters while developed
countries appear a» net importer». Trends in prices de-
pend on species groups and retlect increased. scarcity for
some high-value species as well as the efl'ect ot' substi-
tutes  surimi! and aquaculture production. For industrial
species used for flrsh meal, the fluctuation» in price are
dampened by the much larger production of soya, their
main substitute.

The analysis of the state of stocks by species group»
and by region shows that about 70%%uo of the fish resources
for which data are available are either heavily or fully
fished, overexploited, overlished, depleted, or recover-
ing from depletion. High-value demersal resources  cods,
hakes! are the most affected, but many»mall pelagic
stocks are also affected. The analysis also»how» that in
all regions, the expansion of effort needs to be controlled
more strictly and effort needs to bc reduced in nio»t 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 stre»» thiit thc situ-
ation created by thc world overcapacity is <:ompourrdl d
by the progressive degradation of critical environmcnis
in the coastal areas and, possibly, by climate change.

The analy»i» of thc trend» in the size of the vvorl<l fleet
 in grti, lamlings, and landings per grt »hou s that, u h! lc
the total world fleet size and technological c;ipacity io
tish increased, the world fleet landing rate» ucrc miiiii-
taincd at about 3.4 mt grt ', but the landin, rates ol' th»
higher-value species decreased by 25%%uo dc»pite techn<!-
logical progre»s. Revenue per grt, however, incrca»cd
by 38%%un, providing the incentives for fisheri»» gniu th
despite the rc»ource decline. This decline. already,q!-
parent in the selected species group without corrcctiiin
for the fleet efficiency, becomes even more con»picuou»
when taking into account the effects of tcchnologi<;il
improvements, indicating a 62"7o decrease in the glob;il
abundance index and 73% decrease in selected species
index between 1970 and 1989.

When the main pelagic and low-value»pccie» are! ex-
cluded. the world re»ources appear to be ovcrfished w ith
an excess capacity of about 309o. When;ill specie» ar»
included in thc analysis, the world resour<e iippears to
be lished at the level corresponding to MS'!'. This rc»ult
hides the fact that many resources are se vere l y overfishcd
and some arc ~till moderately exploited, but ir indicates
also that there is little or no room for major incrca»e» in
world catches ot' traditional species, and that the wi!i ld
priority should be on arresting the growth of lishing flecis
and in implementin ~ fleet reduction scheme» to return t i
safer and more economic level» of resource biomass. Th»
analysis confirms that there is little hope th;it landings <if
traditional species can be sustainably incre;ised witli th»
current Iishing regimes and discard practices.

The economic analysis shows that de, pite the decrea»e
in the resource base. the incentive to fish and to increii»e
tlect size remained because prices increa»cd, maintain-
ing and even raising the revenue extracied per grt. It iilso
conlirms that the present revenues from fishcrie» at cap-
ture level cannot cover the cost of fishing and that a I<!-
bal deficit ot $46 billion exists. Eliminating thi» <lel'icit
would require a reduction of flshing costs  -43%!. <>r;in
increase in price  +71%!, or a reduction of the uorld
tleet capacity  -25<7< to -S3%!, and probably a comhin;i-
tion of all three measures.

Review

In preparing thi» paper, we had to f:ice the challenge
imposed on us by the organizers of the meeting  i.c., t~!
show and explain the global trends in fisheries!. We were
aware of the dangers of aggregating data io such hi h
levels and of the difficulty to interpret their chang»».
However, a» the data were pooled together and the analy-
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sis progressed, a coherent picture emerged despite the
sources ol' potential bias in the data and thc analysis,
which have probably been pushed to their limit». We are
aware that it i» perilous to apply non-weighted 'aver-
ages" of relative levels of exploitation to specie» group»
across discontiguous regions and to regions acni»» spe-
cies with widely different life cycle» and resilience. U»-
ing indexes of world fleet capacity  from an incomplete
database!, global indexc» of fishing efficiency, and total
landings  of dubious accuracy! to develop a production
model for the whole world i» also certainly dangerous
and may even appear unreasonable to some scientists.
However, we argue that, in the absence of hetter data
and alternative analysi», thi» i» the best scientific evi-
dence available of global level at the moment  u»ing the
terminology of the 1982 UN Convention t'or thc Law <>f
the Sea! and that it would not be very "precautionary" to
totally disregard it because it doe» not sati»fy»ome <>f
the traditional statistical requirements.

We cannot be sure ol' the accuracy of the I'inding», hut
the emerging picture is so bleak that we believe it i» our
duty to put out the information and the warning it con-
tains  once again!. A global picture i» 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 A»sem-
bly, at the U.N. Conference on Fnvironment and Devel-
opment  UNCED!, at the U.N. Cont'erence on Straddling
Fish Stocks and Highly Migratory Fish Stock», and at
FAO where an International Code of Conduct for Re-
sponsible Fishing was adopted in 1995. There i» 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 wil! promote more analy-
sis of thi» kind, particularly at the national level. where
the dynamics of the entire I'i»he<y system i» often yet to
be properly understood, if only to disprove locally the
global conclusions arrived at in this paper.

The analysi» indicates that the world flee  presently
available i» practically at the I;�, level and that no»ig-
nificant additional landings or revenues can be expected
by simply increasing fishing capacity. The prc»«nt fish-
ing pressure is not evenly distributed, and the conclu-
sion that tish resources are fully Ii»hed "globally" con-
ceals the fact that some are already overfished while a
few others may be able to produce more. The results
obtained in thi» paper seem to conflrm, at the global level,
the diagnosis already repeatedly established f<>r 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 fl»her-
ies can only be maintained through si< nificant

direct and indirect subsidies to the capiure»ector,
partly externalizing its high costs and di»sipatin
all or most of the economic rent. This c<>nclu»ion i»
cont'irmed by many analyses carried out at the iia-
tional level.

~ At current capacity levels, costs could he rcduccd
by making better u»e of artisanal fishcrie» and u»
ing I'ishing techniques that reduce c< st» such as p;i»
»ive gears  e.g., »et or drifting gillnet», longline»>
;md concentrate fish  e.g., fish aggregating device»
and artificial reefs!.

~ Substantial recluction» in effort levels w<>uld reduce
costs or hoo»t productivity or both. One of the first
ineasure» to contain and reduce Ile t size» will h<
to reduce or»uppre»s subsidies or redirect then> io.
ward» eft'ort-reducing measures  buy-back»chcilie».

etc.!.
~ Fx vessel price» may be too low and vertical inte

gration between the capture, proces, ing. and di»tri-
bution sub»cctor» may also be required to en»ur<
that part of the profits made by proces»ors and re
tailer» i» redistributed to better cover ihc co»t <>I'
capture. Alternatively, prices could bc improve<i
through more competition by increa»ing the in
dependence ol' fishers in negotiating prices fn»r
buyers.

Stock productivity could be boosted by iehabilitating
degraded critical hahitats and reducing impacts on ju ve-
niles  by closing area» and seasons!. It is irnpo»»ible i<
asse»» the potential impact of reducing di»card», and
improving their marketing woukl not improve»ufl'iciently
the total revenue to be of relevance  even though the prob
lemmust he addressed for biological and ed>ic il reasons >
All of these measures would move the yield curve up-
wards.

We are not certain that this global assessment depict..
correctly what would happen if capacity wa»»ubstan-
tially reduced, since ihe model cannot capture thc coni-
plex reactions of the fishery sector and the dcpre»»ed
resource hase to such a reduction. The abundance and
landing» of large predators and other preferred specie:
would certainly increase, and this would tend <o improve
prices. In many areas, protecting juveniles hy clo»in<
areas an<I »ca»on» could raise the production «urve»uh-
»tantially in tonnage and value, a» shown in Cyprus anil
in the Philippines where biomass and lvIS'>' could be
doubled in 18 month»  Garcia and Demetrop<nilo» I 986!.
However, if these improvements were obtained too rap-
idly, the prices could also fall abruptly throu h market
»aturation, as»how n in Italy where such ii cloied»ea»on
was experimentally introduced.

Altogether, it sccin» difficult to prevent a l.<rgc part <it
the presently hidden costs of fisheries from heing made
more transparent  i.e., known to society! and pr<>gres»ively
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reduced or passed to the consumer in the future. There
are limits to this, however; I'or instance, Westlund �99'>!,
in a perspective analysis of pelagic fisheries in V«'est Af-
rica, confirmed that "small pelagics are available in the
sea but it seems that consumers  i.e. Iov income groups!
cannot pay the price covering the costs ol  industrial!
production."

The large imbalance between the cost ot' fishing and
its revenues has already been underlined in Garcia �992!
and FAO �993a!. In this last paper, it was roughly esti-
mated that, in 1989, the investment in fishing Ile«ts was
about $320 billion. The opportunity cost of this capital,
based on a 10% annual return on capital, i» $32 billion/
year, or 4 ><!< ot'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 1'rom the ocean fish-
ery resources being absorbed by a  lect capacity that
grossly exceeds what would he required I'ror» the eco-
nomic and biological standpoints. The large deficit ob-
served would indicate that the world capture fisheries
are operating under conditions of ovcrinvestment and
overcapacity. If the excess of technology is lirrgely im-
ported, as in many developing countries, the w«alth gen-
erated by fisheries in these countries may be partly trans-
ferred abroad  e.g., the acquired excess fleets 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 ot some of the major tish resources and, in particu-
lar, the high-value demersal spe»ies. 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 asses~ments published
at national and regional level have been ac«essible to
managers and policy makers. Put together, they left very
little doubt about the relative state of the world resources
and fisheries, but I'or th» most part these assessments have
been disregarded.

A perspective view of the process of world t'isheries
development since !94$>, the date FAO was established,
has been provided  Garcia 199'2: Garcia and Newton
1994!. These papers described how the heavy fishing
rates  and often the overfishing! that characterized thc
north Atlantic before World War ll progressively spread
to the north Pacific in the 19$0s, to the ca~tern 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 Pacil'ic and southwest Atlantic durdng
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

lleets to stay away I'rom home for longer and lon er p«.
riods of time.

The increa~e in f!cet size and the developnient of larger
and sat'er vessels have resulted in significani excess I'ish-
ing capacity, which can be rapidly transferred from on«
overfished ~tock or area to the next. The drastic me;i-
sures being taken to reduce effort or restructure fisheri»s
in the north Atlantic and Eastern Europe are releasing;iii
important excess cf ort, which is on the m;irket at v«ry
low cost. As a consequence, the full exploitation ilr!<l
depletion of the remaining world resourc«s. which it> th»
19$0s would have taken 10 years or more io reach. «.rrr
nov be reached nearly instantly. In additiori, the cxt«n-
sion ot' jurisdiction and restriction of acces~ to resour«»s
have led to transfers of at-sea processing «,ipacity I'roti>
developed to developing countries throu! h barter,.<>-
rangements  processing capacity against fish!. Last, but
not least, modernization of artisanal fisheries gear  «.
introduction of rnonofilament and multi-monofilament
set gillnets, medium-scale driftnets, modern purse seirl«s
with outboard engines, portable echosoun<lers. and p<>-
sitioning systems, «tc.! can greatly increase I'ishing c;i-
pacity and pressure on the resources rapidly, dramati-
cally, and at a relatively low cost.

The process ol' "colonizing" distant fishing grounds,
originally conduct«d by a limited number <>f <levelop»d
countries  USA, Japan, Easter> and wesi.ern Europe!. w,is
accompanied by r«source collapses provoked by a c<>iri-
bination of exceptional climatic conditions and exc«s-
sivc fishing  e.g., anchoveta, Namihi,rn pilchard
j.'><rrdinoJ>» ocell<rlr<>'], Atlanto-Scandian herring> <>r
purely through overfishing  e.g., Mauritanian lnhst»l.
western Sahara sea bream, C>ulf of Thailand demersiil
t'ish, Philippines coral reef resources!. This coloniz;i i<>n
has generated con licts between coastal countries and d rs-
tant water fishing nations, leading to extension o1' n;i-
tional jurisdiction to 200 miles through a process <liat
started in 1947 and which eventually w;is completed with
the entry into I'orcc of the 1982 United Nations Conven-
tion on the Law ol'the Sea  UNCLOS! at the end of 1994
High-seas resources, which r«present;<bout 10'7c of the
world catches, have been progressiv lv deteriorating
 FAO 1992b, 1993<a Garcia and Majkowski 1992 i b»-
cause of inadequate or lacking national and internati<>n;il
control ol' high-seas fishing and non ompliance ivith
management measures agreed to, with dift'iculty, in in-
ternational or regional fishery managemeni f<>ra.

All these developments, added to th» powerful inc«n-
tive represented by rising prices in a market globally 1 i ni-
ited by supplies, has led to a very volatile situation I'<>r
most world fishery resources that have a high risk <>t
overfishing, particularly in developing countries. Tlie
impact of mismanagement  including lacl of consid«r-
ing natural variability in stock potential and resilicnc« i
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on northwest Atlantic stock» i» costing hun<lred» ol'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 activities. The econ<imic di-
saster in the Black Sea is of the same order ol' magni-
tude, and it is doubtful that developing countric» could
afford such an economic shock.

It i», therefore, too late to argue about the probability
of occurrence of something that ha» already become a
sad reality. It is time to "bite the bullet" and a»k the ques-
tion, "How much should the capacity be reduced?' The
UNCLOS requires that stocks he 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
FAO, proposed to consider MSY a» a minimum interna-
tional standard, particularly 1'or 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 thre»hold» at which cor-
rective action has to be taken  Garcia 1994; FAO 1994b!.
Similarly, overt<shed resources should be rebuilt ar least
to B �and preferably at even higher biornas» 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 fr»hing and damage to biodiversity!.
World fisheries may generate social and other benefit»,
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 i» impo»-
sible and meaningless, but it should be undertaken at n;i-
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 incrca»e. 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 "expatri«-
tion" of their excess fleets. As already stressed by Garcia
and Newton �994!, the consequence in environmental
and economic terms i» that the risk of depleting the de-

veloping countries' 1'i»h resources to the benefit of th<
developed markets is increasing through iiiternation<il
trade. The trends oh»erved since the early 1970», in borh
fleet tran»fer» through joint ventures and iiiternation«l
trade, may indicate that the process has air»«dy»t;<rtcd
and that the differential in the price of «cce»» to the r»-
source between the two worlds, combined wirh»uh i-
dies, has led to incrcascd use rates in dcv»lopillg co<lrl-
tries. The recent examples of economic di»<!sters in th»
northwest Atlantic demonstrate without any d<iuht th:!t
the risk is not just theoretical for countries th«t v ill ne<»i
have the economic capacity of developed »ountrie» t<i
withstand the»ocioeconomic consequence» ol s<ich a»ri-
sls.

The interaction between environment and trade is one
of the most explo»i ve issues I'ollowing UNCF D. It should
be obvious that a world fisherv system ba»cd on «ctiv»
exchange through tr«de. particularly as a »<in»equeiic»
of the Urugu«y Round of the General Agreerrient on T«i-
ifl's and Trade, and large exports to the devel«pcd world
can only be globally»u»tainable if the resoiirc»s in ih»
developing exportin world are exploited iri a sustain-
able manner. This i» <!hviously not the case in mo»t ar»;<i
and, if developed countries continue to exp<irt their ex-
cess fleet capacity to the developing world, the»y»teni
can only continue to deteriorate while fii herie» 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. CHRIS'I'Y

Abstract.� Extraordinary amount» of economic wa»te exist >n open-ace»»» I'>»heries. Very rough global e ti-
mates indicate annual waste may be on the order ot' $60 billion. For the United States, the estimates in< i»,>te
waste of $2.9 bilhon per year. Thi» waste m;>I well become more severe in the future. Demand in the year 20 IO
is likely to be more than 4S% greater th m present production. Supplies from capture fisheries are probably nl>w
at their maximum limits. Supplies from aquaculture will increase but tace signit'icant con»traints in view of
scarcity of space, clean water. and I'eed. The result will be continued incre»»e» in the real prices of mo»t I'i»h
species, placing greater pressures m> the»tock» and increa»ing the need for effective management. Mean» i'or
the prevention of thi» wa»te  although imperfect! are generally v ell known. Yet. with a few exception», the
dissipation of economic rents continue» in both internat>onal and national fisherie».

Generally, fisheries ma»agement analyst» a»sume that f>shery a<lministraior» will make the right decision:, if
there is reliable and credible information ah<nit the benefits to be gained  or Io»se» to be avoided! and if ther< i»
adequate knowledge about the variou» techniques for eftbctive >nanagement. Thus, considerable effort has h<cn
devoted to improving knowledge, reducing uncertainty. and developing refinements in management measuri.».
These investment» in research, however, have had little noticeable effect It i» worthwhile to examine the ba»ic
assumptions made by fishery analy»t» and to que»tion why the results have been»o meager. Asking this qul.'»-
lion provides a ba»i» for identifying those ci>nditions and the forces that impede move>nent to better manai<e-
ment a» well as those that may contribute t» nnproxen>cnts.

The Global Situation

28

Extraordinary amounts of economic wa»te exist in
open-access 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 estiinates indi-
cate wa»te of.'li2.9 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 nation;il
fisheries.

Generally, analysts of fisheries management as»ume
that fishery administrators will make the right decisions
if there is reliable and credible information about thc
benetits to be gained  or losses to be avoided! and if there
i» adequate knowledge about the various techniques I'or
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 measure». These investments in research,
however, have had little noticeable effect.

It is worthwhile to examine the basic assumpti»n» that
have been made by fishery analysts and to raise the ques-
tion as to why the resuhs have been so meager. Asking
this question provides a basi» for identifying those con-
dition» and forces that impede movement to better tnan-
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. Thi» sub-
sumes maintenance of the sustainability of the»tocks.

The U>SA i» by no means alone among nations sufI'er
ing from deficiencie» >n tisheries management. The F<>o<1
and Agriculture Organization of the I lnited fxfatiol>»
 FAO! has made some rough estimates of the total co<>
nomic waste in marine fisheries. These estimates ar<..
based on estimates of thc total costs of the v »rid's m.i
rine fishing fleet» and the total gross revenues from >n;i-
rine fisheries in 1989. with some assumption» about the
;m>ount »f surplus capital and labor.'

Total costs were estimated to amount to about US$1'.-I
billion in 1989  Table I; FAO 1993!. The estimates rite
believed to be generally conservative.'

The gros» revenues in 1989 were estimated to am<>unt
to about US$70 billion' for total marine landings of' 81
million metric tons  mt!. Estimates of avei age unit value>
of f>sh at points of'landing are extremely difticult to mal e.
The FAO. the only c»l lector of such informati<in on a gl»-

This»ection of thc paper borrows heavily from wi>rk the I di<f
for FAO in the prepar;>tion of a study on change» iii global nia
rine fi»herie»  f'AO 1993 >.
FAO welcome» critici»m» and comments on thc ha»ic infor

mation and calculation» and is actively seeking to improv< th»
e»timates. Comment»»hould be sent to Dr. Chri»ti>pher !»ew
ton, Chief of the Information, Data and Statistics Service, LfiU
Food and Agriculture Organization, via delle Terme ih Carne» In,
t�100 Rome Italy  Fax: 011 39 6 S22S-3020!.
'All monetarv value» in this paper are cited in US».
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Species or ipeciei
group  US$ m>llioni>

L!stimated costi in USI billionsItem
ot tot,>lLanded value

31> 2
18 S
7

137
1'!  !

1
>19

124.1

Maintenance and repair
Supplies and gear
Insurance
Fuel
Labor
Total operating costs
Capital costi
Total operating and capital cost~

7,370
rh77»
5,344
4,189
3,278
2 '�5
'!,072
1,904

33.207

ll10 7 h 3
48

Shrimp
Tuna
 'ephalopods
 .'rah
Salmon
Lobiter
Alaiha pollock
Atlantic co<1
Total

TArn.i:. 1.� Estimates of annual total costs of global fishing
fleet, 1989.

bal basis, collects landing» data for about 1.000 species
from 227 countries and administrative or political enti-
ties. A large amount of landing» in developing countries
occur on isolated beaches along extensi ve coastlines. Thc
prices among individual species range widely I'rom trash
fish at less than $0.05 per pound to luxury tish, such as
bluefin tuna  Thunnus maccoyi!, at S10 per pound. In ad-
dition, prices of any individual species vary accordin ~ to
size, quality, and place and time of landing.

Although there are few sources of accurate data on the
prices of most species, information on prices for the ma-
jor species landed is available. About 50'7r of th«estimated
value of global marine landings comes from eight indi-
vidual species or uniform species group», for u hich there
is relatively good information  Table 2!. With exception
of Alaska pollock  Theragra chalcagramrna!, these spe-
cies and species groups are of relatively high unit value.
The cephalopods and some of the tuna  skipjack
[Karsuivr>nusl>elamis] and yellowtin I Thunnu» ulhacaresj!
are not fully exploited, but the rest are heavily I'i shed and,
in some cases, the stocks are severely depleted.

There are various possible sources of error in the «al-
culations of costs and revenues. One is under-reporting
of landings or gaps in the collection of landings data.
Vnder-reporting i» known to be signiticant in the north
Atlantic where fishers catch greater quantities than the
quotas allocated to their countries and where fishers tly-
ing tlags of convenience fail to report their landingi. It
also tends to occur in some national fisheriei that are
managed under systems of individual transferable quo-
tas  ITQ»!. 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 tishing vessels. Some of the large vessel» listed in
various sources may no longer be actively fishing. On
the other hand, records of quantity and size of ve»sel»
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 i» that of esti-

TAIILL' '2. --Estimated landed value of major il!ecies and ip<.
«iei groupi, 1989.'

"The eitimaies arc for 198'> Interannual variationi ar, <i»mt>can>,
i<> present value< may be quite different. Shrimp an<I i,amon pocei
have recently been affecte<i by supplici from aqua< u bure aml cr.>b
prices by production ol' artificial crab from <uom> pr!!cess>n>i
Thc est>matei of average unit values werc prcl!arid by A
  rispold>-Houa, FAO I ishery Infoonation, L>at.> <>nd Statiit>ci
Service.

mating the capital value of the fishing, fle«t. In th«;ih-
sence of information on the age of the vesieli, deriv ing
estimates of current value i» impossible. The use ol' i«-
placement costs overstates present capital investrn«nt..
But for the purposes of the exercise, it is not thc tot;il
amount of capital invested that is importarit but the;in-
nual cost of that capital. This should include sutfi«i«iit
amounts to produce a satisfactory return on the owiicr'i
investment as well as the amounts necessary to pav <ilt
the costs of the vessel. In the calculationi, <>nnual «osl ii
estimated to be 10'i'r of the replacement value. For <>Id«r
vessels that have been amortized, this is cl«arly to<> hi h
a figure. But for newer vessels, it may be t<>o low.

Replacement coits are also used as a basii for «»ti-
mating operating costs. In the case of fuel <ind labor, I.he
estimates derived as percentages of replacement cost have
been double-checked with other approaches and app«;ir
to be relatively accurate. For insurance, the percenta< «i
of replacement value were modified to rn;ike»orne;il-
lowance for presumed present value. The total estimat«i
may, nevertheless, be somewhat higher than they slu>u ld
be. It can be noted that insurance prerniunis, including
those for liability. are considerably higher for fishing
vessels than for commercial vessels. Als<>, during Ihe
1980s there was considerable construction of large n«w
vessels globally. It seems appropriate to use replaceinent
value as a basis I'or maintenance and repaii because I he
costs ot'spare parts and labor are at preient 1>rices. Th«i«
possible errors indicate that the results of the cal«ul;i-
tions must be considered with caution.

On the basi» of the estimates of costs and revenue..
the operating costs of the global marine fish«ries fleet.
in 1989, were !f22 l>illion mare than the gr<>ss rei!e>iu< i.
If the estimated capital costs are included, the deficit in
that year amounted to $54 billion.

Aside from possible errors, the most likeli explanati<in
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for the gap between operating costi and gross revenues
i» the heavy subsidies that are provided to many of the
world'» fishing fleet», particularly I'or 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 basi» 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 bclieve<l
to be considerably lower due to the retrenchment nf the
fishing operations and the move to privatization.

Japan also provided significant support for its flee.
According to the Japan Fisheries Association �991!,

the current credit balance extended to fisheries from boih
the commercial and government sectors i» about $U8 I 9
billion... In order io support business entities in finan-
cial difficultiei. the government financing syite>n >v>ll
assume their liabilities. The amount of liability taken
over by the government has been substantial in r«cent
years due to the severe economic status of the I'ishenes
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 themselvei do not
incur the costs ol'access and have no incentive to reduce

their amount of effort.
Although overall government support for t'ishing op-

erations may be declining, a significant deficit in 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, large 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 I'isheries
 Campbell and Haynes 1990!, which showed that rents
ranged from 11% to 60% of gross revenuei 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 to higher global catch level» 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 thi» i» now
thought to be unlikely. In addition, it i» alio believed
unlikely that total marine catches will increase in the

future; if they do, thc increase will corn fr«m I'ishing
further down the food chain for species with low aver-
age unit values  see Garcia and Newton I!!97! Although
some of the rents are currently extracted by co;istiil stat«i
in the form of' access fees, they are likely to be less th;in
$1 billion. Thus, the total amount of economic waste in
global fisheries might be on the order of $60 billion per
year  about $41 billion in actual deficit and aiiother $0
billion in dissipated rents!. Moreover, thi» estiniatc makei
no allowance for the co»ts associated with the implemen-
tation of »atisf'actorv access controls.

In addition to subiidies, another basic reaion for thc
economic waste is the condition of free and open acceii
that mark» most national as well as internaiional fi»hcr-
ies. The behavioral piittern of exploiters of ai> open-ac.
cess resource is well known. Surplus prot'iti in a fishery
appear ai a new stock is discovered, as real prices riil',
or as costs fall with innovations in technolog! and tech-
nique». These su>i>!u» profits attract new inveitmenti,
which result in excess fishing effort and in l<>wer aver-
age yields and revenues. Although the b nef'its of con.
trol» over access to f'i»h stocks are abundantl! clear, thc
record of successful interventions is sparse.

Future Outlook

Without some signif'icant improvements ii> tiiheries
management, the future situation is likely to worsen ai
increased demand encounters diminished <>pportunitiei
for increased production. Present global production i;
about 100 million mt of fish from marine, inland, anil
aquaculture sources. Of this, about 70 million mt i» use<I
I' or direct human consumption and 30 million mt is I'c
duced to fish meal, mostly as a feed for:>nimali.

With regard to future demand, simply to maintairi
present levels of per capita consumption, the productic>n
of fish for food use will have to increase froin 70 t«90
million mt hy the year 2010, an increase of 28%  Table
3!. It is expected that many countries will increase leveli
of per capita consumption in response to riiing incomci
so that total actual demand will be even larger Eitimatei
cannot be made satisfactorily because of the lack of iii-
I'ormation on income elasticitiei of demand.

The demand for non-food use is also expected to in-
crease. The growth rate in the catch of fi<h for fish meal
was about 2.$% per year from 1960 to 199 t. II' this ii
rate ii extrapolated to the year 2010, it woulil indicate;i
demand of about 47 million mt for fish reduced to I'i»h
meal for animal feed imd other purposes. In i'act. this is
likely to he greater because of the rapid growth in aqua«
ulture production of shrimp, salmon, and other carni> o-
rous species, which makes heavy use of fiih meal ai;i
I'eed ingredient. T<ital demand f' or fish in the year 2010
may thus approximate 138 million mt  Table 4!.
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'I'hcsc I'igures i!re;<dmi tcdly highly speculative. They
are presented, howcvci, to provide a rough indication of
the n;nurc ol' the problems. Thc most impor ant one is
that thc calculi! ions indicate a demand for a 39% increase
in global production over the present level  wilhou  ac-
countinr> for increased per capita consuinption!. There
arc no indications that such im increase is te;isihle. Fs i-
mates of total sustainable supply I'rom ciipture  'ishcrics
are extremely ditficult to nlake, hut ihc leveling off of
total catch in the past few years indicates the limit mdy
already have been reached  scc Garcia dnd Newton 1997!.

Increased pr<iduc ion I'rom aquaculture is quite likely
hut in;iy bc const  aincd by several factors. Aquaculture
pro<luclion in 1990 was about 12 n!ill ion n!t  excluding
scav ecdl. If capture produc ion remains ai the presen 
!eve of less than 90 million n>t, aquaculture production
would have to inci ease about four liiilcs to meet Ihe in-
dicatedd demand.

About 4S% of aquaculture pioducii<>n in 199 ! was
produced by Chin i, nioslly  'roi» v;i ious spccics of ca p
grown in con!unction with;igiiculture, OppOrtunitics
exist in other countries for increased production of her-
bivorous species. Excluding China, increases in Asia niay
bc cxpccted from improvements in culture techniques
but are likely to face limitations in space and in supplies
Of'Clean watci. In AfriCa and Latin Ailierica, culture of
herbivorous species has barely Iaken place in spite <>f'
considerable investn!en s. In A rica, inveslincn s in
aquaculture devel<>pnient amounted  i> about $15 ! mil-
lion between 197S and 1987 while production fro n
aqudciilture dec ined over that period at a rate of 10'7<
pcr year  Huism' nn  9 jg!. There is little lil.elihood of a
sig>nit'ic,int reversal in thc next decade.

Aquacu turc production of carnivorous species has in-
crcascd rapidly in the past few years. Shrimp culture cur-
rently accounts for about 25 i< of total shriinp prr>duction
from all sources, and salmoi> culture accounts for about

TABLE 4. Projcc e<t loin  deinund  mi! I'or:>il  >sh. 2010.

Lnd uae !988/90 <mi! nlo />nil

409/<5 of total salinon supplies. Fuilher increases can cer-
tainly be expected, hu  they I'lice cvcntual cons raints with
reg;ird to feed. A tern;i ivc sources ot' feed wouk  have to
he found. F<>r cxamplc, in China. musscls are grown lo
use,is fec� I'or the culture of shrimp and finfish.

Mollusks  such as oysters, lnussels, scallops,;in<!
clams! appear to offer opportunities foi increased pro-
duction through cultivation. As plank!<!n tccders, they
do not face the same feed cons r iinis <hs carnivorous fish;
and as marine creatures,  he need for cle<in wd cr and
space i» not so severe is it i» for treshw;i cr spccics  al-
though the 9S <in decline in oys!er production in the Chesa-
peake Bay since the peiik years indicates tha  production
will nol be without ils problems!,

The signilicant shortfall in supply will lead to increases
in real prices for nlost spccics of fish. With lin>ited r!atu-
ral supplies andincrcasing den>am , real price~ are < riven
upward and continue to attract n>ore f'ishing e fr!rt even
 hough both average and total yields conlinue to decline
 Figures 1 and 2!. Real prices for i!lost f!sh pro<lucis arc
likely to continue to rise in ihe 1'ulure, urltil they reach a
point of' consun>er resistance.

The increase in re< I prices has two contrary effects. It
increases the values that would be created by effec ive
controls i!ver i!shing access; on the other hand, it rewards
th» open-access condition by making i  feasible for fish-
ers to continue to curn prof'its in a depleted fishery.

Impediments to Change

[t is frequently;issunicd that et 'ective I'ishcrics man-
ageinenlwill bc achieved it' there is sufficient rcliablc
intonnation, i  the participants undcrs and and appreci-
ate the need lor management, and if appropriate and dc-
ceplahle managemen  measures arc available. Thus, much
i>f  hc rcscarch and li craturc focuses on increasing ihe
inforn>a ion. educating the participants, and devising or
improving managemen  measures. Althi!ugh each of these
steps may be desiiable, a di Teren  approach niighi bc
taken and used as a ineans for iden it'ying thc impedi-
ments to change and the problems oi' implementing ef-
fective rnanagcment. This approach entails asking the
ques ion, "Why have maniigcrnent mcasurcs not been
aelopted more widely'."

A firs  step in answering this question is to exaniiiie
horne of the basic implicit and explicit assumptions Ihat
underlie inanagcment attempls:
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I. Administrators have the authority io control access,
dii ec ly or indirectly. This assumes thai there i.s suf-
ficient legal or ins itutional au hority to restrict cn-
 ry arid that the scope of thc authority is sufficient
to cover the use of thc ~tucks satisfactorily.

2. Administrator~ have the niandate to  nake the neces-
sary declsii>ns. This assumption implie~ that admin-
istrators have the inundate io liiake decisions to de-
tcttnine who should have:iecess and who should not.

3. Thc objectives for fishcrics managtement can he
clarified and conlliets among objectives erin he re-
solvedd. This assumption is sometimes derived I'r<>in
the suggestion that managcmcnt can be achieved il'
there are clearcut, conforining objectives.

4. Administru ors are willing to make managcmcnt
decisions cimtrolling access.

5. Adminis r;it<>rs do not perceive the need for con-
trolling access. Ii is sometimes iissumed that edu-
cci ing administrators about managenient needs will
lead  hcm to make the right dceisii>ns.

6. Administrators need more inforination bel'ore adopt-
ing management measures. Fisheries are m ukcd by a
high degrcc of uncertainty regarding potential yields
und .st<>ck interrelationships. It is often assuincd that
such uncertainty iiiust he reduced to an acccptablc
le v el before inanage ment measures can be inn oduced.

7. Administrators need t<i kni>w niore aboutnianage-
ment tcchni<lues befi>re they can ad<ip  the iiiost ap-
propriate ones.

g. Participants in large-scale I'isheries wiH he hetter

0 88 672 /0 /1 /2 /3 /4 7S 7� 77 /8 /3 80 81 8Z 83 84 85 86 87 88
Year

F GL'RE 2.� Dcf la cd aver,'<gc ilnii values for  i shin selected
countries  USS> 197C> = 100!.

off under systems i>f controlled iecess. This assump-
tion is derived I'r<ini the simple logic <il' he conven-
tional inodel of an open-access fishery, v,hich dein-
onstratcs that considcrablc economic re<its could he
gained by limiting capital and effort. On  tie husis
of this assumption, efforts arc made to convince ihe
iishers that they should accept access controls.

9. P,<r icipants in sniall-scale fisheries will be better
ofT when fishinl»s iiianaged. This assumption h;is
the stiine der>vation as the one above but is differ-
entia cd on the hiise ol'opporiunily cost~ for labor.

10. Society will bc bc  er i>IT it <iccess is ci>n rolled. It is
generally assuined that eoniri>lied access v ill result
in inajor benefits to society by reducing inisalloca-
tion of capital and labor and by producing cconoinic
rent~, whether  he rents accrue to the f>shcrs or  o
society, and that there may be a reduction in the co~t~
ol' management, including  hose of research and cn-
forcenienl  depending on ihc system in effect!.

'I'he assumptions discussed above have varying de-
grees of validiiy iii difTerent situati<ins and different coun-
tries. Some aic widely held and soliie not, Bui, in gen-
erall. they provide the hasi» for most ol'the,utemp s heing
made to adopt and implement fishcrics iiuiniigement inea-
~ures. How~ver. since thcsc attcrnpts are not noteworthy
f<>r their success, reexamination seems desirable. This
will he help 'ul in identifying and evaluatintc the condi-
tions that need to he  net to achieve effective manage-
merit iind to elicit general principles that have validity,
usct'ulncss, and ,' cceptahili y.

With regtard to iden il ying iniportan  conditions and
factors,  hc various assumptions c;in he divided into four
categories. These include assumptions;>bout I I ! institu-
tions, �! v'ealth distribu ion, �! perceptions of pr<>h-
ie>its, and �! COStS and benefits.

lr>stilt/Iio/>s

The first assuinption mentioned previously refers ctcn-
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erally to national and international in»titution» and whether
these facilitate»uff>cient authority to make thc nece»sary
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 purchase almost all I'ish pro-
duced by domestic lishers at about half the export pr>ce.
Since almost all of the t>sh caught are expo>ted, this form
of tax led to the production of sizable econ»mic rents. In
Saudi Arabia, a concession awarded to a single company
has allowed it to cxcrci»e full control over capital invest-
ment in the shrimp fisheries. In the Mar del Plata ground-
fish f>shery in Argentina, the fishers are organized to con-
trol the market and restrict production in order to maintain
high prices. I"isher's cooperatives in Japan have been
granted exclusive rights to manage certain local 11»herie».
There are, however, some situations where authority i»
used to prevent controls over access.

At the other extreme, decision-making authority i»
diluted. In the USA, responsibility is divided between
the states and the federal government. The members of
the regional council» come from various and»t'ten di»-
parate interest groups within and outside thc industry.
Their role in preparing management plans i» 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 i» likely that m<ire and more
states will take the necessary measures. 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 stock», 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 dit'ticulty in
creating an institution with sufficient authority to m;ike
deci»ions on controlled access. This i» dui not only t»
the reluctance of slates to relinquish portions of their
sovereignty but al»o to the fact that, ir. soine situations
such a» the northea»t Atlantic, access agrccnient» requii <.'
negotiation» over the distribution of job i>pportunit>e»
among the concerned countries. Negotiatois who agree
to the reduction of joh» for their fisher.' do not last l»n
in their position». This is a major impediment to th» <! s-
tablishment of effcctivc tisheries management.

The problem» ot' misuse are increasing. al»ng with the
threat of cxten»ious of national jurisdiction beyond 2 ! !
nautical miles. As these costs increase anil a» the ben-
efit» ol' multinational institutions beccme m<>re appiu-
ent, new forms of'international institutions may pos»iblv
emerge. Two examples illustrate the contra»i betweei> the
»talus quo and the advent of institutional t<i»l» that niay
bring about more eft'ective management; Burke ai>il
Christy �990! suggested new approache» for dcalin >
with the tuna in the Indian Ocean, which were largely
ignored in the adoption of the Indian Oceaii Tuna C<>iii-
mission. However, I'AO initiated and, less than I yeiir
later, obtained international acceptance of an 'Agreerneiit
to promote compliance with international conservatiini
and management measures by fishing vessels on the high
sea»." Thi» agreement provides an important tool in de<<l-
ing with vessels flying flags of convenience.

Wealth Distribution

The second and third assumptions, dealing with the
mandate t<i make decisions and the establi»hinent of m.in-
agcment objectives, are perhaps the most important '>I!il
difficult since they deal with the distributii>n of wealth.
Access controls, whether ITQ», license limits, or terrii<>-
rial use rights in fisheries  TURFs!, create forms of pr< ip-
erty rights under which some users acquirc tl>e rights aiiil
<ithers are excluded trom free entry. Thi» necessarily con-
»titutes a distribution of wealth. whether it i» hetweeii
sets of present users or between present and future usei s.
Such decisions are essentially political in n;iture and iiiit
generally within the mandate of fishery ad>nini»tratori

'An interesting t'ootnoie to history is that ihe J.ipanese iviih-
drew in 1941. not because they were on the ver >e of war, hut
because 'both direct and indirect damage had been i<ft!ic>e<I < >ii
the Japanese fishing industry by the increase in fur»eal»"
 Whiteman I <�S!. The number of fur seals reportedly increa»eil
trom 125.000 in I'! I I to approximately 2.3 million in !94! A
new agreement wa» reached in 1957, with the provision that > he
determination of the total allowable yield wouk> take into ac-
count the predation I>y fur seals on the produciiviiy of »>her
living marine resources.
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In most cases, Iishery administrators are limited to
decisions that equalize the screams ol'outrage of the con-
tending groups. Rather than control access, they resort
to measures that presume to be non-di»tributional in et'-
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.

Thi» has led to a plethora of controls, greatly «ompli-
cating the life of thc fishers, as well a» making them ill
disposed to administrators and additional control», and
creating problems of enforcement. Such mc i»ure», al-
though they may be desirable in certain situations, do
nothing to prevent the economic waste.

For appropriate decisions to be made, it i» ncce»»ary
to involve politicians. The political process can be in-
voked in various way». The most frequent i» that of cri-
sis, which can occur when average catches of fi»h 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 I'or
the same stock, betwccn fishers from different areas or
different countries using the same»tock, or in 'value-
conflicted" fisheries where there is incompatibility among
different uses or values  e.g., recreational v». commer-
cial, commercial fishers vs. animal preservationist»!.

These kinds of crises tend to lead to deci»ion» atTect-
ing the distribution of wealth and sometimes result in
access controls within the commercial fisheries. In the
case of Indone»ia, a

sudden, growing inva»ion of >0 to 30 ton gt l»ic! <raw I-
er» in the traditional grounds wa» soon felt a» a»eriou»
unt'air competition and threat to the»o«ioeconomic bal-
ance among the ma»»e» of the fishermen, which tcd io
disturbances like physical clashes between trawler» and
traditional fishers, followed by arrests and demon»ira-
tion» in several fishing villages. Thi» situation attr<icied
very much attention of the press and even the p.irlia-
ment, who were very»ympatheiic with the big masses,
a» wa» the public.  In response to this! the Ciovernn>ent
reached the political decision to ban the operations of
trawters  around Java and Sumatra!  Sardjono I9tt<!!.

In thi» case, the decision was not followed by direct or
indirect control» 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 crisi» decision» are that there
is little room for maneuverability by administrators and
little time to prepare effective management mca»ure».
The resulting decisions are generally imperfect.

Invoking the political process prior to cri»i» v,oukl bc
desirable. although diff <cult. The constituencie» in favor <>I
eifective management tend to be weak whil tho»e oppo»ed
are generally strong. I-lowever, a change in the strength <it
the interests of the dif'Ierent constituents i» pos»ible and i»
already occurring in»ome situations. This offer» an oppor"
tunity for actions and studies that would help t<> further iii-
fluence the changes. Some of the major pre. ent >r potential
constituents can be identified and described.

Fishers.� I ishers are clearly the most directly affected
by access control». Generally they tend to be in oppo»i
tion, hut their intere»t» arc not clear. Much depend» upon
their perceptions of the problems and their po»i ion iii
the fishery. Some»pe«ulations follow.

The "highliners"  thc small proportion ot' I'i»her» who
have high skills and take the largest share ol th» catch!
are able to manipulate the existing regime of iegulationi,
in their favor and ten<i to oppose any chang« i hat would
diminish their flexibility or require them to operate dit'-
t'erently. They are usually the first ones to I< ave a di»-
tressed ti»heiy and develop a new one  if they have the op
portunity!. Since such freedom is thrcatencd b> acce»,
controls, they are likelv to be in opposition. In c.isc» whcix
they mav not have the opportunity to develop alternati ««
fisheries, they may»upport access control». They <nay
also choose thi» option it' they feel that:ic«e»» contr>li,
can be manipulated to the disadvantage ot iheir coin.
petitors. The highliner» also tend to be the ino»t vo«<il
fishers, and they exercise a relatively strong influen«c.

The fi»hers with Ics» skill and less willingnes» to tak«
risk» may also have less understanding ol'the issues anil
less ability to vocalize their interests although they ten<I
to greatly outnumber the highliners and thu» may carry
more weight in th» political process. Part-time lisher»
are likely to be excluded by access controls;ind can b<
expected to be strongly in opposition. Crew»»n lar «
vessels  and their labor unions! may also tend to oppo»c
access controls be«au»e of the likelihood of reduce«I

employment opportunities.
Fishers' po»itions are also complicated by difference»

in their views of the»tatus quo. For the highliners, ther«
is a tendency to view the status quo as that ot an earlier
period when they took larger shares and had I'ewer corn.
petitors. For the other I'ishers, they tend to believe thrd
next year i» the year when they will strike it rich. "For
ineasured access programs like ITQs, where initial right;,
are granted according to some available suite of criteriii.,
the conflict between those looking to pre»erv«hi»toric;il
harve»t levels  backward-looking! and those with hi< h
hopes  forward-looking! is a major stumblin< block tc
reaching industry agreement" �. Hastie, Ala»ka Fisher-
ies Science Center, National Marine Fisherie» Servi«c.
Seattle, Wa»hington. pers. comm.!.
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In some situations, participants in large-»c<ile tisher-
ies have found it advantageous to adopt their 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 Plat<i, 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 i» 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 control» 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 overcapitalizati<in  see Christy !97Kb!.

Small-scale fisheries are generally community-
oriented. There are many situations where the comimi-
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 <nay or may not be
acceptable. In situations where the community has ac-
quired, by tradition, a de lacto TURF, the community
generally controls access and limits the number ot 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 approachc», for ex-
ample, were found in the state of Kerala in India i Kurien
1991!. In one community, an artificial reel was erected
by a group of fishers who then controlled acccis, 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 fisher» 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 »hipbui!der» are gen-
erally strongly in support of inaintaining open access
since this provides opportunities for more vessel con-

»truction. Their response to economic hardship in thc I'isli-
ing industry is to encourage the governmeiit to provide
»ub»idies

Consumers.� All consumers are facin�risin < re;il
prices and diminishing supplies of fish products. Imp<.«-
tant exceptions;ire products that are cultiv;<ted. such;ii
»almon and shrimp, and products that provide»ubstitut«»
for luxury commodities, such as crab and lobster an;i-
]og» produced through protein restructurin< . These ex-
ceptions, however, provide only a small pari ol total co<<-
sumption. Moreover. they also may experieiice real pncc
increases as feed and the raw materials become scarce

Iinproved management, to the extent thai it iillow» ie-
habilitation of stocks, will alleviate  at least temporarily !
some ol' the price pressures. Overall, consumers would
thus tend to»upport stock conservation mea»ures  th<>u h
not Ilece»»arlly iicce!<s colltrols!. How<'vel, tile Imp<.tils
t'or involvement in management decisions does not;ip-
pear to be strong at present. The rise in price» ha» been
gradual and con»umers have been able to»ub»titute u»-
familiar, but satisl'actory, fish species for hitherto pie-
t'erred species.

Taxpayers and fmance and planning a< encies.-- xt
pre»ent, in open-access situations, the lossc» in tern<» «I'
dissipated economic rents are not tangible to any p;ii-
ticular group of constituents. Although tliere i»»<»ne
evidence of misallocation of capital and labor  e.g...!-d
»easons for halibut!, it apparently is not yet sufi'icient io
raise effecti ve outcry. There may even be;i negative ct'-
fect. Maryland'» requirement that oy»ter» can onl! he
dredged by sail boat» produces graphic Sunday nev»pii-
per supplements ol' the "romantic" life of the <iy»ter<rien
on the beautiful »kipjacks and bugeyes Ec«nomic rati«-
nality is not a goal that wins many supporters, other tlian
academics  who wield relatively little influence!.

The large potential revenues, however, »h<iuld be <ii'
mterest to taxpayers and government agencies c<ince<T<c d
with economic revenues and national econ<imic welf ire
 finance ministries and planning agencies!. Recent puli-
lic attention in the USA to the negligible I'ees paid l'<ir
mineral lands and grazing fees may be useful in strength-
ening the interest» of taxpayers and the government.

Environmentalists.� Perhaps the strongest con»tiiu-
cnts for change are environmentalists and animal prc»-
ervationists. Alth<nigh these two interest group» are <i!'-
ten lumped together, it is useful to make a distincti«n
between them. Genuine concerns about eiivironment;il
degradation have attracted increasing public attenti<iii,
some of v hich i» now focused on overfishing and deple-
tion of fish stocks ai well as improving the quality ot' tlie
coastal zone. Some enviromnental organization» hai<.
played a useful role  in the USA! in influencing the p«-
litical process in I'avor of access control» iilthough thcv
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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 preservationist» 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 control» over gear and fishing tech-
niques. The political constituency of the;inimal
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 achieve their goals. At present,
it costs them nothing to express their demands v, bile th«
fishers and society in general bear the costs when pres-
ervationists' demands are met.

Although the political constituency of the environmen-
talists i» 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, S, 6 and 7  p. 32! are generallv related
to the question of awareness of the problems of open-
access fisheries. These assuinptions have driven a reat
deal of research in the past on the conviction that the
provision of information and education of thc adrnini»-
trators will lead to their taking the appropriate actions.

A first question to ask is whether administrators arc
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 incluced
many countries to invest heavily in large-scale fi»hing
operations. This was generally supported by development
agencies such as the World Bank and regional develop-
ment bank», which provided investment funds to devel-
oping countries for construction of vessel» and ports.

In this context, fishery administrators hav» been re-
warded on the basis of the amount of fund» they have
brought into the country and on growth in capital in~est-
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 persist» today in
some countries, and is maintained by agencies created
in the past to serve as conduits I'or development fund».
This reward system is not conducive to attempts to con-
trol access.

In some cases. the cl«sirability of controlling acces» i»
not readily apparent. There may be oppoitunitie» for in.
creasing total catches owing to the exclusi<in of foreign
lishers or because ot' the presence of newly inarketablc'
stock». Invariably, however, there will I.e other stock»
within the country'» exclusive economic zcm«being
I'ished at or beyond maximum sustainable yield. In these
cases. ri»ing real price», due to shortages of supply, rn;iv
produce high revenues and obscure thc fact <il' declining
yield~.

It i» often argued that deficiencies in informiition aboui
the statu~ of the stocks preclude decisions oii adopting
access control measures. This argument may b«advanced
by administrators unw illing to make the nece»sary deci-
sions, by fishers unwilling to accept access controls, and
by scientists interested in maintaining or i ncreasing their
research fund». There is no question bui. th;it fisherie»
science i» difficult and that the results are fr;iught with
uncertainty. A big part of the problem is the nature of the
beast, which»wim» in an opaque, thre diinensional
medium and is subject to extraneous influence» and corn-
plex interrelationship» with its predators, prey and com-
petitors. These difliculties are compounded by imper-
I'ect information and actual disinformation  «.g., whcin
fisher» misreport their catches to avoid regulations!.

Neverthele»s, there is often suffltcient bi«in ical <»r
economic information, or both, to know that ii fi»hery is
in had shape and that management is essential to prevent
it from becoming worse. An example with regard to bio-
logical information i» thc North Sea and the Baltic, which
have been investigated for several decades bv th» Inter-
national Council I'or the Fxploration of the Sc.a  ICES l.
Information on the status of the stocks is ab<iiit as g<iod
a» it gets. And yet, in spite of abundant evidence of ovcr-
fishing, that conditi<in persists. For example. in 1981,
!CES recommended that Baltic cod catch b« limited t<i
197,000 mt. However, the International Baltic Sca Fish-
ery Commission could only agree to 272,000 int and the
actual catch was 380,000 mt.

Biological information may be marked by,i high de-
gree of uncertainty. but economic information is usually
more clear. Most economic analyses of lish«ri«s h;ivc'
amply demonstrated malaise in the particul,ir lishery
heing studied. They have also frequently indicated th»
necessary step» to reduce that malaise. For cxainple.;i
thorough economic analysis was done of thc U.S. Pa-
cific halibut ti»herv bv Crutchfield and Zellner �963!.
Although ac»e»s c<introls are now in the proces» ot' be-
ing adopted, information on the need for»uch control»
wa» available 30 year» ago, and nothing was <lone.

Economic and biological information will nc.ver be
available to determine precisely the point ol' optirnuni
yield, no matter how that is defined. But in most case».
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sufficient information i» available to make decisions that
will lead to improved benefits to society.

Costs and Benefits

The last three assumptions  p. 32! mcntionecl 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 system» of access controls than they are
under open access. These assumptions warrant some ex-
amination to determine whether the costs of formulating,
adopting, and implementing access control» are greater
than the benefits. The answers depend upon both the forms
of controls adopted and the particular fisheries.

Most systems of access control» create some torm of
property right in the fishery, whether it i» in th» f<>rm of
a license  as in a license limit scheme! or in the form of
a share in the allowable catch  a» in an ITQ»cheme!.
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 expre»»ed 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 i» a "windfall gain" that goes to tho»e who ob-
tained the privileges at the initial allocation. Thesecond-
generation fishers who buy thc privilege» incui the costs
of amortizing the purchase price as well a» the ordin;iry
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 depend» upon a number ol' I'actors. Theoretically, the
price that second-generation fishers pay for the privi-
lege would result in income level» 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 I'ishery. But it may well bc th it a I'i»h-
ery subject to effective access controls attracts I'ish»rs
with higher opportunity costs than an uncontrolled fish-
ery. If the fishery is well managed, it will, pre»umably,
he more stable to the extent that the factor ol' I'i»hing
mortality is controlled. It could he subject to le»» ri»k,
allowing the fishers to plan their effort and investments
n>ore effectively. There could also he a reduction in the
complex regulations that mark open-access fishcrics and
a more uniform and orderly distribution of fishing effort

through the seas<>n. However, there likely will be iinp»i
fections in the management system. For ex;imple. I' f .!s
in fisheries with inu.aseasonally declining yield» m.iy
continue to attract excessive eITort, or I'I'Q» where hii«l
ings cannot be monitored satisfactorily may b» unenforc»
able    hristy 1973!. The initial allocation may;illov
excessive effort, either by licensing too many ves»»l».
allowing cxce»sive quotas, or exempting ve»s» I» ol' »c r
tain size.

Since such problems may impede participiition by lish
ers with higher opportunity costs or fishers w ho arc moi »
efficient, it is not clear that the controli, would result iii
higher income level» to the fishers  other tlian those iii
the first generation receiving windfall gain»!.

For operator» in small-scale lisheries, particularly th<i»<
in developing countries, the question depends up<ii>
whether access control» are already in effect and l«~«
they operate. As noted previously, there are m<iny situ;i
tion» where infor<n <I, traditional TURF.', are in existen»c
 Christy 19<J3a!. These TURFs essentially c >n»titute tli»
exercise of manaiiement authority at the lo«.il level, an<i
they have been adopted for a variety of rea»<>ns. In sons»
ca»e», TURFs arc used to achieve enhancement of' ih»
resources through planting ot'seed stock or ari ifi»ial rect»
ln others, they aisc u»ed to produce economic rent» by
the u»e of fees or auction or to control markets. Rent
may al»o be captured through other means iu»h a» pn>-
pitiatory payments to god», high interest rates to moil»y
lenders, bribery or pay-offs to licensing or c nl'orcenicni
agents  Chri»ty !982!. And some TURF» have h»»ii
adopted to ensure »<immunity stability.

These systems tend to be fragile and are tieing thi'O'If.
ened by intru»ion ol' large-scale operations fi om outside.
by pressures of non-members to enter, and by popul<i
tion growth within the communities. M;iny 'I'U RFs ha<»
already been wiped out by national deveh>pment el'I'«rt.
 often»uppoitcd hy international aid!, v hich failed i<i
recognize the existence of the systems and their potcn
tial I'or management.

Where the TURF» <lo not exist, or have been»lestroy»<l.
it would generally be difticult for national <ir»tate go<
ernments to put access controls into effect other than Iiy
allowing the lociil communities to create oi r»establi»h
TURFs. Small-scale fisheries generally i ake place in i»<>
lated»<mimunities and frequently operate I'r<im beaches
Monitorinii;md enl'orcing ITQs or license limits would
not he fea»ible in thc»e fisheries.

The creation or reestablishment of TURF» miiy or in;>y
not improve the well'are of the fishers in small settle oper;i
tion». Where thc community is suffering from the mtni
sion of large-scale operations, the exclusion ot' these oper;i
tion» would benefit the community as a whole. But th»
provision ol prope<ty rights to a community is;i diff'i» uli
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task and could result in the acquisition of access rights by
one or a few individual» within the community. Extraor-
dinary care would be required to prevent the creation of
"sea lords" who might worsen the lot of the mo»t impov-
erished.

An additional 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 flshing
effort in these situations may not be appropriate it' they
stimulate significant unrest.

With regard to society. access controls may generally
be beneficial, but this again depends upon the kinds of
controls, their el'fectiveness, 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 satist'y
opponents! and on negotiation among various compet-
ing groups. In order to deal with objections to the pro-
posal», 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 oN by benignly
neglecting the industry and letting the open-access con-
dition flourish, short of species extinction. It' this policy
were to be adopted, regulations and control» 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 saving» to the country  see Chri»ty l978ah

In the long run, closed-access systems may produce
several benefits to society including improved alloca-
tion of capital and labor; the production ot' 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, depend» 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 econoinic
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 succe..s is so elusive.
The most important one is that decisions to close access
affect the distribution of wealth and are, there ore, pc
litical rather than administrative decisions. Institution.il
arrangements also appear to be unsatisfactory in manv
instances, particularly for stocks that are sh;ired or th.it
straddle ec<>nomic zones and the high sca». Deficiencies
in the availability of information do not appear to be;i
major impediment to decision making, at I<:ast for the
adoption of measures that will improve the contributi<>ns
of fisheries to national economies. Overall. it is likely
that the adoption i>f closed-access systems v> ill produce
net benefits to fishers and society, if the systems are well
designed.

The prevailing approach to fisheries inanagement is
to avoid decisions until a crisis emerge.'. Tliis has si<-
nificant deficiencies. When the crisis becom< s apparent.
the problems have already reached a stage of intractabil-
itv and constrain the range of possible solution>. 1 his gen-
erally results in imperfect, if not unsatisfactor!, measure,

It is difficult to act before the appearance of crisi».
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 seek
to promote economic rationality in fisheriei. One is t<>
identify, mobilize, and strengthen the constituents wh<>
I'avor closed-access systeins. In this regard. morc ec<-
nomic analyses of the costs of open access and the ben-
efits of controls might be undertaken and provided t<>
taxpayer groups, planning agencies, and fin;ince mini;,�
ters. Analyses ot biological waste resulting I'rom excess
fishing effort could be given increased publicity.

Another approach is to create institutions that will fii-
cilitate the necessary decisions and the implementation
of the measures. Thi» may require revision o  legislation
in cases where present legislation impedes the adoption
of access controls. The devolution of mana ernent au-
thority to local levels of goven>ment ol'fers opportuni-
ties for local control» in small-scale fisheries. Proposals

for new forms of institutional arrangements might he
made, including multilateral and international institutions
as well as national ones. F' or example, fishery manage-
ment districts might bc formed with representation fron>
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 Tl. Rl-s. Some
of these conditions <.:an be influenced by g<>vernmentb
 Christy 1993b!.

Past approaches have not been noticeablv success ul
in improving fisheries management, and generally f<'>r
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very good reasons. For improvements to he tnade, we
must acknowledge the major impediments and adopt new
approaches that will remove or alleviate thc constraints.
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Small-Scale Fisheries in the Tropics: Marginality,
Marginalization, and Some Implications

for Fisheries Management

DANIEL PA !LY

Ahsr>acr.� A brief analysis of tropical »»>all-»cide fisheries is presented, stru<:tured by  wo areas ot empha
sis: marginalization � actual and perceived- -and Malthushu> overt'ishing, a c<mccpt I proposed previously. Il is
suggested that margi>>i>lity is. in part at least, a construct>on resulting fn>m faultv mental map», which les<I. to
even more marginaiization for small-»cale fisher communities. Marginalization i» the ultimate cause for Miiithu
sian overtishing, whose identif>c>itio>> a>>d p<eve>ition, or at least miligaiion. should bc foremost on the age»d<>
ot fisheries scientists and policy makers. Si>me of the implication» of the»e ideas tor multidisciplinary rese;>rch
on coastal fisheries system» are outline<I.

The Marginality of Tropical
Small-Scale Fisheries

40

In early 1994, a number of article» in major internli-
tional magazines appeared, which � for a while;it least�
shifted fisherie» from their marginal position in th» pub-
lic discourse to the center of attention. There was no
objective reason for this outburst of articles: the methoili-
cal grinding down of successive fisheries re»ources was
no worse in 1993 � 94 than in preceding years  see Garcia
and Newton 1997!. Yet something of thi» sort hail to hap-
pen at some stage, just as it happened in the 1980» for
tropical rain forests: the unconstrained and ma»»ive de-
struction of potentially renewable resources by indus-
trial f!eet» could not go on much longer before the press
noticed.

The press, being what it i», could be expected to mix
insights with drivel. Thus, for example, the E«>nr»nisr,
in an anonymous article smartly titled "The catch about
fish"  March 1994! correctly identified subsidy-driven
ovcrcapitalization 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 resource» of
developing countries, and that their stock» 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, I con-
centrate on tropical small-scale fisheries. In spite of the
important, indeed crucial, role of small-»»ale fisheries in
most developing countries and in many developed coun-
tries  Figure I!, 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

major texts. Thi» perception may be strengthened by th»
emphasi» in the next section on features cf tropical smail-
scalc fi»heries not often considered by fi»h»ri»s»ciet>-
ti»t». but which, I believe, explain the dynamics of m;>n v
ot' these fisheries better than standard bioeconi>mi»;i<.-
counts. These features are as follows:

~ the interactions between the factual anJ perceive.i
marginality of these fisheries, and

~ their tendency to drift toward what ha» be»n calle J
Malthu»ian overt'ishing  Pauly 1988, 1990, 1994.
Pauly et al. I'N9; McManus et al. 199" I.

Fmphasis is given here to the interrelation»hip» between
these features and what they may imply Ibr I'isheric»
management and rc»earch in the next dec;id»s.

One of the characteristic features of trol>ical small-
scale fi»herics i» their marginality, that i». their gei'
graphic. »ocioeconomic, and, ultiinately, polit ical remote-
n»ss 1'rom decision makers in major population cent»r»
This feature i» strengthened by mental map», that i», th»
mental consiruct» through which we intenclate Ih»t»,
experiences, and values  see Hampden-Turner 1982;>nd
Peters 1983 t'or examples from psychology and cartog
raphy, re»pectivcly! Ihat fail to account I'or nianagemeiii
implications.

Physical remoteness, wherein "the hindiiig» may hc
dispersed over a great length of shoreline"  Munro I'0 ! i,
is not only a matter of geographic coordinates, Rather. >i
is exacerbated by thc lack of infrastructure  roads, mar-
kets, ice supply, communications! that characterize» mo»i
developing countries and by the nature of the gears com-
monly used for small-scale fishing, which are either ti xcd
 e.g., weir» or traps! or applied from crafts with a snmil
operating radius  Stauch 1966; Smith 1979. Horcman»
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Ftnt>RE I.� -How large-scale  industrial! and si»> ill-sci>te
 artisanal! I'isheries compare globally in terms <>f UU ches, eco-
logical impacts and social benefits  from Thomson and Food
and Agriculture Organization of thc United Nations 1988
[NAGA, the International Centre for Living Aquatic Resources
Management Quarter!y I 1�!:17 with perniissioRJ; values are
for I JS$!. The balance of social benefits can be expected to tilt
even more toward small-scale tlshcrics when only ihc tropi«s
are considered.

1993!, The latter constraint may leiul 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!. 'I'he 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 n»otorization
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 b ised on transferable or ni.>n
transl'erable quot;is. Socioeconomic remoteness I'roi»i il>L
mainstreiun of society is related in part to thc low incom«s
of small-scale  ishers in most developing countries � cvLI'I
in relative tei»»»s Eii»d to the fhct that they of'ten helonl ut
ethnic groups  tribes! or social classes  or castes! of lI«w
status. This is ol'ten compounded hy illitcr;icy or limit«d
I'ormal education  Bailey 1982; I unianga 1989!, This I'<>m»
of remoteness can thus occur in small-scale I'ishcric>,
immediately adjacent to major cities.

Perceptions of low status � definitely the products i>l
mental maps � have patticularly pernicious eft'ects. 'I'h«y
often mask � at least to managers and p<ilicy rnah«rs.
usually persons with a high lcvcl of forn>ai education-�
the informal biological and ecological kn<>wledtve pi>s-
sesseil by successive generations of sm;»11-scale I'ishei 5
 Ruddle and Chcste»field 1977! to catch lish, which;i Iso
serves as a basis t'or traditional, comniunity-based t'isli-
eries management  aloha»»nes 1981; RufIdle 1988.  98'!.>.
1989b; Okcra 1994!,

The geographic and socioeconomic m.irginality al
luded to previously leads inexorably to lail of politic;il
power  whether the country has elected officials or ni Ii!.
which itselt' increases marginality: marginaliv'.atioii be-
comes systemic. Protest, when it occurs, may take viii
lent form, for example, when industrial trawlers encro;>ch
into inshore. traditional fishing grounds  S;irjono I'!8 !!.

Further, fisheries, even when industrial or enormousl!
important to food security and foreign exchange cain
ings, do not usually qualify for a full ministry  Peru is
one of a few exceptions!. They are usually ad»»»inistcr«d
by a department of fisheries  DoF! that is part of a min-
istry of agvriculture, which tends to lack p >litical clout.
Indeed, investment decisions directly or indirectly;ilfeci-
ing fisheries, such as port development or major fle«t
expansions I'unded by international development hanks.
are usually made through planning or finance ministrics.
without rcferencc to stock assessment woik that might
have been done hy DoF scientists and without accouni-

ing for the ecological costs of such development  s«e
Meltzoff and LiPuma 1986 for a case stud! !.

These various aspects of the marginalizat ion of smtil I-
scale tropical fisheries are closely matched by the m;ii-
ginality of the science and scientists studying then».
Within developing countries, law, mediciiie, and even
;igriculture are far more prestigious disciplines for thL
sons of the elite to study. The lower status o  fisherii 5
science may explain, for some countriec, at least. the rel;i-
tively high nuinher of fernale fisheries sci«ntists  Diz<>n
199S!. Researchers from developed countries who work
on tropical small-scale fisheries are frequeiitlv resource
econoinists, anthropologists, >T>ral sociologists, <>r NGi !
iictivists, but less commonly fisheries, ci<nitists, as ct i-
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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 Morri»sey 1989;
Agiiero 1992!.

Common Property, Limits to Entry,
and New Entrants

Recent contributions  Aguilera-Klink 1994! h;ive suc-
ceeded in overcoming the confusion caused b! thc ap-
plication of schemes to tropical small-scale t'isheries in
which the term common property was thought io nece»-
sarily imply open access, and thus resource destruction,
as might be assumed after reading Hardin �9681. In-
deed, barriers to open acce»» � some subtle. »ome rather
direct � now appear to have been the key characteristics
of traditional small-scale fisheries exploiting commons
 see contributions in Ruddle and Johannes 1985!, as i»
the case for pastoralists  Behnke 1994!. However, this
realization may have come too late. Colonial authoritics
and various development projects have eroded the»e
open-access traditional systems, leaving sociolo ist» and
anthropologists only residues to describe, weakened sy»-
tems that are unable to effectively limit acces» to com-

inonly owned resources.
This weakening of access limitation benefits particu-

larly the operators of industrial vessels  trawler», purse
seiners, etc.!, which can and do force their way onto tra-
ditional small-scale fishing grounds. However, thi» prob-
lem i» easy to conceive and straightforward to control
once the political decision to do so ha» been inade. It
may be hard to make, however, given that decision mak-
ers, or their political allies, often own stakes in such ves-
sel»  Platteau 1989b!. Here again, the Indonesian trawl-
ing ban of 1980 may serve as an example  Sarjon<i 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, Senegal
 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 highlander», members of traditionally pa»torali»i
groups in Senegal, or landless rice farmei s in the Philip-
pines. In all cases. these people enter fishei ies becau»<.
they have been forced out of their traditioniil occupii
tions. because there i» excessive pressure f<ir land. <ii
because lack of acce»» to grazing range has rn;irginalizcil
livestock production in inland areas. Fisheric» have be
come an occupation of last resort  Neal 1982!. 'I'he ncv,
entrants have been able to become fishers bec;iuse coa»t.il
t'isheries resource»;<re vulnerable to simple gear or eve<
to gleaning without gear, and because «hati ver ace< ».
limit may have exi»ted was not »trong enougli to prevcni
them I'roin fishing.

Recalling Some Basic Principles
of Fisheries Science

There are different ways of managing ti»heries»y»
tems: thc most elaborate are probably these that evolve<3
in the Sahel in A rica to regulate access t<i f!oodpl;»il
re»ources  Fay 1989a. 1989b! and in the Soiith Pacilic,
where tradition-based rules still mostly regulate acce»»
to near»hore resources, without explicit kn«wledgc <u
their status  Johannes 1981; Hviding 1991; Ruddle et;il
1992!. In developed countries, however, a dit'ferent tra.
dition evolved, which looked first at the biological st<i
tus ol' the fish stock», then at the fisherics depending <ui
these stock»  Went 1972; Smith 1994!. Thi» is well illus
trated by the historical sequence of scientific concept»
used to define overfishing, viz:

l. growth overfishing, the form of overfi»hing that wa»
first to be identified and theoretically resolve<I
 Baranov 1918; Hulme et al. 1947; Beverton anil

Holt 19!7; Figure 2A!;
2. recruitment overfishing, the second t'oim of ovcr-

I'ishing recognized by fisheries scienti»ts, I'ollow-
ing the seminal work of Ricker �954; I igure 2B i:

3, biological overfishing, the combination of growtli
and recruitment overfishing leading to catch decline
on the right, descending side of surplu»-pn>duction
model»  Schaefer 1954, 1957; Fo» 1970; Ricker
!975; Figure 2C! and related to ecological overfish-
ing in multispecies fisheries  Pope I'�'!: Paulv
1979a, 1994!;

4. economic overfishing, initially defined in terms ol
economic theory by Gordon �953!, theii combined
by various authors with the surplus-prodiiction moil-
els in �! to yield the Gordon-Schae fer model  e.g .
Anderson 1977; Figure 2D!;

These fornis of overfishing are well-described in text-
books, and the suggested remedies traditionally involve .i
mix of management measures aimed at reducing effective
fishing effort  such a» mesh size regulation». closed sea-
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F!<'uk!." 2.� The four "classical" forms <>f overfi»hing, illustrated h! the model» u»ed lo detme them;  A! An exlmlple of li vie!il
pcr recruit  in g year '! i»optelh diagram for red»»upper in the South China Sea. defining growth overtishing  fr<>m Pauly I'�'!I>!.
Thi» model is used for mesh size and rel;ued regulation.  B! Example of;l stock-recruitment curve for soulheln !>luefi» liilla
 Thun»ac rnn«nli !, detining recruitnient overtisl»ng  t'rom Murphy 19 �!. Thi» lnodel i»»ow used to identify replace nent »paw l»»I
stock levels  Goodyel<r 19g9: Ma<hew» 1991; Mace and Sis»enwine 19'�!.  C! Surplus production model, defi»in biol<> 'i<al
overfi»hing and related paralneter»  MSY f«»v>of the»mall pelagic re»ources of the Philippines  from Trinidad Cl uz el ill. I ! � !.
Thi» model i» used for etfort regulation.  D! Simple hioeconomic model ot';i I'i»hcr! in model C, de 'ining econo»lie overt'i»hii>g
and associated parameters  MEY. I»1»v!  fronl TI'lnldad Cl uz el ill 1993!, Each»lodel ilnpll> s a certain re»earch pl<>gram. in< Ili I-
ing t'ield»alnp!ing of raw data. collation of »econdllry data. a» well as certain "lever»" lo implement suggested »el 1<>n,

Mctlthusion Overfishing Definedsons or limits on gear sizes or on craft designs, with indi-
vidual transferable quotas  ITQ»! recently added to the
panoply; see Anderson 1997, Hannesson 1997!. These
measures assume that the tishers concerned are actually
in a social and tinancial 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 tishing is done by corporations  often sub-
sidized by government! or by independent  if small! en-
trepreneurs who can generate enough political pre»sure to
also obtain governmental subsidies or to take shore-base<I
job» if all else fails. The situations of various aboriginal
groups within developed countries and of small-scale I ish-
ers in the Atlantic Provinces of Canada   !mmer 1991.
1995! provide exceptions to this, and resemble more the
developing country situation presented in the following
text.

Small-scale fishers in tropical developing countri<».»<.
usually poor and lack alternative employnient opportu-
nities: that i», once they start fishing, they are t'orced lo
continue, even if the resource declines precipitouslv. Tlie
numbers of small-»caie fishers tends to iilcrease, both
because of internal recruitment and thrcugh destitute ncw
entrants. Malthu»ian overfishing is here del'ined a» lvhat
happens when these new fishers, who Ilick the land-hii»ed
livelihood ot'traditional fishers  e.g., a small plot of lan<i
or seasonal work on nearby farms or pla»tati<m»'!. aic
faced with declining catches and induce wholesale re-
source destruction in order to meet their imniediate need».

Overt!shing may involve, in order cf seriousnes» and
generally in temporal sequence,  I! u»e of ft»hing tceli-
niques, gears or mesh sizes not sanctioned by govermn» lit;
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�! use of gears not sanctioned within the I'i shcr c on>mu-
nities or catching of fish "reserved" for a cc>tn>in seg-
ment of the coinmunity; �! use of gears that destroy the
resource ba»c; and �! usc of destructive techniqu»s such
as dynamite and fish poisons that endanger thc fisher»
themselves.  Note that thi» parallel» slash-and-burn ag-
riculture in upland areas, which also leads >o environ-
rnental degradation and which is also exacerbated by im-
migration from the lowlands!. This sequence. g«nerally
misunderstood by admi nistriitor» and 1isherie» s«ienti st»
as based on the ignorance or shortsightednes» of t'ishers,
reflects attempts to maintain income» in the lace ol de-
clining catches.

The reason I chose the adjecti ve "Malthusian" to «har-
acterize this process i» nnt becau»e I wanted to join th»
chorus lamenting thc impacts of rural population n>wtli
on natural production»y»tern» � -the»e impact» arc nov
obvious  Southgate and Basterrechea 1992: Hoiner-
Dixon et al. 1993!. Neither was it because I beli»v« that
one should put "population control t'ront <ind center
among the possible way» to confront the problem of nver-
fishing," as suggested by Sunderlin �994! in an other-
wise thoughtful discussion of what hc call» "th» struc-
tural antecedents ol'poverty and high fertility." R;i her, I
wanted to emphasize, through thi» choice of words, what
I believe is the key to Malthus' writing» hi» contentioii
that production  of food! cannot i» Il>< l<»ig I <»I keep up
with an ever increasing demand  Malthus 179! !.

There are still many people who believe that. globally.
terrestrial food production will continue to incre;i»c a» it
has done since 179 ! when Malthu» published his n>qjor es-
say, despite well-documented, widespread de»tru»tion ol'
agricultural production systems as the result of su»h prob-
lems as erosion and salinization  Li htl'oot 199 !: South
gate and Basterrechea 1992: Mathcws 1994; Harri» 199 n!.

Even optimists will have to agree, howev»r, Ih;>t thc
biological production ol' aquatic ecosystem» mu»t have
an upper limit, and that fish catches will, over time,
remain at best constant once a I'ishcry i» "d»vc:loped"
 see Pauly 1990!. In such situations, catch»» tend t<>
fluctuate and then gradually decline because of ex»es
sive fishing effort  I'igure 3! because of' the redu« ion
of biodiversity induced by fishing itself and bcc;iu»c ot'
impacts from adjacent sectors such as lo  gin -induced
siltation of highly productive coral reef»  Hodg»on and
Dixon 1992!. Thus, for capture fisheries at least,
Malthus' contention applies: once the "boom" is over,
fisheries production will stagnate at best, and ce>'tainly
not accommodate an ever-growing dern<md. Eurtticr,
thi» ever-growing demand need not be du» t<> local
population growth: globally increasing inco>nes. Ic:ad-
ing to increased fish consuinption and prices. may.
through remote markets, affect otherwisc i»olatcd fi»hei
communities.

Yao<5

I=I<II'RI: 3. � S«h«n>al>«representation of the  .'vofaiinn
typical fi»f>cry, cmpha»izing ihal «al«he» cea»c in   A! in«I't»>~«
<if>c> Il »flori d«vc !of>111cni f>hi>»c,  B! It>«re< »il>g y f1 i>«i   >I«', 1l1«»
 C'! head io vard;i «off;ip»« fueled by the «ompeiii»>n f>e>w««l>
group» nf fish«r» nr g«;ir» nr boih. Phase C i» when >'iaaf>«I >»» i«i«ll-
ii»i» are reque»iecf io help while the pri 'ate fi»hing»<>si» nf f l <1
1 or 2 nr boih;ir«redo«c f >f>rn<>gh»uh»idie» fron> pnf lie >ui> fi

Causal Pattern and Diagnosis of
Malthusian Overfishing

Given the prior de»«ription and the clem»>its <>1' I!i
urc 4, th« f<illov,i»g < ausal pattern is hypotl>e»ized in
nc«ur in a fishery suffering 1'rom Malthusii>n nvcrfi»h-

I l>g:
~ Stagnating oveull catches and an incr»<i ing nun>-

ber of I'ishcr» l»<nf to
~ d«creasin< catch per fisher  this may b» iiia»l cd..lt

the inc n>ie level. at least for a while hy >n»rc;>»cd
v;>luc of the catch!. which with the fir»1 el»m»ni..
jointly le;id to

~ «vi<l»n»e ol'  at least localized! biologic;il an<i c« >-

logical o crfishing and gradually to
~ clas»ical »conomi«ovcrfishing  when the > aluc  >1

the catch doe» not increase .is fast;is th» cn»t»  >I'
1'i»hing!, which may coincide with an inc> as»d t»i>-
dency 1'or fi»hcr» to undertake seasonal alon<»h<>r»
n>igrations, a gradual breakclown of tradition;il >»<ln-
iigement »chen>es. and non-enforcernen> ol "mod-
ern' manag«mc! nt regulation~.

linportant addition<il »ymptoms are as follow"
~ New 1'i»hers are rcc>x>ited from ethni= gn>ups  c g

ot traditi<>nal pastoralists! or regions ic.< ., hi b-
land»! without <i tradition of fishing. The ncv I'ish-
eiie» will requirccheapand«asy fishing «;ir».hcn«»
ther«will bc

~ increasing u»e ol destructiv«gears  e;<plo iv»». p<>i-
»nn»!, An important. but often neglect» I enroll.u «
of poverty i» an

~ increasing contribution of women in 1'ish«re »nn>ii-
nitie» to o 'eral 1 family incoines  i.e., wn»ic>1 subsi-
clizing the fi»her»1<»!.

1 hi» causal p<ittc> n may appear hard to di agn< >»I'. I lov �
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Overcoming Marginalization

Marginalization and Malthusian ovcrf>shing. its de-
rived phenomenon, need not occur. A nuniber ol' reme-
dial actions that would help to alleviate or i>t least miti-
gate some of the effects of >narginalization are possible.
An obvious short-term measure, I'or which Fi urc I >na!
be seen as providing much of thc rc«luired justit'icati<ms.

I'l ii ikli 4.� Schema>i«representation ot' the pn>«< sses le;>d»>g Io Malihusi;in i>v<>r> i,h>ng. A comparatively I<iree .igncnliui,il
sector rele ises excess Iahnr, landless farmers win> n>igraie ei>her Ii> urban. upland, nr «i;isial areas. Ender this int ux, Ir > I»><»» I
arrangements preventing open;i«cess in>he fisheries gradu.illy collapse, leading Io ex '«ssive fish>ng pressure. This is «xa«<'rl>ai«d
hy inshore con>mercial I'ishing, by ne v e»>r >nti ln tishillg i>s Ih«male children nf I'isl>ers pick up their fa>her<' lr;ide. and 8!, >h<
cnn>ributinn of many young wmnen who leave the «n»»»u»i>ies In work in urban arc;is. providing a subsidy for mei In cnn>iniu In
fish even when resources are depleied. The»>igr>n<i Io upi;<»d,>re<>i accelerate and «nmplete the defi>res>a>ion » il»; Icd hy la~ gn>g
companies, which leads io siltation i>f rivers and siren>us, .md eve>>>nally >n smn>hci ing n> «oral rents and other «»axial I>;elhi>.,I,
thus furthcr reilucing coaxial fish yields. This na>dcl ii«plies a research prngram;ind levers I<i affcci cycnis. jus> ii  the iradiiimi;i>
f>sheries models in Figure 2 dn.

ever, some I'isheries in South and Southeast Asia contain
most of the elements of this pattern  sec McManus et al.
1992 or Saegcr 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-disaggrcgated dain suitable I'or
verification are rarely collected or analyzed under the
prevailing mental map, which tends to relate w <>men ti>
fisheries only when they act as middlcme».

Malthusian overfishing, which i» widespre;>d in Asia.
notably South and Southeast Asia, can hc cxpccted t<>
spread in the next decades to and within Africa and Siiuth
America, often in the wake of dynamite I'ishing. Anec-
dotal evidence suggests that dynamite t'ishing is spread-
ing into areas where it was previously unknoivn. such as
the Caribbean or West Africa  see Vakily 1993 I'or one ol'
the lew well-documented cases outside of Southeast
Asia!. Modern technology will not help in such cases
since, as might be seen from F>gure 2D. any de«rcasc in
fishing costs  such as those induced by economically
more efficient gears! tends to further deplete the resource
base of the fisheries.

is for central governments to ban commert ial lishin; i >i>
the inshore fishing grounds of small-scali fishers ni tn
enl'orce existing legislation forbidding si>ch incursioiis
Such bans have been implemented lor th< explicii piir
pose of reallocating coastal resources, anu cvidcl>«c II>
dicates that the intended purposes were achieved, at le;is>
in part fSarjono 1980; Saeger 1981; Miir>osubroto;iii<1
Badrudin 1984: Martosubroto and Chong 1987!. I-loiy
ever, such short-term measures tend to crodu«e <>nly
short-term benefits, as are the benefits;>««ruing Ir,>ni
enl'or«ing prohibitions on destructive gc,'us such a.«ly
lull>lite Of polso>ls.

In thc longer term, dealing, with Malthusian ovcl f>sl>
ing will involve providing thc women in I'ishing  om-
munities � obviously in the context of na>>onwicle pro-
rams � reasons;ind the means to limit child-hearin

option they are !i>rgely denied at present by their I>a~-
bands and such powerful men as conservative politi iiii>,
and religious leaders. and by economic c<>n«litions I h.>I
make it seem ra>ion;il to invest in large fain>li«s  St«   «ii,
19'�; A>10»yllli>us 1994!.

Better educated woinen are now recognize l hy <1«»<'I
opment agencies;i., crucial agents of change in rural set-
tings. I-Iencc. overcoming the margin;>liz;>>ion of lish .'I
co>n>1>unities «anni>t be achieved without eII>pow« I'I 1>g
women  see contrthutions in Ocstcrgaard 1992 i. This ri i; iy
involve the partial devolution of govern>n n> fun«ti<,iiis
to local I'ishel' « >I><It>unities, leading to;irr;mgemci>i'<
wherein the «om>nunities would have the right al>d 11>e
means to establish and enforce exclusive 'ishing iir«;is,
sanctuaries, and ear restriction schemes  Alcalil ili>d
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Ftot!Rt 5.� A coastal cross-section. or iranhec<, illustrating the central and structuring role of smal1-scale fisl,eriev in coast;il
areas and showing main resource uses and activities ah!ng> a tr;msect, along with their impact on the coastal zone propor  items in
pareniheseh have no icons!. Such graphs, derived 1'r iin farming hysiemh research  Pauly and Lightfoot 1992! can Iie used <U
reconceptua!ize small-scale tisherieh away from their present niarginal location on our menial map» toward a central role at iht
heart of coastal systems.

Russ 1990; Russ and Alcala 1994!. Several ol' the indi-
vidual ITQ schemes discussed elsewhere in this v<ilume
may he useful here as well.

Devolution � to the extent that it does not per<nit local
elites to replace a more distant and perhaps morc benign
central government and leads to more decentr;ilized
modes of governance  descrihed in Putnam 1992!�
would represent a lessening of the marginalization pres-
ently besetting small-scale fishinly communities, w hich
would become the partners, rather than the 'tart et" ol'
government agencies  sec contributions in Kooiman
1993!. This is particularly important as governments the
world over have shown themselves largely unahle to
manage natural resources without the cooperati<m <if'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
hsheries management, for example, to establish seasonal
or area closures based on empirical knowledge i!t' spe-
cies life history or to formulate and enforce equitable
resource access rules.

For local management to result in increased incomes
for fisher families, alternative employment will hi<Me to
be found for those leavinty the fisheries. However, lew
detailed and realistic plans for phased reduction ol fish-
ing effort through alternative livelihood projects exist.
The work of McManus et al. �992! i» one of the 1'ew
exceptions. This work, and related publications on coastal
area management, make abundantly clear that eventu-
ally reducing the number of small-scale fishers--by
providing alternative livelihood opportunities such as
mariculture and others � must involve intersectoral ar-
rangements. Hence, fisheries managers must interact with

representatives of sectors operating in coastal areas such
as agriculture, tourism, and inanufacturing.

Coastal transccts, adapted from the transectn used iii
farming systems rcsciirch, can be used to 1'!rmalize
intersectoral relationships in co istal areas  P.iuly an<i
l.ightfoot 1992!, anti thus facilitate the previouslv men-
tioned intersectoral conceptualizations and perhaps eveii
consultations. Interestingly, while small-s alc tisheries
are usually marginal in conventional mental inaps,  !ii
land's end, they emerge at the core of coastal areas wheii
they are plotted <in I raph» � igyure 5!. Such trans< cts show
that biomass cx«hangcs in coastal systems camiot hc ac-
curately quantified without accounting for the 1'ish caught
by small-scale 1'ishers or gleaned hy women,in<1 chil-
dren  Chapman 1987; 1'alaue-McManus 19g9; V'ynter
1990!. That patt of marine produc<ion, important in tropi-
cal waters, that i» derived mainly from terrigcnous in-
put, and generated close inshore is recycled ba< k inland.
The cycle applies to incomes generated by siiiall-sc.ile
fish processin, a major contributor to th< coastal
economy of communities and one in which w imen <>f-
ten play the major nile  Nauen 1989; Arnal et;il. 1992!,

For these an<1 related reasons. coastal are;> m;inage-
ment, an important are<i ol' systems research, must locui
on sinai!-sca!c tisheries. and thus render them less nu<r-

inal. Similarly. studies of the world's biodiversity. a new
integrative frainework for several biological disciplineh.
cannot hut encompass tropical coastal fisheries � Loastiil
systems such as coral reefs heing, after tropic;il forests.
the main global sources of biodiversity  sec Reid and
Miller 19g9!. 1 or coral reefs, as is the case with the
Amazonian rain forest, local knowledge � suitably re-
corded and validated � -will be crucial in compl«meiit-
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ing scientific knowledge of endangered»pecies or of
unique events or processes. such as spawning aggrega-
tions, an area of fisheries biology that i» largely driven
by local knowledge  Johannes 1981!.

A change of mental map» i» required for all the factors
involved in reducing the marginalization of I'ishers-
changing gender roles, the devolution of political power
toward fisher communities, the new governance that de-
volution implies, and the perception of coastal fisheries a»
only one sector in coastal areas, albeit an important onc.
Some of the graphs presented in this paper  Figures I, 4,
and 5! are proposed as elements of new mental maps for
fisheries scientists, particularly those work;ing on tropical
small-scale fisheries. Small-scale fishers would be <tt the
center of these new maps, not at the edge. Such new
maps, I believe, would guide us hetter than the old map»
that I suspect most of us still use to orient our»elves.
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TRENDS IN INTERNATIONAL LAW
FOR HIGH-SEAS FISHERIES MANAGEMENT

W. T. BURKR

A!>sir<>< r.� This paper discusses trends in int«rnational la<v relatmg io high-seri» t'isheries management. AI>er
briefly describing the major elements ot' the current regime t'or such mana ement, I examine the recent develop-
ments intended to improve thc internatio»al Ie a! I'ra>new>ak for high-seas fisheries management. The inaj<n
efforts to this end consist of the contemporary general inteo>ational negotiations under the auspices of the United
Nations and of the Food and Agncu!ture Organization  FAO> of the United Nations. I'hc I>rst of these, to which
FAO also contributes, aims iit improvements in juri»dictional, substar>tive, and procedural principles for str;ld
dling fish stocks and highly migratory I'ish »to< ks. These i>egotiat>ons are underw;iy at this writing  they werc
concluded in 1995!. Under FAO auspices, state» have adopted an;>gree>>1«ilt to 1>1>prove compliance with li«h-
scas management measures that is designed t<> resolve the dif iculties caused by v«»sel reflagging in order ic
avoid compliance with otherwise applicable conservation and management mea»ures. Reference is also made ic
some specit>c international agreemenis aimed at straddling»tochs and to unilaiera! actions relating to thcsc stacks

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

It i» useful initially to identify the deficiencies of thc
existing high-seas legal regime that help account I'or the
continuing controversies about high-seas fi»herie». The
basic problem is that the regime provided for in the ! 982
Convention on the Law of thc Sea, or in customary in-
ternational law prevailing t'or high seas fishing, i» not an
effective one. An effective regime is one that would ad-
equately provide for the following:

~ the acquisition, collection. analysis, and di»»emi-
nation of information necessary for making cons«r-
vation and allocation decisions about the stocks
harvested in high-seas fishing operations:

~ a regulatory system that  a! would maintain accept-
able  sustainable! levels of abundance of tar< et and
incidentally caught species and  b! would deal ivith
overcapitalization and allocation ot' benefits: and

~ the authority and the practical means t<> enl'orce
regulatory measures.

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

A key to understanding the major trends in high-seas
fisheries management i» to consider the last halt'-century
of actions by states in relationship to fisheries. Over thi»
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 characteri»ties
of international decision making»ince !94S>. In these
remarks, I briefly document this point, although surely it

i» beyond serious cavil, and then examine th< present
anny of cffort» in that »arne direction, which ar<r still li>i
the most part undcrv ay.

There i» one critical difference between th< current
and previous context», ln some ways, this problem i» at
its most critical stage because failure to resolve the con.
f!icting regimes now applicable to the harv st of'marine
fish could undermine broader understandings <>bout the
general regime of law govert>ing events at seri Thi» as-
se»»ment i» not a product of a fevered acailernic iinagi-
nation. It is the expres»ly stated view of diploniats noix
struggling to develop»olutions to the primary c<>ntn>-
versies involving straddling stocks  Nandan 1993>.

The effort to modify and control high-seas !i»hing be-
gan. as all know, almost simultaneously with the «nd i>I
World War II when the Lr SA issued, unilate> al! y. it» t'ish-
erics and continental shelf proclamations. The former h;i»
often been portrayed a» nothing more than an cft'ort to
encourage international agreement on regulati<>ii ot fish-
eries adjacent to national territory, whether of ihe USA
or of any other nation.

That i» an incomp!ctc and somewhat dist<>rte<l view ot
the object in mind in the fisheries proclamation. Thi»
proclamation was clearly an effort to extend unilateral
U.S. control over salmon harvesting in the adj:went high
seas. a possibility which had agitated the U.S. girvern-
ment since the 1930s when great excitem=nt I'ollowed
reports that Japanese vessels were entering the fishery
off Alaska  Ho!! jck 1981!. The control to b «»tab!i»hed
under the proclamation did not depend on thc acquie»-
cence of foreign fishing states unless they were a/re<id>
participating in the affected fishery, a circumst;ince that
definitely did not apply to salmon. If the proclaination i»
read carefully, keepin in mind that it had been «xtrcmely
carefully drafted, it is obvious that it incluile» the intent
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of exercising unilateral control over I'oreign tishiiig al-
though thi» i» not expressly stated. However, the under-
lying memorandum distributed by the U.S. Department
of State to support thi» proclamation m <<le it clear that a
major objective was to prevent the entry ol' Japan into
the northeast Pacific Ocean»almon fishery  Hollick

1981!.
It is helpful to recall that the USA never had to exer-

ci»e unilateral control over salmon. By the time .Iapan
was again able to fish out»ide Japanese waters after WW
II, the USA had gotten their agreement, il it can be called
that considering the disparity between the two countries'
positions in 19SO � S I to fish west of longitude 17S'W
despite their freedom to fish east of that linc under pre-
vailing international law. Scheiber �989! provides an
insightful account of the evolution ol the 19S2 Conven-
tion for thc High Seas Fisheries of thc 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 Seas to the
effect that the convention did not affect the principle.

Shortly after the Truman Proclamation in 194', thc
west coast states of South America extended their juri»-
diction to at least 200 nautical miles in language. that
appeared to be more consistent with exten»ion of the ter-
ritorial sea than for fisheries or oil and ga» alone. Al-
though these claims were not generally observed by other
nations, they did lead to more moderate claiins 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-mile �70-km! liinit espoused in
the Chile, Ecuador, and Peru claims, but not their expan-
sive view of thc scope of national jurisdiction within that
limit.

The first United Nations  UN! Conl'erence on the Law
of the Sea  UNCLOS! in 19S8 wa» the next attenipt to
reduce freedom of fishing in disregard of elforts to es-
tablish conservation measures, At that tiine, the pressure
against freedom of t'ishing had two con»equences. The
first, and most important, was that it forced the negotiat-
ing parties to separate the concept ot'jurisdiction over
fisheries from the concept of territorial sovereignty. Al-
though no precise I'ormula to that effect wa» endorsed at
the 1958 UNCLOS conference, the only serious propos-
als for agreement on a fixed width lor the territorial »ea
provided for an additional area of limited I'i»hery juris-
diction, subject to a grandfather clause for a period of 10
years  McDougal and Burke 1985!.

This approach was continued in the second I;nited Na-
tions Conference on the I.aw of the Sea in 1960 where it

was even clearer that the principal problem v,'as to ii ree
on a limit on the territorial sea and a separate liimt f<ir
li»heries  McDougal and Burke 198S!. Although a rcc-
ment narrowly eluded the conference, the stage was»et
for later successlul negotiations as well as for the pr<>li I'-
eration of unihiteral claims to fishery jurisdiction bey<i<id
tlie territorial sea.

The»econd consequence of the pres»ure on t'rcedom
to fish in the 19S8 conference was the»uccessful .on-
clusion ol the 19S8 Convention on Fishing and the  ' on-
servation of thc I..iving Resources ol' the High Se;i«17
LIST I38, TIAS S969, 559. UNTS 28S!.' which is <.ur
rently in force f<>r 36 states, including the USA, Ca<i<id<i.
Iceland, and France. This agreement has never been
implemented, but it docs have continued»ignificanc, I'o<
contemporary straddling-stock contro< er»ies, <i» <li»
cussed later. One possible implication of thi» treatv w;i»
that there was n<i need for extended fisherie» jurisdici ioii
or the establishment of exclusive fisher! managciiient
zones since a coastal state could achic< c it» con»cry;i-
tion objectives either by international agieement or iini-
lateral action. However, the ensuing years show that ihi»
interpretation <lid not carry much weiglit with coast,il
states, v irtually all of whom extended their jurisdicti<>ri
I'or fisheries rca»ons and purposes.

At'ter the Second UNCLOS in 1960, the datii »liow
that, through 197S. national claims to t'is!teries juri»dic-
tion took mainly the form of extending the territori.il sc;i
to 12 miles or, in a few instances, establishing fi»hei in»
zones beyond the territorial sea. The latter were norni;illi
rejected before 1975. Some»tates extended the territo-
rial sea bcyon<l 12 miles  Burke 1994!, »<>metime» iiiuch
beyond. By and large, the encroachntent on Irecdon«>l
fishing was relatively modest during this period. biit it
does»hosv the continuing tendency to sup<irate t'i»hing
from territorial jurisdiction. During thi» period, aliiiost
all fisheries management, such as it wa». was high-sc.!»
management. Vi!tually all the internation;il fishery agen
cies, with minor exceptions, and all the bilateral;iiid
multilateral agreements on fisheries were aimed at hi h-
»eas fisheries, although territorial seas were included in
the covcriige ol' some. The reason for thi» I'ocus was that
significant harvc»ting occurred beyond the tcrritoriiil sea
where regulation could only be by international;i. ree-
ment. There was no basis I'or national jurisdiction <>ut
side the territorial »ea, and there was no need 1 or iiitci nii
tional fishery agencies to deal with territoi ial seas in n><i»i
instance~ except for bilateral agreements Carror �984!
summarized;i» I'ollows: "Over the yc;ir», morc tliaii

' t!niied Nations, inuliilateral treaties dcp<xsited v iih ihe Sc:i e
t uy-General, status a» of Dec. 1992, p. 7SS.
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twenty regional fishery commissions were established
to cover nearly all the world's seas and oceans. Thi» net-
work developed when the application of conservation
measures and regulation of the conduct of fishing opera-
tions on the high seas could only he achieved through
international agreements."

Since 197S, the most obvious trend in law of the»ea i»
the great extension of national jurisdiction. and it is now
universally accepted that the area out to 200 mile» i» sub-
ject to coastal state jurisdiction. Thc freedom to fi»h with-
out effective restraint, but subject to the oblig;ition to
conserve, was gradually pushed farther and farther trom
the coast.

The preoccupation with high-»eiu» fisheries has not yet
abated. As was recognized by some states during thi.
UNCLOS negotiations, but glossed over for the»ake ot'
more general agreement on other issues, the extension
of national jurisdiction ua» 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 stock», partially within national jurisdic-
tion, were still available t'or 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 f.:EZs.
By lacuna 1 mean the absence ol' management owing to
the concept of freedom of fishing applicable to purely
high-sea» stocks although a duty to conserve doe» apply
to such stocks. No single nation can regulate such stock»
nor can any group of nations unless agreement is reached,
and the general obligation to conserve is diAicult or im-
possible to enforce without agreement. Thus, no agree-
ment, no management � usually. The gap i» 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 ri hts of
the coastal state. The lacuna is the absence of manage-
ment over a portion of a stock, which i» 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 i» still no effective management   such a»
under the North Atlantic Fisheries Organization [NAI'0]!.

The Concept of Straddling Stocks
and Highly Migratory Stocks

A few background facts about this pattern of fi»hing
are useful to know. These stocks are called»traddling

»tock» for obvious rea»ons, but the precise ci verage iil
thi» term is not so»imple. Some straddling sti>ck» occur
predominantly within the EEZ, but straddle oiit to sonic
degree. Others occur predominantly outside the EEZ but
straddle in to some degree. Thi» relationship i» not nec-
essarily stable. but apparently it tends to onc»r;mother
orientation over time. In each instance, the speiific stock
characteristics determine whether fishing in one area doe»
or does not aft'ect thc same stock in another .irea. Dis-
cussion and illu»triitions of high-seas fish anil different
types of »traddling»tocks are provided by the I '.N. Food
and Agriculture Or anization  FAO 1993! anil in a Ru»-
»ian Federation docuinent  U.N. 1993a!.

Moreover, some straddling stocks move morc than otli-
ers and do so over great distances outside nati>m<il juris-
diction, such that »<>me perceive them as having little
real relationship to co;istal states within u ho»e juri»dic-
tion they also appear. These stocks are labeled highly
migratory species � -a group of species identified anil
listed in the UNCLOS treaty, albeit with numei ous omi»-
»ions;md errors. A distinction among these di 't'erent cat-
egories of straddling stocks is urged by some state», e»-
pecially the USA, arguing that legally, biologically, an<1
politically, highly migratory species difter fiom other
straddling stock».-' From a management perspective, it
i» difficult to underst<uid that this distinction niakes;i
difference except in the number ol'coastal states who»c
Illeasul'es lnust be coordinated fore 'fective mariagement.
In either instance, effective management r <!uire» agree-
ment of coastal and high-seas fishing states. In both in-
stances, coastal states assert interests in high-»ea» fi»li-
ing on straddling and highly migratoiy stock», interest»
that are recognized in article 116 of the UNCI  !S treatv.

The aggregate landing» of straddling stocks;ire n<>t
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 !9<!I, i xcluding
"highly migratory species"  Burke 1989, FAO 1993!,
For example. if' all tuna in the latter categori were in
eluded, the total world landings would be increased hy
about 4 million rnt, amounting in total to a» high as 17
million mt, which i» greater than 20% of the ti>tal world
marine landings. No one should think these estimates
are very accurate, just as the total world landiiig» figure
i» not very accurate. but the best that imperfect informa-
tion will disclose.

'U.S. objective for»e»»ioni of the United Nations C >nterencei,
on Sirai!dling I'i»h Stock» and Highly Migratory !'>»h Stool ».
S-6 Feb. I'!94. Manuscript prepared by Office of M,irine C<>n
»crvaiion. Bureau for Oce;>n» and International En> irorimen<;>I
and Scientific Affairs, U.S. Department of State.
'FAO Fisheric» Circa!ar, note I I above, at S.
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The species that composes the largest single part uf
the reported world fish catch, and the largest in the U.S.
annual harve»t, i» the Alaska walleye pollock   Theragru
< l><>l< <~<,rnmma!. which i» a straddling stock in the cen-
tral Bering Sea as well as in the Okhotsk Sea. In the
fotmer instance, the high seas enclave  thc "<h>nut" hole!
is surrounded by the FEZ» ol' Russia and the L!SA. In the
Okhotsk Sea, the "peanut" hole i» an encl<ive wholly
within the Russian EEZ.

This same general problem arises in»everal place»
around the globe, notably off eastern Canada, Argentina.
Chile, Iceland, Norway. and New Zealand, and there is a
potential for considerably more instance» a» the search
for high-seas stocks intensifies  Meltzer 1994!. If tuna
are included as»tra<hlling stock», a very large number ul'
additional states are involved. A» noted previously, an
alleged difference between tuna and other straddling
stocks was an important U.S. criticism of thc Negotiat-
ing Text resulting from the second substantive session
of the U.N. Fish Stock Conference.

The reason for controversy in this context i» 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 stock». Under that treaty, coastal
states have sovereign rights over fi»h withiii 20 ! miles
of their coastlines. but beyond that all states continue to
have the right to exercise the principle of I'reedom of
fishing on the high seas. Thus, sovereign rights apply to
a portion of a stock and freedom of acccs» tu another
portion.

A truism of fishery management i» that tu 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 enf'orced � 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
A»sembly and large diplomatic conferences»uch as the
United Nations Conference on Environment and Devel-
opment  UNCED!  Burke 1993! and the t'ollow-up U.N.
conference on fish stocks, to specific multilateral efforts
and unilateral actions by particular states. I believe the
involvement of the LI.N. General Assembly in address-
ing high-seas fisheries issues i» 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 terminate<1. For an ar< unient
that these resolutions have fragile scientific»upport. i it-
ing available scientific data. see Burke et al. �994>. Ii-
respective of the merits of thi» particular intervention, it
i» unlikely that the U.N. General Assembly delegatii>n»
as a whole have the background and expertisc tu ei>pe
with issue» of lisheries conservation anil managenient
and it i» inappropriate that they attempt tu do so. In th»
following section», I discuss the 199 I � 94 U.N. C'unler-
ence on Straddling and Highly Migratory I-'ish Stuck»,
the FAO Agreement to Promote Compli;nice with Intel-
national Conservation and Management Measure>, hy
Fishing Vessel» on the High Seas, the I <J<>4 C.'onveniion
on Con»ervatiun and Management of thc Pollock Re-
sources of the Central Bering Sea, and recent unihiieriil
actions by Argentina, Canada, Chile, and the USA.

The 1993 � 9zI United Nations Corference
on Straddling Fish Stocks and Highly
Migratory Fish Stocks

Addres»ing high-seas fisheries management in< el< e»
three sets of international law principle»: procedural, !u-
risdictional, and substantive. The current negotiating ti>xt
 revi»ed! of the I!.N. fish stock conferenc< preservci, <he
main procedural principle that flag states continue tu h;ivc
exclusive jurisdiction over their fishing ve»sels un th»
high seas, except a» agreed otherwise. but seeks to m;il e
more explicit and»batsmen flag state obligation» over I'la ~
fishing vessels. In addition, the related nexv internati<>ital
pact � the I'AO C'ompliance Agreement- � ad<lresses nc<v
obligati<in» in the registry and re-registry i>f I'i»hing, e-
sel» related to compliance with high-seai fishery i.un-
servation measures. as noted in followi ng text. Flag»l,>tc»
arc particularly iitiportant for enforcement and e<>mpli-
ance by fishing vessels on the high seas. which are i<1»i >
provided hy traditional international law.

The main thru»t of the negotiations in thc LLN. lish
stock conference concerns the jurisdiction;il imd sub»t;ui-
tive principles that determine who make» conservation
deci»ions;ind what their substantive content mu»t be

Jurisdictional principles.� Thus, in thi specit'ie iiin-
text of the U.N. fish stock conference, obviou»ly the fi >re-
most jurisdiction.il question is how to get around ihc
constraint of freedom of fishing and tu addre»» «hi>
should be authorized to prescribe and to apply Iau !'ur
high-seas straddling and highly migratoiy»tock» <i.e.,
stocks that are found within and beyontl national juri»-
diction!. The key issue is the relative influence or ciini-
petence of coastal and flag states in deterinining con»er-
vation and allocation of stocks. The lack ot a»ingle entity
with competence to make decisions has been one ob-
stacle, perhaps not the most important, to effective < un-
servation.
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In traditional international law, the high-seas principle
of freedom of fishing insulate» any fishing vessel from
regulation or enforcement by other than the fla state.
This is certainly a formidable constraint for a «onfcr-
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 seas. Part 3a ol' U.N. Oeneral A»-
sembly Resolution 47/192 which convened the «onl'er-
ence, reaffirmed that

the work and results of the conference should he tully
consistent with the provision» of the U.N. Convention
on the Law of the Sea, in particular the right and obliga-
tion» of coastal »tate» and states fishing on thc high»ca».
and that states should give full effect to the high-vcav
fisheries provisions of the convent!on with regar<! io fish-
eries populations who»c ranges lie boih within and be-
yond exclu»ive econoinic zones  »traddling fish sto«k»!
and highly migratory lish»rocks....

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 pre»cribe conser-
vation measures. However, the Revised Negotiating 'I'ext
 RNT! for the fish stock cont'eren«e  U.N. 1994! has pro-
visions that mildly, but definitely, erode the sole «ompe-
tence of the flag state. These strive to place greater weight
on coastal state measures on the »aine stock and to
strengthen regional organizations relative to the flag state.

The first of these provisions is para. I  "Objective"!,
which declares that conservation of straddling and highly
migratory stock» requires that measures on the hi ~h»eas
and within national jurisdiction must be compatible. In
achieving compatibility, the states concerned are to "re-
spect any measures and arrangements adopted bv rel-
evant coastal states in accordance with the Convention
[UNCLOS I in area~ 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 stock», straddling and highly migratory.

If the states involved are unable to agree on coinJ!iit-
ible measures for the high-seas area. they shall rc»ort 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
F.EZ.

In combination, these arrangements give priority to
coastal state measures hei <!!td national jurisdiction. The
interesting development is the provision on dispute settle-
ment which, to the extent all ~tates are parties to
UNCLOS, is as provided there unless agreed otherw ise.
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

me;isures are in effect applicable to high-sc;is 1'ishing
unless overturned hy;i review in a dispute»ettlemcnt

proceeding».
Two other sets ot' arrangements temper flag slate dom>-

nance: thc provision» on mechanisms foi int«rnation;il
cooperation and on fltig state responsibilities for corn
pliance and enforcement  Sections IV and V» It' these
arrangements are impleinented successfully. tliev either
lessen the need to rely on flag state authority ti> regulate
its <iwn vessels or improve the likelihood of »uc«es»1'iil
flag state regulation.

In the high-seas context, it i» not surprisin thai a n»u
agreement would stress the use of internation;il inecha
nisins:is means of cooperating for high-seas conserva-
tion. Such cooperation i» the major obligation ol »tate»
under the L<NCLOS provisions on high-sea» fishing. In
the RNT, the central position of the regional fishery or-
ganization  RFO! or arr;mgemeni is evident in i he pro vi.
»ion � hut not cast in mandatory form � ih;it <inly par
ticipating or cooperating states should have ac< cs» to the
managed t'ishery  piua. 15!. Complementing tliis.ire the
mandatory provisions aimed at inducing neo entrants
into a fishery to beci>me members of an exi»iing RFO
 para. 21!.

Paragraph 21 state~ that these new member» of a Rl'O
"»haII be entitled to accrue benel its in exchan e I' or the
obligations that they undertake.' However. tlie»e ben.
efits need not necessarily take the form of direct partici-
pation in the fisherv. An allocation of a right to partici-
pate is dependent on a decision by the RFO ihat take»
into account a variety of factors, including th» follow-
ing:

stiltus 01 the»u!ck;
~ existing levels of 1'ishing effort;
~ the interests of existing participants;
~ thc needs of coastal communities that depeiid mainly

on fishing for thc»tock involved;
~ the fishing patterns and practices of the new pai-

ticipants and their prior contribution.; to <.onservii.
tion, including col lection and provisiim i! 1' a«cur;it»
data and the conduct of scientific resear«li; and

~ the special requirements of developing»tate» from
the region or subregion, particularly wher they arc
culturally or economically dependent  oi bi>th! <>n
marine resources.

The thrust ot the provisions on tlag state»  para. 24-
26! is to require the exercise of effective coiitr<>l over
their flag fishing vessel», including an authorization 1'or
»pecific fishing operations through a license, 1>ermit, or
»ome other I'orm. Flag»tates are to issue an iiuthoriza-
tion only if they can exercise their responsibil itic» with
respect to such vessels under UNCLOS aml the ncvv
document  para. 2S!, A» noted below, flag states;ire re-
quired to participate in ii system designed to a< hi»ve cl-
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fective compliance and enforceinent, rather than a«t a»
an obstacle to it.

The other jurisdictional principles in the RNT con-
cern compliance and enforcement. The main emphasi»
is on claril'ying the duties of flag state» in en»uring that
their flag vessel» comply with applicable high-seas mea-
sures. The RNT spells out the domestic measures that
must be taken by tlag states to implement their duties to
support effective manageinent  para. 24! and»pecifie»
the roles of the RFO and flag states in arrangement» for
compliance and enforcement  para. 3 I!. In general, the
exclusive jurisdiction of flag states on the high seas i»
maintained, but within that principle the RNT spell» 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 ve»sel» observe conser-
vation and management measures. The flag»tate is spe-
cifically obligated to exercise effective control over it»
fishing vessels  para». 24 and 25!. This i» achieved by
prohibiting fishing practices that undermine high-seas
conservation and management measures. Thi» prohibi-
tion i» implemented by requiring authorization~ I'or high-
seas activities through licenses or permit~ or other form».
The tlag state is required to undertake monitoring, con-
trol, and surveillance of the operations of it» I'ishing ve»-
sel» and related activities, including monitoring in ac-
cordance with regional schemes. The flag state inust
require regular reporting by its vessels of position, c;it«h.
and effort information. It must implement national and
regionally agreed observer and inspection schemes.

The flag state must effectively enl'orce applicable mea-
sures wherever violations occur, including physical in-
spections of vessels  para. 25!. If violation» are e»tab-
lished and sufficient evidence i» available. the flag state
must institute proceeding» and possibly detain the ve»-
sel. Penalties shall be»uflicient to secure compliance and
act as a deterrent. In thc event of a serious breach ol'
applicable measures, the flag state must ensure that the
vessel i» prohibited I'rom fishing until all <iutstanding
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 fishing masters.

Although the flag state retains ultimate authority, a
member of an RFO to which it belong» may liy agree-
ment stop, board, inspect, arrest, and detain <i vessel I'or
violation of applicable mea»ures  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 a» a mean»
of promoting effective conservation and management
measures  Part VI!. In thi» scheme, a port »t;ite may a»-

sist flag states, v:hich may be remote froni the are; > ol'
operation <if their flag vessels, to enforce flag state I;«vs
by inspecting documents and catch onboiird vessel», < >l
untarily in port. Such action might dctcct unhiw ul
catches or fishin ~ without an authorization or permit,
which would be reported to a tlag state a»d the olf'en J
ing vessel detained for such reasonable pe>.iod a» i» ii«c-
es»ary for the flag state to take over.

The RNT Part VII addresses the problem of I'ishiiil.
states who do not choose to participate in;in RI'O. Such
states ue obliged t<> cooperate in conservatii>n <>f high-s«a»
stocks even if they choose not to join the relevant RF !. 'I lte
RNT seek» to en«<iurage participatior.. by directing thin
no»pa>1i«ipating flag states not authorize their flag >,c»
sel» to operate in the regulated fishery anil that they n<it
fish contraty to the measures established by th«RF  >.

Part VIII deal» with dispute settlemen» an es»ential
element of an effective management .,y»tern. Paragr;ipli
4S provides that if disputing states are parti«s t<>
UNCI.OS, provi»ions of Part XV are appliciible unl«»»
the parties agree otherwise. If UNCLOS does not apply,
the di»pute process called for by the RNT would still h<
compulsory and binding.

Sub»tantive principles: conservation;ind allo«;i ion
measure».� While adequate jurisdi:ti<>iial base» tor
management a«tion are necessary, it is;it least a» iin-
portant to ask hov, the RNT proposes to deal with o> «r
fishing and over«apitalization, recogniziiig that wc iir<
talking here about high-seas fishing, not all fi»hing 'I'ln
main contribution of the RNT in this respect i» to po-
vide some spe«il'i«content for the geneial provi»ion»
and principles thai are found in I JNCLOS and to in<i »-
duce the notion ot a precautionary appro.ich to fishcrv
management.

Section A of Part 111 of the RNT, entitled -Cicn< la 
Principles," addresses "The nature of conservation;»nl
management measures" where language fn>m article I I'!
ot UNCLOS is repeated and enlarged upon Spe«il'i««<>n-
servation measures are mentioned in para 3 b!, m«!»d-
ing total allowable catches  TACs! and qui>tas, limit» on
I'ishing effort, sire limits, gear and oper;itional re»tri«-
tions, and area and»easonal closures. Thi» listing m.ike»
clear, inter alia. that management by TA '.s is only <inc
of the approaches that can be employed,;> propositi<iii
not that clearly stated in UNCLOS.

Paragraph 3 c I is a verbatim cxtract,''roi» article I I S>< b >
and i» notable for its reference to speci«», rather tha»
"I ish stocks." To thi» extent the outcome ot the LJ.N. «< in-
ference concern» marine mammals;ind i» not limit«<I
solely to fish. Al»o worth notice is that this I'ormulatioii
concerns conserva ion of the species affect«d, as opp<>»ed
to protection again»t any and all mortality

Section I3 ol Part III addresses "pre«.<ution;<ry iip-
proache» to lish«ries m;magement," which "»ha l be appl iud
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widely." A set of appended guidelines for applying the
precautionary approach declares that in the conservation
context, "maximum sustainable yield [MSYI should be
viewed as a minimum international standard." However.
this is I'ollowed immediately by the statement: "Conser-
vation-related reference points should insure that fisher-
ies mortality does not exceed, and stock bioma»s i» main-
tained above, the level nccdcd to produce the maximum
sustainable yield." This sentence i» signil'icant also be-
cause it strengthens and reaffirms the UNCI.OS I'ormu-
lation of the conservation obligation to restore and main-
tain the "maximum sustainable yield a» qualit'ied by
relevant environmental and economic I'actors...." More-

over, the qualifying word» are significant because they
make it evident that the conservation obligation is not
solely a problem of biological determination ol stock
abundance and "safe" yield». These words are frequently
omitted in discussion of Articles 6! and 	9 of CLOS.

In e»sence these guidelines also support the coasta!
state position that high-seas measures must also aim at
maintaining a stock biomass that is favorable t<i maxi-
mizing the economic benefit of fishing. Thu», such a level
is greater than that associated with MSY. Sp«cifically.
thi» appears to support Canada's positi<m on the iippro-
priate level of fishing mortality in the high-seas fi~hery
ot'I' Canada's east coast.

The»e provisions on the precautionary approach do
not go as far as those in the tive-power drat't conven-
tion.' Annex II, entitled "Selective Precautionary Mea-
sures on the High Seas." provides that a coastal st;ite
may assume management authority I'or an initial interim
period "at the outset of the development of a I'i»hery di-
rected at a newly discovered stock." Thi» provision is to
be followed immediately by con»ultation with interested
states that have fished in the region on interim catch and
effort levels and appropriate interim management and
conservation mcasure». On termination of the interim
period, the duration of which is unspecified, the I i»hery
i» to be subject to the authority of the relevant RFO or, if
none exists, "shall be subject to consultation" bctiveen
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 I'or existin ' fish-
eries on straddling and highly migratory stocks wh«n a
coastal state determines that an emergency exist». The
coastal state may prescribe emergency measures -for a

"Draft Convention on the Conservation and Manageinenr of
Straddling Fish Stocks on the High Sca» and Highly Mit.rarory
Fish Stocks on the High Sea». »ubmiircd hy Argentina,  'anad;i,
China, Iceland and New Zealand, U.N. Doc. A/CON!:.�4/I.. I I/
Rev. I, 28 July 1993.

reasonable period." During this period, the c<>a»tal anil
other interested states are to consult aboui the mca»ur<is
to be applied after;i reasonable period.

The provisions of the RNT aimed at the pn>b!cm» i>I
overcapitalization are pretty skimpy comp;ired with thos«
for conservation. Paragraph 3 c! in Section     !ener;il
Principle»! provides that »tate» shall "take miia»ures t<>
deal with overharve»t and overcapacity and t<i ensure ii
level of fishin el'I'ort commensurate with the su»taiii-
able utilization of fish«ries resources." However. to rh«
extent that the basic rel'erence points of the piccautiori-
ary approach are al»o applicable to the problein ot' over-
capacity, there is reason to be hopeful. Paragraph 4 f>
indicates that this is indeed the case fm new i>r «xplor-
atory fishcric». so pre»umably the approach .ipplics t<i
all fisheries.

1'he important point i» that it i» not enougli to mak<'
provision for overall catch quotas. The level if I'ishing
effort allowed i» signil'i«ant for the Icvcl of beni tits av;iil-
able from the fishery.;-specially for coastal stat<» fi»h-
ing a stock that regularly mixes across th FF,Z. which
makes stock density important for the catch per unit ol'
el'tort in the I.F7.. Thc reverse also applies for high-»cils
I'i sherics.

1'he»e con»ideriition» also bear on the issue oi'new p ii-
ticipants or new partic». Thi» i» not simply a qiiestion ol'
iivoiding overlishin . The addition of new entrants int<>
the fishery is most important for its impact <in the value
ol' the harvest to existing participants. The e!F<.ct ol' a<kl.
ing more I'i»hing ve»sel» is to reduce the sharc iif all v«»
»el» and to increas« thc cost of taking that diminishe<l
share. Paragraph >1 a! specifies that in allocatirig partici
pating rights to newcomers, account is to be taken of cx
isting level» of fi»hing effort in the lishery. I 'n!e»» thi» i»
done, there would be little hope for an effcctis« regime.

The FAO Agreement Io Promote Comp>'iance
with International Conservation and
Management Measures by Fishing
Vessels on the High Seas

The objective ol thi» agreement, which was concluded
within the fram«work iil' PAO under Article XIV ot' thc
I'AO C<institution  no official citation for it yet!, was to
prevent the u»e of tran~ferring registry of fishing ve»scl»
to avoid compliance with international conservation and
management measure». This is done by»pecif'yin the
obligations and responsibilities of flag states for their
registered vc»s«l» in iinplementing the obligation to co-
operate for conservation of fishcrics on the high»e;i»,
The flag state is the kcy actor because it alone can take
action on the high sciis aftecting its flag vc»sels that
seek to avoid compliance with international < on»crsa-
tion and management measures.
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In addition to obtaining registry with a particular tlag
state, fishing vessels must also be authorized to under-
take fishing on the high seas. No pa>ty is to allow its flag
fishing vessel» to fish on the high seas unle»s it has au-
thorized them to do so. The fishing vcsscl must fish in
accordance with the condition~ of its authorization. For
a vessel previously registered under another tlag, the new
flag state cannot issue an authorization to fish unless it i»
satisfied that the»uspension of any previous authoriza-
tion by another party has expired and that no authoriza-
tion to fish has been withdrawn within th«p;i»t 3 years.
These conditions also apply to previous registrations with
a non-party provided that sufficient information is avail-
able on the circumstances of the suspension or v<ith-
drawal. These conditions are not applicable where own-
ership of a fishing vessel changes and the new ov ner
provides sufficient evidence tl>at the old owner ha» no
further interest  legal. benet'icial, financial! in. or «on-
trol of, the fishing vcsscl.

An authorization to fish on the high seas ceases when
the fishing vessel is no longer entitled to fly the fla<i of
the authorizing state. Accordingly, loss of registry means
loss of authorization to fish on the high seas. I'resum-
ably, authorization to I'ish can be withdrawn or su»pended
or terminated for undermining the effectiveness ol inter-
national conservation and inanagel>lent lneasures.

When a fishing vessel seeks registry; a parts must en-
sure that the fishing vessel provides it v ith such infor-
mation as it need» to fultill its responsibilities under thc
agreement, including its areas of fishing operation, and
its catches and landing~. Thcrcfore, a fishing vessel trans-
ferring its registry must supply the new tlag state with
any information relevant to whether it has previously
undermined international conservation and m;magement
measures. A I'ishing vessel's previous operating history
must be disclosed if it bears on its record of compliance
with such measures.

Assuming the tlag state issues an authorization to fish
on the high seas, it is obligated to take step~ to en~ure
that the authorized fishing vessel does not engage in any
activities that undermine the effectiveness of intcmational
conservation and management measures. The~e»teps
should ensure that the undermining activities cease.

Before issuing an authorization to fish on thc high seas.
a flag state must be satistied that it is capable ol'eflec-
tively exercising its responsibilitie~ under this;igreement,
The tlag state i» obligated to maintain a record of all
fishing vessels registered under its flag. More importantly.
the tlag state is obliged to ensure that its fishing vessel»
provide it with information about thc area of their fish-
ing operations and their catches and landing~. The flag
state is obliged to report promptly to FAO "all relevant
information" about fishing activities by its filching ves-
sels that undermine the effectiveness of international

coi>servation and management measur=s. I he FA� c< in
pliance provides Ihat, where a non-prirty i'ishing sc.sel
is believed to have undermined effectiv ness, ii party sh;ill
draw this to the attention of the flag state and FAO;n>d
provide lull supporting evidence to the fl;ig state;>n<l ii
summary to FAO.'

Convention on Pollock Resources
of the Central Bering Sea

After several ye;ir» of negotiation, the  'onvention i in
the Conservation .n>d Management of th«Pollock Re-
sources of the Central Bering Sea was conclu«led in I.eb-
ruary 1994 between the USA, the Russian I eder;iti >».
Japan. Republic ot'Kore<<, the Peoples Republi«of China.
an<1 Polancl  no ol'I'i«ial citation for thi» agreement >s;<il-
ablc at time of writing!. The agreement established,in
international regime for this area, comprising an Anno,il
Conference ot' thc Parties to decide upon the allow;»>le
harvest level in th< Central Bering Sea b;ised upon,'111
asses~ment ot' the >otal Aleutian basin pollock biomass
by a Scientil'ic md Technical Corn>nit>ec.

Thc Annual Contcrence also establishes ihe individu;>I
national quota~ I'or parties fishing in that ar< a. No fishini
is allowed unles~ the Aleutian basin pollocl biorn;iss
level is dctcrmined to exceed 1.67 million n>t. This d«t«r-
mination is to be made by consensus, failin which cithci
the USA rind Ru»siiijointly, or in the absence oi adequ.>ic
scientitic information, <he USA alone el'I'ectively dc«i< I«s.
The annual harvest level is graduated in >c«onlance v iih
the increase in the biomass level above the inii>imuin.

Fach party i» authorized to enforce the >'egin>e in <lie
Convention area. although only the flag st,ite may <ri.»i
duct the trial and penalty pha~e. In the a<companyiiig
Record of Di»cus»>on, the USA and Ru»gaia stat<. their
intention to suspcncl fishing within thei> re»pe«tive z<il >«s
if the central ba»in biomass is below 1. >' million iint.
They also said they should set appropriate liarvest lev«ls
in their zones. taking into account the annu;il harvest I«
cls in the Convention area.

What can one say about this in relation to Ihe Str<»i-
dling Stocl Conference'? An obvious observation is th;ii
this appears to be >nore like a regional lish«ries arran «-
ment than ii formal institutional mecl anii<n with .i s«i
of entities assigned various functions. At the least. tins
signifies that a I'<irmal institutional strucnire is not iv-
garded by some st<it es in one context as ne«c»siiry to »i>l>e
with a specific problem such as the harvest of pollocl. in
the central Bering Sea. An obvious que»tion i». ">I'h,<t
factor~ are responsible for thi» outcome'? Why didn'I i.lie
participants create a formal institution'?"

'FAO  'ompliance Agreement, Ari. Vl 8!.
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One answer might be that the states concerned with i <sh-
ing in the central Bering Sea have been working together
for several years to understand the nature of the stock»
there � distribution. abundance. catch, natural and lishing
mortality. age structure, spawning behavior, etc.� -and
that they are confident of their collective capacity to deal
with the problem. Another answer i» that there are two
major coastal states involved, the USA and the Ru»»ian
Federation, who have significant negotiating power and
were able to use that strength to negotiate;ui anange-
ment that does not involve a significant institutional ele-
ment. The treaty effectively delegates the most »ignificant
decision to these states. the deter<nination of the pollock
biomass in the central Bering Sea. A more co<nplicated
institutional setup might also complicate thi» decision.

Another component worth notice is that the parties to
the ag>reement are assigned the task of creating an inter-
national regime for the high-seas 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 contemplates measures
applicable to the high seas alone, as opposed to mea-
sures that would be applicablc to pollock stock» through-
out the Bering Sea, including the U.S. and Russian EEZ».

It appears, at least, that this arrangement difl'er» some-
what from the position the USA has taken in its;is»ess-
ment of the Negotiating Text for the U.N. Straddling I ish
Stock Conference. In a paper released in February 1994,
the U.S. Department of State' stated:

Con»ervation and ala<lag«men< measures for»traddling
fish stocks and highly migratory tish stocks. <o be etl'ec-
tive. should address the entire fishery stock us a biologi-
cal unit throughout its entire geograpbi«al area or r;<oge
of distribution, not just when the fish are on ibe high
seas. We believe that management measures taken on
the high seas have u strong interrelationship <o the»;m>c
or other measures taken in EEZs. I'urihennore, »nn<«
fundamental management mea»ures, such a» TAC»,
should apply <o the stock a» a whole. The current text,
by contrast, does not prnmo<c ihi» relationship»<rnngly
enough. Instead, it I'ocuses almost exclusively on the
need tn improve conservation and management of ihe»e
stocks only on the high seas.

The pollock agreement has an appended Record of
Discussion that docs not commit the coastal states to
extend or adopt any of the high-seas measure» tn the ar-
eas of the EEZ, but it does contain»tatements that indi-
cate the close relationship between high»eas:<nd coastal

'U.S. Department of State, Office nf Marine Conservation, Bu-
reau for Oceans and International Fnvirnnmental and S«i«ntifi«
Affairs. U.S. objectives for «onl'erence sc»»inn» in 1994  Feb.
1994!, p. 9  paper in file nf author!.

measures. Thus, Part B records several "»harcd view»"
pertinent to what needs to be done on the high seas and
in the areas ol' national jurisdiction. All the»tales record
their view that the Benng Sea is a large marine cco»ys.
tern and that becau»c the pollock occur within the Fl-/
a» well a» in the enclave 'the effectiveness ol manage.
ment measures adopted for the Aleutian Basis pollock
within the zones and the Convention Area re»pectivcly
cannot be ensured un le»» both of such measure»;<re ba»e«l
upon the best scientil'ic information available anil I'ully
compatible with each i>ther.'

The USA and the Ru»sian Federation al>o record their

views that the

measures to be taken in their respectiv«20 ;-n.mi. zone
»hould include, inter, ilia, the following:

i. suspension of direcicd lishing I'or the Aleu<uu> B.<»in
pollock, when <hc Aleutian Basin pollock bi<>mas» c»-
<ablish«d in accni<l<m«e with the relevant p> ovi»<oni nl'
ihc  .'onvention i» le»s thun 1.67 million meu ic <nns,;md

ii. limiting of the ullnivable harvest for the Aleut ian Ba-
sin pollock «i an appropriate level, taking into <i«coun<
any allowable harve»t level to be sei in accordance with
the relevant provi»inn» of the Convention.

In the final paragraph ot'the Record of I!i»co»sion, all
the parties declare that

m adopiin conservation and management riieusiire» I'nr
the Aleutian Ba»i<1 pollock within the Conveniinu Area.
all Vartie» <n the Convention should take into u«c<iunt
the «ompa<ibility of »uch <neasures with measure» <idopied
within the zone» and»hould, as well take intn ncc<iun<
the effect <if me<i»ur«» taken in the   onvention.Xre;< on
«cologic <Ily related»pecies throughout theii range
ba»ed upon the best »cieniific information available.

These»tatement» arc not provisions thai iinlio»e bind-
ing obligation» on tho»e making them. Thu». we have
very important statements about the nature aiid impact
of conservation and management measiirc» exclude<I
from the actual agreement between the partie». Thc USA
and Russia -should" prohibit fishing and "should" limit
their allowable harvest level, but these are n»t obli;i-
tions that other partie» might dispute or use;« the ba»i»
for challenge. It would be interesting to kno<x why this
arrangement was concluded in this form, in light of thc
negotiati<ins simultaneously underway or. gener;il priii-
ciple» for straddling stocks.

Another interesting feature of the Bering S«a pollock
agreement is the provision for producing fishery»cien«c
and other inl'ormation for the Annual Conference. Th«
agreement establishe» a Scientific and Technical Coni-
mit tee. which i» the only subgroup created oth<:r than th»
Annual Conl'erence of the Parties, and it is ti> compile.
exchange. and analyze fisheries information: recei ve»uch
information from the parties; and make recominend;1-
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tions to the Annual Conference for the conservation of
pollock and for the annual harvest level in the   onven-
tion Area. The Committee is to work in accoi «lance with
a Plan of Work established by the Annual C<>nference.

It is interesting to note that the contracting Partie» did
not make reference to, for any scientific or other pur-
pose. the North Pacific Marine Science Organization
 known as PICES!, which wa» established also in 1992.
It is to be recalled in this connection that the creation of
PICES was foreshadowed hy amendment» made in 197! 
to the Convention on the High Seas Fisheries of the North
Pacific Ocean, which anticipated thc creation ot just »uch
a scientific body. The purpose of PICES i» to coordinate
marine scientific research in the North Pacit'ic, 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 ~traddling
and highly migratory stock» include Canadian legisla-
tion authorizing enforcement of NAFO rc ulation»
against specifically named tlag of convenience  FOC!
states whose vessels have been operating in the NAFO
area  Canada 1994!. Thi» i» an area beyond thc 200-mile
Canadian tishing zone. It is well known that 1ishing en-
tities from member states of the European L'nion have
sought to escape NAFO regulations by Ilii ging> out.
There is no doubt of the Canadian government's inten-
tion to seek to deter these and other vessel» I'rom operat-
ing in the NAFO region contrary to NAFO regulation».

Thus far, this effort has been successful »ince all chal-
lenged vessels of the FOC states have departed I'rom the
NAFO area upon heing told that they woukl otherwise
be arrested. The legislation does not spell out the juri»-
dictional bases for thi» action, which i» bound to be con-
troversial. The Furopean Union has already re»ponded
by a letter expressing the view that the unilatcr;il action
calls into question thc principles ol'managei»cl>t and ex-
ploitation found in the 1982 Convention on the L.aw of
the Sca and that it deeply regrets thi» action.'

In another sector of the Atlantic Ocean, Argentine leg-
islation provides that its national conservation le islation
applies beyond 200 nautical mile» to migratory specie»
and to species "which form part of the food chain of spe-
cies of the EEZ of Argentina'  Argentina 19'! I !. Within
the past year, Argentina has pursued and sunk two Tai-
wanese vessel» fishing in the region. In each instance, the
crews were removed before sinking the lishing vessel».

Letter of May 20, 1994 froin European Commi»»i<>n io Cana-
dian Mini»ter of Foreign Affairs Andre Ouellet a>ul Minister»f
Fisheries and Oceans Brian Tohin  letter in file <>f iiuihnr!

Chile has recently promulgated legislaiion prox idin
for the establishment of an area beyond 200 miles vvi<hii>
which Chile may exercise an undetermined authority 1 or
fishing and other purposes  Chile 199: !. It is not cntii<cly
clear what Chile proposes to do in thi»»<>-«ulled "i»er
presencial," but it i» believed likely that;ictions w <ll hc
taken unilaterally it' agreement is not reaclied on res<>l<-
ing conservation problems in the area.

The U.S. unilateral action concern., highly migi;iti>ry
stock», not stra«Riling stock». The Interniitional Dolplii»
Conservation A«t i'IDCA! ol' 1992 prohibit» any perion
or any ves»el fr<m!»etting nets on dolphin» in the eii»1«r»
tropical Pacific after 2!I Feb. 1994  Puh. L... 102 � ~23. 106
Stat 3425, 16 U.S.  .A. »sl! 1411 � 118  We»t Suppl. 19'!3 >!
 Pedrozo 1993!. The prohibition appli s to U.S. capt<«n<
aboard foreign tlag vessel» and subjeci s an oft'ender b<>tli
to civil and criminal penalties  and a v s»ei to fort'citu>« i
for thi» substantive offense and also for  hi lure to pcrniit
an authorized official to conduct an inspc«tion or seiiicli
in enforcement of the legislation.

There seem» clearly to be a tendency t<>wi>rd uni lilt
eral actions to re»olve high-seas fishcric» mi>»age»>en<
problem», imd the question now i» whether the U.N, iic
gotiations will bc able t<> satisfy coastal states' and hi < h
seas ~tates' concerns sufficiently to inspin general ««n
currence in the resulting document, whatever it» I'i>rm
mi< ht be. The current Revised Negoti;iting Text is;> ' tel>
or two forward. hut whether it is enough i» uncl«iii. A
key i»»uc i» whether a compulsory dispute rnechimi»m
can be devised that will be adequate lor tl>e purpo»«. II
»eem» to me that this will require recogniiioii of th« in
terim authority ol' the coastal state to apply tempor;<r!
conservation measures, or otherwise the y»tern i» nol
likely to work.
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The European Common Fisheries Policy
and Its Evolution

A. I.A UREC AND D. ARMSTRONG C,

At>»tra< t.� The Common Fisheries Policy  CFPI covers;ill aspects. I'rom resource conservation to n>.<rh<>t-
ing, ot' fishcrics management in the Member States of the present l.uropean Union. The CFP covers;i wide
variety of situations, which this paper first describes in terms of'resources, tlccts, jobs, industry and thc;idmin-
istration organization, and markets. The CFP is also the result of a specific history, the benchmark» ot' v< hich;irc
recalled. Special attention is paid to the description of thc decisu>n-making processes, to the part played hy Ihe
various I'uropean institutions, and to the analysis of the difference between prerogatives that remain those ol'
the Member States and decisions that must hc taken at thc European level.

The main frame of the CFP was established in 1983. Total allowable catches  TACs! divided inio national
quotas by the application of I'ixed all<>cation keys wcl'e 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 varioui, quotas A
mid-term review led to a revision in l992. 1 his revisi<in aiins ro complement output management �'A< ' and
quota! with input management  fishing effort~ and capacities!, achieving a hetter integration among the v;>rinus
elements, del'ining a multiannual fraincwork beyond the annual decision-rnah.ing process, and securing rn<>re
efficient control and monitoring. The effective implementation of the reform based on principles decided in
1992 has, however, not yct bccn achieved. We analyze what still has to bc decided to complete this rcforni, and
indicate how the Member States might prepare for possible further e»olutions

Pelagic Species

Fishery Resources
in European Waters

While the European Common Fisherie~ Policy  CFP!
is imperfect, some criticisms it receives result from inis-
understandings about its purposes. The CI'P cannot be
compared with a policy developed by one country in iso-
lation. In this paper. wc describe what thc CFP is, and
what it is not and cannot be.

The first two section~ � Fishery Resources in Furo-
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 del ined in the
l970s 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 ol' its evo-
lution since 1992, which is still in progress.

Large vessels in distant waters operate I'rom most
Member States of the EU. They operate in tropical tuna
 Thunnu» spp.! fisheries, in bott<mt 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 I lnion.
The European Union comprises thc t'ollowing Member States:

Belgium, Denmark, Germany  post-reunification!, Greece, Fin-
land, France, Ireland, Italy, Netherlands, Portugal, Spain, Swe-
den, and the United Kingdom.

coine from fishing grounds surrounding I.:urope. A v<iti
brief review of the most important res<iurccs in the viiri-
ous zones follows. For the Atlantic fisheries. more de-
tailed inforination than that contained in the follow>ng
pages can be found in Salz �99 I !. Such a i eview unl'<>r-
tunately does not exist for the Baltic or tlie Mediterr<i-
nean seas. Nevertheless. information can be <>htained in
Salz  l993! or I'rom the European Commission, Direc-
torate Generale XIV.

Of the small pelagic species, Atlantic he>Ting  Clup< «
harengu» haren vu»'> and sprat  Sprattu»»pr<itti«! al'c pred-
ominantt in the Baltic and in the North seas, where, is
anchovy  Fngrauli» encra»icolu»! and sardiiie  Sanli n< I>»
pil< hardu»! are important stocks from the Bay ot Bi~cay
to the Iberian Peninsula, and within the Mediterr;me;iii,
Mackerel  Scotnber»combru»! and horse mackcrcl
 Tr«< liuru» tra< lt«tu»! are found on most of the Eun-
pean continental shell'. Blue whiting  >M«raine»i>t<u»
pouta»»ou! occurs on the continental slopes in most .n-
eas. In the Baltic and around the British Isle s, <<part to >In
Atlantic salmon  Sttlmo»alar!, and sea bass  Di< entr«<-
cia<» spp.! in the western English Channel, niedium-sized
pelagic species do not support significant fisherics. In
more southerly are;is, sea bass and sparids may be iiii-
portant, especially in the Mediterranean Sca. Fishcncs
for luna, primarily albacore  Thunnu» alai«« ca I and hi< lc-
fin  Tliunnii» tl>v>tnu»! and tuna-like species, mainly
swordfish  Xiprltia» gladius!, are geographically limited
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 in European waters! to the Mediterranean and t<> the
oceanic waters of the Atlantic south of Ireland.

Roundfish Stocks

The main roundfish species are cod  Gc>Ch<» ntorlnca!,
haddock  Melaru>grammu» aeglefinu»!, pollock  saithc,
Pollac hiu» > iren»!, whiting  Merlangiu» mc'rlcmgu» i, and
hake  Merlucciu» merluc <l u»!. In the Baltic Sea, only cod
is important. The Celtic Sca, to the south of Ireland. is the
southern limit for cod, saithe, and haddock, the abundance
of the two latter species being low in thi» are;i. Hake, ivhich
is not a major species in the North Sea or west ot' Scot-
land, is the most important roundtish stock from the Celtic
Sea to the Mediterranean, Red mullet  Mullu»»pp.! is
important in southern fisheries, especially in the Mediter-
ranean. Finally, Norway pout  Tri»opteru»e»m<irl'ii! i» an
important species in the northern part of the North Sea for
industrial  fish meal! fisheries.

Benthic Resources

Of thc flattis in the Atlantic and adjacent seas  Irish Se;>,
English Channel!, sole  Solea»olea! and plaice  Pleun>-
necte» plate»»a! are important in many fisheries from the
Bay of Biscay to the north, particularly in the North Se«.
Sole i» also fished in the Mediterranean. Angle>fish  or
monkflsh, members of the family Lophiidae!, rind megrim
 Lepiciorhotnbu> spp.! are important in most European
Atlantic benthic fisheries. Anglerfish is also important in
the Mediterranean. Sandeels  mainly A>nnurcl>te» spp.,
Gy>nnanunodvte» spp. ! are of paramount importance in the
North Sea for industrial  tish meal! tisheries.

Various species of shrimp and prawn. «p;irt from
Nephrop» norvegic u», which has a very broad di»tribu-
tion, are taken by several local fisheries. Crab and lob-
ster are important in the Atlantic  south of Ir<.l«nd! and
English Channel Iisherie». Lobster are also important
north and west of the British Isles. Fisheries I'or bivalves
are limited to mussels  Myti lu» spp. ! and scallops  Pec ten
mcucitnu», Chlamy» spp. ! in northern waters but;ire much
more diversified in the south. Around the Iberian Penin-
sula and in the Adriatic Seiu bivalves support »ery irn-
portant fisheries. Apart from sporadic events, I'iiheries
for cephalopods are negligible in northern waters, but
they are important in more southerly areas, including the
Mediterranean.

Status ot the Stocks

Thc status of the various stock» i» described in great
detail within various reports of the International Council
for the Exploration of the Sca  ICFS! and the Interna-
tional Commission Ior the Conservation of Athintic Tu-

na»  ICCAT!. The Mediterranean stocks h«» e not bceii
»ubject to»ystematic assessments. However, ihc rcport»
t'rom the General Fisheries Council for the Vlcditerr;<-
nean offer a very use!'ul source of infotmation, a» well;>s
various recent review»  Anonymous 1991;i; I.leon;irt

1993: Caddy 1996!.
Large roundfish species  cod, hake, haddock, »«ithe!

tire the most severely overfishcd stocks I'latfi»h.
Nephrop», and most »tocks of small pelagic species hi>i c
been considered until recently to be withi.n s«1'e hiologi
cal limits. However, scientific diagnose.; have become
<nore pessimistic for various stocks of flatfish and sin«ll
pelagic species  Anonvmous 1996a!, includiiig»ardinci
off the Iberian Peninsula, and various stock» ot macl

erel and herring.

Biogeographic Variation and Its
Consequences

Even in w«ters uiuler the jurisdiction of a single I'.I
Member State, there may be much biogec> iaphic het
erogeneity. Although it i» widely acceptecl that the Medi
tert anean exhibit» the greatest ecological diver»ity, simiha
diversity also exists in other areas. Atlantic u aters soutl.
of the Iberian Peninsula exhibit many biological simi-
larities to the wes!em Mediterranean aiul Adriatic seiis
while the morc ca~tern part of the Mediterranc;in has quiti
different species compositions. Diversity al»t> incre«»e..
from the Baltic Sca to the North Sea and, hence. to thi
west of Scotland, 1 rom north to south in Atl«ritic waters
and from west to east in the Mediterranean.

The breadth ot' the continental shelf i» al»n import<mt
It is wide in the North Sea and adjacent se;i., and fr<>ni
west of Scotland to thc Bay of Biscay, but it i» quite n«r
row around the Iberian Peninsula and in most of the Mcili-
terranean. Apart froin fleets operating outside Europe«i<
waters and Spanish vessels operating in Athintic w;iter,
north of the Bay of Biscay, offshore fisherics I whercii>
vessels make trip» from a few days to a Iew week» >;iri
not significant in southern Europe whereas they are veri
important from the Bay of Biscay to northern Fun>pe,
including the North Sea,   oastal fisheri s pi.edomin«t<
on fishing grounds in southern Europe.

The consequences of this situation arc nuinerou» anil
important. In large-»cale fisheries, catche~ are mainli
taken by relatively few ships  from a few hiindred t<>;i
few tens!, and landing» are made at a limited number i>1'
sites. The opposite is the case for coastal I'ishcries, whicli
are conducted by many more vessels Iar>din! at numci
ous locations. making the monitoring of fisheries niucli
more difficult. Alternatively, the narrownes~ of the c<m-
tinental shelf can give a local character to certain fi»her
ies, simplifying their management in conip«ri son to tish
eries requiring international organization and regulation,
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H >wever, collecli<ig li hery siatisiics is morc dill'icult
for small-sc IIc l'ishcric .

I  wa  only;lt ibe beginning ol th» I <!<! ! , af'ier a dif'f'i-
cult debate on the issue of overciipacity, that it was p<is-
 ihfe to esiabll h a central compo crizcd I'lect register
regularly updated by thc Member S ates. Solnc stilndard-
iz;ition problcnis arc still cvidcn  for thc mcasuremcnt of
tonnages aud horscpov;cr. For instance. tonnage figurc 
corrcspond to a inixturc of gros  tonne  and gross regis-
tered tOnneS, InfOrmation On ve sel equipment is also
limited. Nevertheless, this fleet register is a niafor tool
for the CI P.

Most of fleet-related elei»enls in 'I'«hlc I c<inic from
this regi tcr, 'I'hi  table i flu trates the grealei In!po�<ince
<>I  mall-�<!le tisheries in  outhern Fur<ipc. c pccially in
the Me< i em<no<!n. Thc lcvcl ol motorization cxprc  cd
in Le!ms of kilowatt   kWl pcr crcv' member. which is
an indicator of the levels of capitalization. <iso illusti ates
discrepancies among Mcmbcr States. This v ould also
bc apparent when considering equipment lor naviga i<m
or fish de!ection.

vc scls ale, on average, !i!ore  pecializeil in northern
than in  ouihern Forope. Within ihe N<irth Sca, there arc
 pecil'ic ve scl dc igns f' or t awler  tiiigleting flat 'i h
 he im trawl!, roundfi h  olter trawf!. a id . mall pelagic
specie   i<!id-water lr;iwl and purse scinc! In the Atlan-
tic fi hcric  north of thc Iberian PeninSula, LnultipurpOSC
vessels cnLploy various gear  according to their target.

In Spain or Portugal, or in the Mediterranean, a trawler
Can SilnultanCOuSly Ca Ch spCCies ranging fioln anglcr-
fish to various pclagics, such as mackerel. horse mack-
erel, and blue whiting, v hile pui e  eincrs conccmrate
<m su!all pelagic .species such a anchovie  and. ardines

Ve  el age coinpositlon anil pr<ifit;ihilily arc al o very
different among thc v.<r!ous Ileets. Some fleet ,  uch iis
the North Sea beain  rawler , have been so profitable
If!;<I, wi houl imy subsidy, they could bc renewed rap-
idly. On Ihc othe! hand,  oine fleets are quite ofd and in
need ot' modernization. Still other groups of vessels,
sometimes quite ncw and heavily subsidized v hen they
were built. have been facing severe losses in recent years.

These differences make it more difficult to discuss  he
issue of overcapaci y. Soine Me nher Slaie  c<>i> icier lhat
they n!u   proini> e ihe niodernizati<>n of' their tleets,
thr<nigh  ubsidie  if required, givlngi their fishers <iccess
lo saier and nn>re comf<>rtubfe f'i hing ve  cls th <I arc
te<.hn<>logically COmpeiitivC wilh vCSSCls froln other
Mcmbcr State . Other Mcinbcr States do not subsidize
 hipbuilding and nCverthCICSS have IO faCC a COntiuuinii
overcapacity situation.

Table I gives Ihe es imale<l inrniber ol I'i hcis in the
v;iri ni  Member State . These I'igures are to be taken
with eau ion due Inter <iliii ti> the existence of p;<r -lime
fi her , e pccially in SOuihCrn Europe. Thcsc figuic  in-
dicate the varying social importance of fisheries, Rcmo c
arerus such as islands, where allcrnativc sources of in-
come would bc very difficult to create, are of special
sen itivity. lt must be recognized, however, that thc
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present level of knowledge i» especially poor with re-
gard to social issues in fisheries within the F:I.L

Differences among fishers in Member State»;ire con-
siderable, for instance in terms of educational level, agc
structure, and other variables. In some Member State»,
fishers cannot retire before the age of 6>, hut in othei»
the age limit is 5S or even 50 where early retirement
schemes exist. I.abor costs are also quite dil'I'erent among
Member States. These differences make it difficult to ob-
tain a full assessment at the European level ot the socio-
economic consequences of management de«i»ion». They
may sometimes also lead to contlicting int«rcst», »u«h as
when some Member States promote the development of
new fishing technologies to alleviate high labi>r cost»,
while for other Member States such innovations wouhl
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 professioniil
organizations are heterogeneous within Europe. For ex-
ample, in northern Europe, fishers who are members of
producer organizations, which benel'it from special re«-
ognition within the CFP, are re»ponsiblc for a large part
of the landings, but thi» i» by no means the «a»e in th»
Mediterranean.

The political relationships between the t'ishcrs and the
authorities vary among Member States, and in each Iv1em-
ber State it varies over time. In most Member States, the
political impact of I'isheries issues goes far beyond their
economic importance. Some governinent» are more sen-
sitive and responsive than others to concerns ol' the fish-
eries sector. The ability of t'isher groups, and other sec-
tors, to promote publicly and politically their point of
view is also highly variable. The definition of a I'i»hery
policy is of interest not only to the fishers and primary
producers, but also to processors. traders. related ship-
building industries, and consum«r». Furthermore, the tax-
payers who provide the financial resource» for public
action and citizens who are sensitive to ecological que»-
tions or who sympathize with the economic diff'iculties
of fishers are also instrumental. Clearly, the reliitive 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 intluence between fishers
and environmentalists.

With regard to public financial intervention» in the fish-
eries sector, some Member States have favored subsi-
dies. Others, especially in northern Europe, are eager to
limit interference in the free inarket economy. Taxation
regimes also vary considerably.

The way in which monitoring and control  «nforce-

ment! are organized is again variable. In»om< ciises. th«
same services and even the same people wi hin an ad
Illini»tration deal with monitoring and contr 	 and,il»<.
provide social as»istiince to fisher» and tt> their fimiilics
In other Member States, some ot' the ccntn>l t;i»k»;ir»
dealt with by another administration  e.g., i.hc navy! rathei
than a ministry in charge of fisheries. In still oth«r Meiii
ber States, contr<>1 may be devolved entirely  <>;i special
administration. I.cg;il »ystems also differ ainong Men>
ber States. re»ulting in different possibil itic» for apply
ing administrative»auctions.

Markets

Th«EI.J market for fish and shellfish i» < r! illapol
tant, with total value in excess of 13 billion ECI.'»  first
sale values equiviilent!. About one half of thi» tot;il i,
ac ountcd for by imported products. Food c<>nsumption
patterns differ froin one part ol' Furope i.o;inother. and
essentially from north to south, as suggested hy the I;i»i
column in Table I. Seafood play» a much inure inipor
tant r<>le in»outhern I..urope, where con»um«rs ire pr«
pared to pay a highci price. The demand al»o cover»;i
broader range ot' products. There exists in soutllei'n I'.ll
rope specific markets 1'or small finfish ard shellfish. ot
ten considered delicacies, which are not widely niarkct«d
in northern Europ». The diversity of landing» I'rom the
Mediterranean i» du« to a combination ol biological iind
market tactor».

There is a»tron synergy with the prep<inderance <it
coastal fishing in the south where, in smail-»«ale fisher
ies, shelltish and small fish assume important r ale». Land
ings that include a large variety of species constitute a
sat'eguard against the variations in abundance <>f indi
vidual species. However, the existence of attr;ictivc n>al
kets for the smalle»t t'ish does not I'acilitat« 'he prot««

tion of juveniles.

Basic Principles of the CFP

Need for a CFP

Despite regional dil'I'erences in European «isheries, a
common fishery policy is essential. The shiired»t<>ck.
that migrate from onc exclusive economic zon« EEZ;
to another constitute ihe main part of the ciitch«»  ap;iri
I'rom»mall-»cale fisheries!, The fleet of a Member St;it«
may have had traditional access to other Meinher States'
water», both before and after 1976, when I'.Ei',» were
extended. The overexploitation of crucial stocKs required
then, and still requires, a fortn of action ex««eding any
national framework. In addition, distant-water fisheiac»
operating out»ide the waters of the Member State» ot' the
EU  Community waters! create similar requirement» tof
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the participant Member States, and the definition of com-
mon positions increases the possibility of achieving»at-
isfactory fishery agreements with third countries. Except
for some strictly local markets, the relative importance
of which has decreased over the years, price-»etting in a
harbor depends on events lar< ely beyond the region to
which it belongs. In several cases, a fi»hery developed
by a fleet of one Member State supplies thc market of a
second state, and sometimes operates in the EEZ of a
third. For example, important fishing ground» exist in
the northern European waters, hut thc 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 state when the two
states' fleets are in direct competition.

Even if it is impossible to build a totally unifo<m policy.
it i» necessary for the reasons just cited to lay down a
common fisheries policy covering at least thc manage-
ment of resources located in the EEZ of the Member
States, negotiations with third countries on the manage-
ment of high-»eas fisheries and straddling stock». n>ar-
ket regulations, and the policy regardin ~ fleet».

Historical Dates

The current CFP, defined in 1970», 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 can bc
found in Holden �994!. A mid-term review w;i» envi»-
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  FC! in
198'>, and thi» led to the definition ol' a regime that should
have persisted until 2002. except for adjustments that
were to be decided on the basis of a report by the C<nn-
mission in 1992. However, Spain and Portugal were ea-
ger to obtain before the year 2003 their full mtegration
within the CFP. The principle of such an integration wa»
agreed upon in 1994. The corresponding effort manage-
ment rules were defined in 1995  Anonymou» 199Sa, b;
see ensuing subsection entitled The Mid-Term Review!.

The Scope of the CFP

The CFP covers markets, structures  including fleet»!,
access to "external" resources located in internati<>nal
waters or in the waters of third countries, and the nian-
agement of internal resources fished in the EC waters.

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

ernization of the I'i»hing fleets and th» pr<>cessing;ind
marketing sectors. Reducing overcapacity <>f the fishin ~
fleet was not originally a priority. Biological advi»<n»
had repeatedly suggested reducing exploitation rates, but
other arguments werc successfully pushed forward» < e.
existence of non-overfished stocks, need» Ibr fleet mo<l-
ernization, »cicntil'ic uncertainties, socioeconomic and
political factors!. Thc reduction of overcapiicity has onl!
gradually become a major target.

Thi» paper focuses <>n the so-calle<1 < on»ervation
policy, which covers the management ot itock» <>cciii-
ring within Community waters. The first principle c«n-
cerns free acce»s to Community waters, such th<it;<n!
»hip flying the flag of a Member State m;<y fish in lli<.
waters under the sovereignty or jurisdict«<n ot it» <>ivn
or anv other Member State. This first principle, liov-
ever, was conditioned by exemptions keepiiig the coa»t;il
zone for the regional, and therefore national fleet». rind
by special provisions controlling access ti an area»iii-
rounding the Shetland Islands  the Shetland B<ix!. Mori�
over, at the time of the accession in 198 > of Spain,iiid
Portugal, acce»s to waters was subject to additional lin>i
tations  the North Sea and the so-call d Iiish Box sui
rounding Ireland were not accessible to Spanish and P >r-
tuguese vessels!.

Technical measures relate to rules regulating th» uie
of the various fishing gear, aiming mainly at improi<.d
fishing patterns. They include mesh sizes, minimum 1<in<l-
ing sizes, closed areas  boxes!, and other nieasure». I- x
ploitation rates have been mainly maniiged by annu<il
total allowable c;itches  TACs!, shared amon<' Meitih<>I
States via national quotas through fixed allocation kei».
Those kcy» quantify the principle of relative»tability--
a political keystone of the CFP. The decision to relv on
management of output  catches! through '1'ACs and i»>t
of input  fi»hing effort! is sometimes astoiiishing t<.> ex-
ternal observer». It must be understood fir»i a» a politic;il
choice making it possible to arrive at reliitive stability
on as»imple � and therefore politically readable � a ba»i»
as possible, and leaving to each Member State a bn>;id
margin ol freedom to decide in its own w<iy how tl < il»e
its fishing opportunities. In addition, antecedents c<>ii-
nected with the international fishing cornmiision» 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 ca»i in !983, loi
example, for a management regime b;ised on control <>I
fishing et'fort.

Direct ef tort regulation did not form part <>f the;ir»e-
nal set up in 1983, except for minor exceptions  e.g. in
the Shetland Box!. However, at the tiir<e of the acce»<i<�>n
of Spain and Portugal, rules were enacteil to combiii<
quotas and effort limitations hy area, gc.ir, an<1 target
species. Those limitations mainly affected mutual <i«ce»»
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Subsi di arity

Decision Mechanisms

in their respective EEZ» for Spain and Portugal and tlie
Spanish fleet operating in the EEZ» of France, the United
Kingdom, and Ireland. Access to the ground 'i»h fisher-
ies was subject to an effort limitation regime: <>nly ves-
sel» from a basic list were allowed to fish, and the num-
ber of vessels that could fish simultaneously wa» limited.

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

Within the EU  previously the European Community t.
the most important decision-making body i» the Coun-
cil, which hold» meeting» 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 t<> 2 for
Luxembourg!. Within the Council, Member States as-
sume the presidency in rotation for periods of 6 month».

Council decisions are based on proposal» from the
Commission. The Commission i» led by a college ot'com-
missioners, designated by Member States' governments.
The Commission i» divi Jed into a number of specialized
general directorates of which Direction Geniraie XI V i»
in charge of fisheries. The Commission is in charge of
taking initiatives. This corresponds essentially to vari-
ous reports, or "communications," and proposal» for
Council decisions.

Before introducing proposal», the Commission consults
the Scientitic 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 he 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-inaking process can be sirn-
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 subniit
a proposal 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 deci»ion» covered by tl;e c<>n»ervatioii
policy require a Council decision. Agreement v;ith ihir<l
countries must also he submitted to the C<>uncil. The
evolution ol' the fishing capacities for the vai io<is Mcm
ber States i» guided by a multiannual guid<ince prograii>
established for 5-year periods. The decision- n>aking pro-
cess on lishing capacities was originally that of .i "Com-
mission regulation"; it now requires a Ci>uncil deci»ion.

According to the subsidiarity principle, a deci»ioii
should be made at the lowest possible level. 'I'his im-
plies that what can be decided within a Member State
should not be brought up within the previously descriheil
European mechanism».

Important respon»ibilities are not covered at the I'.'u-
ropean level and corrcspond to the competence ot' the
Member States. Well before the subsidiarity principle
became one of the most common topics of Furopcai>
debates, the CFP had left essential prerogative» t<> th.
Member States.

The most imp<>rtant question for econoini»ts i» th
definition of I'i»hing rights, including possible indiviilual
fi»hing rights, and transfer rules governing the»c riglit».
Here again. situations are so different atnong the Meiri-
ber States that hoinogeneous rules could not be adopted.
The TACs are established and allocated among Mernbci
State» according to CFP nles. Further allocations of quo-
tas or other fishing r>ghts between individu;il fisher» <>i
groups of fishers  e.g., producer organizationsl ar«a<l-
dressed at a national level. The decisions made by th.
Council must solve debates between Member States. not
between individual fisher». This question touche» a rn i-
jor prerogative of Member State» � the pos»ible lea»in
of a public resource � -and any discussion ol »uch a sub-
ject causes echoes th;it reverberate far beyond the fishei-
ies sector. The problem was tackled in different ways by
the various Member States. The distributi<>n of national
quotas it>ay ol lllay >lot be done by producer olganila-
tions, and may or may not go as far as individual fishin
rights. In some Member States, no such procedures ha v c
been initiated.

Practically all conceivable systems have been or ar:
being used, including that of individual tran»t'erable quo-
tas  e.g., flatfish fisheries in the Netherltinds i. Complet;
systems have been devised in which quotas are»ucce»-
sively smaller than what fleets could freely catch. In a
number of fisheries, Member States uiulerutilize their
quotas for various reasons. In such a «ase, no prec>»e
allocation procedures have been built. On the other han< I,
when constraints are too severe, fishers tend not to com-

ply with any rule.
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Another issue that deserves specific comment i» that
of enforcement. The credibility of any fishenes policy
relies on its effectiveness. The various group» ol fishers
always fear that the CFP i» 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 intervention» by the C<>m-
mission that do not appear strictly necessary. One touches
here, as for the delimitation ol' the rights of pri vat«prop-
erty. on major prerogatives of Member State» with re-
spect to policing and justice. Thi» i» why thc role as-
signed to the Commission within the CFP was not that
of direct control, but that of supervision of control». One
sometimes speaks about a control of control», 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 I'!91
 Anonymous 199lb!. The "91 Report," as it was called,
was discussed and unanimously approved by the Coun-
cil in 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 fi»hing ves-
sel». chasing too few and too small tish."

Although TAC» were mostly in line with the "scien-
tific" recommendations within the Commis»ion's proposal.
the Council often agreed on less conservative I'igures. In
addition, actual catches were sometimes much larger than
the agreed quotas. Not surprisingly, it appeared that a fish-
ery policy relying on catch limitations had not solved the
overtishing problem, which had worsened from 1983. Up
to 1991, thi» had not resulted in a major stock collapse nor
in an abrupt socioeconomic crisis, hut such crises could
be feared. In 1993 and 1994, especially in France. such a
crisi» occurred, owing to a combination of structural fac-
tors  overcapacity resulting through reduced stock level~
in lowered catch rates! and unpredicted external event~
 e.g., changes in currency rates!.

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

~ complement output  TAC! management hy 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 efflcient rnon<torin< of ih»
fisheries.

While the so-called 91 Report was being di»cu»se l, a
difficult debate look place about the overc;ipacity qu»»-
tion. On the basi» of comparisons betw»eii currenl ex-
ploitation rates and biological reference point, m;unly
F��, an indepcnd»nt group of experts had oncludcd in
a previous report  ntade in 1990 at the requ»st i>f the I.:  .
and known as the " lulland Report" ! that fishing capa< i-
tic» within the EC should be reduced by 4 !%.

A multiannual guidance program had t<> be e»tabli»h»d
t'or the period 1992--96. Difficult discu..si<n>s took pl<i<».
on the ba»i» of a proposal from the Commission that;ii-
lempted to tirmly address the overcapacity question, «y en
if it did not appear reasonable to reduce t!te Europe, in
tleet by 4<!~/n. Member States could onl y;ic< ept the priii-
«iple of a moderate reduction of fishing cap,icities. They
were also eager to avoid any "unilateral disarin;1111»I>i
and wanted a cominunity decision ensuring balanced i«-
strictions for all Member States. The finiil reductions
agreed upon �0"/<. I'or roundfish trawl fisheries. 15 iz t<>r
towed gear fisheries for flatfish and other benthic «p»-
cies, stabilization I'or pelagic species, and I'ixed gca>»!
could not bring hack exploitation rates in the vicinity <>t
reference points, »uch as F �., F�,, or F�,. but the 0»-
hate established the necessity for active management i>1
t'ishing capacity and effort.

Another report prepared in 1992  Anonyinous 1992;i!
reviewed the consequences of the spec: al r»gimc rcsu lt-
ing from the accession of Spain and Portugal. The re@.» t
concluded that the corresponding special el'I'ort inana»-
ment  »ub!regime should be integrated within an over;ill
effort mana ~ement regime applied to all t'I<»t».

First Steps Following the Conclusions
of the Mid-Term Reviews

By the end ot' 19'
, a new basic regulation wii» adopt<.'d
 Rcg. 3760/92: An<>nymous 1992b!. It establi»hed a
framework I'or achieving the first three impi <yyement» to
the CI'P  described previously under "The Mid-leriii
Reviev "! � ef tort inanagement, integration between »<in-
servation and structural policies, and a multiannual frani»-
work.

In 1993, a new m<>nitoring and control regulation w.>s
adopted  Reg. 2847/93; Anonymous 1993a!. It c<>nt'irms
the role to be played by the Commission monitoring»»i-
vices  mainly supervision of the national adniini»tratic>n»!
but creates hetter conditions for it  e.g., the possibility <>t'
unannounced controls!. It extends the conipetence ot' the
I uropean inspectorate, previously limited io the moni-
toring of the conservation policy  TAC «nd quotas, tech.
nical measures!, in <>rder to cover all aspect» ot' the CFP,
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including the structural policy through monitoinng of fish-
ing capacity. Furthermore, national admini»trations
should establish computerized databases, storing the in-
formation issued from various sources such as logbook»
and landing declarations. Member States must define
validation and cross-checking procedures for the vari-
ous data, the Commission services having full access t<i
the databases and the po»sibility of evaluating the vali-
dation procedure efficiency. Where derogations froni thi»
system for the smallest vessel» are applied. samplin ~
schemes should be established by national;idministra-
tions to estimate globally thc catche» and el'I'ort of such
fleets, The way has been paved for el'I'ort mana ement,
since the required information will he collected arul
stored. Concunent approval was given lor pilot pr<>ject» ti>
evaluate the potential use and co»t-benel'it relation»hip ol
satellite monitoring of fishing vessel activity.

The new basic regulation  Rcg. 3760/92!, and the nev
monitoring regulation  Reg. 2841/93! were neccs»;iry first
step» for achieving the improvements sugge»ted by the
91 Report. Further steps have been achieved recently.

~ Various regulations were adopted in 1993 and 1994.
which relate to licenses and I'i»hing peru>it». in or-
der to establish legal bases for ct'I'ort mana< ement
and to put an end to the "open entry" situati<in at
the Furopean level.

~ Regulations were adopted in 1994 and 19'!S  Anony-
mous 1995a, b! to manage the "we»tern I'i»hcrics"
from west ol' Scotland to the Strait of Gibraltar an<I
also the Irish Sea and the English Channel. This over-
all effort management regime applie» to all Mem-
ber States and eliminates, in a lioliiogelli.oil» way.
specific previous effort regulations resulting from
the accession ol' Spain and Portugal. even il' Span-
ish vessels»till have no access to some are;is  e.g..
Irish Sea!. The keystone of the new effort regim«.
corresponds to the definition ol' effort quota»  ex-
pre»sed in kW days! per Member State and pcr I'ish-
ery. fisheries being defined hy the combination of
fishing areas, gears, and target speci«». It doe» not,
however, replace TAC» and catch quotas. which
remain the basic management too!s.

On the other hand, the Council still has to decide how
to establish a multiannual framework for»tock ntanagc
ment. A communication I'rom the Furopean Commi»»ion
 Anonymous 1993b!, analyzing how the new eleinent»
included in the new basic regulation  Reg. 3760/93! could
he used in practice, wa» submitted to the Council. In ac.
cordance with the content of thi» communication, tw<i
complementary proposal» were made.

The first proposal  Anonymous 1993c! deiil» with
medium-term obIcctives, mainly expressed in terms of
spawning biomass threshold» imd exploitation tate tar-
gets. e»tahlished on the basis ot' »tock a»»e»»mentx a»

conducted mainly within the I  ES framework. It iil»«
suggests a»sociated»triitegies for achieving the medium-
term objectives. Thi» proposal results from repeated»«i-
entific advice stre»sing the need to reduce exploitatii>n
rat«s on a number of overfished stocks, and to rebuild <u
protect minimum»pawning stock bioma»ses. It has d<-
liberately avoided quantitative reference» t<> Ion<-term
objectives such a» maximizing yield profit.;, r«i its, or I<>b: .
Scientists would sometimes be eager to obtain;i sin le
objective from managers so thai strategies c<>uld be dc-
1'in«d in order to maxiniize thi» objective. Howcvci; ibis
would imply choice». between producer.; an<I consurn-
ers foi instance. Such choices would vary between th«
various I='U Member States. Thus, it would bc >n>po»-
»ible to obtiiin an immediate consensus. In fact. even
within a Member State, priorities are likely to chai> «
ov«r time. I3el'ore a long-term obIe«tive i» i«ached, it
could well become obsolete. It is not n<>u I os»ibl< t<>
I'ind a consen»us fiir the definition of long-ierni objec-
tives  .I. Horwood and D. Griffith, MAFF. [iir«ctoi';it«
I'or I'isherie» R«»«arch, Fisherie» Laboratory, I.o<ve»t<>l't,
I.!nited Kingdom,;ind Department of the Miu.inc, Fi»II-
eries Re»carch Centre. Abbotstown, Dublin. Ireliind, re-
spectively, unpubl. rep.; Anonymous 1993h!.  !n thc otllei
hand, the first priority i» to ensure a step in the ri ht di-
rection  c.g., rcducin significantly the exploitation i,it«
of stocks of hirge roundtish!. A» progress i» inadc ti:�
ward t'irst-step tar< cts, further analyses will m.ik« it p<>�
»ible to d«t'ine long-term objectives, or at le<i»t to c»t;il>�
lish a second step.

'I'he»e«ond proposal  Anonymous 1994;i!, iil>out whic h
the Council reached a decision in 1996, irtroducixl 11«.''-
ihility for the inanagcrnent of annual quota»..:v Member
.'itate «ould benefit in the following ye;ir from thc
underutilization of some annual quotas. C<inver»el!. il'
the Stiite over»hoot»;in annual quota, a deduction»h<nild
apply in the I'ollov ing year, using a pen.'.Ity coctticicnt
that increa»e» with thc magnitude of thc ov«r»h<iot. Tlie
mechanism include»»ome safeguards, especi illy to pre-
vent an accumulati<>n ovcl' the years of the dis<irepancici
between quotas and catches. This system will h< m<>re th;in
a minor adjustment »ince it will facilitate miinagcmci>t
within Member Stat«». Previously, I'or all tlshe<» colic< tiled
when;i quota has been allocated among groul'» within,i
Memb«r State, it v a» necessary io stop fishing when  lie
national quota had hccn caught because some group »!
had exceeded their share s! even th<nigh othei» had iiiii.
Thc m<ire Ilexihle approach will inake it possible to avoii.l
»uch drav,back». It v ill I'iicilitate quota allocation within
Memb«r State», a» v ell;is co-management involving tisli-
cr»' organiz itions. as i» heing presently att< mptcd ii>
»«vcral Member State». In addition, a more tlcxiblc .>p-
proach for annual qu<>t;i management could complement
the more ambitious micl-term objectives.
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What Has Yet Io Be Achieved

Completion of regulations. The first item. comple-
tion of regulations, correspond» to decisions t<> be taken
by the Council on the basis of existing propii»als from
the Commission, as previously mentioned. If the Coun-
cil reached a decision in 1996 introducing flexibility in
annual quota» Anonymous 1996h!, this had n<>t yet been
achieved for medium-term objectives. Once decisions
have been made, they will have to he implemented. Thi»
is especially true in terms of enforcement. Th» existing
regulation �841/93! offers a number ol possibilitie»,
which up to now have been only patiiaffy exploited. S<ime
elements were. to become compulsory only in I '!96 < c<>m-
puterized databases! or 1999  loghooks imd !anding dec-
larations in the Mediterranean!. A number of' specific
complementary regulations also have to hc decided.

Moreover, in some Member States, progress ~till ha»
to bc made to establish more reliable enforcement of the
various components ot' the CF'P. The EPC will help, espe-
cially in terms of financial assist mce Ior purchasing the
proper c<fuiprnent, but in terms of'pers<»mcl or adminis-
trative organizations, as well as for ensuring sanctions
that act as deterrent», the responsibility lies with the
Meinbcr States. The Coinmission will. how»vcr, i'epol't
annually on the result~ achieved hy Member States. Thi»
will otTer the basi» for a public debate, which should
stimulate the less efficient Member States

Revisiting effort m;magement and overcapacity.� -If
the I'irst impetus for a change in the CFP «an he associ-
ated with the mid-term review, the adaptation pn>ce»s is
continuous. For instance, technical measures hiive to bc
adapted to improve the protection of juvenile I'ishes and
to reduce bycatches of nontargeted species, including
non-commercial ones  Anonymous 1995c!.

Since the decision-making process is inorc compli-
cated within the CF'P than it i» for thc inana eineni of
other fisheries, even more persistence is nc»css iry. This
is especially true for the overcapacity issue. Regardless
of the management tool~ applied, no sustainahle solu-
tion will be I'ound before thi» question is re»of v»d. When
the next multiannual guidance program is di»cu»sc f. it
will be possible to make usc of important progress. such
as a much larger acceptance of the overfishing di;ign<>sis
and the collection of' more precise data for ef'fort man-
agement. However, precise, quantitative decisions have
still to be made. Between annual TACs  md decisions on
the evolution of' the I'ishing, tleet, a multiple-year time
lag exists: TACs arc calculated niostly for a single spe-
cies in a specific area I'or a single year, while a vessel i»
operational for several years, if iu>t decades, imd oper-
ates in various areas for various species. To sonic. extent.
regulating fishing ef'I'ort correspond~ to an intermediate
management tool. Fffort can be managed in fisheries that

< roup various species. It i» easier to obtain ~cientif'ic,' <I-
vice regarding the evolution of fishing mortalities ov»i
several years. whi»h in turn can be related to f'i»hi>lg» '-
for», than to est ihlish the level of TACs»e< er;>I ye li » I f1
advance. A well-hiilanced policy will be achieved wli»n
 igr»ement is rea»hcd on harmonized, inultunnual trail i<-
works covcriil< »<if>acity reduction 'i id effort inaiiiig<-
>llet>t schemes tlut;ire in line with the fi»hing mortal it!
targets  see medium-term objectives as explained in the
previous discus»i<>ii of' the first proposal uhinittcd h!
the Commission in 1993!.

Toward  i bcttcr debate among scienti»ts. I'i»hers,;iiid
other partners. -F'lanking measures c;in pros idc tun<l-
ing, for in»t;mce, t<>r pre-retirement »chen>ci or develop-
ment of altcrn itive» to fishing. Thi» will niahe it c;>s>»<
to achieve the dil'I'icult adjustinents still f ic in< thc E iii < >-
pears fisheries, b«t painless evolution appear~ iinpos»ihl».
'I'his is why it is nuire necessary than ever t<i proin<>lc
dialogue among the various partners invol< ed in tishci-
ies, including fishers, administrators, and»iienti»ts. I'.I-
fective managcmern cannot be imposed on I isher» if th;y
are not con< inced that constraints are nece sary and c<f-
uitahle.

More sophistic;it<.d research may be les» import;inf I< i
successful management than communicati<in with ni»i-
scicntist» iihout hasic concepts, such a. yi» d p»r r»cniit
or spawning bionu»s. Until now, within th< CI'P, s ici>-
tific results have been largely "underexpl<iiied" hecau»c
they h ive n<>t been accepted by non»ci<inti»ts.!>< nuinf <»
of basic sci»ntific cimclusions are not yct accepted hy
numerous fisher~. or at least fishers' represent;itive». 'I Ilc
need to reduce exploitation rates, and thai fishing <.,�
pacitie», is still d»nied by too many people. A ye ir- <-
year increase in a stock abundance becau»» of' sonic iiii-
provement in recruitment is commonly iriterpreted iis
proof that the scient ilic "pessimism" s< as unf<>un l»<l.

Securing better  icccptance ol' the ba< ic s< ientifi» coi>-
clu»ion» is a priority, but it will not be e;is!. I.i»hers c;i-
Icr to iivoid constraints underestimate th»ir in luetic» <>n
stock abundanccs.  :"onversely, if they feel overv,helincd
hy competition with other fishers, e»peci;illy those op»i-
;iting under a dit'tcrcnt flag, they will tcn<l t<i exag < .r;Il<
the ovcrfishing problems. If scientists are too clo»» t<>
t'ish»rs, it may b»coinc more difficult fbr tliem to m;ihe
unbiased assessments. If they are not clo»e cn<>ugh, th v
will n<>t he trusted. Moreover, public opinion tends t<>
thvor black;ind white answers. A subtle sci»ntific di<ig-
iio»is in which a population, whcthcr it c<>nespond» ti<,i
target species or to hycatches of marine inamnuls. i
depleted by I'ishin ~ but n<>t put in danger of;ollapse w ill
he disappointing. Th» recognition of sci=ntif ic unceruiii-
tie», although absolutely necessary, will niake it »v<.ii
>nore difficult to e»tablish a dialogue b tween scienti,i ~
and nonscienti»t».
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Improving dialogues i» absolutely necessary. It irnplie»
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 he established among
fishers, administrators, and scientist~ at the seal» of thc
Irish Sea.

The establishment ol' appropriate t'ora mu»t;ilso ac
count 1'or the growing worries of the public concerning
the environmental impact of fisheries. The CFP must take
the corresponding effects into consideration. I'i»her» arc
not the "owners" of the sea. On the other hand, it is some-
times too easy for nonfishers to promote restrictions on
fishing activities. It will never be possible, because ot'
conllicting interests, to build solutions that will please
all group», but compromises will be easier to reach if thc
proper discussions take place, taking into account thc
variou» points of view. Solutions will be facilitat«d it
each group i» aware of the expectations and fear» ol' the
other partners, and if scientists can quantify thc likely
consequences of the various decisions. It will also mak«
it possible for scientists to compare their analvses with
practical experience.

Paving the Way for the Long-Term Future

Limited entry scheme» and their consequences.� It
might seem premature to anticipate thc evolution ol' Eu-
ropean fisheries. Nevertheless, the evolution of the CFP
corresponds to a classical process observed in other fish-
eries. Overfishing i» well known as thc symptom of over-
capacity, which is due to the open-access regime. The
I'irst 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 elfort
management. The third level, which may not he the tinal
one, establishes limited entry schemes. Within the Euro-
pean Union, the evolution is made more compliciited by
the existing differences among the Member States and
by the necessity to combine Community decision», made
at a European level, and decisions that fall under thc
Member States' responsibility. The CFP, establi»hed in
1983, focused on TACs and quotas and took a lov pro-
file on the overcapacity question. leaving Member State»
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 inanagement while a symbolic end to the open-entry
principle has been enacted by license and fishing permit
regulations. As detailed previously, much has yet to b»
done to ensure an efticient combination of TAC» and quo-
tas, effort management, and capacity regulation. Ooing
further and fully defining rules for the allocation of I'ish-

ing right~ probably will not be achieved at the EU lev» h
Thi» does not imply that the Commission i nores the
likely evolution toward more refined sysi.em» that all<>-
cate fishing possibilities. It simply correspoiid» to th»
»ubsidiarity principle. Nevertheless, at Cornn>unity lev-
els it will bc n»ces»ary to do the following:

~ ensure that the common framework doe not ban>-
per attempts hy Member States to eff'icientlv mii,i-
age their fishing pos»ibilities;

~ ensure that the rules established witl:in e.ich Mem-
ber State do not contradict the basi«CFP <m<1 I'.ll
principle» � for instance, distorting»ompctiti<>n
among fi»hers from thc various Member States:

~ take advantage <>f the experience <,ain»d by;iny
Member State, which should be made ro ailabl< io
the other Member States; and

~ pronu>te the development ol'proper socioec<nioinic
research.

Such research»hould include the classical arialyse» <>1'
the bases to he chosen for defining fishing i ight.  «atch»s.
effort, territorial rights, etc.! as well as possible key» i<>
establish the initial allocation and transter rule» to h»
applied later. It shoukl also compare system» th.it allo-
cat» individual right» with those that limit thc allocati<»i
procedure to a sharing of the total possibilities amon<
groups ot' t'ishers. The research should analyv» the role
that public authoritie» might play in regulatin the mai-
ket of I'ishing rights, protecting employment in»pccifi
areas. or ensuring that pa>x of the rent can be recovered
for public budgets.

Securing efficient research.� Research is by no incan»
the panacea. A» previously noted, much need» io he d<>ne
to make use of th» most basic research rc<ults availabl».
Nevertheless. no miuaagernent i» possiole without;i
proper understanding of the likely consequences ol the
decision to be inade. Research must be continued. »n-
larged, and improved. The situation in this respect within
the EL> was reviewed hy a report from thc Cominis»i<>n
 Anonymou» 1993dh Priorities were recently;idopted
for the 4 years from I <795 to 1998, corresponding within
the European terininology to the fourth framework pro-
gram  »ee Anonymou» 1994b and the corre»ponding work
program!. The reader can refer to the correspoiuling do«u-
ments tor a more complete review.

The priorities retained for the fourth framework «<><-
respond to the 1'ollowing:

~ the effects of environmental factors on fisli and fish-
eries.

~ the ecological impact of fisheries and aquaculture,
~ the biology ol' »pecies of interest fo:- optimization

ot aquacultulc,
socloeco<101>lic», alld

~ 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 priorities
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  illu»trated in the
preceding section, "Limited entry schemes and their con-
sequences"! and to the present weakness of thi» domain
within the ELJ. The last topic acknowled< e» that much
of what is presented a» 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 thc 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 i»
in danger of worsening because of the unreliability of
some official statistics and because of a decrease in some
Member States' data collection budgets. Thi» develop-
ment coukl well be the most severe danger facing fish-
ery research. If it ha» to be more innovative. it cannot
exist without the proper time-series of basic statistics,
the collection of which i» unavoidably costly. especially
when research vessel» are required. The famous»entence
from J. Gulland, according to whom "the right to Itsh
implies the duty to provide data," remain» valid, which
is why this matter has been given a high priority within
Directorate Generale XIV, including in terms ofbudgets.
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 i» evolving rapidly on the basis ol' 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 thc mid-tern!
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 i». however, almost a consensus about the ili-
rections to choose I'or improving the C'FP,;<n<l it i» clci!r
that significant prc!gress i» being macle. 1he key ques-
tion i» whether thi» evolution moves f;ist ei!ough. tiihiii,
into account that, »imultaneously, some pr<iblem» could
become more and morc difficult to solv<. such a» in
creases in overcapacity due to technolo ical impro>e
ments. The faster the progress, the less dil'I'icult will he
the adjustments faced by fishers and associated secti >r s
The progress rate will depend on the abi lit! t<> better;i»-
sess the whole range of consequence of various dc< i-
sions. and on social or political acceptanc< of the c<u i e-
sponding conclu»ions.

References

An<>nymou» 19'! I a. 19th Report of the Scien<i<'ic <uu! 'I'< «Iiiii-
cal Committee fiir Fisheries, 27th May 1991.  'onun>i»i<>r>
of the European Coinmunitie», Directorate General I'oi F>ib
eries, J!ru»»el».

Aru>nymou» I'!91h. Report I'!91 from the Cou>mi»»ion «> <b<
Council .u>d the E;uropean Parliament cn <h< c<>mmiin Ii»b
eries policy. OI'fice for Official Publicat<o»» i>1' the I.;i.i»-
pean Communi<ie», SFC  91! 2288 fir:il, I iixemboui!.

Anonymou» 1992a. Report 19'
 by the C»mmi»»ion <>i <Iiv
Council;iud Parliament on the application <if the ac«it,i.
cession of Spaill i<lid Portugal in the fi»beric< sector Ott'i<.<
for Official Publication» of the European Con >ma<utica. S I.   '
 921 2340 final, J,uxembourg.

Anonvmou». I992h. Council Regulation  EEC! No. 3760/'
 il
20 December I'!'
 e»tabli»hing a Cor<>n>u»it! sys<ein I n
fishenes and «qu.iculture. Page I in Office J<ir Oflicial Pub
Iication» of the European Communitic!,. Of<'icial Jollfll II I
389, 31/12/92. I.uxembourg.

Anonymous 1993a  'ouncil Regulation  EE '! No. 2847/'!.3 <>I
12 October 1993 establishing a control »y»tem;ipplicabl» t<>
the common Ii»herie» policy. Page I in Office Ibr Otyi<. ial
Publication» of the European Communitic», Of'ficial J»iir
nal L 261, 20.10. 199:3, Luxembourg

Anonymous 1993b. The new component» of tlu c<>mmon tish
eries policy. OI'tice for Official Publicatioii» of the I'.<>ra
pean Communi<ie», COM 93! 664 final, I.uxembourg.

Anonymous I'!93c. Proposal for a Council Regulation  Ii 'I
fixing management objectives and strategies for certain I'i sh
eries or groups ol' tisheries for the peri<id 19'� <o 1997. Of
fice f<ir Official 'Publications of the Furopean Comma»i
ties, COM 93! 663 final, Luxembourg.

A<>onyrnous. 1993d. European fisheries researcli.  'urre<u pii<i
<inn and prospects. Commission of the Eur<>pean Cnminu
nitie», Office for Official Publications, COM 93! 96 I'iii;it.
Luxembourg.

An<inymous. 1994a, Proposal for Coungil Regulation  I'. 'i in
troducing addition<i! conditions for year-to-year managem< n<
of'I'AC» and qu<>ia». Office for Officia Publications ot'<h»
European Coinmunities, COM 94! 583 final, Luxembo<ii g.

Anonymous. 1994b.   ouncil Decision of 23 November I'!'�
adopting a specific programme of research, technological
development and demon»tration in the fiet<l of agncul<urc
and fisheries  including agro-industry, fooil tcchnologic».
forestry, aquaculture and rural developmem! �994-19'!»i.



72 LAUREC AND ARMSTRONG

Page 73 in Office for Official Publications of the I uinpean
Communities, Official Journal L 334. 22.12.1'J94. Luxem-
bourg>.

Anonym<ius. 199Sa. Council Regulation  EEC! Nn. 6gg/9S of
27 March 1995 on the management ol' the I'ishing effort re-
lating to certain C'ommunity fishing areas and resources.
Page 5 in Office for Oflicial Publications of thc I-:urnpean
Communities. Official Journal L 71, 31.03.19'
, Luxem-
bourg,

Anonymous. 199Sb. �! Council Regulation  FEC'! No. 2027/
96 «f June 199S establishing a system for the inanagement
of fishing etfort relating to certain Cnmmunit» fishing ar-
eas and resources. Office for Olficial Publicational of the
European Communities, Official Journal L I '!'!, 24.0g.1995,
Luxembourg.

Anonymous. 1996c. Implementation of technical me;isures in
the common fisheries policy. Commission <if the European
Communitics, Oftice fnr Official Publications. C !M  96!
669 final, Luxembourg.

Anonymous. 1996a. Report of the ICES Advisory Coinmittce.
International Council for the Exploration of the Sea C'oop-
erativc Research Report 214, Copenhagen.

Anonymous. 1996b. C'nuncil Regulation  EC! Nn. 547/96 nt  
May 1996 introducin additional condition>, for, ear-to-yea>
management ol'1'ACs and quotas. Page 3 ii Ci><omission <il
the European C nnn11unities, Office for Ofticial Publication~.
Official Journal L I IS. 9.5.1996, I.uxemhriurg.

C'.add», J. 1'., cd>tor. 1996. Resource iu>d enviromn nt;il issues
relevant to Mcditc>Tancan fisheries mana !ement. Gener;il
Fishcrics Council for the Mediterranean 66, F<i<>d and Agn-
culture Organization of the United Nationrn Rn ne.

Holden, M, J. 1994. 1'he Common E'isheries Policy  ori 'll>.
evaluation and future!. Fishing Ne<vs Book, Ox <>nl. Ltnited
Kingdom.

Llennard, J., editor. 1993. Northwestern Mediierr.uiean fisher-
ies. Scientia Marina 67�-3!:105-271.

Salz. P. I'!'! I. The Furopcan Atlantic fisheries; stnicture, <cn-
nomic performance rind policy. Agriculture Ecnno>mes Ri-
search Institute   I,ISI- DI.O i, 1'he Hague.

Salz, P. 1993. Reginnal, sncio-economic studies in ihe I'ishene~
sector. Summary report. Agriculture Economics Rese;irch
Institute  LEI-DLO!. The Hague.



Fisheries Management in Canada:
The Case of Atlantic Groundfish

L.S. PARS !NS AND J.S. BECKETT

>tl>><ra<'5 � -Canada's marine fishcncs have uiider<'one major changes in recent decades. In just 26 years.
these fisheries went from underdevelopment to overcapacity. Regulatory interventions have mu»hr<>oiiied.
Despite the benefits that flowed Irom extension of fisheries jurisdiction,  'anada's inarine I'isheries c<intmiie io
be plagued by instability because of a combmauon ot' factors. including   I ! natural resource variabili.y, �! the
common-property nature of fisheries resources leading to overcapacity and overt>shing, �! market flu< tuii-
tions, �! heavy dependence <>0 fishenes;is ihe employer of I ist resort in isolated coastal communities, anil �!
contlicting objectives for fisheries management.!><tla>itic cod  G«<f«4 >n<>rliin< ! stocks have collapsed in recent
years, necessit <ting the imposition of mor itori i on lishing. We must erron the s>de of caution to pro>rotc stock
rebuilding. There i» an urgent need to bong harvesting and processing capacity inui balance with sustainable
resource level».
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There ha» been a multinational fishery in the north-
west Atlantic for nearly SOO years. The present status of
fish stocks i», however, in marked contra»t 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 I ! should not, however, mask
the fact that most Canadian fisheries do not »how these
drastic declines � for example, salmon on the Pacific
coast  Figure 2! or lobster  Hrnnurt<s aineri«nin»!  I'ig-
ure 3! on the Atlantic coast, In the case of loh»ter, there
wa» a rapid increase in the 1980» to level» higher than
those seen in the previous 100 years.

Management measures were first introduced in Canada
as early tus the 1700» for Atlantic salmon  Su >n<r »ulur!.
Salmon can be seen readily as they ascentl rivers. which
attracts attention to possible problems. Indeed, by the
end of the 1700s, there were concerns about the need for
fishways, about the impact of eflluents, and � even at

Ftot>RE 1.� Recent trends in Atlantic ground 'ish catches.

that early time �;ihout driftnets in the pro< ince ol' New
Brunswick. The early development of fisheries man;igc-
ment in Canada was facilitated by the introduction i>1
the Fishcrics Act in 1868, which set out the federiil
government's jurisdiction over fisheries. I'edcral jttris-
diction i» not all-encompassing, however. because thc
provinces license fish plants and stimulate bo itbuildiii,
both ol' which imp.ict the level of fishing effort. Quot<<»
were introduced as early as 1920 in some I'reshwater I'i»1i-
eries and individual transferable quotas  IT !s! were e<,cn
implemented before World War I in on freshwater fi>li-
e ry.

After World War II, there was euphoria in Can;ula iih<iiit
1'isherie»; reports extolled the great potenti;il <>f th» fish-
eries and advociited expansion of trawling and seiniiig.
A» Canada entered a period of expansion, so did tht rc»t
of the worl<i. Dist<tnt-water fleets from nianv we»turn
Furopean countries and the USSR came t<> the we»to>n
Atlantic, and there was an enormous builil-up of el't<>ra
in the 1960» and 1970». Catches increased rapidly through
thc 1960», followed by a decline in the 1970», until the
extension ol jurisdiction to 200 mi �20 kni!  Fig>ure I i.
The Canadiiin groundfish catch also declined through the
1970» but increii»cd con»iderably as stocks recovered up

1960 1965 1970 1975 19130 1985 1990

FR>uRE '2.� Canadian landings  metric tons! ot Pacific s;i!<i><><l
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Figure 4 � A luau« groundiish landin-s, t<
0 � 92.

lo lhe e;<rly 1'!!  !s  Figure 4!. Al' er lhal, a different set of
difficulli«s b«g;«i. The <iperanon» ol'all enterprises, par-
ticularly large vcr i«idly inlegrated «ompanics. were in-
11uen«ed greatly in thc carly t<!SO» by «hanges in niarkel
conditions, CurrenCy exChangc rates, and inlcrcsl rates.
These factors rcsultcd in major restructuring of thc in-
dustry. Indeed, the Atlantic groundfish fishery went
through a series of boom-and-bust periods from the 1960s
to the 19<�» some due to market downturns. some duc
to resource <h>wnturns. and others due to both  for a de-
tailed;inalysis of these trends and their underlying fac-
tors, scc Pars<in»  <!<�!.

Management Strategies and Problems

Canada has experimented with virtually all available
manage<nent techniques: annual quotas. seasonal quo-
tas, allocation by geai sector, restricted fishing power of
vessels, liinitations on fishing gear type, limitations on
1'ishing gear;im<iunl, limitations on the gear specifica-

ti<m», requirements for sorting gtids. «losing spawning
area~, closin< nursery areas, manage ment based on con-
s<an  tishing niortality, ITQs. snick enha<icemcn, rcstric-
li<in on vessel siie, and strict vessel i«placement rules
 Parsons 1993!.

Modern m;inagenienl has t'<icused as i»uch on control-
ling thc bch:ivior ol' t'ishers as on the method of capture
and amount of tish caught. Olher important lessons have
been  hat fishing practices are not constant; r:i her, there
are steady increases in fiSh~ng effiCiency,,md attcinpl»
 o COntrol fiShilig practices can have unintended results.
The dcvelopmen of fleets that are spccializcd or licensed
1' or single tisherics creates problems when the stock de-
clines. Allov, i<ig choices of target fisheries in multispe-
«ies tisheiies can also engender problems if the systeni i»
loo f exihle and effort concen rate» on high-value spe-
cies. In <ddition, pr<.iblems are generated hy discarding.
dumping, and undcrrcporting  ha  have a dramatic iiii-
pac  on the accuracy of stock cstiinalcs and «onfound at-
tenipts to achicvc target exploitation rates  parsons 19<�!.
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The Canadian experience also demonstratei the dif-
ficulties of achieving thc objective of con»erv« ion while
maintaining employment in the fisheries. In many in-
shore fisheries, the seasons can be very short: thus, the
problem becomes how to bal«nce cnntinued use ol'small
boats and processing plants that handle the catches with
their replacement by fewer, larger vesiels that can fish
year-round and service fewer plants. Another compli-
cation for conservation is industry's search I'or inure;is-
ing efficiency. This results in the conundrum of trying
to control harvesting effort while trying to design better
nets, better fishing boats, better fish-findin equipment,
better positioning equipment. and so on. Standard con-
trol» on effort can be undermined by increas«d I'ishing
efficiency. Even when each competing fishery sector
has its own share, changes in eft'iciency for nnc sector
will disrupt the balance by changing the distribution of
the catch among different  leets. The distribution pat-
tern can be distorted further if priority ol'ace«is changes
for one lishery component relative to otheri, nr if m«r-
ket factors change the behavior ol' the lishery.

A further problem arises from the dependency of
many communities on the resource. In Canada, there
are many small isolated rural communitiei, especially
in Newfoundland, where the dependency on the I'i»hery
i» extreme. Thi» dependency is particularly vulnerable
to changes in resource availability, whether ai « func-
tion of changes in resource abundance or ol <!ther f«c-
tors, such as the environmental lobby that caused the
loss of markets for seal skins in the early 1980». Im-
pacts have been dramatic because there were large num-
bers of people dependent on the seal fishery. The north-
ern cod  Gadu» m<irhu<i! fishery, which produced a catch
of 800,000 metric tons  mt! in 1968, was «loied down
in July 1992. For 1993, all other cod quotas were re-
duced drastically, and some were reduced fu<1her dur-
ing the season. In 1994, most of the remaining «od fish-
eries were closed. The government responic hai been
an expenditure of CAN$1.7 billion over 6 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 succeis-
ful remains to be seen. Recent survey a»iesiment re-
sult» indicate that the northern cod stock m«y not re-
cover for another decade.

Assessing the Stocks

The patterns of change in the abundance <iI' the At-
lantic «od stocks are reasonably well documented, hut
the causes are not. The growth rate of' individual cod de-

«lined through the 1980», recruitment h'is been poor iiii«e
the early 1980». spawning stocks are Iow,;Did app«r«ni ly
predators have increased, food specie. haie <leer«;ii«<1.
and natural mortality has increased. The  titter factor ii
subject to icientit'ic debate, but, given that the northern
cod population «oniinued to decline afier not heing hiii-
vested for 2 years  Figure 5! and that many lightly lish«d
»tocks are also declining  Figure 6!, there;ippeari i<i he
an environmentally driven component to Ihe declille Ill
the cod itocks. Th» decline in the individu;il growth r« «»
for six cod stocki ii shown in Figure 7. 1 he cod w«< c
much smaller in the early 1990s than the! v ere .it  lie
beginning ot thc 1980». The> appeared to hc  hinnei in
the early 1990s  I'igure 8!. This means that «given ciii< h
by weight implies an increase in thc numb< r ot' fish h;ui
vested and an increase in fishing mortality, il' catch ii
hei<I constant. The increasing number of grey «nd hiii p
seals has led to concern about the impact ol' such preil<l-
tors. Grey seal» consume 138,000 mt of prev ol' whi<. h
17,000 mt i» Athintic cod, while harp seals cot<i«iii«
88.000 mt of Atlantic cod, mostly 1- and 2-year-olil I'iih.
«nd hence could impede stock recovery  Mohn and
Bowen 1994;   anada Department of Fishcriei iltld
Oceans [DFO] 1995!.

Adverse environmental conditions off New 'oundl and
and Labrador durin the late 1980» and early 1990» <r<i<!
be partly responsible for the decline of the northern <.od
stocks. Mean annual air temperatures I'roiii St. Johil
Newfoundland, were relatively low from 1880 to the ein Iy
1900s. rose iharply in the late 1920s, peaked in the 196 !i.
and remained high through the 1960»  Drinkwat«r and
Mountain, in prcsi!. Since the 1960», temp«raturei h<ii e
declined gradually and also fluctuated at 10-year int«i-
vali; minim;i occurred in the early 1970», the mid-198 !».
and the early 199 !s.

C'okl teinperatures occur in years when noi1hwest u in<Is
push Arctic air masses farther south. The trong nimh-
west winds rc»ult I'rom a deepening of the Icelandic I.ow,
which in turn produces an increase in the North Atl«n i«
Oscillation index  Dickson et al. 1988!. Con< er»ely, w«nn
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Figure S.� � Continuing decline in northern cod.
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index in Division JJ!.

years occur when northwest wind»;>nd the Icelandic I.ow
are weak and the North Atlantic Oscillation index is low.
Ocean temperatures, monitored»ince the late 1940» iit
Station 27  near St. John' », Newfoundland!, wer« i>ear
normal through the early 1960» and have been declining
ever since, with the lowest bottom temperatures in the se-
ries heing observed during the early 1990»  Drinl water
and Mountain, in press!. Thc adverse environmental con-
ditions probably affected recruitment. since recruitnient
level» ol' Atlantic cod of ' west Greenland, Labrad<>r. and
Newfoundland have generally been high when <>ce;in tein-
peratures are warm and decrea»e v'hcn temperatures are
low  Petrie and Anderson 1983!. In the late 19 �» and
early I'!90s, when temperatures were extremely lo>v in
the northern regions, recrt>it>nent from Labrad<>r to the
Grand Bank was poor.

Some people have argued thiit the collapse of Atlantic
cod stock» has been solely the result ot'cxces»ive I'ishing
pressure. Clearly, the high stock level» off Labr.ul<n and
eastern Newfoundland during the early I'�0» wL'Ie co-
incident with environmental factors that were highly fa-
vorable. Thc low stock levels in the 1990s occurt«d at a
time when the environmental conditions in the are;i were
extremely harsh. While fishing wa» «learly a major fac-
tor, it was not the only factor. A more likely explanati<>n
is that the combination of high fishing mortality;ind thc
emergence of harsh environmental conditions contrib-
uted to the collapse of some stock»  e.g., northern cod!,

It is interesting to examine fishing mortality over time
as it illustrates the probleins fisheries manage>>lent I'ice!i.
Exploitation rates increased through the 1960» as t'or-
eign Ileets came to the northwe»t Atlantic, and they con-
tinued to increase steadily in the 1970s until extension
of jurisdiction. At that time, thc sense was that th« fish-
eries would be controlled and exploitation rate» would
be maintained at rcas<mable lev«l». I'ishing 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 In;i!oi re-
ductions in TAC» associated with the extension ol coastal
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I 00 CD CO W � CO Cl 0! 00 CO <0 EOV CO <0 0 IO 4! 4h Ql 0! I OD ID 0

I igure 7. �  Jrov, th changes for v.irious cod ct<lchv

state fi»heries jurisdiction. Thc basi» for TAC chan !ed
from»eeking the catch that would cause n< furi her stocl
decline to»ctting removals at the level comi»ciisur;ite
with the fi»hing mort.i!ity at the Fo I' level. T>e reduc-
tion in efl'ort n«ces»ary to bring Ilishing mort<>i ity dow i>
to this level was achieved by cutting the Iishiiig <>ppi>i-
tunities of distant-w;>ter fleets that previousl had Iic-
cc»s to fishing round» that were, as of Jar uiir> I . I '�7.
inside the Canadian 200-mile fisheries man;igcni«nt eon«
In theory, subsequent TACs were set commensiirate with
the FI> I level ol' fishing mortality, but in practice actu<il
fishing mortality was ol'ten well above the F<> I IL'v«l. Thc
trend incr«a»ed with time despite annual recal«ulati<in.
I' or many years, ot' thc «xpected catch at the I', level.

The>'L werc ii Illlinber of possible reasons for the alrn<>st
universal � for ground!'ish stocks � pattern I'ilr I'i»bin '
mortal itic» to «xcced the expected level. Diff<!rent rea-
sons were;>ppli«able depending on the stock in qu«st i<!>1.
Thus, 1' or example. underestimation of the reiil catch. h«-
c;iuse ol'unreported Lliscards, or misreporting ol'landin<».
v ould not only have produced an underestin>ate <il' I'i»h-
ing mortality but;m <ivere»timate of population»>xc Ior
the I'ollowin< fishing year. Furthermore, unccrtaintie» i>1
thc scientilic database, the need to make a»sumption
about recruitment l«vel» and pro<luctivity',gro <vth !, an<1
changes in fishing cff'iciency of the fleet .ompro>ni»«d

I ll I i» the level ot >i»hing mortality ai which any 'urihcr iu-
«r«;ise ii> I'i»hing effori >0< !old yield only a 10'7< mcil!as« in the
c itch per unit <!I'effort th >1 would have heeo realized I'thL i u»c
ell'ori h>d been apphcd iu Ii very lightly exploit< d ti heiy. Thl
represents the v;i!uc o> !i<hing morta!itv beyoild v !ilch <illy II>-
«real« Il> fiching cf ori i inoria!iiy! would noi be >< oi ihu bile.
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the accuracy of the forecasts, which were exacerbated
by the tendency Ior fisheriei mimagernent deciiioni t<>
be made in favor of the fisher», not the fish. This ii simi-
lar to problems experienced in Europe IP;Ir»on» 1993!.

It was not until the mid-1980» that it became clear
that fishing niortalities in previous yeiirs had not <denly
been higher than expected when the TACi were»et. they
were also higher than had been estimated in the assess-
ment immediately subsequent to the fishing year. The
scientists were not able to quantitatively isolate the ><i!urce
of the divergences, nor could they I'orcc;ist how much
influence the I'actors might have in thc future. Hence, no
"corrections" could be devised to adjust for what proved
to be continuing problems. Management d»ciiioni in
Atlantic Canada exacerbated the divergence I'rom the
F<,, level harvest by reason of thc "S>0<fr rtile'  only hall'
the adjustment neceiiary to bring fishing Inortality bach
to F<> I was made in one year, subject to proviiions about
fishing mortality level associated with niaximum iui-
tainable yield! and by reason of multiycar plans in which
the TAC was maintained unchanged for iev»ral yeari.

usually 3.
The increase in effective fishing power, <leipite eftorti

to prevent it, distorted the stock asses»menti. which as-
sumed that a unit of fishing efl'ort was constant frt>m year
to year. The more effective the effort, the more rapidly
TACs are reached. TAC», together with the nc»d to ol'I'-
set the capital costs of improving ellltciency, increase fish-
ers' motivation to maximize the value of'their catch within
the controls in place hy high-grading and miireporting
catch species or volume, particularly a» 'I'AC» are re-
duced. The uncertainties in thc amount <>I' real fishing
effort were compounded by other management rncaiures.
such as seasonal quotas and ITQ», that «hang<'.d the pat-

'I'he practice ot'di»carding Ieii valuable fiih»o I'iiheri can gei
the mo»t money poiiibte for their catch.

I'igure '!. � Exploit;ition rate of major giou>ntt'iih»to»hi

tern ol effort over the total fishing seascn. A~ an cxaull >Ie.
meiisurcs were imposed by overnment i r industry it-
selt' to distribute the catch more evenly ov»r tiinc t<>;n < >i<I
glutting thc mark»t. hence reducing pi icc . These in»,I-
sures meant that th<.rc was leis effort conc»ntrated in i l>c
period ol'maximum catch rate, which w<>uld hiai d<>w i>-
ward the calculations of overall catch rat» as a me;ii«rc
of abundance.

The net result ii that I'ishing capacity greatly cx»c«' li
the availablc rciourie, and as1ishers have ii ught to iniixi-
mize the value ol'landing», particularly ai iiock» d»clio».
all the factors noted previously have comt>ined.  "i!n ~<.-
quently. I'ishing m<>rtality increased steadily.

Many ot' the dilficulties experienced in mai>ii, ii>~
groundfish fishcriei in Atlantic Canada uiidcrscor» i li»
need to make induitry an integral part ol' lish»ries ni,iii-
agenl»nt. Can;ida has undertaken a nurnbei of initi;it i> <>i
to <iddresi this neecl. including using "ind»x fishcri" Ii>
collect biological andcatch-per-unit-ell'ort Jala. In I !'!-1.
on the Atlantic coait, the DFO initiated a»»nt>nel I'iih»r-
ies program for stock» under moratori;i in >i hich lirriii»<l
numbers ot fishers use a limited amount ot comm»n.i;II
gear to fish according to a scientific»ur> ey deiign In
addition, fi»hcri piirticipate in research I»»s«1 »uric! ..
A major initiativ» ii the establishment of th» I'iihcri»i
Re»ourcc C<miervcition Council IFRCC!»n tile Atlanti»
coast. The council consists ol' people knowleclgeahl» ot
the I'iiherics, univeisily researchers, repr»sentativci <>I
provincial governments, and DFO scientil'ic and nl;iii
agement staff. In the past, DFO scienti, ti p> ov ideal c;i> < h
projections to nwnagcr», who then m;id» i»comm»nil,i-
tions to the Miniitcr of Fisherics and Oc»ani on ciii»h
Iev»I» after consultation with the industr>. The I'Rt ' '
receivei scientil'i» conclusions I'rom the;Iililtlal it«.h

asicsimenti and»<msults with industry on iniplicatii >iii
of thc itock aiieiirnents. Subsequently, there ii a I'urtlici
round of consultatii>n» as to v hat conscrv;it ion me;>iu r»i
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should be taken. The independent I RCC then makes
public recommendations on TACs and other con»erva-
tion measures to the Minister of Fisheries and Oceans.
This process results in a nuich greater transparency, a»
advice on conservation is completely open to public scru-
tiny. The council also makes recommendations on sci-
entific research, assessment priorities, »nd methodolo-
gies.

The creation of the FRCC ha» given more visibility to
conservation requirements for groundfi»h on the  .'ana-
dian Atlantic coast. The I'RCC members, hy their par-
ticipation in various public events, have also contributed
toward developing a better understanding of science and
of conservation issues. The I'RCC has broadened the
forum for discussing conservation and reaffirmed the
importance of erring on the side ol' 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. Ffforts to reduce excessive capacity have been
foiled in the past. As noted earlier. thc control of fishing
effort proved very difficult. Attempts to limit the num-
ber of licenses were compromi»ed by the reactivation of
inactive licenses when the economic condition» became
attractive because of good fishing or reduced employ-
ment in other sectors. Thi» has applied mainly, but not
exclusively, to small-boat fisheries, particularly where
multiple licenses were available based on historical in-
volvementt. Attempts to cancel inacti ve licenses produced
extremely negative reactions, as did attempts to freeze
fishing power on the basis of vessel size, hold capacity,
or engine power. Naval architects have proved to be very
successful in designing vessel» that meet the rules for
vessel replacement reductions while achieving increa»ed
fishing power. Modern technology has led to increa»ed
I'ishing 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 i» well iibove
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; IQs! 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 con»i<lerable benefits, chiefly tire damp-
ening of the incentive t<> race for the fish to maximize;in
enterprise's share of the TAC. Experience in several fish
eries has conl'irmed that IQs provide flexibility a» to
when, how, and whether an enterprise will h;irvest it»
allocation during a given year. The Atlantic off'shore
groundfish fishery has provided some evid=ncc thiit IQ»
foster fleet rationalization. However. some clisadvaiitagc»
exist for IQs. Chief among these i» the problem of high
grading, misreportin <. and underreporting cf err>ches rind
the consequent difficulty of ensuring con<pliancc with
IQ management regimes. As a consequence. IQ» musi
he carefully tailored to the different characteri»ties <>f par
ticular fisherics. In appropriate fisheries and w i< h appro
priately designed compliance mechanisms, IQ» consti
tutc a useful addition to the wide array of I'isheries

lllilllagelllellt 1001».
In October I99 >, a new Fisheries Act w;is introduced

into the House of' '.ommons. This new bill will»ubstan-
tiallv modernize the legal basi» for fisheries, conserv;i
tion. and habitat mana<�cment in Canada. The bill v, ill
allow induslrv a direct voice in fisheries miinagemenl.
through partnering agreements. The proposed legislation
emphasize» selt'-regulation and self-reliance, and sets a
climate for long-term stability in the industry. Ii is hoped
that this bill will help eliminate the "gold rush' mental-
ity that ha» plagued Canada's fisheries for too long.

Conclusions

Twenty-five years agi>, many Canadian Atlaiitic I'ish-
eries already had morc harvesting and proces»ing «apac-
ity than was needed, particularly given that foreign fleet»
had I'ree access to I'isheries within the 12-mile �9-km!
territorial limit. The problem is worse today, yct rc< ula-
tory interventions hiive mushroomed, includin< TAC».
allocation of access among fleet sectors, limited cntr!
licensing, and IQs. Major benefits flowed from the 1977
extension of fisherics jurisdiction to 200 mif<». Hov,�
ever, Canada's marine r'isheries continue to bc plagued
by instability because of various problem» rind con-
straints. These include the following:

~ natural resource vari;ibility, often envir<>ament»llv
determined;

~ the common-properly nature of fisheries re»ource»
and resultant overcapacity;

~ market fluctuations:
~ heavy dependence on fisheries in isolated c<>a»tal

communities;
~ recurrent conflict among competing users;;ind
~ conflicting objective» for fisheries management.
Despite abundant re»ources, various combinati<>n» <>I'

these factors have contributed to recurrent boom-and-
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bust patterns in many marine fisheries. I:xtentled juri«-
diction and various post-extension initiatives have not
solved the problems of the I'isheries sector There is an
urgent need to bring harvesting and proces«ing capacity
into balance with sustainable resource level». It i» un-
clear whether recent effort« to reduce capacity through
government-funded withdrawal of some ves«el« from the
fleet will substantially reduce overall c;ip;icity. As the
first signs of stock recovery began to appear in 199'>,
pressures to reopen certain fisheries before the «tock»
had recovered to sustainable levels began to intensit'y.
Thi» situation will be compounded by the termination of
compensation payments to groundfish I'i«her« in 1998.
There is considerable risk that the benefits ol' thc sub-
stantial investments in conservation  moratoria for «ev-
eral years! will be dissipated by premature opening of
certain fisheries, Periodic fisheries crises and demand»
for government assistance can be expected to continue
unless viable alternative economic opportunities can bc
developed in coastal regions,
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Management Procedures:
A Better Way to Manage Fisheries' ?

The South African Experience

D. S. BUTTERWORTH. K. 1.. C !CHRANE, AN@ l. A. A. DE OLIVEIRA

A/>x/r<><v.� Whether the costs of' ihe «onventional fishery llnllliigcme>lt process � an annual assess>1>alit that
leads, for example, to a total allowable catch  TAC! based on a biologic;il rc!brence point � are justifie<l by thc
benefits is questionable. Perhaps fi»henes should instead he regulated by means of "management pro«cdui es":
pre-agreed sets of possibly quite simple rules for translatini! data trom the I'i»hery into a TAC each yeai Sele«-
tion by managers between candidate management procedures should be based upon inspection of the tri>de-off»
alnolig ul>tic>pated levels of med>um-term reward  catch/profit!, nsk of siock "collapse,' und interunnu,il catch
variability, where these are calculated by simulation. 'I'he concept is illustr;i>ed by reference to two ot Sinith
Africa's major t!sheries that have been regulated on this bi>sis since the Iat« I 980». For example, an anibitious
procedure for the mixed-species South Atrican pelagic fishery was put in pluce at the beginning of I</94; this
procedure inakes ullowan«e for operational interactions by taking in<i> account the inevitability <>f a juvenile
pilchard  sardine. Surd/ nnpx »a<«er! byc itch whose magnitude v ill be related t<> the size of the anchovy   E«grl l>il>x
capensis! TAC awarded. 'I he approach has been well received by the fishing industry and is a corner»to>ie of the
draft marine resource policy put forward by the majority party in the new South African government. The
greatest problems of the approa«h;irc considered to be in defining nsl in comparable manner for different
fisheries, and in interpreting the results of simulat>ons thai test candidate procedures for robustness ot perfor-
mance to uncertainties about the model structure assumed to descnbe the system's dynamics. The Iut>ire role
for assessments is seen not as a basis for management advice but to assi»t in det>ning thc simulations used to
compute anticipated procedure pertormunce as procedures typically are refined on a 3- to 5-year time»cale.

The Present Norm � Annual
Fishery Assessments

In many of the world's fisheries, the typical process
followed currently I'or providing scientific recommen-
dations for management i» roughly as folloxv». First, »ci-
entists will as»emble on an annual basis to ar ue out-
usually at some length � their current best a»ses»ment of
the status of the resource concerned. Then, for example,
a total allowable catch  TAC! will be recoinmended aris-
ing out of that assessment, usually based upon so>ne bio-
logical reference point in whose choice scientists have
typically  though not entirely properly! played a greater
role than managers.

A considerable portion of the resources of government
fishery research institutes i» expended on this exercise.
But in times of funding cutback», thi» 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 thc 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  Netherland» Institute for Fishery Investigations,
CP IJmuiden, the Netherland», pcrs. comm.! comments
that while requests for advice !rom ICES are increasing,
available manpower is effectively reduced as a conse-

quence ol' the privatization process of tnuny resear< li in
stitutes. He nhl» that although improviiig the li>gi»ti«s
and efficiency of assessment meetings w<>uld bring .oin«
reliel', there is also a clear need to prioritize assessmcru
requirements.

Do the costs ot such scientific efforts justify the ben-
efit»" .How frequently is the often cumbersome pro«c»L
ol'an annual update of management measures really iicc-
essary'? Though not immediately aware <>f any quinitita-
tive study in this regard, we su»pect that the bcncf>t»
obtained I'rom such annual reviews are usually not large
I' or developed fisheries, the impact of hut one furthei
data point on parameter estimates is lik<'ly to be sm;ill
Thi» is not a general argument for TAC» set at a I'ised
level a number of years ahead because annual adjust-
ments are clearly needed in fisheries for v hich aniiu;il
recruitment constitutes a sizable fraction of the exploit
able biomass. But does the method used for asse»siiig
that recruitment need to he changed so ntu«h from I e;u
to year that it could not be pre-agreed >~po> i for a mult iy eur
per>od'?

We suggest that substantive changes in the»cicii!il'i«
understanding of developed fisheries occur on:i tim«
scale much closer to 5 years than 12 months. A particu
lar problem of the present norm of ari annual cy«lc in th«
a»sessment process is that fisheries scientists focui ti>o
much time on the short term instead of <>n more inip<>r-
t;mt problems that can be addressed properly onl! o< ei. ii
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longer period. Subsequent arguments in thi» paper seek
to show that a valuable spin-off of the alternative "man-
agement procedure" approach that we advocate i» the
automatic achievement of this refocusing of re»earch on
the longer term.

South Africa's
Most Valuable Fisheries

The application of a management procedure approach
to provide scientific recommendations I'or the regulation
of some of South Africa's major fisheries was an initia-
tive with roots in research along the»e lines that com-
rnenced in the International Whaling Commission  FWC!
in the mid-1980»  IWC 1989!. But before we «> into
more detail about these procedures, a few brief comnicnts
about the fisherics themselves are needed I'or per»pec-
tive.

South African lisheries 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 I !. The west coast rock lobster fishery  ,/nxnx
la/an<I i!  Pollock 1986! provides a valuable export but
has been going through increasingly difficult times re-
cently  Figure IA!. The pelagic fishery  Buttcrvvorth
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,
Sardimr/>»,>agnx! resource in the mid-1960», after which
the less valuable anchovy  E»gr«ulix cnpensi,>! has be-
come this fishery's mainstay  Figure IB!. Thc hake
 Mer/u< eius ca/re»xi», M. par«dox«»! resource  Punt
1994; Payne and Punt 199S! was ovcrcxploited a» a re-
sult of rising catches by I'oreign fleets during the 1960»
and early 1970», but it has shown a»teady though slow
recovery under cautiously regulated local harvest» since
the implementation of a 200-nautical mile �20-km! ex-
clusive fishing zone in 1977  Figure 1C!.

Since 1990, the hake fishery has been managed under
f�,' harvesting strategy TAC» calculated hy applying
a non-equilibrium production model to catch-per-unit-
effort  CPUE! data and biomass indices from re»earch
surveys  Payne and Punt 1995!. The particular model u»ed
provides a reasonable fit to the CPUE data  Figure 2!.

This may sound like a standard fisheries annual as-
se»sment � 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 s raiegy, with the effort level
calculated from a surplus producii<io model. For the f�, strat-
egy, thi» effort level i» that for which thc slope of the equilib-
rium yield v». ef 'ort plot is 20% of the slope of this curve at the
Or>gill.

calculation i» an aut<i>natic process repeated annually-�
Hilborn and Luedke �987! would call it "clockwork.'
The model fit does not pretend to necessariiy c<>rrespond
to the "best" possible a»se»sment of the statu» if the re-
source at any one time. Second. this process w;i» chos«ii
ovel' other possibilities for regulation based < n cxten-
»ive simulation studic» of the anticipated pcrlonnancc
of the I'ishery in the >medium terin  Punt 19'! I, 1993!.
These characteristic» shift thc process into i he realm ot'ii
nlanagenlent pi oced<lie.

Management Procedures

What exactly i» a management procedure? Tlie undcr-
lyin philosophy is that all parties  scientists, industry,
managers! should agree upon clearly defined rules be-
t'ore the management game is played.

These rules specify exactly how the TAC  or the level
<>I some other regulatory mechanism, such a» fishing « '-
fort! is to bc computed each year and what data are to bc
collected and u»ed for this purpose. The rules need not
necessarily relate to a lhirly complex assessmcni proce»».
as was described brie ly for hake, but can be quite simple.
For example, under thc present procedure for the,'i<>utli
African anchovy an<I pilchard fisheries  Anonymou».
Sea Fisheries Reseiuch Institute WC>/JAN94>PI'I /3. South
At'rica. unpubl. rep.; Fi< ure 3!, the annual TAC for pil
chard-directed ti»hing i» simply 10/n of the bioma»» e»ti-
matc of fish of age-1 and older, which is obtaiiied from
the most recent November hydroa«oustic survey but »ub-
ject to the constraints of a maximum redu tiori ol' 25'/<
from the previous ye;u and a minimum of 25,000 mt. Ncv
crthele»», an impo>tant difference exists between the an-
chovy � pilchard and the hake examples: the para>neter» ol'
thc "catch-control law»" of the anchovy � pilchaid procc
dure rennin fixed, at least until the procedure a»;i whole i»
revised after a number of years; in contrast, the liuke pro-
cedure incorporates a more developed form of t'cedback
control, with the control-law parameter autoinaticall!
adjusted each year a» further data become avail;ibl».

What is the b isi» for»uch rules" .Not the»o-ciilled bio-

logical refercncc point»  »uch as the F<> i or I valu<
evaluated from age-related data! of the traditi<inal fish-
crie» assessment and management proces» but, rather.
consideration of output» of direct interest to industry and
managers. These relate to the anticipated per!or>nance
of the fishery and re»ource in the medium terni  e ., 1 i
to 20 years !, which i» evaluated by Monte Cai lo»imu-
lation.

Periods longer than this are unhkely to be of much <.on«em io
industry or poli icians and hecome importanl in regard to the
rc»ource only for very long-lived species  e.g., whal<»!.
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"IVrform: nce" encunipa«cs tliree e»sentially conflict-
ing objective», v;hich hiive per incnce in iiiost fi»heiics:
I»ax!mizc reward» in terr is <if' c<i che» or pr >fi s; iiiini-
mizc thc risk Of' SOmething nasty h;ippening, such a» the
collapse of the rc»ourcc; and maxi»tice stability. We ei»-
phasire the desirability of ~bowing the trade-otT» between
i»e hsures  elated to these different objcetiVCS v'hCn a choice
hc  ween different candidate procedures is discussed v ith
in lustry and i»anaeers. 13y ch00»ing measures that are
<>per<itionally meaningful to the industry, we heel that
m<ich grc; te  ui!derstanding is achieved. This leads to
<no c scnsiblc choice» than would an appeal to»oir e util-
ity funCtiOn approach tti i ;iiten>pi» t i cui»hine these
quahtati cly dift'crcnt fc iturcs inti>  i single mea»ute,

Thus, thc  uanagcmcnt p occdurc. chose<i tur South
Af> ican hake is based on 8 non-equilibrium proituc iun

FIC !8 . I.� -Aniiual C IICh iren<t» for Sou h A 1 riu I's ni<»1 < alu-
able fi»herlc». 1950 � 93:  A! West coa<t rock k>b» er,  8! PII-
ch ir l  Iii<1 an<0>ovy  ihe major coi»ponents of  hc pelagic
fishery!, and  C! hake

model rather than virtual popuhitiun analysis  V PA! he-
cause simulations indicated that ihc latter would le ut tu
much greater intcrannual catch tluctuations w it  n<> real
corresponding gains in terms of average catch tcvcls or
ri»k  Punt 1991, 1993!.

Attenti<>n has been drawn to a disadvantage of this
over.ill appro:ich  P Sullivan, International Pacit'ic Hali-
b<it Col»mi»»ion, Sc ittle. Washiiig'ioii, peis. co!»n!.j:
Ig>ivcn ihe iinp<>riance that 1»o fels underlying any TAC-
setting process rcm;iin;ipprop iate, thc appr<iach can sacri-
t<cc thc valuable " cali y check" <>I'the annu:il cxposiire of
an as»ex»ment to critical rcvicva Of'course, this hegs the
que»t on, given limited human resources in pr iciice, ot
whether such comprehcn»ivc "checks" can be cntcrt;1 ncd
for eve<s stock priorities have t bc set based upon»omc
combination of re»ouiace value and thc lcvcl of' uncertainty
;i»sociated v;iih the a»sessiiient. Nevertheless, thi» would
scorn iu he Autwe ghcd hy Ihe many advantages. botli
scicntif'ic and pr<ictic<il:

~ With thc possible exception ot »oine fi»heries for
very short-lived species, risk cannot he nie;iniiig-
fully evaluated for 8 catch limit t'or  I single ye:ir.
but only for thc rcpcaicd application of some TAC'-
~etting piocess over a number of year».

~ Simple p e-agreed formulae allow I'or quick dcci-
»ion» this i» important. in. for exainplc. the South
Afric:m anchovy fishery, which is based prcdomi-
naritly im the recia!it»  >f the year. Environmental

F�086 2.� The CPIFE for the South African we<  e<nisi hake
I i»her!. 1955 � 93. together with  hc trend predicted hy the fi  of
I non e<iniiih 'ium produc  ion na >de 1 io both these dain and bio-
mass indices fron! iz<c,'Irch sur  e! s.
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and wcathcr conditions usually make these avait-
able to the t>shery for onty 2 to 3 months after the
annual recruitment survey so that any TAC increase
;>warded in the light of the survey results needs Io
bc;innounced speedily.

~ The demarcnti<n> between sci«ntific and poiicy re-
sponsibilitic» bec<nne» cle,irer: s«ientists caleulut«
the mticipatcd pert'ormancc» t'<>r dit'I'«rent pr<>ce-
dures, managers sciect onc of those procedures
based on the trade-offs reported, and the TAC i»
then caicutatcd autoinatically over the next few
years. This ha» the particu1ar advantage of less scope
for politicking  i.e., industry introducing questioi>-
able arguinents to atteinpt to incicase the TAC to
meel their sh<>ri-len>1 requireinents, and scientists
guilty ot' the identical practice in trying I<> Iruslrate
 hem; see, lorex>inple. Hilhom and Lucdkc [1<!!�!!.

~ A I'irrn basi» I'<!r TAC evaluation, ci>tipled with sci-
ent!fic predictions ot'thc likcty ou corlles, fta ililates
industry planning under cleaicr, longer-term pcr-
spcctivcs and securi y.

~ A managenicnt proccdurc can bc viewed as a test-
able hypothesis: one can retrospectively cvatuate
hosv welt atternativc procedure~ would have per-
for»ied, unlike the»ituation for year-to-year deci-
!< I <>11 s.

~ Fishers are likely Io bc happy I<i agree  o >ii> ap-
proach that specil>es how TAC» will increase il
things gcl bc lcr. ind vice versa, because their nec-
c»sary optlmi»m lc >ds thorn to lhink that Ihc I'ormcr
is the much more likely to occur.

Despite such optimism. what if things do get worse:
>silt lhe lower TACs indicated by the proccdurc bc ac-
ceptable? Our approach ni this potential problen1 has bee»
to have procedures include a limit to the peiccntagc by
which the TAC»>ay he reduce<I in anv one year. The
tigrhter  his ti>nit, the n>ore conservatively the oveiall pr<>-
ccilure iieeds lo he tuned, iis sh<iwn hy the correspond-
ing lowe> anticipated 1<s cr;!gc annual catches for  he Soot!>
African anchovy tishery  Table 2!. Thc local pelagic  i»h-
ing industry was prepared to agree  o raise thc tnaxirnum
perccntagc >eduction allov cd for thc anchovy TAC from
25«re to 4f!% in anticipation of'an associated IO«/c incrcasc
in the average annual catch,

Ciiven such >ad!es, »onie allowance atso needs to be
m ide Rir freak situatii>ns v here keep>ng to the rules could
dan>age the resource. For cxan>ple, for the >o»th Atri-
c;>n t>noh<>vy, except>oil<it cll cui>1»tailce» c;111 be invoked
by m>!nagCrS undCr the pre-agl'«Cd eriteri<>n <>t' a
hydroacoustic survey !ndicating a spawning biomass
below 500.000 m . Though the anchovs proccdurc is
dcsigncd to manifest a low probability of thc spawning
biomass falling below 20 k of its incan prc-exploitation

Following thc hlovcmbcr biomass survey

TAC'""�= 0.7 x 300 0,7 + 0.3

Following  l>e May/! ane recruit survey

TAC rIig>r 300 0 7: + 0 3
J<' Bl,

Su hj err ror
200 x TAC""",' ' = rraa

1>, Annual drop in TAC > AO"' lrclaurc io pre>>on> TA<,n!

lll 0 S TAC �'n � TA '~> e 150

1V. l.neap<iona> Cin. ~ ineiarmex /i, »00

Following the November biomass survey

TACd�= 0.1 B�

TACb'"rr'. � 7.5 + 0,06 T2f Co'n,",b

t:oilowing the May/June reer»i> survey

TAC bec = 7.5 + X 7AC rr�cb

0.12

0 06 Rmed
a Rorno

Pilchard reer»i> estirna>e

.Sr<a/eel ror
TACe, o 25

n. Annual drop ui TAC, c 25~c

n I. hxcep>iuiud C>rcuma>ance< an C 1»0

F!CURB 3,� A diagrammatic rcprcscntalion of thc joint
aflchovv � pilchard i»ai>agemcnt procedure adapted at the be-
gin>i!rig <ii I in!-1 iiir ihe g<>oih Al'ric;in p«I»gic I'isherv. The
component  hat pcrrains to tbc anchovy TAC  I,I!OI!s ml! is
set in IA!. B, and Bi refer lo esl>ma>es of current and av«r-
age pasl I+ hii>i»asses Ir<>i» hydro>a o»sl>c survevs. wilh aA
eimi!;ir c<inv«»lain I<i> R a»<l R Ir<iin the recniilnieiil sarseys.
Thc pilchard component is sel out i»  B!, where "d>r" rel'crs 1 'i
the dii ected p>I«hard fishery and "byc" to pik:h»rd hycr>lch in
I'I sh«ri«s dire«l«d at alber spec>es  prin>ar> ly anchovy!. Tl>e p> I-
eh:>rd hyealeh TAC depends h<ilh <in i!ie;>nchosy TAC;>nd iiri
 hc carr«»t pilchard rccn>itn>cnt estimate  from a hydro>coaslic
surses i I» relationship to the median of past esti>nates IR��,!.
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Average annual Average ii>teraonuul
catch  mi! catch vuriuhiliiy   /c iVariant

Variant selected >ls ooo

Maximum TAC = 450,000 mi
Minimum TAG = 15O,OOO mi

3 �,OOO
32  ,OOO

Maximum downward
lid! u » I >I> e I> I = 5O'/i 321,0 K!

2»S,OOO

Max>>uuiu h>crea»e Brief
recruit survey = 200,000 mi 3262!OO

TAB .n 2.� The present management procedure f<>r the South
African anchovy  Anonymous, Sea I'i»herie» Research In»ti-
tute WG/JAN<�/PEL/3, Cape Town, South Afric; >, unpubl. rep.l
was selected on the ba»i» of the  rade-off between predi«tcd
average annual catch and interannual catch varmbility acr<>s» ii
number of variants of a candidate pr<icedure. The p«rformunce
statistics in que»tion were computed for the same l«v«l of risk
 a 30% probability of spawning biomass t'ailing below 0ol ot'
the mean pre-exploitation level within;i 20-year period! I'iir each
variant, by adjusting a control parameter of the pr<>ceduix» The
variant selected incorporates the following «on»traints: maxi-
mum annual TAC, 600,000 rnt; minimum annual TAC, 200,000
mt; maximum downward adjustment of TAC from <>ne year to
the next, 40%; maximum increa»e of'initial TAC f<>llowin ~ re-
cruitment survey results, 150,000 mt. The table»h<>ws the per-
formance statistics for thi» and the other variant» «on»id«re<1.
on the basis of which the final selection wa» made

level, allowance must also be made for slrin< ent reme-
dial measures to be taken if this should nevertheless oc-
cur. The criterion chosen takes account of survey sam-
pling error, trading off probabilities ol not taking further
action when it is actually necessary with the disruptive
possibility of taking action that is not needed. We lool
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 defin» 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 hy
industry and managers between alternative candidates is
of particular importance. This is especially difficult for
short-lived pelagic species such as anchovy. I'or which
the high level of recruitment Iluctuation renders com-
parisons of deterministic projections valuclcss. Our ex-
perience is that the summary sta istics of the probabili y

distributions necessary to describe such circumstiinx«»
are not immediately meaningful to industr! and man;i
ers. Therefore, we have concentrated on fir»l getting thein
to play computer simulation games, which»how indi-
vidual realizations of ca ch and biomass tiine-series uii-
der alternative procedures, to give them a hetter fe»l l<>r
the trade-olfs involved.

Thi» overall approach ha» generally been well rec»ised
hy our industry, particularly in the case o  a recent ul>-
date of the procedure I'or anchovy  Table 2!. Howev< r.
we are perhap» I'ortunate, at least in this coiitext, in d»til-
ing with tisherie» dominated by a few large indu»tri»»
with long-period planning horizons. Whether this;ili-
proach would work as well with a large nuinber o '»rn; II
operators, for whom cash-flow consideratiims dictate ii
shorter-term focu», i» debatable.

The Problem Area: "Risk"

The aspect of management procedure» that wc fin<1
the most problematic is the definition of "risk" althou h
the same problem does also arise in the conventiiin,il
assessment � management approach. The»tatistic we hiix«
been using for ri»k for the South African pelagic I'i»hery
is the probability of spawning biomass I'ailing below 20%
of the mean prc-exploitation level within,i 20-year p<!-
riod. We note that Hilborn �997! strongly criticize»  h«
use of criteria of thi» form, suggesting instead that aniily-
se» should spccit'i»ally incorporate a stock � recruit rel;i-
tionship and uncertainties about its fo!Tn. <vith a quaiili-
tative basi» for th» latter provided by th« informati<m
available on similar species. If these uncertainties <.»-
compass the possibility of depensatory effects, then thc
probability of stock collapse can be computed expli«itl!
instead ot' u»ing measures of "risk" such a» that adopt»el
here as a surrogate I'or this probability. Our conccni i»
only that such an approach should not be seen as a de-
fensible way to reduce the three lund;nncntal attribute»
of procedure per 'ormance  i.e., average c.itch. ri»k,, iiid
short-term variability of catches! to two hy absorhin
risk into average catch. The reason is vident from c<>n-
sideration of the I'ollowing two scenari<>s: very hi h
catches for a short period, followed by a rapid "coll  p»<«'
and subsequent stable but Iow catches; and stahle catches
at an intermedi<it» level throughout th» ov«rail perio<l <>I'
interest. These two scenarios would have nearly identi.
cal average catches and short-term catch variability, I ut
industry and managers would almost certainly hav
strong preference I'or the second. E<sentially, vvhiii i»
lost in such an attempt to reduce the number of attribute»
to two i» a measure of long-term catch variability, Ibi
which "risk" is a surrogate. Hilborn �997i implicitly;ic
knowledge» thi>u by suggesting four altribiite»: "av«riig<
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yield, short- and long-term variability in catch, and the

probability of stock collapse."
Recently, we have as scientists been pullin ~ the u ool

a little over the South African pelagic indu»try'» eyes hy
pre-specifying a risk level ourselves and givin them
options from which to choose that involve only the aver-
age catch versus intcrannual TAC variability trade-off.
For anchovy, the risk level specified has been 30'/r, klow-
ever, Figurc 4 shows that there i» actually a wide scope
for alternative choices, and thc»c could be con»id»red
explicitly. It also indicates, incidentally, the much greater
reward» available from an approach that varies TACs in
response to resource survey results in compari»on with a
constant catch policy, which would be the only po»sibil-
ity werc survey» to cease.

There are a number of difficulties re!ared to risk:
~ An acceptable level of risk, if defined in this manner,

cannot be argued to 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 tluctuations: therefore, pre»umably,
the population would he more resilient to depletion
to a certain level. Thi» means that as apprai»a!s of re-
cruitment variability change. so too should accept-
able levels of risk as we have defined it.

~ While perfonnance computations can read!!J inctn-
porate the consequences of survey imprecision, there
is no straightforward approach to account for "qual-
ity" aspects, which are difficult to quantit'y. I-'or ex-
ample, the primary reason wc have set a much lower
acceptable risk level for our pilchard procedure,
compared with the 30ck for anchovy, is concern that
target identification problems in analyzing hydro-
acoustic survey results are much greater for th» sub-
dominant pilchard resource.

~ At the beginning of 1994. a joint management pro-
cedure  Anonymou», 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. Thi» proved necessary because we
needed to take account of the unavoidable bycatch
of juvenile pilchard in the anchovy fishery. where
the magnitude of thi» bycatch depends in part on the
size of the anchovy TAC. However, we have the diffi-
culty of not being sure whether we are dealin ~ with
recruitments for both species that tluctuate inde-
pendently about fixed average level» or a possible
recovery of pilchard at the expense of anchovy. Thi»
is compounded by concerns about the reliability of
estimates of juvenile pilchard numbers from hydro-
acoustic recruitment survey», which seem not to cor-
relate well with subsequent estimates from V PA.

u<veys  constant catch!
l sUNaps0.8

w 0.6<a

04

0.2

0 100 200 300 4<30
Average annual catch  mt I

f roil  r:. 4.� P!or» of risk  »ee i»xi for de!miiion! agiiin»r 0
ward  aver;lge aonu;i! catch! for simulations of J! err>;>rive >1>J<>
agemeni procedures for the South African anchosy fisher>
 Buiierworih and Bergh ! 993, Burreruorrh ei a!. ! <F93!. 1'h»
d;i»hcd linc reflects resu is in the abs»nce of any surt:y>n which
unu!d nece»»ii<iic a c<>ns Jni catch strategy; the a»hi»v»d aver
a e catch i» actually !ess than the constant catch ser hec.iuse the
increasing probabi!iiy o!' »lock collapse as the level ot ihc in Olid
ed catch i» rai~ed re»ulrs in a greater I'requency <>! failure io
achieve rh;ir catch Th»»olid line shows results for di�'er»ni val
U»» of J ooililol piiralil»rer for the procedure opera i<<» at present.
the Jcrual value of the coniro! parameter ser c<>rresporld» ro <I
30/< risk !»ve!  »ce "Variant selected," Table '?,  ol nior» d».
tails!.

Risk relates to uncertainty, which has two coiuponcnt»
The first is measurement error, and the cr>n»equ»nt im-
precision of estimates of model parameters. which call
be taken into account fairly straightforwardly in compu-
tations of management procedure perform;mce The sec-
ond component involves the much more diffi< ulr quc»-
tion of exactly how best to deal with model »tructurc
uncertainty. Particu!ar!y important concerns relate to the
form ot' a stock � i'ecruitmen . relationship and questions
about the number ot' s ock» present and the deinarcation
of their boundarie».

It i» ea»y to state the "in principle" appro «h to ad-
dress this problem: the performance statisi.ics r'or a can-
didate management procedure need to be robust acro~»
the range of plausible hypotheses lor the sysreni'» dy-
namic». A procedure may well include a feedback mecha-
nism  as doe» that I'or the South African hake fishery:
»ee Management Procedure»!, which adjusts appropri-
ately even though the system's dynamics ultimately b»-
have somewhat differently from what the model undei-
lying the procedure mi< ht assume. However. this still
leaves the question ol' how to interpret the re»iilt» of th»
simulations corresponding with such alternative hypoth-
eses, particular! y as performance must degraclc to an in-
creasing extent I'or more extreme hypothese» � hov much
degradation in pert'orrnance can be tolerated ir tire pro-
cedure under examina ion is to be consideretl still ad-
equately robust" .The IWC Scientific Committee seems
to be moving towards a "worst-case scenario" ha»i» in;>
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risk context,' but we do not see thi» as a viable appr<x<ch.
Procedures can always be made to "fail' on thi» basi»
simply by including a»ufficicntly extrcme scenario; thi»
is readily accomplished if, for example. no limits arc
placed on the number of stock» that may be po»tulatcd to
be present in the fishery. What is or i» not phiusible".
Perhaps Sir I»aac Newton's rules of rea»oning in hi»
"Principia"  Cajori l 934! give us some guideline». Hi»
Rule IV states:

In experimenlal philo»opby wc are io lo<>k upon prop<>-
»i<ion» inferred by general induction t'rom phen<>met>a
a» accurately or very nearly true, notwiib»i<mding any
contrary hypotheses that may be i magined. till such time
a» other phenomen;< occur, by which they ma< either be
made more accurate. or liable io excepti<>n».

Tbi» rule we must Rillow, ibai the argument of' induc-
tion nlay noi be evaded by hypotheses.

This suggests that we should be < uided by data in pret'-
erence to pure speculation.

If a man considers crossing a road, the hypothesi» that
he will be knocked down by a bu» and killed is perfectly
plausible. Thi» is effectively his worst-case scenario, but
the fact that such an eventuality cannot be excluded docs
not incan that he, therefore, decides not to cr<>»s thc road.
The reason he does decide to cross is that he a»se»»es the
probability of this undesirable event to be small. The
moral in the context of management procedures is th;it
the only defensible approach for interpreting the results
from a range of models for sy»tcm dynamics i» 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 prob!cm»;
some it inerely translates into another form.

The Future

Thc application of management procedures in South
African tisherie» thus far has essentially been de facto at
the scientific level. It i» encouraging that the draft Ma-
rine Resource Policy of the majority party in the new
government seek» to change thi» to a de jure situation.
Thi» document incorporates the I'ollowing principle»:

i. Stock» are to be harvested to optimize societal ben-
efits without placing them at undue risk.

ii. Management plans, including harvesting strategies,
arc to be developed lor each fishery.

'A» indicated, for example, by their recommendation I'rom
among the variants of the Revised Management Procedure
 Kirkwood 1992, I'!97; IWC l994a! for implemeniaii<>n for
southern hemi»pherc minke whale», Ibllowingi »imulai><>ll il'>-
als for this specific resource  IWC 1994b!.

iii. Plan»;ire to be gazetted with pixicediirc» to all<»<
aluendment hy agreement.

iv. Plans are t<>;iim to stabilize the TAC, while rec<i�-
nizing thc inh<:. rent variability of I'ish»tock».

It, thus, «lso gives high weight to the objective ol lc»»-
ening intcrannual TAC variability � pre»um;ihly with»tii-
hility ot employment in mind � though it recognize» tll<i
inherent variability <>f fish stocks neveithcl;s». The I'< i-
mulation of .i management procedure appro,ich for marl-
aging the other ma!or South Al'rican inarinc re»ourcc,
thc west coast rocl lobster, is now in hand. Indeed, <»ic
can argue strongly for the management pr<>cedure ap
proach instead ot year-by-year, a»scssment-ha»ed»c<en
tific recommendations from the South Afr>can expel'I
ence. Thc argument i» based on the relative <ase witli
which recomincndation» for TACs for ancli<ivy and hake
have been agreed upon by scientists over recent years. i <i
contrast to ongoin< disagreements for we»t coa»t rock
lob»tcr  though thi» difference is admittedly not the <inl i
tactor that di»tingui»hcs these cases!.

Does any role remain for assessments in thi» ncw Jil-
proach? Certainly. hut not for the direct provision ot
management advice: rather, the results of a»sc»»ment ~
can be used to bound the range of possibilitie» con»id-
ered in the simulatii>n evaluations of procedure perfor
mance. The aim of research becomes the reduction ot
the overall range ot' plausible hypotheses, allowing i c
vi»ed procedure choice» that will achieve greater rewanl,
Iiu the same perceive<! risk. We see this updatin ol'pn>-
cedure» as having a typical time scale of 3 to S year
 i.e., a requisite time period for substanti ve iinprovement '
in the scientific understanding of developed Ii»heric»I,
and we are attempting to dovetail local, long<>r-term re-
search project» with such a schedule.

For example, an update of the procedure for South
African hake fishery is now in progress. In rc< ent yeai»,
the model-predicted and observed CPVF. trends in thi»
fishery have increasingly diverged  Figur 2!. Although
the procedure u»ed has broadly»elf-cortectcd Ior t'ai»
 as it wa» de»i< ned to do! by not increasing TAC»;<»
rapidly a» projected a I'ew years ago, the divergence»ug-
gests that the new data now available will indi< ate better
pert'ormance from a procedure different from th;it »elected
some years back.

On the wider front, we»ee a major goal a» being ahl<
to treat ri»k in a manner that allows for con»>»tency ol
evaluation» across difl'erent fisheries  i.e., »<nncthing akin
to the role that ha» been played by the Fn i efefence
point!. The justification for an el't'ective choice for ri»k
level, a» for F�,, will likely be empirical  it works; i.c.. it
does not collapse fi»heries too often!, but <.omliariibility
i» a neccs»ary prerequi»ite to allow such mi cv;iluation.

Thu», do we really yet know how to deal properly with
uncertainty in fi»heric» management decisions" .We doubt
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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 i» addressed further in this
volutne  Hilborn 1997!.
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The Revised Management Procedure
of the International Whaling Commission

G. P. K[RKWOOD

Abstract.� Prior to its l 982 moratonum on»onunercial whaling, the International Whaling Comniission
 IW  I based catch limits on stock as»cs»ments developed by its Scientific Committee. These analy»», v>ere
similar in nature to standard fishery as»«»»ments of the day. I'or each stock.;ill available data were lixed to
obtain best estimates of current and hist<irical stock s>zes and productivity. Ciitch limits were then >ct >< ith 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. On«major reason t'or deciding to impose th«moratorium was the diIYiculty the
Scientific Committee expenenced in reaching consensus on the status of stocks, given the prevailing unc«rt;iin-
ties in the data and their interpretation. Over the past 7 years, the IWC Scientific Committee has devch>ped a
revised management procedure designed to res«lvc these difficulties. The development process, d s«nhed in
this paper, involved a thorough reexamination of management objectives, a realistic view of the unc«rt;iintie»
inherent in current and future data, and v«rv thorough testing via Monte Carlo simulation of the robustness ol'
proposed procedures in thc I'ace of these uncertainties. I'.ffectively, allowances for risk and unccrtaintie: have
been directly incorporated into the management procedure.
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Before the 1980s, most scientific;ulvice to fishery
management was presented in terms of "best" estimates.
Uncertainties often were glossed over in the interest ot'
reaching consensus on international tishery commission~.
and they typically were acknowledged only when the
advice transpired to be clearly wrong. Fven enlight»ned
institutions apparently have failed to heed niessages of
uncertainty and risk, as judged by the management rnea-
sures they actually adopted.  Throughout this paper, the
term "risk" i» used to denote the probability of some-
thing bad happening. It i» not used in its technical sense
in a decision theoretic t'ratnework as meaning expected
loss.!

This failure to take proper account of uncertainty oc-
curred because fishery management is an inherently po-
litical proces~, particularly in international fishery com-
missions. Biological advice on the current and likely
future state of fish stock» i» essential information needed
for management, but it is by no means the only informa-
tion needed. Thus, the final decisions on catch quota~
may appear to fly in the face of scientific adv ice. Some-
times thi» i» an unavoidable feature of the conflicting
objectives or conflicting pressures on mana ers. I also
believe that it occurs in part because the scientit'ic ad-
vice i» given in such a way that managers find it very
difficult to interpret.

A simple example illustrates the issue. Advice that a
9S /o confidence interval for ti recommended total allow-
able catch  TAC! i» 8,000 � 12,000 metric tons  mt! may
be hetter than a single estimate of 10,000 mt, hut 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 ot' the range,
or toward either the lower or upper end ol' the range.

Lobbyists will alt>>ost certainly argue I'or either extreiiic.
The situation becomes much worse when inore than <>nc
possible range i» presented  corresponding, f<>r example,
to the results from two assessment techniques or tw<> in-
terpretations of d ita!. These were exactly thc typ», ot'
difl'icultics t'aced by the International Whaling Comniis
sion  IWC! and its Scientific Committee in th» late I'�<!s
and early 1980s prior to the imposition ot' the n><ir.<to
rium on commercial whaling.

The recent emphasis on assessing risk» ot' breachiiig
biological Ihrestiold» in fisheries  Smith et al. I<!',.<I,
rather than just;issessing statistical unceitainty, is <»r
tainly a big step in the right direction, but it is not th»
end of the road. What is really needed is clear scient ili<
advice, couched in understandable terms. <>f the risk, ol'
failing to meet the management objective>. It i» the re
lating of biologiciil  or economic! risks to manageiticnt
objectives, wt>ich usually are not couched in tertns»I'
such risks, that is crucial to bridging the c<!mmunic;i<i<>n

gap.
If agreed-up<>n. quantifiable managem< nt ohjecti>e»

can be developed   which mav be asking a lot, since m;ii0
managers appctir reluctant to articulate the ir objective< i.
there are at lea~t two ways of proceeding. The obvi<nis
one i» routinely to associate appropriate risk statcrnciits
with each clement of scientific advice. leaving the in. in-
agers to deal with that information as thev will. Fveii il
de»irable, this is not alway» straightforv>ard. The .ip-
proach taken by the IWC, apparently quite liaradoxically,
wa» to seek to return to the day» of consensus;idvi»e
This was to be achieved by seeking a managctnent pro-
cedure, applicable across all stocks and species ot' ba-
leen whales  B<ttnc>to!>tera spp.!, that could he demi>n-
strated to produce catch limits for whi h the risk» ol' iiol
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meeting the objectives werc acceptably low. Application
of such a management procedure would then produce;i
single recommendation for catch limits.

In describing the IWC's revised management proce-
dure  RMP! in thi» paper, I concentrate primarily on the
approach the IWC used to develop and test thc RMP.
rather than on the procedure itself, and I omit most of
the technical detail». It i» the approach, rather than the
procedure itself, that could with merit he considered for
use in other fishery management situations. I-'or siinilar
reasons, most discussion is devoted to dcvelopnient of
management procedures for a single biological stock.

The Internationa I Whaling
Commission

The IWC  the Commission! is an intergovernmental
organization whose member countries are signatory to
the 1946 International Convention for the Regulati<>n ol'
Whaling. The Commission meets annually, and niajor
decisions, such as the setting of annual catch limits, are
made by a three-quarters majority. The IWC i» advised
by a standing Scientific Committee consistin ~ ot' scien-
tists nominated by member countries and invited experts.

The tirst attempt to specify a formal set of rules for
calculating catch limits for commercial whaling wa»
made in 1974, when the so-called New Management Pro-
cedure  NMP! was adopted. Detail» of this procedure
are unimportant here, and only two features w ill be men-
tioned. The first is that stocks estimated to have been
reduced to less than 54<7o of their unexploited Ic> «I werc
classified as Protection Stocks. <md no commercial
catches were allowed. The S4o7o cutoff point wa» chosen
on the basi» that it was IOo/o below the conventionally
assumed stock level at which the maximum»ustainable
yield  MSY! could be taken. It was a device desi ned to
ensure that stocks did not fall much below their "opti-
mum" level, and if they did to rectify the situation a»
soon as possible. In no sense was the protection level
intended to be associated with the stock» being in dan-
ger of extinction, though frequently it has been inter-
preted that way. The second feature of interest i» 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 wa» only '�'i'n of the
estimated MSY, thus explicitly incorporating a 10'io al-
lowance for uncertainty, albeit a fixed one.

The NMP apparently worked reasonably well t'or a
few years, but problems began to be noted in the late
1970s. Most problems arose because of difficulties 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 led to widely llu«tuat-

ing catch limit». By the early 1980s, the IWC Scientilic
Committee found it almost impossible to reach con»en-
»us on recommendations for stocks subject 1< c<>mmei-
cial whaling, other than for Protection Stock». Partly;rs
a result of the»e dit'ticulties, in 1982 the IW ' agreed ro
irrlplement a p;<usc in commercial whaling  th< s<>-called
moratorium!, which would take effect from thc mi<l-
1980s. Thi» provision was to be kept under res iew based
oil the be»t scientific advice. Subsequently, the C<>mm is-
»ion would undertake ii comprehensive asses»iiicnt ol tire
effects of this decision on whale stocks and c<>n»ider its

modification.
In 1986, the Scientific Committee agreed that ii kcy

element of a con>prehensive assessment sin>ukl be tlic
development of an RMP. The development proce»s oc-
cupied the years 1986-93. A procedure fcr»citing catch
limits for single baleen whale stocks was adopted by tlic
IWC at its 1992 meeting, and a comprehcn»i> ' manage-
ment procedure I'or possible multiple stocks in a regi<>n
was completed in 1993.

Management Objectives

A» I have already a»serted, an essential elerner>t in tlic
search for an improved management procedure is a spec~-
fication of the objectives that must be met. This specit'i-
cation must b«sufficiently precise to de<ermine objec-
tively how well the r»anagement procedure meets the
ob! ect i ve».

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 ot
joint meeting» ol' »cientists and commissioners finally
led the IWC to accept the following statement ot' its ob-
jectives  IWC 1988:36!:

i. stability <>f catch limits, which would bc desirable
for the orderly development of the whaling induc-
t l'v;

ii. acceptable ri»k that a stock not be depleted 1;it;i
certain level of probability! below some clio»en level
 e.g., some lr<iction of its carrying capa«iiy!, »o thar
the risk of extinction of the stock i. noi seriou»ly
increased by exploitation;

iii. inaking possible the highest continuing yield I'ion>
the stock.

These objective» are partly incompatible iii that they
cannot bc fully satisfied simultaneously. Tr ale-offs be-
tween these objectives are inevitable, especially between
the first two and the third. Generally, the high< r thc le»el
of continuing yield, the higher will be th«risk ot deple-
tion below acceptable level», and vice vcr»a. Similarly.
the greater the catch limit stability requirecl, thc lower
will be the continuing yield. Further progre»s required
that weightings be given to the three objectives.
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After further discussion, the IWC agreed that an ac-
ceptable management procedure must first satisfy the
conservation objective  ii!. Subject to that, the manage-
ment procedure wa» free to maximize catche~ under  iii!
while performing satisfactorily in  i!. One ap 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 tn
be below S4% of its initial level  i.c., below thc old pro-
tection level!»hou d have a zero catch limit. Acceptable
risk was then tn be judged in terms of the possible ef-
fects of inadvertently setting non-zero catch limit» when
the stock was actually below the protection Ies cl but was
assessed to be above it. If the risk were deeniecl »uffi-
ciently low, then objective  ii! would be s;itisl ied.

Development of a Management
Procedure for a Single Stock

For an RMP to be judged satisfactory, it must meet
the I WC's management objectives, and it must d<> so re-
gardless of existing and continuing uncertainties in the
basic data, stock identity, and whale population dynam-
ics. A management procedure wa»»ought that was ro-
bust in the presence of these uncertainties. Whether a
potential management procedure i» robust can only be
decided by examining its performance across a wide
range of plausible situations. Developn!ent of a revised
managcmcnt procedure proceeded on twn fr<>nt»:   I ! iden-
tifying and refining potential management procedures.
and �! 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, it is unlikely that such a utility func-
tion could be derived; in any case, the relevance of such
an approach i» unclear in view of the robu»tness require-
ments. Rather, the aim was to develop a procedure that
exhibited satisfactory, robust perfnrin ance in meeting the
management objecti ve».

For this paper, a management procedure is taken to bc
a set of rules for calculating annual catch limits from
available stock information. Traditionally, I'or both I'ish-
eries assessment in general and whale assessmcnt in par-
ticular, setting rules has involved fitting models of the
stock dynamics to available historical catch imd abso-
lute or relative abundance data. Catch limits were then
calculated based on the resulting estimates of n!odel pa-
rameters and their sizes in relationship tn appropriate
biological reference points. These models may b«of vary-
ing complexities, but typically the more that is  thought
to be! known, the more complex ha» been the model ht-
ted. In terms of the NMP, however, this approach did not

seein particularly successful for the reason» aire;uly n<ii
lined.

Five potential management procedures were fnnilli-
lated and investigated by members ol' the IWC Sci«»-
tific  .'nmmittee. Three procedures  d< veloped hy
Butterworth aiul Punt, by Cooke, and by d« la Mare! iii-
volved the fitting ol' simple stock production models. 1 li«
oth«r twn procedures  developed by Ma nu»»nn and
Stefan»»nn and hy Sakuramoto and Tanak;i! at least iiii-
tially eschewed fitting of any population nio<lel; rath«r.
they set catch limits primarily nn the basis nt recent trends
in relative;ibun<hince. Later versions cf tlu Magnuss<>n
and Stefansson procedure did, however, inc<>rpor;itc a
population model. Space does nnt permit a proper <I«-
scription of the five procedures. Instead, in<«r«sted re;id-
ers are referred to IWC �992a:93 � 103!, in which ihc
five procedures ai>e described as they stn<>d v,hen nn«
was selected.

Simulation Trials of Management Procedures

Since experimental application of pntenti;il prncediu«s
for managing actual whale stock» was out of the qu«s-
tion, the IWC applied a computer simulation of wh«l«
stock management using techniques similai t<> thos« iii-
troduced by Hilborn �979!. An initially unexpk>it>'d
whale population was set up on the computer and sub-
jected tn a»eries of historical catches prini tn the nn»<'t
of management. The dynamics of the simul;ited sto«l'
were governed by models similar to those used regularlv
hy the !WC Scientific Committee. Abundance data w etc
simulated in such a way that they had the same nii <lie
and properties believed to occur in obsetved data of thns«
types. Computer programs then applied p<!tentia1 man-
agernent procedures to this simulated stock. This;ip-
proach has several advantages: it allows niany test~ tn
he done relatively quickly, the state of the siniulated st<!ch
i» known exactly at;iny time so that how v ell the m;in.
agement procedure performs can be accurately d«t«i
mined, and extinctiim of a simulated pcpul<iti<!n i» of ii<>
consequence.

All five potential management proccdur«s werc sub
jected to a lengthy series of computer-based trials. F,;!< li
trial examined management of a simulated whale»tn< I
over a 100-year period. Thi» was repeated 100 times �  ! I
for some trials! I' or each trial scenario. Summary statis
ties inonitoring the procedure's performanc<! in relat«!n
ship to the three management objectives were collect«' I
for each trial. The~e statistics are described i n a later .se«
tint!.

The prime concern in the screening trials w;is to suh
ject the potential management procedures t<> a set nl s«
vere performance tests. However, it was al»n intended I<
assist in developing and improving the proc«dures, Wh«ii
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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 »et of trial» 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 he 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 ol' the
simulated stock or stock» followed a simple population
model similar to that used in past assessments of baleen
whale stocks. In the later development stages, a t'ully age-
structured model was used, and in robustness trials a
variety of alternative forms of population model» 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 stock» vary widely. Seeking
maximum applicability, the Scientific Committee con-
centrated on procedures that made minimal data demand»
and did not require prior estimates of biologic;il parain-
eters that led to past difficulties in applying the NMP.
Consequently, the following data were as»umcd to be
available to the procedures:

~ the annual catches  including, in most trials, all hi»-
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 interval» thereafter  typically every 5
years!, regardless of whether catches werc taken.

The most common estimates of whale abundance re-
sult from sightings surveys. The variability and possible
biases for these estimates examined in the tria!» were
based on past experience of' such data. In early trial».
catch-per-unit-effort  CPUE! data werc als<i 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 true abundances
were not known by the management procedur«.

Specification of Individual Trials

Specification of' trials was an iterative pro< ess, as w ai
development of the management procedures. and the»«t
of trials ha» been revi»ed and extended over iime. Fven-
tually, two categories of trial» were identifie<l: hase cas«
and robustnc»s. Ba»e case trials consisted of a short s«-
ries of relatively mild trials that examined tlie ability <>I
procedures to inanage unexploited, moderately depict«<f.
and heavily depleted whale stocks with difyerent produc-
tivity level» in case» where the stock dynami«s 1'ollnwci I
conv«ntional model». The robustness trial» were long«i
series of much more stringent trials designed to examin«
the effects of a wid«variety of failures in a»suinptions

Base case trials.� -The base case trials examined a! 1
combinations of the 1'ollowing scenario»:

~ At the onset of' management, the stock was eith«i
unexploited  a "development" case!. rediiced to 30< I
of its unexpl<iited abundance  a "rehabilitation'
case!. or redu«cd to 60% of its un=xploited abun-
dance  a "sustainable" case!.

~ The MSY rate  the MSY, as a percentage of the MSY
stock level. <m«l thus a measure of potential produc-
tivity! for the population was either 1%, 4%, or 7'i'
Only the 1% MSY rate was used in the su»tainah1«
case.

~ The estimates of abundance were unbi ised and
available in the first year of management and ev«ry
fifth year ther«af'ter.

Robustness trial» I'or single stocks.� Robustne»s tn
al» examined a very wide range of plausihl«dcpartur«»
from assumptions commonly made in past assessments.
Following the initial specification, each trial was repeated
for a selected subset of the base cases menti<med abov< .
The robustn«ss trials examined the following  for;i tu II

list, see IWC 1993a:224a!:
~ Incorrect assumptions about the dynami< s of the true

stock. Thi» I'orrned the largest categor!. Cases «x
amined included widely differing IVIS't' level» an<i
density-dependent responses, differing ages ai in«-
turity, diff'ering time lags in density-dependent r<
sponses, trend» and cycles in the carrying capacity
of  he population, and cyclic changes ~n ihe MSY
rate.

~ Initial abundance at different levels than examin«d
in the hase ca»e trial».

~ Upward and downward bias in the ahundiince c»t
mates,;md trends in that bias, as well as differing
collection frequencies and precision le v«ls. Anoth«<
trial examined a case in which the <lecision oii
whether to undertake an abundanc su< vey  an cs
pensive und«rt iking! was dictated by the likely «;<t«h
quota that would arise from the anticipat<.d re»uli»
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 individu;il lhilures 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 elTects. This possibility was
covered by conducting further trial» that examined in-
teractions among those factors that werc most important
on their own.

Statistics for Evaluating Ability to Meet
Management Obj ectives

For each trial, statistics were collected to evaluate the
performance of management procedures in <»ecting the
three management objectives. The prima>y statistics and
management objectives to which they referred were as
follows:
Objective  i!; the average year-to-year variability in

catch limits.
Objective  ii!: percentiles of the lowest population size

during the 100 years of management.
Objective  iii!: 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.

Siinilar statistics were also collected for the tinal 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 year-to-year variability
in catch limits must be sufficiently low. For objective
 ii!, both the median and lower percenti les of the lowest
population size are important and facilitate assessment
of the likelihood of depletion to unacceptably lo>v stock
levels. For objective  iii!, consideration of both median
and low percentiles allows judgments to he made not
only about a procedure's average performance, but also
the spread of total catches it can produce. The continu-
ing catch statistic was viewed as an indicator ot' 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 heing inadvertently
allowed when stock levels were significantly below the

protection level of S>4'/<s These were the realized prote<
tion level  RPL! and a measure of relative recovery  RR !.
For a single simulation, the RPL was del'ined as the Iov
est population level at which a non-zero catch limit w;>s
sct. Over a trial, percentiles of the dist>ibution of RPI.
values were calculated. Note that with the inco<T>oratic>n
of an internal protection level, in the presenve of perl'ect
information the RPL would never be less thai> 54</n. With
increasingly imperfect information, there is;> gre;itci
chance that the stocl. will be assessed to be above the
protection level when it is not. and thus thai a non-zer<i
catch limit will be set inadvertently

The RR statistic complemented the RPL statistic h!
measuring the extent to which inadvertent setting of norl
zero catch limits delayed stocks from recovering t'r<»ii
levels below the protection level. Specifically. for e.icli
simulation. the first year, T, at which the stocl recoverc<l
to just above the protection level under a re ime of zen>
catches was determined. The RR statistic was then the
stock level achieved under management  and therefore
possibly with some non-zero catches set! in year T, i»c'I
sured as a proportion ol' the stock level achieved un<lci
zero catches in year T. Perfect performance would bc
reflected by an RR statistic of 1.0. Again, pere entiles»v<»
sets of simulations were collected. The c<>mplementar!
nature of the two statistics is illustrated by the fact that;i
management procedure may inadvertently set non-zc« >
catch limits at stock levels considerably below the pr< >-
tection level, but they may be so small that;iny delav iii
stock recovery is also very minor.

For each of the statistics collected, and foi each of ih<
simulation trials, comparisons were made ot' the pertoi.
mance of the five potential management pro< edures, and
judginents were made as to whether each pn>cedure pe>-
formed satislactorily in terms of meeting ihe rclesin>t
management objective. However, there were many tri
als, each producing a number of performance stat>sti< s
that addressed different aspects of the three nianageme»t
objectives. While attempts were made, usiiig the tech
niques of multi-criteria decision making, to develop;i
single objective ranking of procedures in terms of per-
formance across all trials, these attempts pr<ived unsuv
cessful. Inevitably, therefore, there was some degree < >t
subjectivitv in the final selection of the "best" procedur<.:
however, consensus was achieved in this selection.

The Revised Management Procedure
for a Single Stock

By 1<391, the development and testing proces~ f<ir
Itlanagcment procedures applicable to single know ii
stocks of baleen whales was considered complete, At its
1991 meeting, the IWC Scientific Committ«e reviewc<l
thc performance of the five procedures  IWC' 1992a!.
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While judging that all five had performed well enon< h
in meeting the management objective» so that any one
could, in principle, be suitable 1'or adoption, the Com-
mittee agreed that the procedure developed by J. Cooke
showed the best performance across the trial». At its 1991
meeting  IWC 1992b:47-48!, the I WC adopted the pro-
cedure by resolution, »ubject to satisfactory a<lvice <in
the probability of inadvertently allowing whaling when
the stock was significantly below the protection level.
This advice was transmitted and accepted at the IWC'»
1992 meeting. The management procedure for»ingle
stocks, subsequently renamed the "catch limit alg<irithm,"
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 bc applied to
a given stock of baleen whales, the I'ollowing input data
are required:

~ one or more estimates of absolute abundance de-
rived from sightings survey» and their variancc-
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 i» fitted
to these data. The model has two estimable parameters:
 I ! the current degree of' depletion of the population  the
ratio of current population size to unexploited popula-
tion size!, and �! a productivity parameter determining
the MSY rate. An additional parameter i» also e»timated,
representing the bias in estimates of absolute abundance.
These three parameters are assigned fixed, independent,
prior probability distributions, and estimation then pro-
ceeds in a Baye»-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%: otherv'i»e it is
zero. When the posterior distribution of the nominal catch
limit i» determined, the likelihood of the abundance data
i» downweighted by a fixed scaling factor. The final re-
sulting catch limit is a selected percentile �1. 
%! 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 hc noted
that «n understanding of the algorithm'» technical de-
tails is not essential to what follows. There are, however,
some important points that require further claril'ication.

The first point is that the stock production model used

in the algorithm, while superficially very similar to tho.«
used previously in whale stock asses»tnent», doc» n< i
claim to give an accurate representation ol re<il baleen
whale population dynamics, either in its functional lbrni
or in its parameter v<ilues. Rather, it is a model that, v hcn
used as an integral part of the catch limit algorithm, ht<»
been demonstrated ti> allow robust calculation of catch
limits. Should it tran»pire that an alternative inodel >nor ~
accurately reflect» tlie true population dynainic» of b i-
leen whale», it does not follow that this new niodel shoal< 1
automatically be substituted for the exi»tin, one in thc
catch limit algorithm. On the contrary, that would onl >
be appropriate if it could be demonstrated that the algo-
rithrn with the "improved" model perfor>n at lea»t .<i
well on thc full »et ol' simulation trials as thc exi»tin

catch limit algorithm did.
In the same vein, the prior probability di»iributi<>ns toi

the three parameters to be estimated, despite tlieir appe.n-
ance», are not intended actually to reflect prior beliefs ab<uii
the true values of these parameters, a» is usu;illy the ca»c
with Baycsian estimation method». Inste;id, the prior di»-
tributions and their ranges were adjusted to provide opti-
mum performance on the simulation trials. As indicated
in annotations to the specitication of the revi»cd maniigc-
ment procedure  IWC 1993a: IS2!, .should perception»
change on likely distributions and rang s o>' biolo >«;il
parameters, the appropri'ite way of accountinf for them >»
to amend the corresponcling simulation >:rial» and adju, <
the "tuning" of the ilgorithm in light of pcrlormancc iii
the trial», rather than directly to adjust the prior distribu-
tion» themselves to rellect thc changed percelitions.

A tinal important property of the algorii.hm i e»u Its I'ron i
the fact that a key input to the estimation pr<>cess i» thc
variance � covariance matrix of the absolute abundanc.
e»timatcs  a mea»urc of their precision!. The le»» prcci»c
the absolute abundance estimates, the wider i» the»prca<I
of the posterior distribution of catch limits, thiis the low «i
is the final catch limit  it being a fixed percentile of that
distribution!. Indeed, it is possible with very imprcci»c
abundance data lor the final catch limit to li<: set;it zer<>
alino»t solely bec;<use of this imprecision. Automatic re-
duction of catch limits as the precision of thc prirnar>
input data decrea»es is a key feature of thi» procedure.
Similarly, the scaling factor that effectively d<iwiiweight»
the information from the abundance data prevent» thc
algorithm froin getting too "excited" when it is»uddcn1 >
fed a larger-than-usual abundance estimate that coul<.l
very well have occurred by chance. Whale d! namic» 'li>c
sufficiently slow that it is far harder to iecover from;in
inadvertently high catch limit than from on< that i» toi>
low. In both case». there i» a strong incentive. in term» ot
getting higher catch limits, to conduct »urvcy» that ar ~
as thorough as possible.
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Management of Multiple
Stocks in a Region

The catch-limit algorithm and the trial» u»ed 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 stock» for which those a»sump-
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 i» 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 wa» 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. Initiallv, generic
trial» were devised to investigate the seriousnes» of these
problems. The first of these trial», 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 vessel» 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 heing taken by those op-
erations. In such circumstances, it is common for abun-
dance surveys to be carried out over the larger di»tribu-
tion area of thc whales.

Provided that the whales in the survey area belong to
a single stock that distributes itself 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 stock» of the same
species, one of which i» 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 c<>nser-
vative one: When catching takes place in only a part of a
species' distribution area, and when stock identity i» un-
known, treat the operation area as defining the boundary
of a single stock and apply the single-stock algorithm to

that restricted area only. This guards against the wor»l
case while heing conservative in the best ca»< when the i c
i» a sin< le stock in the larger area.

The solution also demonstrates the key role of fur<hei
research to resolve the uncertainties. The con»erva<ive
approach requires that, when the stock identity i» <iri
known, one should in a sense assume the worst. Hov<
ever, should rese;irch demonstrate that the ti ue»ituaii<>ii
was not nearly»o bad  and maybe even that there real l!
was only one stock in the larger area!. the catch limit
algorithm could be applied to a larger area with a corr<
sponding increase in catch limits.

Subsequent, more complex trials of multist<>ck miiii
agement were based loosely on previous ommerci;il
pelagic whaling operations for minke whale» in the south
em hemisphere  IWC l993b:185 � 188!, and mixed
coastal «nd pelagic ininke whaling in the in>rth Atlanti<.
Ocean  IWC 1993b: 189-19S!. An approach tliat appe;u>ed
to avoid iniulvertent overexploitation of biol<>gical stoch»
revolved around identification of three geographical ii
eas:

1. re< ions, which typically correspontled to n>;<!<»
ocean basins, containing stocks that did iiot mix with
stock» in other regions;
medium are;is, of approximately similai geograph i
cal scales to existing IWC management;ireas, which
corre»ponded to known or suspected riinges of' di>,
tinct biological »tocks within a region: anti

3. small areas. which were small enough to contain
whales I rom only one biological stock, <>r were»uch
that il whales I'rom more than one biological stock
were present, catching operations woul<l not be iible
to harvest them in proportions sub»tan< ially differ
ent from their proportions in the small area.

The catch-limit algorithm is applied to each of ih»
small areas v ithin each medium area, and»ep;iratelv «>
each medium area. In most cases, the operative cinch
limits would be those calculated for the.;mall areas. Two
other possibilitie» were envisaged. The fir»t, called cate!i
cascading, involved basing small-area catch limits u i thin
a medium area on the catch limit for the iiiedium;ire;i
treated as a whole. with that medium area catch liinii
being distributed  cascaded! among the constituent smiill
areas in proportion to the estimated relativ«ahundan<.c
in them. The second, called catch capping, iiivolved cal
culating catch limits f' or each small area v ithin a m<-
dium area and for the whole medium area.   atching in il
small area would cease in a season as soon as the catch
limit for that small area was reached, or when the»um <>I
catches to date across all small areas in thc niedium;irc;i
exceeded the medium-area catch limit.

The key to success in this strategy for handling uii
certain»tock identity naturally lies fir. t in identify>n
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appropriate small areas, but it also depend» critically <>n
a previously mentioned property of the catch-limit algo-
rithm: catch limits decrease with decreasing preci»ion of
abundance estimates. The nature of sighting»urx cy abun-
dance estimates, which tend to be conducted on the scale
of medium-sized areas, is such that the estimate» of abun-
dance for only part of the medium area are le»» precise
than for the whole mediuin area. Thc 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 limit»
only, and in turn, catch capping produce» smaller catch
limits again. Which of these three approachc» i» to be
adopted in any one ca»e would depend on the results of
appropriate simulation trial».

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

Identification of appropriate regions, medium are<i»,
and small areas in any application of multi»tock man-
agement depends on the available knowledge ot' the
stocks and regions to be managed. More importantly.
testing the robustness of the multistock manageinent 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 ol' 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»innulation
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 tor ba-
leen whales  IWC 1994:145 � 152!. This specification also
describes rules for gradually phasing out catches in cases

where more than 8 years have elapsed since the 1<ist abun-
dance estimate was obtained and for setting»eparate catch
limits by»ex to take account of unequal rumlicr» of inalc
and female whales in catches.

Relevance to Management
of Other Fisheries

Despite its good properties, there is nc sugge»tion that
thc IWC's revi»ed management procedure»hould be ap-
plied, a» i», to the management of other marine»pecic»
This is not just becau»e thc dynamics of whale stock»
and their response» to exploitation are so dilferent froi <i
those of most fish stocks  though they are i. I'ar morc
I'undamental i» the fact that the RMP was de»igned «<
meet the IWC's particular management ohlectivc».

The three objectives described earlier coiild»ervc;i»
an admirablc fir»t draft of objectives for any colilnleicliil
fishery. However, v here the IWC'» approach differ» <i
in the explicit requirement that the con»erv;ition objc<.
tive have absolute primacy and in the interpretation «I
when that objective has been violated  depletion to ~4'.<
or less of unexploited abundance!. Satisfying the con
servation objective alone is trivially easy: all one has t«
do i»»et catches low enough. Even the mo»i committed
environmentalist will not seriously try to nnount an argu
ment that a catch ot a few whales out ol' a p<ipulatio<i <>I
hundreds of thousands is likely to cause conservatiori
problem». What is difficult is trying to produce reas<ni
able catchc» while still satisfying the con»ei ration c<ni
straint.

The relative balance between the three objective» an<I
certainly the inte<Tiretation of the conservation objecti» c
are likely to be con»iderably different froni the IWC '.
for most domestic and international fishery inanagemeni
regimes. Mission statements and management plans fre
quently contain pious statements along the lines of "con-
servation of fish stocks has the highest priority." but it i»
very rare that thi» statement can ever be justified on th»
basis of actual decisions taken, except po»»ibly after a
stock collapse, which should have been avoided in tlic
first place if the assertion were true. Change» to the rein
tive priority of the three objectives and their iiiterpret.i
tion are likely to demand a somewhat different form <il'
management procedure from that of the I WC, though
doubtless some elements of that procedure could form ii
part of it.

In my view, it i» the process adopted in developing the
RMP, and especially in testing its robustne»s, that i» 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 as»essmeni are
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explicitly allowed for through inco>poration of prior prob-
ability distributions for uncertain parameters. Such an
approach, however, still stand» or fall» on the extent to
which the full range of uncertainties has been incorpo-
rated into the assessment. Computers may be fast, hut
we are a very long way from heing able to alii>v 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 uncertainties 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 w ill
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 fail». 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 i» computa-
tionally very intensive, and to be followed thoroughly. it
does take considerable time. Obviously, the tiinc and re-
sources required will vary with the complexity of the
fishery and the fish stocks, but experience elsewhere
suggests that thi» 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 ha» not been
applied to management of real whale stock~, and I be-
lieve it most unlikely that it ever will be, at least I'or 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 fishciy applica-
tions. The most advanced of these i» in South Africa,
and readers are referred to the case study presented by
Butterworth �997!.

Acknowledgments

Perspicacious readers may have noticed that my nan>e
appears nowhere as a developer of one of the five poten-
tial management procedures, nor i» it in the list of rel'er-

<.nces. My associiitioii with the development ol the RM I'
was initially as chairman of the IWC Scienti 1'ic C'ominit
tee when the process first sta>ted, and then as chair <>1
the various subcoinmittees and working gioups of fhc
IWC Scientific Committee, which guided the devcliip
ment proces». None of this would be possible withouf
the great dedication and innovation of the <lcvelopers < if
the potential procedures: D. Butterworfh. J C ookc, 6'.
de la Mare, K. Magnusson, A. Punt, K. Sakuramoto, �
Stet'ansson,;ind S. Tanaka. The computing skill» of' '
Allison of the IWC Secretarial were essenti,>l to the d<
velopment process,,ind the other members «f the Scici I
tific Committee who participated in the discussions >ils<>

played key role».

References

Butierworih. D. S. 19'!i. Management procedures A heiiei w;i!
io manage fishene»7 The South African xpeiience, Piig< i
f�-90 m E. K. Pikiich, D. D. Huppert, and M. I'. Sissenwinc.
edit<>rs. Global trend»: fisheries managemeiii. Amen<,i»
Fisheries Society symposium 20. Bethesda. Ivlaryl;u><f.

Hi!horn, R.197'!. Cong>arison of I'isheries con nil systems ih;ii
u>ilixc cai«h and ef't'ort data. Journal of the Iiisheries R,
search Board of Canada 33:1-$.

International Whaling   omrnission  [WC!. 19ffff. Report <>I ihc
sc>eniific committee. Report of the Intemaii< naf Whafiiig
 .'<>mmissi<>n 3!f:32- >1.

International Whalin  .'ommission  IWC!. I 9g9. Report i!f i!i<
c<>mprehensive assessment workshop on c;itcfi per unn ci
fort  CPUE!. Report of the Internati<>nal Whaling C'omirii ~ .
s«>n  Special Issue 11!: I S-20.

International Whalin ~ C'ommission  IWC!. 19'!'a. Report < f
the scieniif>c committee. Report of the Intern;>>iona! Whal
ing Commission O': S1-267.

International Whaling  'onunission  IWC!. 1992h. Chairinan
report of'thc forty-third annual meeting. Report of the fn>e>
national Whaling  'nmmission 42:I !-50, 14! -14'!.

International Whaling C'ommission  IWC!. 199.>a. Rep<>r« f
the scientific con>n>iuee. Report of the Interniiiional Wf»'1-
ing Commission 43: S S-218, 224a.

International Whaling Commission  IWC!. 19'�h. Repori < 1
the fif'th comprehensive assessment worksh<>p on revise,f
management procedures. Report of the Intern;iiional Wll<il-
ing  'omrnission 43: I IIS-195, 229-240.

International Whaling C'ommission  IWC!. I'!94. 1 epori <if ill:
scientific committee. Report of the International Whalin
Coin>1»s!i><>i< 44:41-201.

Smith. S..I., J. J. Hunt. and D. Rivard, editors. 199.'. R>sk ev;< n-
ation and biological reference points for i >sheiies manag<-
ment. Canadian Special Publication of Fisheries and Aqua>i,
Sciences 120.



Uncertainty, Risk, and the Precautionary Principle

RA Y H I LB OR N

Ab<rr«ct.� Management of commerci;il and reer«atii>nal fish«ri»s is pervade<i by uncertainty in stock ihiin-
dance, product price, costs of fishmg, politiciil constraints, and budgets. Linfortunatefy, the assessment <if ninny
fisheries depends on biological charactenstics that cannot be readily determined I'rom the data available on he
fish stock; this is particularlv true when dealing v ith concerns of fish stock response and the potential i'or
collapse at low abundance or high fishing pr«ssure. Sc>cntists often present decis;i>n makers with a me;is«rc ot
"risk," which may be the probability that the abundance would drop below a threshold or the fishing mortality
n>te would increase above a threslu>ld. Ol'ten. specitic ci>nsequences ot'crossing these thresholds are not gii!n,
nor are the probabilities of alternative consequences pn>vided. I argue it is fir hetter to include alt<>rni<tivc
hypotheses about how the stock will behave <vhen these thresholds are crossed and, using all available d.;ta,
assiiTn probabilities to these alternative hypotheses. If scientists do not do so, there is no scientit'ic guidance»n
the consequences of passing these threslu>lds t'or decision makers. The -piiecauiionary principle" hi>s gaiiied
popularity as a method I'or provi<hng guidance in uncertain situations. During a <feveloping fishery, the pre»;iu-
tionary principle would suggest a slow development of fishing capacity. which m>nimizcs the chance i>f sti i:k
depletion and economic overcapacity. How»vci. when;i stock is fully dci eloped iu overdeveloped, pre»au<i<>n-
ary reductions in catch would reduce biological nsk but increase the risk i>t econoinic collapse. Thuw he
precautionary principle provides little guid;nice when stocks are fully exploited.

Uncertainty in Stock Assessments

I  �

Perhaps the most ubiquitous theme in world lisherics
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 «ommcrcial
I'ishers what they would like most in their fishery, I sus-
pect most would say stability. Recreational <inglers also
face changing regulations and fluctuating abundance iil'
fish. C>overnmcnt managers are also beset by unccrtait>-
ties: changing demands and political power of' compet-
ing user groups, estimates of' the stock size ancl appro-
priate quotas for recreati<mal and commercial fisheries,
fluctuating governmental resources and bud >ets to per-
form their work, and interactions with other issues such
as marine mammals and international relationships.

In this paper, I concentrate on how fisher>es iigencics
deal with uncertainty in thc stock assessment pri>cess,
and I 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 I know. I
also consider thc appropriate managcm«nt response to
uncertainty and discuss the concept of the "prc»<iutioli-
ary principle' in relati<m to un»crt;>inty.

There are four major sources of uncertainty it> lisher-
ics stock assessments:   I I measurements. �> mi>del pa-
rameters, �! model structure. and �1 physic;il;ind bii>-
logical processes affectini> thc stocks.

Altnost all stock iissessments depend a i r:at deal oii
data, derived «ither I'rom survey results; ' ron biologica I
samples of length. agc. maturity, and so on; <>i fr<im inc<i
sures of total catch. The reliability of the ass<issmcnts i!,
i>reatly influenced hy the reliability of ihc <lat;i. Mani
data sources I>ave internal measures of varianc» ass<>«i
atcd with the sampling, scheme � in surveys, i he intela>i>I
variability of the survey will determine th»;onl id«i>»,
limits on the survey result. Bcy<u>d this, how ever. ther;
is uncertainty about the overall reliability of' thc survey,
particularly whether it is an absolute mcasuie i>f' aluin
dane«or should hc treated as a relative index. Ohviot >sly,
survey» are tnuch ttuire informative if they 1>rovide,'tb
solute measures of';ibundance, hut in some or, anizations
it is accepted practice to treat research .,urv< ys as rel;i
tive indices of' abundance. To use survey results as abso
lute indices of abundance makes a very stroiig assunip
tion about the lacl of bias in the survey m«thodoloi y

Ahnost all stock assessments have som. form i>f mod« I
at their core, .in<I these models have param«ters that;in
estimated I'rom the <Ltta. Most agen»ies now computi
and report uncertainty in model parameters although >hi!
Iuethods for computing uncertainty, and the extent <Ill<I
format for reporting it, differ greatly between iigen»i»,
and loc;ilitics. The inost common methcds tor comput
ing uncertainty include bootstrapping  Resirepo et;.il.
1992 i, maxin>um likelihood  Polacheck et;il. 1993: Punt
and Buttcrworth 199:II, and Bayesian statistical analvsi,
 Cfivcns et al. 1993: H> lborn et al. 1994!. All these meth
ods hiiv<'. ti con>>no>> ' oal of helping stock Jsscsslnl'I'll
scientists and mai>a crs to understand the rang» of pluri.
sible "states <>I' natur«" � what types of, tuel dyntunic,
are consisteni with the measurements avai lal>le.
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Uncertainty in model structure i» much less I'requently
dealt with in f'isheries stock assessments. Almost all as-
sessments I know of 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. m;iny
commonly used assessment procedure~ are has»d on a c-
structured models that have parameters 1'or natur;il mor-
tality rates, growth rates, age-specil'i»»ele«tivities, and
stock recruitment fun«tions. It i» coinmon practice to
assume that all these parameter» are time-inyariant-
howcver, the more adventurous assessn>ent groups are
now allowing for temporal «hangc» in some p<irameters.

Examples of allowing for «hanging parameters or.il-
ternative model structures include the assessin»nt of ycl-
lowfin tuna  Tliiiiinus «1 >u ur«x! hy the Inter-American
Tropical Tuna Commission   AT fC!, which is divided
into two time period» that correspond to p«rceiycd
changes in oceanic conditions  IATTC 1991>. and the
consideration of a wide range of alternative n>odel» re-
garding stock structure in the robustncss tri<>ls used by
the Scientific Committee of the International Whaling
Commission  IWC! to develop the reviewed management
procedures  Kirkwood 1997!.

Fxplicit alternative recruitment hypothes«s were u»ed
in the analysi» ol the status of the southern hlu»f'in tuna
 Tl>unnu» n><> ' ' >I'fi!, where three possible spawner�
recruit relationship» were presented to the 19'� Sci<.n-
tific Meeting ol' the Commission for the Conservation of
Southern Bluefin Tuna  CCSBT!:  I > a tr<iditional
Beverton � Holt curve, �! a depensatory Beverton � Holt
curve and �! a recruitment function that did not deere;isc
at low spawning stock sizes  CCSBT 1994!. Th»»e«ond
and third recruitment options can be thought ol as tilter-
native model», and since the spawning bi<>m;iss of the
stock i» thought to have decreased well hclov  iny level»
seen in the historical record. the policy impli ".itions of'
depensatory versus non-declining recruitments are quite
different. Under depensatory recruitment, stock «<>llapse
is quite likely; under non-declining recruitment, stock
collapse i» unlikely. Thus, when one admits thc possibili-
tyy of alternative model» of recruitment, the range ol'
uncertainty expand» greatly.

Random or systematic variation in biological or physi-
cal processes i» the fourth type ol' uncertainty.!v1any as-
sessment model» allow for som» form of sto«hasti» re-
cruitment  process error!. However, interdecad;il climiite
shift», as described by Hare and Francis �995! pos«even
greater threats to our model». If such shifts tire «omm<>n
enough that they need to be incorporated imo our sto«h
assessments, we really must consider completely differ-
ent models of fish production. While such climatic
chan'cs may often be represented hy dil'fere»i par<ui>-
eter co>nbinations of thc same model», thi» is only a «os-
metic covering of the fact that completely different pro-

du«tion hypotheses need to be considered in our sio«l,
assessments. This has been the subject ol';i smiill nuii>-
her of published paper»  Parma and Deriso 1990!: iils«.
while;i number <>1 laboratories have w<>rkii>g <ri>up«>n
cli>natic change  c.g., the IWC Scientific Committe« ii>.
«luded rohustnes» trtals with environmeiu.<l shit'ts, .>ii<1
the IATTC «onsidcrcd the change in o< can<>graphi«re-
gimes!. allowin< f'<ir major cnvir<>nment<i change i
main~ unusual in sto«k assessments.

Statistical Decision Theory

When uncertainty in stock assessment~ is pr»sented .«
deci»ion maker». at least three different;ippro;i«hes <Ii<
used. The first approa«h relies on statistic:il de«isi<>n th<io>!
and «on>putcs thc out»oines under differerit possible 'Nti>t<.
of i><itU>e  Hilb<irn and Walters 1992!. Sta>es <if' n<iturt
are n>o»t often diff«rent parameters of a conimon model.
but they' >nay include different model». The n>o»t str;ii <ht
forward method uses deci~ion tables  see Table I ! that l>i>
both dif'I'erent possible ~tate~ of natu>e;>iid dif'I'crci>i
managcrncnt actions. Each cell of the t >bi«»onti>in» tl«
expected «onsequen«es of taking any par>i ular a«> «<>I
lf <1 '<iv«1> sttttc of i> itU>c ls< t>U<' If yoU i«»sign I'>I'oh,>hill>
ties to the states <>f nature, then the exp««ted «oii»<
quences of'each possible action can easily lx c<>input«i 

When thc nuinhcr of states of'nature c <nsid«r«d is quii<
hig<h  for in»tune<.. yyhen considering uncert iinty in»»<
eral parameter»!, pre»enting discrete altern;itiv«states <>I
nature is often dif'I'i«ult. Instead, the exp» tcd «oiis
quences n»;y b» pr»;»nted by integrating <i«ro»s the iiii
certainty. An example of this i» found in the 1994 assess
ment of' hoki �1<><ruruiiu» n<r>ae.-ef<in<li«e> in Nc >
Zealand  Table 2: Punt et al. 1994!.

A»sex»ment < roups almost univers;illy in«orp » ai<
sensitivity analysis >n the basic assuinptions < f their m.iiii
assessment. I'or in»tance, expected conscquen«es i<>
management a«tions might be presented t'oi cliangcs iii
assumed natural inortality rate. Sensitiy ity;in;ily»i» is;<
valuable tool for s«ientists with which to «xplorc h<» 
robust their results are in comparison with their assuml <
tions. However, i>»silt» ing that the results w< re sen»iii> <
to a par<>meter, how >y ould a manager use th  icy<lit» 'of
sensitivity analysis unless the scientists assigned prof.<
ahilitie» to each «as»".

Indicators of Risk

A third method t<> in«orpora>e uncertainty in st<>»l;i..
sess>»el>t ady ice ls t '< calcUI'>te a>id pass oil to i»<i>Rig<'i s
an indicator some>in>cs labeled as 'risk." In Ncw i«id,u».
as><«»»i>le>lt><, I w > I or i»» of' ri»k are calcu lat d. risk i<i >II<
lishery, v,hi«h is the probability that the quoia will hc; i
least !�<!e of thc viiln<>rablc biomass, and ri»k lo the»i >�.
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TAOI.! 1.� Sample decision table showing the ratiii 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.

Prohahility thii
wai the true

virgin stock iiie
Virgin

stock size
Euturc quota �0' mctnc tons!
100 150 200

which is the probability that the vulnerable hiomt!»s will
be less than 20'/o 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 rctlect con-
cern about possible con»equencc» ot low stock size. such
as stock collapse due to recruitment failure, 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!. Thi» is a more detailed presentation
than computing a single probability.

Franci» �993! has proposed that the 20'i' risk meti-
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'/o

500
SSO
60 !
65< 1
700
750
800
8SO
9N!
950

1, �0
1,05<!
I, 100
1,150
1,200
1,250
1,3N!
1,3SO
1,400
1,450
1.500
1,550
1,600
1,650
1,700
1,75 !
1,8N!
1,85 !
1,900
1,950

0.0000
0.0000
0.0002
 !.0020
t!.0089
0.0246
0.0493
0,0775
0.1017
0.1159
0.1184
0 1106
0.0963
0.0791
0.0619
0. 0466
0.0139
0.0240
0.0166
0.0113
0 0075
0.0050
0. 0032
0.0021
0. 0013
0.  �08
0.0005
0 0003
0.0002
0.0001

Expected value

0.22
0. 26
0.3.3
0.4 !
0 46
0SI
054
058
0.60
0.63
0.65
0.67
0 68
070
071
0.7'
0.7-1
0.75
0.76
0.77
077
0.78
079
0. 80
0 80
t!.81
0.81
0.82
0.82
0.83
0.65

t!.22
0.22
022
 J 7 "i
02!
0 26
0,32
0. 37
I! 42
0,45
0 49
051
0 54
t!,56
I! 58
0 60
062
063
065
0 66
0.67
0 69
<! 70
071
071
072
0.73
0 74
075
075
0.49

t!.22
0 22
 ! 22
t!.22
0.22
 I o'i
0.23
023
0.24
i!.26
I! 31
<J 35
i!.39
<J 42
0.45
i!.47
IJ 50
i!.52
i!.54
<J.55
0.57
0. 59
060
0.6< 1
0.63
0.64
0.6S
0.66
0.67
0.68
0. 34

'I'ABLE .� A decision analysis output that does not exp!i«
itly show alteianitive states of nature. Source: Punt «t al.   I'!9. !,
Table <!.

Annual quota �.000 inetiic ionii
'200 250 30 ! 35 !Pcitormance llidl<.<<to<'

I'rohahihty stock ilropi
heliiw 20% of iirgm <iithin
5 years <RISK!

0.0 0.001 0. ii� <i 01<

0.0 0.0 I! tii
 0.01 IProhahility quota ii ict io hc
80'.I or greater of vulncrahlc
hi 0 I 1 i a i i
Expected ruin ot hiomiiii in
1998 to hiomaii tor MS y

648 605 5  it 5 17

Explicit Estimation of Risk of Stock Col/apse

There is a far more rational approach to inc orporating

of the time. The usc ot'the 20o/o virgin measuie of risk is
traught with difficulty because  I ! it i» totall! arbitrary.
�! virgin biomass  and therefore 20o/o of virgin bii!in-
;is»! i» often very difficult to estimate, and �! n i any»toe l .,
!ppear to be less than 20o/o of virgin biomass and pn>
vide considerable sustainable yield at those levels.

The three preceding points are closely rel;ited. Why
not choose 10c/o or 30o/r of virgin hiomas»? Siich assess
ments should be based on an analysis ol' data on prob
ability of recruitment declines, species replacements, anil
so forth, rather than on an arbitrary number. Sissenwin«
and Shepherd  I'!87!, Clark f1991!, <tt!d Mtice ai!<l
Si»senwine �993! have used eggs-per-recruit data to
estimate appropriate level» of concern about recruitment
overfishing t'or a number of stock». McAllister et al
�99S! used data I'rom a number of stock» in order ti
estimate the expected sensitivity of recruits ti spawnin<
stock for the New /ca and hoki stock. In New Ze !I;!nd.
three of the four most. important commercitil specie» il
lustrate the problem with a 20% rule. Snapp«r  Chryi< i
t!h!ys aiiratus! and rock lobster  Jasus e<tii ardsii!;ire
both assessed as well below 20% of virgin hiomas», yet
the abundance of both fish stocks is gri!witig, and thc
optimum biomass tor MSY is either leis than 20«ii ol'
virgin biotna»s or the difference in yield at2 !'yo <if virgin
and at MSY is trivial. The New 7ealand hol i stock i.
currently at 60 � 70/r. ot' virgin biomass and gtov ing. yet
the biomass al MSY is assessed to he at 18',< iif virgit
biomass  becau»e <it'relatively low vulnerability to gear!
For all three of these»tocks, presenting the probability
the stock will fall to less than 20o/< of virgin biomass anu
calling it "risk" seems nonsensical.

Any measure based on virgin biomass piise»»ever!
problems since many stock assessment.; make no reli-
able estimate of the virgin biomass. In these cases, on!
can simply usc thre»holds based on the h!rgest observe<i
population size.
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uncertainty in stock assessments. If, for instance, the <inly
concern about low spawning stock sizes i» the possibil-
ity of reduced recruitment, then including uncertainty
about the spawner � recruit relationship woukl be»uffi-
cient. The chance of reduced recruitment at low spawning
stock sizes will be reflected in the expected»on»equence»
of alternative policie». The obvious consequence» one
must calculate include average yield, short- and long-
term variability in catch, and the probability of stock
collapse. There i» absolutely no need to calculate «n ad-
ditional indicator called "risk.' Extensive analysi» of
spawner recruit data  Myers et al. 1994! i» an excellent
starting point in evaluating the relative probability of
alternative spawner � recruit relationships.

If the stock assessment group believe» there i» a risk
of stock collapse at low spawning stock»ize» I'or rea-
sons other than recruitment overfi»hing  e.g., Thompson
1993!, this concern should be put directly into the analy-
sis. I would suggest that stock a»sessment 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 incoq>o-
rate these probabilities directly into the stock as»essment
model. Mace and Sissenwine �993! have attempted to
incorporate this type of information, but a great deal ha»
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 hioma»»
or higher. This is to»ay that we must be careful when
discussing stock collapse. If we define stock collapse as
a circumstance in which the stock continues to decline
after fishing pressure i» stopped, we would undoubtedly
find that fishing will rarely be stopped until the stock i»
quite low, and we would be tempted to say that »tock»
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 prionty.

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 t<> make the
probability estimates, which are something managers can
use. If we simply say that a certain harvest policy ha» 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 itjust fine. The conservationist could argue that
it i» too dangerous to push stocks that low; the fisher

would cite all the fisheries that have been»ustainahly
managed at le»s than 20% of virgin biom.i»». Indee<l. it
i» quite likely that many people would assuine that a 25%
risk i» a 25% chance of stock collaps«. If the scienti»t»
were to provide their best estimate» ol the!>robabi lit! <>I
stock collapse, it would remove one level ol' the p»liti»;il
debate and alternative interest groups woulcl directly di»-
cuss the key issue of acceptable level» of probability tliat
a stock wil  collapse. Since commercial ti»her» ai'» iil-
most always interested in long-term»u»tain<<hie yiclcl»
from the re»our»e  when evaluating long-tenn mana I»-
ment plans 1, th» differences in perspectiv«» <nay <li»iil>-
pear. The best hope for reaching such a ci nsen»u» i» i<i
agree on how historical data on other»t<ick» could he
used to determine the probability of stock collapse.

Many assessments pose problems to the»cicntific»tii f1
because more than one hypothe»is is con»i»tent with i li»
data, and these competing hypotheses hav» dil'I'er»nt
policy implications. Examples include the debate ov»i
whether to believe catch per unit effort  C PIJE! or»ur-
veys in the northern cod  CJadu» morhuai ti»hery in ili»
mid-1980s  Harri» 1990!, whether southeni bluefin tun<i
recruitment will decline dramatically a» spawning»tc><:k»
decline  CCSBT 1994!, and whether the commercial I <»h-
ery in the Bering Sea affected the popu ation of St»ll»i
sea lions  Eumeto!>i <<»j ubatu»! because of;i reduction <il'
forage fi»h  Pa»cual and Adkison 1994!. ! suspect th;it
stock assessment »cientists can cite competing hypotli-
ese» in almost every assessment they pert'<irm.

When the competing hypotheses are a11 <.ompatihle
with the existing data from the stock, scientists have tv,<i
choices: they can either simply pass the alternatives al<ing
to managers without assigning probabilities to alternii-
tive hypotheses, or they can u»e theii experience with
exploited populations, the scientific liter;iture, and all
their personal knowledge to arrive at a be»t estimate <>I
the probabilities of alternative hypothesc». The fir»1 <>p-
tion would seem most attractive because it does not n»-
ces»itate possibly subjective assessments of what data io
use in assigning degrees of belief to competing hypoth-
ese». However, if scientists do not assign piobabilitie» to
competing hypotheses, the decision makers will do so,
either explicitly or, much more likely, implicitly. Eur-
ther, they will use their experience to d ter<nine their b»-
lief in the alternative hypotheses, or, ha» been as»ii-
gested from experiences in the South African fi»heri»»
 D. Butterworth, Univ. Cape Town, Rondebosch, South
Africa. per». comm.!, they will choose th» t<>tal allow-
able catch they wanted for economic or political re<i'ic>ll»
if it is compatible with any of the hypothes»» put for-
ward. Therefore, the question is whether scientists <>i
decision makers are better equipped tc evaluate the»<il-
lective experience of fisheries science in evaluating the
major uncertaintie» in f>»heries stock ass»»»ment». Thi»
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assumes of course that the decision makers actually u»e
the scientific advice. I am sure most stock assessment
scientist» 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 spawnin ~ stock
size of a particular stock has gone below any Ie< cl seen
before. you must look to similar experience with other
stock» � not simply pass two alternatives to m;inager»
and say "we have never been there. therefore ue don' t
know how this stock will respond."

This is also the solution to the problem of »en»itivity
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 show»
the outcomes are sensitive to the parameter»elected? The
answer is, of course, that the scientific staff should as-
sign probability distributions to the parameter based both
on the data availablc from the stock and again the col-
lective experience of fisheries science with other»tocks,

There will be cases where different scientists will
evaluate the data quite dif'lerently and come to different
conclusions about the probabilities of different hypoth-
eses. There i» no easy solution to this problem. My ex.
perience suggests that in many cases the»cienti»ts will
be able to agree on the appropriate probabilities bv agree-
ing on a procedure to determine the probabilities prior to
actually doing the computations of probahilitie».

Readers familiar with Bayesian statistics will recog-
nize that all thi» discussion i» simply saying i» that in
many cases the results of the assessment will depend on
the prior probability distributions assigned to some ot
the parameters. Determining prior probabilitie» is the
single most difficult aspect ol Bayesian»tatistics  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 tw<> 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 werc in-
cluded in the report of the meeting.

Strategies for Dealing
with Uncertainty

Once wc have identified all the uncertaintie» and done
our best to assign probabilities to them, what options do
managers have in dealing with uncertainty" .I'rom manv

perspectives the most desirable option is inorc re»carch.
We would like to collect more data and r solve the u»-
certainty. Thi» is almost never a short-tenn payot'I' � th«
benefit» ol'added research are usually several year» aw;iy.
In my experience, accumulation of fisheries-in<lependent
measures of stock abundance will resolve m;iny uncer-
taintie» over time. However, it i» probably niore con>-
mon that even with more research and several .<dditional
years, major uncertainty will persist and u ill probably
aluay» be with us.

Butterworth et al. �997! describe searching f<>r ma<t-
agement procedures that are robust to the uncertainties.
There are two important parts to this approacli: the first
i» recognizing that a management policy»hould be .i
»pecified feedback procedure, not an annual quot;i-
setting process. There i» simply no way to e< aluate the
consequences of yearly quotas unless the procedure for
setting quotas i» specified. The second key ingredient in
the approach nf Butterworth et al. is the seaich for n>-
bu»tness � search long and hard to find something that
perfortns acceptably under all the different pos»ible state»
of nature. One can alway» define alternative hypothcse»
that will cause a management procedure to tail, and it
has been argued  D. Butterworth, Univ.  ..;ipe To<v<1.
Rondebosch. South Africa, pers. comm.! thiit member»
of the IWC's Scientific Committee with links to intern;>-
tional conservationi»t/protectionist organiz'ition» have
indeed searched long and hard. If we wish to !udge thc
robustness of a propo»ed management procedure, uc
must assign probabilities to each alternative hypo he»is.
no procedure can be robust to all alternative».

Sainsbury et al. �997! describe an application of adap-
tive management in spatially replicated exp riincntal poli-
cie» for a specified number of years. An adaptis e manage-
inent plan i» simply an elaborate management pr<>cedurc
with explicitly recogni zed experimental cc mp< >nents;ind
unlike the usually non-experimental procedures described
by Butterworth. A key difference in the problem de»crihed
by Sainsbury i» the potential for spatial repliciition. Thi»
i» possible in some fisheries and should be u»e<l whcii
available. Generally, the more you can implement diffcr-
ent policies in different areas, the more quickly you »vill
resolve major uncertainties and the better the long-tern>
expected yield t'rom the fishery will be  Walter» 19!tf».

The Precautionary Principle

One possible approach to uncertainty is the prcc.»i-
tionary principle. A pollution-related statement of th»
precautionary principle is that "potenti illy,lamagin
pollution emission» should be reduced even 'when there
i» no scientific evidence to prove a causal linl. between
emissions and effects'"  Peterman and M'Gonigle 1992!.
The obvious fi»herie» variation on this is that <ine»hould
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reduce catches unless there is good evidence that the
current level of catch i» sustainable. Thi» v ould be the
opposite of what Ludwig et al. �993! consider the norm-
not reducing catches unless there is overwhelming evi-
dence that they are not su»tainablc. The precautionary
principle says that you»houid act cautiously in the face
of uncertainty.

How does one actually apply»uch a principle in real
fisheries'? First, one must recognize that any change in
harvests ha» expected consequences both to  he I'ish popu-
lation and to the fishery � the economic and social com-
munity of people who harvest the fish. Any»ociety 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, reco>nmendation» ba»ed 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 catche» or, more
particularly, in expanding fishing capacity. Increase ca-
pacity slowly unless there i» strong evidence that much
larger catches are sustainable. The mo»t serious long-
tcrm threat to both fish stock and fishery is overcapacity.
Such biological caution may have economic co»ts in for-
gone yield but will not lead to serious dislocation of ex-

i»ting users.
However, when stock» are I'ully exploited  or overcx-

ploited!, precautionary reduction in catche» poses seri-
ou» problems. We must carefully weigh the risk» of stock
collapse against the risk of large-scale econo>nic or»o-
cial change.

Thus, while the precautionary principle might provide
reasonable advice in developing fisheries, it provides lc»»
guidance when stocks are intensively exploited. The pre-
cautionary principle has received criticism from other
authors  Broadu» 1992! in other fields I'or»imilar rea-
sons. We must rely on good analy»i» of hi»torical data
and statistical decision theory to guide our analysis of
the benefits ol' reduced catches.
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Experimental Management of an Australian
Multispecies Fishery: Examining the Possibility

of Trawl-Induced Habitat Modification

K. J. SAINSBvRY, R. A. CAMpflE .f.. R. L N�Hot.M, ANn A. W. WHITEI.AW

Abstract.� The North West Shelf of Austraha supports a div«rs« tropical f>sh fiiuna.  'hanges in species «o inpo-
sition were observed following the introduction of fishing. Several ditferent c«ological hypotheses to explam
the changed species con>position were consistent with the available data. These hypotheses included combina-
tions of interspecific interactions, intraspe«ific interactions, and trawl-indu«ed modification of benthic habit;it.
Some hypotheses indicated that a considerable improvement >n catch value was possible. It was shown that;m
experimental or actively adaptive inanag«>nent approach with spatial aml teinporal manipulation of the irawl
fishery effort was scientifically and econ»I>»cally viable tor resolving key >nanagement uncertainties. Ext>ei>-
mental periods of less than approximately S years were not expected t<> provide sufficient hypothesis discrin»-
nation to allow signit>cantly improved management de«isions, and expenmenlal periods longer than ar<iu»d �
years cost more in research and 1'orgmie catches than the resulting hypothesis <fisc>imination is worth.

Three contrasting management zones were established on the North West Shelf'; one area was clos«d to
trawling in 1985, a second was closed to trawling in 1987, and the th>rd remained open to trawling. R«s<:arch
surveys were used to monitor fish abund;mc«;u>d the benthic habitat. The North West Shelf managemei>t ex-
periment provided close to the expected level of hypothesis discrimination. The results increased the probabil-
ity placed on hypotheses involving habitat >nndification mechanisms. Consequently, the possihility of in>p> ov«d
catch value is judged more likely than was the case befor« the «xperiment. However, the results also indicate
that habitat recovery dynanucs are slower than previously thou hi, so that resources recovery will be low.
Furthermore, direct observations of trawl-habitat interactions showed a high rate of damage to the hah>tat on
encounter with the trawl gear. Consequently, a high-yield fish«ry >s expected to he slow to attain and < lift'ic »it io
maintain if existing trawl fishing methods are used.

Background and Management Issues
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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.

The North West Shelf region of Australia supports a
diverse Indo-West Pacific fish fauna coinprising several
hundred species  Sainsbury et al. 1985!. A brief period
of trawl fishing occurred between 1 959 and 1963; inten-
sive pair-trawling began in 1971  Sainsbury 1991!. At-
tempts to operate domestic trawlcrs in the. fishery in the
early 1980s were not economically successful, hut 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 Leti>rin><sand L><j taru<s in particular! declined with

the development ol' trawl fishing, and that the;>bundar>ce
i>f some lower-valued fish  Nemipter><s and S<u<riC« in
particular! increased. They also showed that the c it.h
rate of epibenthic organisms, such as sponges, greatly
decreased between 1963 and 1979. Photogr.iphic surv<1 s
of the seabed conducted in association with trawl s»i-
vey» during the early 1980s showed a signil'icantly higher
probability of occurrence of Lerhrinu> and L« j<nui> in
;ireas where large  
5 cm! benthic org;inisms w<.rl
present than in areas with no large epib«nthos.   <>ii-
versely, Nemipteru> and Saurida showcd ii signific;u>tly
higher probability of' occurrence in areas without lar c
epibenthos  Sainshury 1991!.

In 1979, the Australian 200-mile fishiiig zone v us
declared with the hn>ad aim of obtaining th«greatesl <«-
turn from the resource, if' possible from dey elopment i>f
domestic fisheries. The historical fish community struc-
ture, dominated hy lwthrinus and Lujtai>us, would bc ex-
pected to have given improved value of caiches and >ii-
creased <ipportunity for development <>f ilomestic
fisheries compared with the community structure as it
existed in the early 1980s. This gave rise t<> the folliiw-
ing related research and management issues'.

~ Can the change in community composition bc re-
versed  linking to the question of whtit caused th«
change!?
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~ If it appears that thc change could be reversed, is it
worth attempting given the uncertainties in outcome,
time frame. and value ot' the catches'!

~ If an attempt is to be made, exactly what m;mage-
ment measures should be used".

The Analytical Approach

Four alternative mechanisms were developed that
could explain thc observed changes in abundance of the
four key genera  Lethritrrc», Lutjan«s, Nemipter«<, and
Saurida! being considered. The methods of analysis,
described in detail in Sainsbury �988, 1991!, were as

follows:
I. An intraspecific mechanism, under which the ob-

served changes are regarded as indcpcndent »ingle-
spccies responses.

2. An interspecitic mechanism in which there i» <i nega-
tive influence of l.etliriiiu» and L«tjan«i on the
population growth rate of Saurida and Nc nrit>terr<»,
so that Sauricla and N< mipter«s experience a corn-
petitive release as the abundance ol'Letlrrin«< and
Lutj anus is reduced by I'ishing.

3. An interspecific mechanism in which there i» an
negative influence of Sarcriclcr and Nenripterrc» on
the growth rate ol' Lethrin«» and l.«tjr«iris, »o that
Lethrinus and Lcrtjaii«s are inhibited as the abun-
dance of Sa«rida and Nemipterus increases for other

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 insuf1'icicnt to allow unique
parameterization ol the model~, and thi» parameter un-
certainty was encompassed by choosing different par;un-
eter sets with about equally high likelihood and treating
model � parameter set combinations as separate model».
While all of these model» are ecologically rca»<mable
and consistent with the available data, they have differ-
ent management implications. Model» 1 imd 2 imply a
relatively low productivity of l.ethrh i«s and L«tjaiiu»:
the historical reduction in abundance seen i» interprctcd
as being due to overfishing, and yield» would hai c to be
kept low to prevent thi» I'rom happening again even al'ter
the resource had been rebuilt. However, models 3 and 4
imply a relatively high productivity of l.ctlrri»ir< and
Lucan«s under some circumstances; selective harve»t-
ing of l.ethrinus and Lutjan«» under model 3 and har-
vesting without removal of large benthic organi»ms un-
der model 4 would result in high su»tainab!e catches.

The development of scientific fishery management
advice for the North West Shelf used the analytic 1 rame-
work for evaluating adaptive management re<»mes

 Walters 1986; Hilborn and Walters 1992; anti <le»cribed
in Sain»bury 1988, I c!91!. In summary, thc anal y»is c<>I>-
siders;i short-term management regime  W! that i» ap-
plied during a "learning period" of duration  t!. Durin ".
this learning period, certain revenues are of>tai nod, moni.
toring costs are incurred, and ob»ervation< are made. Ai
the encl ot' the learning period, the observation." aic u»ed
to guide a long-term policy choice. At that tinic, a ri»h.
neutral manager»electi one from the optiiniil ~tr;rtegrc!,
relating to each of the models considered;md applie!,
that strategy for all future time. The economic and <ib.
servation;il consequences of failure to be able to imple-
ment either the learnin period regime or th< selected
long-term»trategy werc also included becau»c there wa!,
c<msiderable uncertainty about the ability to iinpleliicli'r
the chosen man;igemcnt regimes on the North We»t Shelf
 especially those requiring expansion of thc dome» i<
fisheries!. The choice <>f long-term strategy depend» in
part on the probability placed on each model;it the end
of the learning period, when the decision i» n>ade, and
the power of the observations to discriminate;iin<>ng th»
alternative model». A Bayesian updating method wii» u»ccl
to calculate change» in the probabilities olaced on th»
alternative model». Repeated simulati<m o ' the revenue»,
observations, and decisions was used to detei mine thc
expected present v,iluc, which was condition;il nn each
alternative model licin true. These simul<iti<>ns w<!re
combined by the probabilities initially placed on each
model to give an overall expected present v;ilue fr<>ni
the learning period and experimental regime being evalu-
ated. The key issue i» which combination ot W and r
gives the best overall expected revenue. A go«d experi
mental re< ime   I! v,ould result in a high prob;<hility he-
ing assigned to each alternative model, when tliat mod«l
was true, »o that the appropriate long-term policy i» se
lected, and �! would <h> this at low net cost  e g.. che,ip
oh»ervations and little or no caich forgone cluring thc

learning period!.
The»e cvalu;itious indicated that there va» relativcl!

low expected present value I'rom continuai.ion sif the ex
i»ting licensed 1'orcign trawl fishery. Even witli the relii-
tive probabilitie~ on each model as they were at th,it time.
a higher expected prc»ent value would be obt;i>ned I'r<un
an immediate switch to the long-term policy of a dome»
tic trap fishery. Moreover, continued trawl fi»hin while
more observation» were made to support a latei decisi<>n
resulted in a lower expected present value the longer thc
experiment was continued. Essentially, the oh»ervatinn!,
ot continued trawling were relatively uninf<>rrnativc.
There wa» a cost to obtaining the observations and thc!
did not greatly improve the final decision. H<iwever, it
w<u» also shown that some experimental niuiiagemcnt
regimes, involving the cessation of trawling in some ai-
ca» ansi the introduction of trap fishing in»nine ol' thc



TRAWI..-INI!I/CFI! HAH ITA f MOD! FIC' XTION

rea Ie tta<n<ng
pen t< trawling

0
0 r<owley

p Sho,tla

"o '

Pt llrdlwad

areas closed to trawling, could provide a higher expcctcd
present return from the resource. For learning periods
less than roughly 5 years, the discrimination bctv een hy-
potheses obtained was insufficient to greatly improve
decision making. For learning periods greater than ap-
proximately IS years, a high lcvcl of discrimination is
obtained, hut the cost of obtaining this discrimination is
greater than the value ol' improved m >r>ager»er>t. How-
ever, for experimental periods between 5 anil I S 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 Shell', each involvin ~ the continental
shelf adjacent to about 80 nautical miles of c«asti me  Fig-
ure I !. One area was closed to forei<ln trawlin ~ in 1985.
the second was closed to foreign trawling in 1987, and
the third remained open to trawlin< . Trap fishin v as 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 w«ul<l be re-
viewed and the appropriate survey interval reexamined.

Thc resulting contrasts in trawl I'ishin ~ effort were not
exactly as planned. The trawl cffoit was reduced in the
first area and maintained in the remainin areas as in-
tended, but the clo~ure of the second area als<i resulted
initially in a reduction in fishing effort in the remaining
open areas. This was because the foreign  lect initially
responded to the closure by moving to alternative fish-
ing regions. Trawl effort incrcascd again in I;iter years.
However, the main surprise was the developn>ent of do-
mestic trawl effort in 1989 and especially I '!90. Thi» pos-
sibility had not been considered seriously because ear-
lier attempts at domestic trawling had proved to be
uneconomic. Apparently, a number of I'act<>rs were in-
volved in development of the domestic trawl fishery:

~ the improved resource condition following the re-
duction in foreign trawling,

~ a down-turn in inshore shrimp catches and the con-
sequent need for alternative 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 el'feet ol' this development on the manage-
ment experiment was a rapid increase in trawling ef1'ort
in the central closed area in 1990. This was possible be-
cause the foreign trawl controls werc established under
federal management jurisdiction, but management con-
trol was transferred to state jurisdiction in 1988 and the
state regulations allowed domestic trawlin ~ east of
116'4S'E. This was not appreciated to be a problem at

I rot<><a I. � The area <!n the North West Shel  in which Ili
Oornrnonweulrh Scientific and Industrial Organization rt he u< h
w:>s conducicd. 'I'hc z<tning used during the exp< rimeniul ro;i«
,>gemeni betv der> I'>8<i;uid 1991 is also showm

the time. H«wever, as the trawl fishery ili vilopcil <inel
targeted the centr;il closed area. it wal, agieed that tl>is
development shou!d not be impeded. Tilt.' change <11
management jurisdiction also carried with it a «hangc in
the research a tency primarily responsible t'or manage-
ment advice, from federal to state agencies. This and i>ther
changes in the I'ederal research agency resulted in a ccs-
sati«n of annual trav I surveys after 1992. Despite all these
«hangcs, thc experimental approach is being continiu <I.
The design will bc different, with the central zone lcll
open to trawling imd the easternmost zone closed to trav;I-
ing from 1993  thar is adaptive manageinint'.!, anil ic-
source survey» planned for roughly 3-ye;>r intervals

Observations and Results from
the First 5 Years of Experiment

The ohservati<>ns from the eastern and wcstcrn zi>ries
are most simply inte>l>reted because they;ue essen ially
trawled or untrawlcd for the whole 5 ye;irs between 1986
and 1990. The catch rate of all fish and thc iibundancc <if
large  >2S cm! and small  <"..S cm! benthos in the uii-
trawlcd and trawled areas  Figures 2 and3. respect>s ci! !
show that, in the area closed to trawling, tlic density til
fish increased, the abundance of small benthos increascil.
and the abundan<. e of large benthos stayed about tht'. 'l trial
«r increased slightly. In thc area open to trawling. tlu:
abundance «f fish decreased, and the abund;>ncc ot'b<itl>
large and small benthos decreased.
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Ftl>URE 2.�  A! Total catch rate of Ler/nir>u> plus Luijnnu>
 kg/30 min trawl! in the zone closed t» trawling in Oct»hei 1985
based on the annual research data.  B! Proportion»t »cabed
wilh large  cl»sed»quare! and small  »Pen circle! benthos in
the zone closed to trawling in October !98S based»n the an-
nual research data. Standard errors and line of be»t fit are al»o
shown for  A! and  B!.

The relative probability that was placed on each of
the alternative hypotheses before and after thc experi-
ment was calculated by applying the same Bayesian up-
dating method used in the initial analysis  Sainshury
1991! to the data from all three experimental zones.
Where P is a Bayesian probability, L is a likelihood. 0 i»
a set of observations, and m represents the alternative
model»:

~ initially all four hypotheses are considered to have
equal probability so P��,,  m,! = 0.2S,

~ the probability on each hypothesis at the»tart of the
experiment in 1985 was calculated by Bayesian up-
dating from research survey observations avaihlblc
at that time  observations 0�!s,! from

  m ! = P   m ! L   0 l >> s s I nl ! / 2 P   1 1 1 !

L O,I m !

85 86 87 88 89 93 91

85 86 87 88 89 90 91

Ftot'Rt 3.�  A! Total catch rate of /wr/irinur Blue Luijunn>
 kg/30 min! in the zone let't »pen to trawling ba»cd»n the;m
nua! re»earch data.  B! Proportion of seabed with lalge  clo»ell
square! and small  open circle! benthos in the z»ne left open I»
traw!ing ba»ed on thc annual re»earch data. Standard err>>r» l>nil
line of hest fit are a!»»»h»wn for  A'! and  B!.

where L O>p�,l m ! i» the likelihood of the observll
tion» to 198S fitted to model m...i

~ The probability on each hypothesis at the end of
the initial 5 year» of thc experiment in 1990 wa»
calculated by Bayesian updating from research sur-
vey observation» made in all areas durin that pe-
riod  observatiolls 0>sss !p! from

P...� m! = P,��, m! 1.� �, � I m.!/X. P �m!

I     ! 1 > ! s s ! p I m . !I

The estimates of probability for each hvpothesi» in
198S and 1990 were calculated  Table I!. Thc;ldditionlll
information I'rom the experiment considerably reduced
the probability placed on one of the interspecif ic meclm-
nisms, which was previously given a high probability. In
that mechanism, Le//iriiius and Lu//anus negatively in-
f!uence the population growth rate of Nimi/>rerun and
5rzurida, resulting in competitive release ot'the latter pair
with fishing. Thc probability placed on the interspecifi«
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Number Pc<ce<llResult on encounter
Af c< 5 your»
ol' ex pe«ment

Prior io
experiment No removal

Removal und colic<i under net
Removal und caught in uei
 Jnknowu
Total obxervut<on»

19
154
15

205
393

Hypothesis i <i

I
�0

Ioierxpccific control
Iniruxpccific control
Iuiruspecific control
Habitat and interxpccific

0.0 I
0.52
0.0 I
0.46

0 07
0 i3  I.,L>N,S I
0.03  N,S>LL!
0.62 control

 i.e., single species! and the other intraspecific mecha-
nisms increased slightly, but the probabilitie» placed on
both of these mechanisms remain low. The probability
placed on the habitat limitation model increased sub»tan-
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, l-lowever,
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 rnodifica-
tion model. This indicates a substantially increased po»-
sibility that a high-valued Lethri n » and Lujt<   u» 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  �5 cm! benthic organisms wa» found to be
inconsistent with the assumed growth and settlement rates
that were assumed in the initial analysis  Sainsbury 1988,
1991!. A constant settlement rate wa» assumed and esti-
mated; it was also assumed that epibenthic organisms
could grow to 25 cm in roughly 6 � 10 years. The re»ult»
obtained from the experiment indicate clearly that for
the estimated settlement rate the time to grow to 25 cm
is at least 15 years, and that settlement rates could also
be lower than estimated. Further analysi» of settlement
rates is planned, but by either of the mechani»ms 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 possibilitie» heing  I !
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 year» ot' the North
West Shelf experiment.'

'Thc prohubiliticx were calculated using a Bayeei<m updating method
described in Saiuxbury �991!. The hypothexe< are dc»cubed in gene«<i
terms in the text, whereas Sainxbury   991! provides ihc mathematical
details.

�! removal with the organism then rolling under the trdw I
net, �! removal with the organism entering the  r,iwl
net, and �! an unknown result. The re»ults for l>en hic
organisms larger than about I S cm are given in Table 2.
For a large number of observed encounters, the re»uli i»
unknown because of poor visibility and other visual <>b-
structions to observing the organism's fate. Howevei, ol'
those encounters where the fate was observable, g<!<!<
resulted in the removal of the organism fr<>m its sub-
strate. Bounds I'or thi» removal probability were 4  '.i il
all encounters with unknown results did not result in ie-
moval and 95'!< il' all encounters with unknown re»ults
did result in removal. The very low occurrence of ie-
moved organisms heing retained by the trawl means i liat
most removal» would not be apparent I'ron< trawl catches
of' benthic organisms. It is not known what happen» t«
sponges that are broken from the substr;ite or whether
they regrow I'rom small po tions that  night remain iii
the substrate. However, the absence of observation» of
sponges showing the changed orientation that w«ul<.l b»
expected if reattachment was common suggest» that lo«se
sponges disintegrate rather than reattiich.

The analy»i» carried out for the V«r h West Shell
proved very useful in guiding management actions de-
spite the initial high levels of uncertainty. Furtherm<ire.
the use of an experimental approach, eve i if not imple-
mented exactly a» intended, provided some useful re-
sults: it increased resolution of the key features affecting
resource dynamic» and increased credibility of the h;ihi-
tat model in particular. It increased attenti<in to manage-
ment actions that take habitat modification into accounl.
including trawl designs and zoning for non-trawl are;i».
It provided improved information on the dynamics ol'
both the fish resource and the benthic h ibita  for u»e in
present and future fishery assessments. It aided in ihe
empirical resolution of the economic viability of dome»-
tic fisheries in the North West Shelf region  although
other factors also played a large part in thi». a» they pr«b-

TAB .I'. 2.� Oh»erved results of encounter between spoiigc<
and a demersal trawl groundline,"

"A wire cable onto which rubber puuchiogx were thrcuded. The ohxccvu.
<ion< were made iro<u u v<deo camera mounted on the <mu I during <cvcu
30-mio dememal iow<, The result of encounter wax»ci<re<i only  or <odi
vidual sponge» that were larger than ihc diameter of the groundl<oe i<x« li
 -15 ciiik
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ably always will!. It encouraged further research on habi-
tat effects in this fishery and the development of a I'ol-
low-up experiment. It provided empirical resolution of
the initial major uncertainty about the economic 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 research agencies. This indi-
cates that � at least sometimes � long-term expenments
can overcome the difficulty ol'organizational "turn-over
time," which tend» to act against any coherent lon -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 modil'ication of
the epibenthic habitat. Furthermore, continued alteration
of the demersal habitat due to trawling will most likely
continue to alter species composition. However. in the
case of the North West Shelf, an implication of thi» situ-
ation is that high-value yields wouhl be possible il' the
habitat modittcation could be avoided or greatly reduced.
The slow dynamics of habitat recovery, combined with
the apparently high probability ol 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, thi» concern about trawl-induced dam-
age to the broader community of marine organisms i»
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 m question; but the crn-
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, busts of
inferior beings there resident, besides bringing destnic-
tion on the multitudes of smaller fishes, the whole of

which, hc it <>bserved, are the appointed diet <it those
edible species sought as human food. It also disturbs
and drags forth the m.isses of deposited ova of < arious
species. An interference with the economical;irran«c-
ment of creation, i>f such magnitude and of such dura-
tion, will hereafter bring its fruits in a perceptible
diminution of these articles of consumption for which
we have so great necessity. The trawl is fast bringing
ruin on numbers of p<iorcr orders requiring th most c<>n-
siderable attention

Today, sustainable management of our marine te-
sources hrcs become a high priority. While the concerns
about sustainability may not be new, the need to deal
with them effectively has perhap» never been greater
because of increasing fishing power of fleets and the
niulti-use demand» placed on many marine resources
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Global Assessment of Fisheries Bycatch
and Discards: A Summary dverview'

I!AY'I'ON L. AI.VERSON

Ah»tract.� Global estimates of di»carded fish range from 17.9 t<> 39.5 milli<m metric tons per ye«r, I >mitcd
data suggest that survival of most discarded specie» i» low, that discarding causes declines of some nontarget
species, that bycatch ol'ten contribute» strongly to overfishing, and that di»carding partly accounts for»hift» in
species dominance and occupation of certain ecological niche». Thc value ol' discarded fish plus the c«st» of
monitoring and preventing discards amount to b>llion» of dollars annually. Success in reducing bycatches;>nd
discards has varied with the species managed and the cooperation given by iiulustry. Effort reduction, i<ice<itive
programs, and individual transferable quotas are emerging as potentially viable control techniques, hut they
will have to be adapted to particular fisheries and regions, and their eft'icacy may be limited by a pau< it> of
observer programs. Policies for bycatch and discard reduction must take»<>ciocultural attitudes into <>c;oimt.
both nat>onally and inteniationally, but they should bc based on»ouml con»crv ation principles.

Data Sources and Limitations

II5

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 manageincnt
issue of the 1990s"  Tillman 1992!. It i», therel'ore, some-
what ironic that the term "bycatch" i» so I'requently un-
defined and misused by managers. politicians. advocacy
groups, and frequently even fishery hiologi»ts. Its con-
temporary application among most ol' these roups is
generally synonymous with the capture and discard ol'
marine life by fishing  lect» resulting in wa»te. 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, i» all species cap-
tured other than target species. Thus. bycatch discards
may constitute a small-to-»igniticant fraction ol the iden-
tified bycatch, depending on the nature of the fisheries
and local customs. For example, Andrew and Pepperell
�99'2! and the authors of this paper estimate the upper
range of bycatch taken in the world shrimp 1'isheries to
be in excess of 16 million metric tons  mt!.

Yet throughout much of Asia and many ol' the world' »
artisanal fisheries, a variable share  perhap» ><>r, to  �c/< !
of the shrimp bycatch may be species retained for food
or industrial purposes. Although discard» in tropical
shrimp fisheries are generally high. they are consider-
ably less than the total reported bycatch, so it i» impor-
tant not to associate estimates of total bycatch with v orld
discard» of marine fishes. Further, bycatch discard rates

'Those intere»tcd in evaluating data sources, Ii>nit;u>nns, >neth-
odology, and t'uller explanations of thc details pre»ented herein
should refer to Alverson et al. �994!, the comprehcn»ive docu-
ment upon which this summary overview i» based.

and numbers may misrepresent the impacts because I or
a number of »pecics some t'raction cf thc discard»iir-
vives. Without good estimates of the I iom;is» disc in lcd.
the fraction of which survive, unobserved mortality .in<1
other t'ishery-related losses, and the landed catch ol;i
particular species, it will be impossible t<> as»ess ovct;ill
itnpacts of fishing. We need to know the portion ol ihc
natural turnover that is killed.

To achieve a global estimate of di»card», we h;ivc;it
times been forced to use total reported byc.itch esti m;ite»
and 'back out" rather subjective estimates of retained
species from the»e data. Our best esiimate» may»<cni
rather staggering, hut it is possible they tnay be an un-
derestimate in that world recreational fi»hery di»c.ird»
are not included, the database for most are;is of the worlil
is incomplete, and discard weights are not included loi
marine mammal», scabirds, and turtles, .in<i for lti'<111v

areas. invertebrate».
The discard ratios and rates are likely to appe;ir <ib-

tu»e to many reader», but it is not our intent to condemn
those who harvest the oceans' living re»ourccs. II<>w-
ever, it ha» been the our goal to clarify the character <il'
world bycatch problems and, where pos»ible. pro< id«
infortnation that iriay be helpful to m;inagcrs examining
potential »olution». The level of losses I'or many fi»bur-
ies may not be particularly excessiv in light nf other
industries, based <m the u»e of natural re»ources  N;uu-
ral Resource Consultants [NRC] 1990!. Rather,;i: iih-
stantial opportunity apparently is available I'or impl'<>v-
ing use ol' marine living resources and protcctioii ot'
overfishcd, threatened, or endangered specie».

We examined several hundred articles concerned w ith
bycatch and discards in world fisheries. Over !  K! pu-
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pers containing quantitative and qualitative int'ormation
were used to characterize the nature and scope of regional
and global bycatch discard problems. Mortalities asso-
ciated with discarding practices werc also reviewed. The
total volume ol'records analyzed by number, weight, and
gear types is provided in Table l.

The potential for errors in calculating cstintated
bycatch discards i» enormous in light of reposing proce-
dures in which some equate bycatch with  I ! total dis-
cards, �! secondary target species and discard»,;ind �!
selected species within the bycatch complex. Different
operational definitions and failure to define what sector
of the bycatch is involved may Imve in some instances
complicated our analysis and made calculations le»s pre-
cise.

Although the major objective of our study has been to
estimate regional and glohal level» of bycatch discard»,
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 dil'I'icult. Our estimates
are based on numerous research and observer records
made throughout the world. Nevertheless, there 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 vessel». 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 colla es 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 extensive
documentation and acquisition of additional data trom
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 t'rom 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 ol 17.9 to
39.5 million mt. The region defined by the Food and Ag-
riculture Organization of the United Nations  FAO Sta-

TRBI.E 1.� T ital numlier and number of records in weight
based and numbers-t>ased formats for each gear type in the Nat «
ral Resource Consultant«  NRC! bycatch database.n

Numher
of ilumlicrs-
ha>< d  «cords

Nunll>er
ol' weight-

hased records
'I'nial nomher

of rc«or<Is ieai iyl>c

Trawl
N «i
L nc
Pulse »clue
'Iyoll
l!anish 1«inc
P >i
Other
Noi .1 aced

671
2

SH
6
0

21
56
17
I

966
1 V2
I S i
»2
16
14

IIV

l i7
2 I
6

'i 7

0
I

'Natural Resource> Consulianiin 40SS 21st W., Sea it«. WR 'N I vu, 'tel
206-286-34»0: I<RX: 206- >S:I-»263, email: NRCSeaute n; ol.«on>.
Rll ensuing iahlc inure«a ior NRC rcfcr io NR ys hycaich dailiha1c

tistical Area 67! as having the highest disc<ird estimate is
the northwest Pacific  Figure I, Table 2!. Shrimp traw I
fisheries, particularly for tropical species, werc found to
generate more disc;irds  volume and number! than any
other fishery type and account for just over one-third ot'
the global total  Table 3!. On a weight-per-weight hasis,
14 of the highest 20 discard ratios were associated with
shrimp trawl». The fisheries associated with the 2 ! high-
e»t numbers-hosed ratio» represented a more eclectic nii x
ol'shrimp trawl, pot. fish trawl, and longline lishery gear
types, At the opposite cnd of the scale, fish trawl, seine,
and high-seas driftnct fisheries accounted for the majoi-
ity of the gear types in our list of the 10 lowe»l discard
ratios  Tables 4 and 5!. Discards by major species roups
 weight! are provided in Table 6.

Although data are tretnendously variabie, four ma!or
gear groups stand out. Shrimp trawls are alone at thc top
of the list. while relatively low levels are recorded I' or
pelagic trawl», purse seines targeting on menhaden  Br«-
i oortia spp.!, sardines, and anchoveta  Cell ngrauli 
inysti< etus!, and some of the high-seas driftnet fi»heries.
Between these two extremes lie two other gt.oup». The
first of these comprises bottom trawls, unspeciticd trawl».
longline gear, and thc majority of the pot fisheries. The
final group fits between the very low ratios of the p«-
lagic trawl group and the moderate ratios of the afore-
mentioned bottom trawl, pot, and line assembhige. Fish-
eries in thi» last group include the Japan se liigh-seri»
driftnet fisheries, Danish seines, and purse seines 1'or
capelin  Mallotus iili<!.su»!. Discard rate<, by numbers
result in a reordering of the highest and lowest discard
rates per kilogram ol' target species  Tables ! and g!.
Specific discard rates by weight and number 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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Prot>RE l.� Siaii st>cal areas based <in annual rcpiirii ot'ihc pours ui>d Agriculiure Org u>ir iii<>n ot ihe Uniied N iiions. Source: Modi-
fied! rom FA ! �<!92b!.

been ir!tensively .itudied in thcsc location» relative to
<ither area~. In the northeast Pacilic, a suite of lisheries
pri!duces 0 hycatch t<>t;il exceeding 1 billion individuals
>nnu d ly. Impacts appear loss on most spccics  Table 11!
dthough they niay be signiticantly higher for Pacit'ic
halibut  St<»olepis l>ipi3oglo> so des! and 1 ing
 Parrrlitl>oides spp.! and Tanner crab  C!>ir!>roe< etes spp.!
 ' Table 12!.

Discard problems >n the No>thwest Atlantic are clas-
sified into four groups:  I ! n>arketahle sprcies t<n> s>n'dl
i>r i>iherwise prohibited tr<im landings; �! species for

v hich no current m<>rket existi, but v hich urc caught
iilong with conirncrcitil Or reCrCationat spccics", �! spc-
cics-spccitic tlcet sectors discarding anO her tiahCries
target species: and �! non-fishery bycatch spccics. in-
cluding inarinc mainmals, turtles, and birds. Regulatory
approaches and management ac ions to addre~~ thcsc
problems are also discus~ed. On the biksis of 19ttt  � 92
data, the estimated catch  landings and discards! ol ihc
1987 year class of southern Ncw I'ngland yellowtail
flounilcr  Li>r><>mid ji rr> gin<0! is presented t'iir landings
and discards iep<>rutely  Figure 2!.

TA>i> Ii 3,� Fiuirnaicd hvcatch aod discards from world
shniup fisher>es de< >ved fi oin reported bycatch Icvcli and es-
ti>naied amount ol hycutch retained. Si>urce: NR '. Seunle,
Was hing I< in.

TABLE 2.� B!'cilict> discard weigh  h! ma!or v:<>rid re ~ ion.
S<iurce.: NRC, Se.;it le, Washington.

1!iiciird vvishi  mi!A re a<

Piiimaicd
brea«:h  mi!

Pshma<cd
I!>'<i.alii rivi>iA>ca

k «as

>7.012,099To at I'oial 11,207.760 9.511.97.1

Norihwcii Pacific
No<>he iii Atlantic
Weii ceairal Pacific
So>1 hei<i P:icific
Weii cemral Ail anuc
Wci> Indi,m Occ >u
Nonhcas< Pa<>1>c
Sou tiv'cii A�<1>1 lc
L'asi Indian Ocean
Euai ceo>cat Pacilic
Nouhwcii AiIauiic
Kaiiicuirut A<l;u >ic
Medi>crrancim a<>d nlac
Sou<hweii Pacilic
Souih<mi  A laude
A laauc An<a><ai<.
Indian Ocean Antarctic
Pacii'ic Au arche

9,131,752
3 <>71 1-16
2 776,726
2,601.640
!.600,897
1,471, 74
'>24.7S3
sn2,SR4
S02,1S9
767,444
6><S3349
594,232
564,6i 3
29'3,394
277,730
35.119
In,0t s

I i!9

No<>!ines  Aiiauiic
N<ir<heuii Ailaa<ic
Wc > coo  al 4 lao«<'
Ea<«enua! A lan<>a
Mcducrrancao and Black <ca 
Souihwei>.4 iaoiic
Souihcuii 4>l>u»ic
Sue>i<au tud>an <!ceaa
I'I;i92'iu>'Ii II'I<I el> Occa i
Nonhweii Pamiic
Nonlieii, i Pacilic
SVcu cca  al r'a<i i<
Ea<< can >at Paciin
S<iuihiivii Paciiic
Suuihouii Puciiic

I 1.665
210,2'�

1.310,653
123.6<6
257.s59
253.446
'3'! 14<

I.1<71.075
482.>�9

4 284.40S
28,26'!

I 450.152
59 !.955

19,446
203.677

80,031
206 091

1.271,134
6 t,xi s

250.124
245.1142

19.571
74 S.430
2S9.727

-1.155903
27.421

I.377,>135
561.4 I 6
I S.863

197.567
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TAt!t.l S.� The ten lowest observed weight-based disco!<i
ratios in fishene» other than shrimp  discard weight per lande<I
target catch weight!. Source: NRC, Seattle, Washin<.ton.

TABLE 4.� Top 20 fisheries with the highest recorded
bycatch-to-discurd ratios by weight  discard weight per landed
target catch weight!. Source: NRC, Seattle, Washington.

Kilograni di»carded
pcr kil»gi am landed

Kilogram» di»carded
per kilogram» lamled Ii»hery de»«riptionFishery de»cription

N»rthv,e»t Atlantic hake <raw!
Wc»t central Atlantic menh;><ten»cine
Benng Sca cod poi
N<>rtheast Pacitic «biting >r;ex I
Northv c»t Atlantic cod ti a<el
Bering Sca pclagi«pollock trawl
Ni>rthv c»t Atlantic red 'i»h trawl
Northeasi Atlantic ground 'i»h trawl
Gulf of Alaska m>dv,ater p»llock trawl
Northwe»t Atlantic plaic< iran I

i!v !I I
i! i
<!
<J '� I
0! �3
i! 
8
i!v�2
0!�3
i! ~!83
i!.~!86
0 118

in the region. We point out that many suppos«d te«hni«;il
solutions can gencrat«unsuspected side effect» that may
impair their effecti vene»s. Further, these solutioi! s remind
the reader that voluntary bycatch reduction me;isures are
unlikely to be successful if they are not in the»hart-tertn
economic interest ol the affected fisher. Rca»o!is for di»-
cards reported 1'or the northeast coast of the 1!SA;md I'oi
the We»t Coast ground fisheries are provided  Fi ure» 3
and 4!.

In the Northeast Pacific, the added fishin< !nortality
resulting from discard» does not appear»ignificant t'or
most gadoids, tlounders, and other species, biit the im-
pacts ot'trawl, trap, and line fisheries on halibut are rel.i-
tively large  -0.0g! and, in terms of the allow«d t'ishin<' 
mortality, are around 0.2g  total fishery-induced mortal-
ity i» -0.3. ot' which bycatch accounts for 0.0g;. Further,
the potential impact» ol' the king and Tamer crab pot
1'ishery on king cr;tb populations may be si nilicant.
Reeves �993! suggests Bering Sea red king crab discard»

The study covering the northeast Atlantic focuse» on
discarding in the mixed-species trawl fisherie» for North
Sea gadoids. The impact of discard» on mortalitv rates
for haddock  Gadus marbua! and whiting  M< rlu«ius
bilinearis! and the effect of reductions in fishing ef'fort
draw particular scrutiny. Most of the discard problems
noted pertaining to northwest Atlantic trawl fisherie» 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 i» a review ot regu-
latory and gear management measures commonly applied

TABt.E fl.� Global marine bycatch discards on the h,isi» of the FAO International St<mdard Statistical Classification <if Aquati 
Animals and Plants  ISSCAAP! species group».

Ratio» 
discarded w< ight
to tot 8 w ei ht

Riiilo of
di»«.ir<led weight
to landed weight

Lillldcd cele i
weight  mt i

Mean discai<i
weight  mt iISS 'AAP

0.26 ! 3s27.012.0'!8 76.999,94!Total

Trinidadian shrimp trawl
Indonesian shrimp trawl
Au»tralian no>shorn prawn trawl
Sri Lankan shrimp trawl
U.S. <Julf of Mexico xhnmp trawl
Sea of Cortes shrimp traw I
Brazilian shrimp trawl
West Indian shrimp trawl
U.». Southeast »hrimp trawl
Northwest Atlantic l>xh trawl
Per»i;m Gulf shrimp trawl
Southwest Atlantic shrimp trawl
Ea»t Indian shrimp trawl
Bering Sea sablefish pot
Malaysian»hrimp trawl
Senegalese xhnmp trawl
Bering Sea rock sole trawl
British  'olumbia cod trawl
Ciulf of Alaska flu lish trawl
Northea»t Atlantic dab trawl

Shrimp. prawn
Redfishcs. ba»x, conger
Herring, sardine, anchovv
Crali
Jack, mullet, saune
Cod, hake, hadd<l:I'
Mi»cellaneou» manne fi»he»
I lounder, halibut, sole
Tun.l, bonito. bit lfi»he»
Squid, cuttleli»he», octopu»
1.»b»ter, spiney-rock lob»ter
Mackerel, xni>ok, cutlassfi»hcx
Salmon, trout, »melt
Shad
Eel

14.71
12.01
11.�
10.96
10.30
9.70
9.30
8.52
8.00
S.28
-'1.17
-'l. 10
3.79
3SI
3 03
2.77
2.61
7
2.08
2 01

9,511.97  
3.631.057
2,789,201
2.777.84»
2.607.748
2.539,068

992.356
94e.41 
739,580
191.80 
113.21�
102.377
38,32!
22,7 >5
8 359

I »27 Seq
S.739,74!

23,792,608
1,117,061
9,349,055

I .808.es»
<! 923,560
1,257,858
4.177,6s !
'.073.521

205,8S I
3.722.818

766,462
227,549

9.977

s,2
 ! 63
0.12
2.49
  i. 28
0.2
  i. I
 !.7s
 >.18
 !.09
 i 5s
  ! .   !'i
0.0s
 i. I
 !.84

0.84
0 39
O. I
0.71
022
0.1 7
0 0'!
0.43
017
0. !8
037
0.0<
0.07
0.09
 !.46
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TABI.E 7.� Top 20 fisheries with the highest recorded
bycatch-to-discard ratio by number  discard nuinber pcr landed
target catch number!. Source: NRC, Seattle, Washington.

Number dis<tinkil
PCI' Ill><111!Cf 1<u'I.k',0

Number iliscarded
pci number landed I'i!hery dexcoptionFishery dcscriptu!n

0. His
0. 0 !i!
0.018
0.037
0.068
0.080
0.12 !
0 11'
0.180
0.18 !

K i log ram bye at;li
pcr kili!gfanl 1 u! Ji'0Fisherv dc!clip<lou

Non-Pelagic fish trav, I
Bering Seii roc! sl!le
British  'olumhia paclf!c cod
 iulf of Al,iska flat i.,h
Northea! t Atlantic d;it!
Northca!t Atlantic tiatfish

am ! tmted to approximately I 6 million animals in 1990.
more than five times the number landed. Many of these
discards are sub-legal  juvenile! individual». 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.

2  O
2 Ol

Pehigic fish uav;I
Bering Be<i polli!ck �988!
Northca!t A<fin>ic cod
Bering Sea pollock �989!
Gulf of Alaska pollock �989!
Benng Sca poll!!ck �987!

00
0 00
i! �0
0.00
0 00

Impacts
Shnmp trawl

Trinidad
Illdoncsul
Aust<"illa
Sri !.anl a
1!.S. Gulf of Me~ico

It must also be recognized that some portion of di»-
cards survives and thus is not lost from Ihe 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  F.. Pikitch,
Univ. Washington School of I'isheries, Seattle, pers.
comm.!.

The consequences of bycatch discards, varying be-
tween regions, include signil'icant biological waste, bio-
logical overfishing of target and bycatch species, eco-
nomic losses imposed on target fisheries, miidification
of biological community structures in ecos! stems, and
impacts on severely depleted, threatened, or endangered
species. These impact categories are similar to those out-
lined by Fowle and Upton �992!.

Alverson et al. �994! provide scientific evidence sup-
porting assertions that significant biological losses and
ecological shifts in the biotic communities occur as a
result ofbycatch discarding. Reports ofbycatch discards

� 7
12 01
I I 10
10 9 !
10 30

I . I .<
I 0.<
I 00
0 �
0 2 !

081
0,3'
0 0.<
00<
0,00

Danish seine
No>thea!i At!anti< haddock
Nothea!t Atlantic w lnting
Northeast Atlantic «<xl

080
0.48
0 3 !

Pot/trap
Bering Sea ash!cfish
BCf lug Sell klllg Ciilb
Beirng Sea tanner crab
Northwest At!an>ic cape in
East Centnl Pacitii !piny lobster

381
3, 1!l
I 78
0,80
0 3 i

West  '.entral Atlantic shnmp trawl
Bering Sea king crab pot
 'alifornia halibut nci
Northeast Atlantic whitmg traw I
Bering Sea tanner crab pot
Northeast Atlantic haddocl. trawl
Arabian Gulf finf>sh trav I
Northeast Atlantic nephrop» trawl
Fast central Pacilic spiny lobster pot
L'ast central Pacit>c swordfish longluic
East indian Ocean finfish trawl
Northeast Atlantic hake trawl
I.'ast Indian Ocean tuna longline
Northeast Atlantic cod Danish seine
East central Pacific slipper lobster pot
Northeast Atlantic plaice trawl
Caribbean tuna longline
Japanese high-seas squid driftnet
Northeast Atlantic sole trawl
Northeast Atlantic herring seine

12.13
9. 7!
4.83
2.83
2 34
!.94
178
I . 70
1. !8
!,58
I 77
1.18
113
0 79
0 37
0.42
0. 4<J
0 39
0.33
0 70

'I'Aut r. g.� The Ii! lowest observed numbers-bused dixi.inl
ratios in tish cries other than shrimp  discard no inber per lande< I
target catch number!. Source: NRC, Seattle. W.ishingt<>n.

Benng Sea midv;uter trawl pollock
Northcast Atlantic tuna dnftnet
Gulf ot Alaska m>du>>ter trawl pollock
Northwest Pacilic squat driftnet  Korean!
North~est Pacific squul dnftnet  Taiwanese!
Subtropical  'iinvergen<i Zone tuna dnftnet
Taxman Sea tuna <ioltnet
Beong Sea king crab poi
Eastern tropical Pacit'ic tuna purse seine
Bcflllg Scd c<a! pot

TABLE 9.� 'I'he top weight-based, discard-to-landed-tar et
catch ratios hy gear type. Source: NRC, Seattle, Washin!gti n.

I.ongline
Eastern central I'am 1>c swordfish �990!
Benng Sea Greenland turbot
Eastern central Pacilic swordfish �991!
Beong Sea sab!ef>sh
Gull' ol' Al.tska cod

Pur!e seine
Northwest Atlmitic cape!in �983!
Northwest Atlantic cape!in �981!
East central Atlantic sardine
U.S Gulf of Mexico menhaden
West central Pacilic tuna
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Number di <carded
pei number rc>i>incd

Byc;i>eh nun>ber
per target number Spec>es/I'i<herrFishery description Year

> 12 >
'!.9 X
7'7!
> l. I» >
0 gvs

SBJ
LOSE
 .BX9

A<h>k golden king crah
Dutch Harbor golilcn king crab
Dutch Harbor golden king crab
Bcnng Sca <niu< irah
Benng Sea Tannii «rah
Bnstol Hay red king crab
St Matthew blu«k>ng crab
Bnstol B>y rcd k>ng crab

1990
1990
I '!91
1991
1991
1991
1991
199

Trawl
Caribbean shrimp
Dutch shrimp traw!
Northcait Atlantic whiting
Northeait Atlantic haddock
Northeait Atlantic /V </7/77>7/7.>

7.J l
2.Y !
I .'!-I
 .70

O.J7
0.1'
0OY
0 07
O. l >

Longline
Eastern < cntral Pacific <wordfish
Eastern Indian Ocean tuna

Dan>sh anne
Northeast Atlantic cod
Northeast Atlantic haddock
Northeast Atlantic whiting

0.7'7
0.7 !
0.  <-I

g 7g
1 s
I.OS
0.  <7
022

Mortality due
10 01<ca>'<Li

Mort.ility duc
lo Ial>ding<Species

0,1/ I
O. 190
0OSJ
0.»OB
0.»4o
0. 
'3
O.OI I
0.»2'7
0.02a
0 O>S

0.0! t>
0.0 I J
0.00g
0.004
0.0

0. N	
0.012
0.0 I S
0.020
O.OBS

TABt.r 10.� The top numbers-btused discard-to-1;mded tar-
get catch ratios by gear type. Source: NRC. Seattle, Washin ton.

High-sea< driftnet
Japanese north Pacific <quid
Japanese Tasman Sea tuna
Japanese Subtropical  'onvergence '/one tun.i
Taiwan north Pacific squid
Korean north Pacific <qual

Pot/trap
Bering, Sea king crab
Bering Sea Tanner «rah
Fastern central Pac>tlc <piny !obiter
Eastern central Pac>fic ihpper lobster
Amcncan lobster

suggest that major problems occur throughout the At-
lantic. However, to some extent this may reflect the rela-
tive intensity of 1isheries and the high level of reporting
of discards. Other fisheries ol the world having high
bycatch discard rates include  I! most tropical and sub-
tropical shrimp fisheries. �! trawl and seine bottom fish-
eries, as well as northern shrimp and Nephr»p< fisheries
in the north and south Atlantic; �! tuna seine fisheries in
the eastern tropical Pacific  FTP! that set on lo< Ydi �1
North Pacific king and Tanner crab pot fisheries, as well
as the yellowfin sole  Li?nanda aspera! and rock sole

TABLE 11.� Est>mated fishing mortality rates t'or key spe-
cies in the Bering Sea in 1992 resulting from discardm major
commercial target species  assumes 1 N% mortality of discards!,
Source: National Marine Fisherie~ Service 1992; also, NRC,
Seattle, Washington.

Pollock
Pacific cod
Atka mackcrcf
Rockfish
Yellowfin sole
Sabletish
Greenland turbot/arrowtooth tloumler
Rock sole
Flounder
Pacific Ocean perch

TAHI.E 12.� Discard ratio 1 or Bering Sea era!i fish~ries. I'!91
and 1992. Soiurcc: Beers > 19'J2!, Reeves �993!, Tr>icy �993!

 Le@i<topi< tta hilinpatas! trawl fisheries; tnd  S! a vari
ety of pot fisheries for invettebrates throughout the workl.

For many of the above-noted fisheries, discards may
equal or exceed in number or v eight the qutintities»t'
what is landed and marketed. In total, millions»1' tons
and billions of dollars of loss probably oc ur;is ti result
ol' accidental capture .ind discard of unmarketable and
marketable species. Much of thc world's disc;irded 1'ish
appears to be small juveniles of commercially important
species which, if left to mature, would most likely pish
duce significantly higher weight yields compared with th»
discarded weight. Finally, fishing discards affc<:t a broad
rang>e of aquatic species other than finfish and shellfish.

We need to recognize that the ratio of discarded catch
to the retained catch frequently may have litt]c to do with
observed and documented biological or ecological im-
pacts. Such impacts must be evaluated on a case-by-case
basis in term~ ot the discard mortality imposed on target
and non-target species populations. Low bycati h discard
rates may still generate serious impacts, particularly il
the fisheries of concern involve considerable and geo-
graphically dispersed lishing effort. For exainple, the
observed bycatch discard rate for turtles in the Oulf of
Mexico and southeast U.S. shrimp fisheries is very low
and the actual encounter of turtles in the neti 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  Tillnian 1992:
National Research  '.»uncil 19921.

Conversely, large observed bvcatch of a species bv
number or weight may not constitute serious hiologict>l
problems. For example, the large discard ot' pollock
I Th<tr<?gi'<? et?<?lcograt??7?2<?! in the Bering Sea ii!v»ives a
very small fraction of the pollock population  oti aver-
age � ir of the exploitable biomass!, and managers re-
quire the bycatch take to be tallied as a part ol' the autho-
rized harvest. However, a much smaller catch <if halibut

Tuna purse seine fisheries setting on dolphins have,i very low
bycatch-to-discard ratio while school fish sets hav<> an inter-
mediate bycatcb-to-diicutil ratio.
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Fl itlRB 2.� Estimated catch  landings and discards! ol' th»
1987 year class of southern New England yellow ail Ilnunder,
1988-92. Total catch of the year class was 77 million tish  age
1 � 5!, with 46.5 million �0%! discarded. Source: Alversnn ei
al. �994!.

in the same region by trawl», line, and pot gear has «on-
stituted a serious loss of l'ish that could be taken in the
halibut line fishery. For both species, a significant eco-
nomic loss occurs to the involved fisheries.

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 lishing re-
strictions. These methodologies have worked with vary-
ing degrees of success depending on the species being
managed and the willingness of industry to vvork to-
gether for positive solutions. The successful reduction of
dolphin mortalities  Figurc S! in the ETP tuna seine fish-
eries and the reduction of fish discards in the northern
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 ef-
forts, managers are experimenting with time � area � bathy-
metric fishing patterns, incentive programs. and altered
operational modes, hycatch 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.

~ No mitt +Small Quahty Qotrer

Fin tRI. 3.� Re;isons fnr discards in four  Iuli' nf' Ma ii»
grnundfish fish»rica fi nm sea sampling trips ctintlucied in I'!'! I .
Reasons are as follows: No inkt =- species for wiiich nn maikol
existed: small = fish smaller than minimum I»g;tl size or mini-
 num market size; quality = fish of poor market quality; iiih»r =
venous other reiisons tor discards. Source: Mur,iwski I I qt! ' I

The codification of international by  atch discard poli-
cies, v hich varies regionally, has in many instances h«»n
in response to conservation and environniental gntttps
concerned vvith impacts on marine man mals, turtles, arid

POP Sablefish Sebastes Widoiv Ytiilowtail
Species

I" I i IRE 4.� Rcasnns for discards in five 1' S. west cn.isl
groundtish fisheries from sea sampling trips cnnducled in I qti I.
Reasons are as follows: Size = below mininiiirn a»ceplalile
marke  size; high == high-grading of species cal«h; quota =- lop
quota for species already exceeded; other = varittuv othet rtni-
sons for discards. Source: Pikitch �991!.
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seabirds. In this respect, the impacts may only indirectly
involve discard rates; rather, the type of thc bycatch dis-
card, including issues of ethics, may sharply influence
regional policies. Further, regional policies on hycatch
discard» may be more concerned with sociopolitical or
socioeconomic consequences of selected discard» than
with overall bycatch rates of a particular fishery.

In some instances, regulatory policies appear to have
been emotionally driven  Burke et al. 1993: Mile» 1992!
and developed in the absence of available scientil'ic evi-
dence, while in other instances. actions taken to curb dis-
cards led to results inconsistent with the manager»' 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 Iocused on
high-profile fish species, such as salmon  Onc <>rl»vu J<u >
spp.!, halibut, crab, lobster, and also marine mainmals.
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 th«
development of international discard policies. An anony-
mous reviewer of this paper suggested the following: "In
the development of discards policy, public education
should be emphasized so that sociocultural attitudes
evolve toward» an intelligent approach to problems
rather than an emotional and irrational approach. The
goal should be to harmonize the sociocultural attitude»
from different societies and the development ol' toler-
ance towards different views of marine resource uses.'
Unfortunately, to date the policy process h;is 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-eon»um p-
tive uses to fisheries and bycatch policy changes. Wc
urge that evolution of' global discard pclicie» be ear-
marked by minimizing social conflicts; be indcpcndent,
to the degree possible, of ideological differences: and bc
based on»ound conservation principles.

Sycatch as Part of a Larger
Resource Management Problem

During the conduct of our study. we became increa»-
ingly interested in the current total biomass <>I' fish and
shellfish removed from the world's oceans <>r killed a» ii
result of fishing activity. At about the beginning of thc
1990», data suggest landings of approximately <I!  mil-
lion mt  FAO 1992a!. These landings:ire Irequentlv
gauged against scientific estimates of potent i;il »ustain-
able yield of conventional species from the world' »
oceans'wild stock ot'about 100million mt. A» a result. a
number of authors have noted current world l,mdin 5
approaching the estimated maximum sui,tainable yield
for world marine fisheries.

ln making such reflections, authors frequeiitly fail io
recognize that this global catch total includes I re»hwater
and aquacultural production. On the other hand, current
reported world cominercial fisheries landing» omit thc
following:

I. discard mortalities involved in commen ial I'isher-

ies,
2. recreational fish catches and bycatches taken from

marine waters.
3. fish killed as a result of contact wii.h fi»hing gcai

  i.e., mo>xalitie» re»ulting from fish pa»siiig through
net webbing or resulting from hookiiig of I'i»h
which subsequently escape!,

4. ghost fishing mortalities,
S. underreporting.
6. substantial subsistence catches and di»cards, and

Fiouan 5.� Discard morialiiie»  nuinber ot' porpoi»c! in the I!astern Tropical Pacit'ic iuna purse seine fisheric», I'
9 � '!>.
Source: M. Hall, Inter-American Tropical Tuna Commission, La !olla, California, per». comm.
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7. landed catches of commercial fi»hes that are not
purchased  rejects!.

On the basis of the 1990 landing report t'or 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 c<msider-
ing the six other noted categories involving tishery-
related mortalities in marine waters. Even though a sig-
nificant fraction of discard» may not involve <narketable
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, hosvevcr, i»
that the total marine losses resulting froin filching are
much greater than suggested by landing record».

General Discussion

In undertaking our study and discussing bycatch di»-
card problems with various elements of the fishing in-
dustry throughout the world, it quickly became apparent
that most commercial and recreational fishers scc bycatch
as a problem confronting other gear types and user
groups, but not themselves. Fach user group tends to
place itself on "high moral ground" and see other gr<iups
as the "culprits." Further, most had strong personal t'eel-
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 pre«onceived
views regarding the magnitude of bycatch discard rate~
that we were likely to find for various fisherie~. We werc
somewhat surprised to find that the low bycat«h discard
rates by gear type frequently involve high-»cas 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 I'or any other reported high gear-type
fisheiy noted in the world except for American lobster
 Hrimuru» «meric«n«.<! pots �.22!. Further, number-
based bycatch rates for the remaining driftnet fisheries
are lower than rates for all other gear-type fisheries
throughout the world. High-seas driftnet li»heries were
commonly listed among the lowest obscrvcd bycatch
rates by number.

Of course, we were not surprised by the hi.h discard
rates for shrimp and some trawl fisheries, but did not
expect the very low discard rate~ for mid-watcr trawl»
and the very high discard rates of sub-legal» in many
invertebrate pot fisheries. With few exception~, high and
low rates occurred for each gear type, depending on area
and times.

The fact that actual observations are often at odds with

public percepti<rn i» not surprising and i» a remimler ih;it
the perception of a gear's impact and whether it i» «I«;in
or dirty has a strong qualitative overtone, in inany in-
stances, in terms ol'the character of the by«<itch di»c;<rued.
Hi h-seas squid driftnet fishing was in reality being ««n-
demned because ol the take of birds, marine mammiils,
and turtles  some ol which were considered endanger«<I!,
plus the association with illegal salnion fishing in thc
areas to the north of the squid grounds. I'urther. do«u-
mentation of the fishery was not transparent to oth«r in-
terested nations. Some of the phrases and words us«<i t«
describe high-seas gillnetting by the pres» have little ba-
sis in fact tor many high-seas driftne< fisheries. Nes«r-.
thele»s, they served to rally national an<I interna<i<>nal
political support to condemn the gear an<1 have its us«
prohibited in ocean space beyond national juri»diction»
At the same time. they created a perception that drit'tn«ts
aml gillnets arc destructive fishing gear~ <vhcreve< the>
are deployed. As a consequence, dril'tnet» and gillncts
are now being condemned in areas under iiational juri~
diction, regardless of the character of thcii bycatch.

The data suggest that generic characterixation ol'g«ar
types as clean or dirty may easily run into countcnniiii
tive result». F' or example, in the Bering S«a groundlish
fisheries, the average bycat«h discard rate for trawl«ri,
 O.IS kg per kilogram! i» considerably 1«wcr than tlie
average for Ion< line lisheries �.22 kg per Lil<igramk ye<
just to the south in the Oulf of Alaska, the a< erage hy«;it«l i
discard rate for line fisheries is about tin: siime;is lbi
trawl» �.21 kg per kilogram for both gear types!. F<ir-
ther, inter-gear observations may change lroin yea< ni

year.
Assessment» ol bycatch discard impacts at the popu.

lation level must t.ike into account numbers;ind wei hi
discarded and the survival of the discards. as well as «<i<n-
pare the discard mortality in numbers or weight with tli«
subject population. In thi» regard, the terins "dirty" or
"clean." based on observed rates, ar«rather meaning-
less, except a» they may relate to the issue~ ol' biologi<. al
waste. Bycatch discarding represents too coinplex an»-
sue to classify it neatly as "good and bad" <ir "clean .aid
dirty,' based on ratios of discards to retaim d catch or «n
numbers, weights, or other absolute indices. Unf<irtu-
nately. when combined with the "spin" pla«ed <in report«d
numbers or weights of discards by advoca< y groups, ihe
press, and politicians, such classifications often scrv« i«
condemn a particular fishery or gear and frequently n <.<I
result in generic condemnation of such g«ar or Ii»hers
without regard to biological-environment;<I, econ<>mic.
and cultural impacts. Further, this process is too ot'i«n

blemished by inaccuracies and misrepresentation of fa<n».
Taken out of context, a discussion of mill i<sns or bil1i<iiis
of fish or thousand~ or millions of metric tons ol' cai«h
serves as a powerful motivator of public opinion, v, hi«h
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in turn has a considerable impact on the evolution ol'
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. Pro ress may
be impeded, however, because observer progri>ms, an
uncommon characteristic of today's fisheries, are neces-
sary to audit adequately the progress toward hycatch
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 shou hl 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 �994!:

There needs to be a shift in the approach and account-
ability  in fisheries management!:  I! Fishers need to
prove that their current levels of bycatch in the short term
are unavoidable, and �! management agencies need to
use tool» currently available and accept discarding as a
problem to which government assistance should he di-
rected. If conservation groups, governments, and fish-
ing groups commit to finding solutions, and there is a
force of law behind policies directed towards reduction
of discarding, a comprehensive program including  I!
reduction in fishing on overfished stocks, �! a combi-
nation of incentives and disincentives, and �! ncv tech-
nologies as well as other alternative~ could lead to sig-
niftcant reductions in the level of global discards.

Finally, there is a growing global recognition that the
world'» fishing effort already exceeds what is necessary
to harvest sustainable yields of marine fishes. Thc single
action that will provide the greatest improvement to 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

Abs>ract.� Progress in multispecies virtu;il population analysis in the North Sea is reviewed with particuh>r
emphasis on tests of the underlying assuinpt<on ot' constant suitahilitics  i.e.. thc probab>lit>cs that dilferei>t
prey types will he eaten by particular predators at any point in time are determine<I hy the relative abunclances
of all potential prey types, weighted by a constant suitabilit! factor tor each p>ediitor � prey combination!. 'I he
results of a second year ol' intensive stomach samplmg mdicate that year elTects in estimated suitabilities;ii c
significant but <he explanatory power is relat>ve!y small. In practice, results of long-term predictions for diffei-
ent management options based on either data set were broadly similar. Thcrcfore. no basis exists for develop-
ing a more complex model that incorporates prey switching. Multispecies asses»ment is also reviewed against
its actual impact on fisheries management >n the North Sea. So far, the effect has been marginal bee>wise ihc
solution to short-tenn problems related to individual stock» has overruled thi I'ormulation of any long-tenn
management objectives for the commercial th»hery resources in the area. Methods to evaluate ecosys>crn
eITects of fishing have recently attracted much research because of management requesks. Although multispi-
cies assessment offers possibilities for extending the scope for advice in tliis respect, the model has clc;>r
limitations. Other approaches appear to be rcqu>red.

Since the development in the late 1970» ol' 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 I'�9!, multi-
specics assessment has been a major research focu» 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 multispecics vir-
tual population analysis  MS V PA! in the North Sea   Pope
1991! and the Baltic Sea  Sparholt 1991! werc presented
at the Symposium on Multispecic» Model» Relevant to
Management of Living Resources in The Hague in 1989.
The primary objective of MSVPA  Sparre 19'!I! is to
quantify feeding interactions among species in rclatioi>-
ship to the interaction between fish stocks and fisheries.

Until recently. MSVPA in the North Sea has been based
largely on I year �981! of intensive stomach content
sampling. One of the crucial assumptions underlying
MSVPA � which allows extrapolation of predation rates
to other year» � is that suitability of' each specie» age-
group as prey for each predator age-group i» 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 ot' vul-
nerability, such as prey size preference of the predator
and degree of geographical overlap between predator «nd
prey type  Andersen and Ursin 1977!. Consequentially,
different prey types are assumed to be eaten 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 specii » i>r to an
nual variations in spatial overlap of predator. and prey.
and the inherent simplification has been subjict to mucli
debate within the ICES Multispecies Assessnient Work
ing Group. Although additional data sets c<!Ilected Ibi
cod  Gr>du» inorlin<>!;tnd whiting  Meri<»>gi»s >nerl<in-
gus! in some quarter» of 198S, 1986, and 1987 suggestc<
relative stability of the suitability matrix for these sl!i
cics  Rice ct al. 1991!, it was generallv agreed that
more complete test was needed  Sissenwinc and Daar>
1991!. Therei'ore, <i full-scale ICES-coordinated stom
ach sampling project was repeated in 1991  Annnymou,
1992!. All species preying on fish and caught during thi.
survey» were included in the samples in order t<i extcni.l
the database I'or future applic itions, and in total ovci.
100,000 stomach» were collected. However. at time ol
writing, only data for the main tive predaitor species hail
been analyzed.

In this paper, I present an overview of the prelimintir!
re»ults obtained during a recent meeting of the Multi
species Asse»»ment Working Group  Anonynious 199-'I!,
which was aimed at testing thc constant suitability hy.
pothesis on the basi» of a comparison of th<i 1981 anil
1991 data set». Although I give a personal ac< ount ol th<
major findings, I emphasize that the intellectual owner-
ship rest» entirely with all member» of the group anil
that some additional meetings are required bel'ore the
data will be thoroughly scrutinized. I also Ji»cuss ihc
prospects of multispecies assessment in rchitionship t<i
fisheries management in the North Sea.

Is Suitability Constant?

Two sets of independent stomach content data prc
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vide various checks on and comparisons of the resu!ts
obtained by applying the MS VPA model as well as alter-
native models, but testing the hypothesi» of constant suit-
ability i» not straightforward. The problem is that suit-
ability is a theoretical 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 i» required to
estimate suitahilities, and prey stock estimates depend
in turn on the»uitabilities. Moreover, estimates of suit-
ability are affected not only by the stomach content data
but also by the catch data and the terminal 1'ishing mor-
talities. The latter are derived from tuning against catch
per unit of effort  commercial or»urvey data or both! in
a single-species mode. All these input data have largely
unknown sampling variances. Therefore, it i» not directly
obvious how a test for significant difference» should be
performed.

The problem can be tackled from different angles, and
the questions that may be addressed in«tude the follow-
ing:

~ What is the proper test against simpler or more com-
plex models?

~ Are changes in suitability  or derivatives thereof!
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 sirnulta-
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,
I discuss a number of possible models of increasing com-

plexity.
Model A.� The traditional single-»pecie» a»»umption

has been that natural mortality M of species age i is con-
stant:

Z,=F,+M,

where Z is total mortality and F is fishing mortality. The
available data do not allow a test of thi» hypothesis he-

cause M cannot bc estimated on an annual basis. Thc.
multispecies concept is based on a splii. of iiatural m<>i
talitv in two partrc

Z,=F,+P.,+Ml,  '»

where P represents the predation mortality c«used by fi»1>
predators and M 1 represents other natural mortality. Sin««
predation mortalities by fish predators vary v ith stoc h
size  e.g.. Daan ! 975!, assuming that M is <.on»tant iin
plies that «hange» in P are automatically compensated
by equal and opposite changes in Ml. Thi» result devi
ates from the generally accepted assumption that »our«cs
of mortality are additive  Beverton and Holt 1957!.

Model B.� � A more specific assumption v< ould be th.ii
the partial predation mortality p caused by e;ich predati»
of agc j on each prey of age i is constar..t, »< that

P,=f p�N
I

where N represents the number of predators age j. Th«
assumption of constant partial predation ruortality «.<n
be viewed as one po»»ible. formulation of constant?»uit
ability" whereby a predator would behave entirely a» .i
unit of effort  e! in a fishery:

f, R,
n. w.

where f = fraction of the food of predator j that «oii
si»t» of prey i,

n = number of prey, and
w = average weight.

Because food composition and rations refer t<> weights.
division by hiomas»  n w! is required to obtain the par-
tial predation mortality. Thus, a straight orward assum1>
tion would be that food composition by predator age <i
constant and independent of relative prey biomii»se», an<I

where the catchability q would match suitabilitv in equii-
tion �!. However. the implications are th.it per capita
consumption hy a predator would increa»c directly iii
proportion to increases in abundance of individual pre!
species. Thus, although the implications are quite tra«
table, the model does not take into account thai a 1'ivh
cannot eat more than a certain amount, unle»» addition,il
parameters are included that take account of nonlinearii 1
 MacCall ! 976!.

Model C.� Therefore, a biologically more reah»tic
model would result 1'rom formulating the «oncept <tf r;i
tion R to estimate partial predation mortality p:
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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 becauic
increased fishing mortalities on prey stocki v ould be
paralleled with increased predati<ni mortalities.

Stomach samples provide inlormation on the amount
of food in the stomach, representing some ineasure of
food intake. However, digestion rates depend»n <imbi-
ent teinperature, prey type, and meal size and, therefore,
the assumption of constant ration cannot be readily tested.
In contrast, food composition in a particular year 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 I'ood compositions in tv o sam-
pling years. Although food compositions in dilferent
years are significantly correlated, previoui v orl. 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»f
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
stock» k:

s, n,

Zsk, 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 <if
predators. Thus, MSVPA appears to be one of the least
complex models to incorporate feeding interactions.
Therefore, proper tests might only be made a< ainst 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 usei singu-
larly estimated suitabilities for each predator � prey age
combination. Since sampling variance translatci 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 approxi ma-
tion. Such models should also be considered in the present
context because removing part ol the sampling variance
possibly gives a better indication»f whether suitability
is constant.

Thc possibilities for examining ques<ioni related t<!
species interaction are largely constrain d t<> interpr«t-
ing the data through the medium of MSVPA iince thii is
the only appropriate technology available. Except t»i.
model D underlying MSVPA and model C connected di-
rectly to input data. no alternative simpler»r more com-
plex forinulations are presently available in a inodelcil
form thai. would all»w a proper comparison H»wev«r,
smoothing of estimated suitabilities can he performci.l
outsiilc the model and the statistics might he revealin

Are Changes in Suitalsility Greater
than Expected from Sampling Errors

A rigid statistical test was not possible bccaiise v<<1 1
ances of the different sets of input data to t<ISVPA ari.
not precisely known. Nevertheless, there are qualitativi.
ways to compare results obtained from different data sets

The model integrates the observed food composition,,
in 1981 and 1991 into singular estimates ol' suitabili y
Thus, if suitabilities were estimated with high precisi<in
and remained conitant, the model shoukl reproduce «x
actly the observed I'»od composition in 1>oth years. Thi
analysis clearly indicated marked differences f<ir most prc <
species. Therefore, these two conditions are apparentl!
not fulfilled. Nevertheless, if marked chan< es in pr«<
biomasses had taken place  e.g., the 60% r«duction in
abundance ot' cod and the fourfold increase in ahun
dance of herring [Cl><pea harengus] in 1991 c<>inparcil
with 1981!, the observed changes in food comp»sition weri
well inimicked by the model predictions, ai is exempli
fied by the data for cod as a predator  Figiire I!. Th«
model overestimates the contribution of sandcel  Amn>»
dytex spp.! in 1991 and underestimates whiting, sprai
 Sprnrrux sI>ratt<<>!, rind Norway pout  Tri><>preru> r.'i
marl'i'i!. However, the changes in cod and herring are rc
flected in both the observations and the model liredicti»ns.
Overall, the correspondence appears to b» pr»mixing.

A plot of the»bserved minus predicied proportioni
for all prey age � predator age combinations   I'igure 2A i
shows that the differences between the two iiges are «en
tered about 0 and range from -0.3 to 0.3, with a 1'ew out
liers beyond this range. There was no obvious trend be.
tu,een years, indi«ating that the model fiti tlie stomacli
content data I'rom all years equally well.

A plot ot' the observed minus predicied proporti»ni,
against the number c!f stomachs involved in each eiti
mate indicates that outliers are associatec u ithrelativeli
small sample sizes  Figure 2B!. Differencis declincil
rapidly with increasing sample size until thii figur<i
reached about 400. suggesting little gain iii precisi<>ii
beyond thi» value. The observed trend suggeits that vari-
ance is largely due t» sampling error.
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grees of freedom available to test the significance i>l d>1-
I'erent effects were sul'ticientlv large that even mim>r i.1-
f'ects v ere statistically significant. Only tlic skcwn«ss
effects and year x size suitability factoi s failed to attain
the 5% level ol' sig>nil icance.

Do Suitabilities Vary
in a Systematic Way'?

Scatterplots of suitabilities estimated from two runs
of the model using the 1981 and 1991 data indicated a
large variation in suitability estimates based on different
data sets  e.g., Figure 3A!. However, there w;is no c<m-
sistent pattern of change between thc runs. Moreover, a
plot of the corresponding partial predation mortalities
estimated from the two runs shows that relatively fev< of
all possible predator � prey cotnbinations contribute sig-
nificantly to the estimated predation mortaliti«s  Figure
3B!. Although suitabilities may differ 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 play» 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 I'itting smoothing func-
tions to the suitabilities estimated by the two runs based
on the 1981 and 1991 stomach content data. These
smoothing functions represented feast-square approxi-
mations of a multiplicative model of the 'logn<>rmal size
preference function'  Vrsin 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. I'itting separate year effects to
the scaling improved the fit by another 5 � 10«A. 'I'he de-

The estimated suitabilities were subject< d to rcgr«,.-
sion analysis against predator and prey bioinass, thc r;i
tiontile being that there should be no systeniatic patteri>s
in the observed changes if all changes werc duc to sai.>
pling error. If prey switching were impcrtant, then a sys.
tematic relationship should «xist between changes iii
suitability and changes in either pred itor»r prey 1>i >-
mass, or both, depending on the type of switching. Tli«
results indicated that very little variance could bc «x.
plained by fitting overall slopes of chang>e in suitahilii!
to change in predat<>r or prey biomass. Motlels impro> «
by fitting separate slopes for each species and by includ
ing quarter-year. However, explanatory poiver was still
only around 109c. A few species slopes were signif'icanf I <
difTerent I'rom zero, particularly for sprat. Suitabilit! >I
sprat was lower in 1991 than in 1981, coinciding> wilh,t
reduction in spr;it biomass. Although thi» is consist«iii
with less use ol' sprat by predators when abundance iv;is
lower, it i» not conclusive evidence fo; pr«y switcliiii
because the distribution of sprat may hav«been nior«
restricted. There was no evidence for strong switcluii,
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towards herring relative to other prey, despite substan-
tial increase in herring biomass from 19g 1 to 1991.

Do the Variations
in Suitability Matters

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 �! a
general 10% reduction in the fishing mortality for all
species and �! 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-

suited in smaller catches relative to the baseline for .ill
species except saithe  Pollacht'ux virens! and cod �'ig-
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  Melanogrammui <ieg left nus!
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 systein
than the 10% reduction in effort, and the eft'ects varietl
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 hard! y
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affect overall management advice, even though estimated
suitabilities may vary.

If MSVPA is to be tested with any statistical rigor, it is
imperative that the statistical distributions ofhoth str>m-
ach content data and survey data be known. Without such
knowledge, one cannot accurately establish expected
values to test model predictions. A particular problem i»
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 analy»es 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 undersamplcd 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   I ! a large pari of the variation between
the 2 years could be explained by fitting a common model
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I'iot>RR 4. Predicted steady-state catch by»pocie» lor ihice
management scenarios hased on the 19 II anil the 19'! I d,iia
»etre  A! absolute catches when exploitation i» c >n>inner!,>r 0-
cent level»  ha»e line >;  B! predicted percentrige «haiige in caic h
compared with the ha»eline when all fishinl! mr>r'>alities are -e-
duced hy 10>!'r:  C'> predicted percentage change in ca>ch co»i-
pared with the baseline when a 130-m>n mesh»ize i» introduced
in all human con»urnption demer»al Iisherie s.

to the 2 years ot data and �! the year effect explained
only a relatively small though significanl proportio>i.
Evidence for prey»witching is absent for most species
and inconclusive t'or the others.

The long-term»teady-state results appear not to oe
critically dependent on the choice of input »to>nach <hit a
from either year. This feature of robustnes» ot' the I'iire-
casting properties of the model is reassuring with reg>ird
to the consistency ol'advice based on th«results of multi-
specie» assessment.
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Multispecies Assessment
and Fisheries Management

To control total fishing inortality, fisheries manage-
ment in Furopean waters i» largely based on a total al-
lowable catch  TAC! regime, which has been developed
under the Common Fisheries Policy  Holden 1994! ol'
the European Union since 1983. Technical measur<.'» ale
also taken to solve particular problems in the exploita-
tion of the different stocks by specific fisheries  me»li
size and bycatch regulations, closed areas and»»asons,
etc.!. I.ast, a long-term program is being developed tii
limit the size of national  lect» because < ro»s overca-
pacity in many fleets causes great problems in»nforc-
ing quota regulations.

The ICES Advisory Committee for Fisheries Manage-
ment annually provides TAC advice in thc form iif catch
options. These options are still based on»ingle-»pccies
assessment because short-term catch predictions are in-
dependent of whether a single-»pecies or a multi»pecies
model is applied  Pope 1991!. It is only in mid- and par-
ticularly long-term projections that difl'erenccs he«om»
significant. However, as yet, no decisions have been taken
on longer-term management objectives, resulting in little
use of the multispccies assessment model. Appli«;itions
have virtually been restricted to mesh assessm»nts. which
indicates that long-term g>ain» predicted hy sing c-
species models are often largely counteracted by in-
creased predation rates. However, there has been a larg»
indirect effect ol' MSVPA because thc estimated averag»
predation mortalities have been incorporated in single-
specie» 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 ar» compl»x;md not
easily quantified. Moreover, it is unlikely that pre-recruit
life stages can be effectively linked to MSVPA because
predation processes operate at a difterent time scale, Still,
the extent to which recruitmcnt ol' individual stocks is
affected by management measures aimed at regulatin ~
spawnin< stock sizes and predator stock» i» an unknown
factor in long-term predictions.

Recently, more emphasis has been put on conserving
the marine environment and particularly on redu«ing ad-
verse effects of fishing on the ecosystem. Thi» aspect is
probably going to play an increasing role in fisherie»
management and may become even more iinpiirtiint than
economic considerations. Particular problems  e,g.,
bycatch of marine mammals! may be aildressed directly,
but evaluation of overall ecosystem effects I'rom inten-
sive exploitation will demand even more complex mod-
els than the present MSVF'A. An extended MSVPA model
might provide a firm basis for»tuilying the integrated
effects of fishing and inter- and intraspe«ifi«predatioii

within thc entire tish community � provide<I that d;it<i
requir»inents are t'ulfilled. Since stomach simipling was
extended in 1991 to in«lude other predators i>t' Ics»ere«o-
nomic importance,;ind the stomachs were aiialyzeil in
great taxonomic detail. there is scope for extending th»
number of other pred;itors in the model, in«iudin ~ seri
birds imd martne mammals. Discard sampling has alsii
intensified in recent years to enable rough e»timatc» tii
hc made ol' true catches of noncommercial spe«ie».  n
combination with biomass estimates from»urveys. th»
number ol prey specie» in the inodel couhl iilso bc in-
creased.

If the age-»tru«turcd MSVPA could be rep aced hy;i
inodel that is»tructur«d according to both size and ag».
this wiiuld obviously be a great re  inemeiit he«ail»» pre-
dation is cs»entially a»ize-related process. Aiiother im-
provement envisaged i» the development ol .i spiiti;illy
»tructured MSVPA to;iccount for the dynamics of »pii-
tial heterogeneity ol' fi»h fauna and fishcrie».

Anew application iif MSVPA is as a tool to <tudy po»-
»ible»ITects of fi»hing on community parameters such
as biodivcrsity. A sensitivity analysis of dilyereiit para>-
meters v, ithin the model may help in selecting suitable
parameters and interpreting the»e when applied to fi»lil
monitoring»tudie».

The MSVPA i» Ic»» a goal in itself than;i tcchnol<i y
iillowing tests of hypotheses and evaluation of «<insis-
tency in available inforlnation. In this scns» one linty
not expect an entirely new perspective for fisheri»» man-
iigement, However. MSVPA serve» as a powci ful tool in
»Olvlllg llllpoi'i<lilt »«le iltlfic problems.
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The Effects of Future Consumption by Seals
on Catches of Cape Hake off South Africa

ANDRE E. PUNT

Abstrcc<t.� The Cape hakes Mert«c <iu» < «p««»i» and M. P«rc«tor«> are estimated to constitute some 1 L2<!'>X
of the diet of the Cape fur seal Are!<>c.et>tccct«» tn<»itho p«»itt«<. Thi» seal popul:ition was subject to inten»e
harvest mortality prior to the 20th century. but has been increa»ing ~ince then.   oncern has been expre»s«d
in some quarters about the impact that hake consumption by seal» may have on I'uture hake catch rates aiid
catch levels in the southern African region. The qu<iliiative effects ol the consumption ot Cape hake by»calx is
examined using a minimal realistic model, which incorporate» hake, »eal», "other predatory lish," and th«
fishery. Over quite widely ranging sets ot' p<irameter values aiul assumpti<m» within models that assume tlie
presence of a single hake specie» only. there,ire con»isient indications that, as the»ize of a possible seal cull is
increased from zero, the average catch level and catch rate. and hence profitability of the hake fishery, incr«a»e
slightly while the average annual consumption of hake by seals decreases. However, extensions tri more
realistic models that include both hake specie» indi«ate qualitatively dift'ereni «:mclusions, suggesting that a
seal cull could lead even to slight negative «tl'ects for the I'isbery.

The Cape hakes, which comprise the two morphologi-
cally similar species Merluc<i«» cnpen»i> <ind M.
pccrudcrxu», are caught in shelf and slope waters from
close inshore to more than 800 m, from no<them Namibia
to south of Durban on the south coast ot' South Al'ricii
 Payne 1989; Payne and Punt 1994!. The fltshery ol'I South
Africa commenced around the turn of the centurv 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 Al'rican
demersal fleet historically although recently thi» percent-
age has dropped as improved catch rates, rind hence
greater ease in reaching the annual total allowabl» catcli
 TAC!, have allowed some diversification ot' the avail-
able fishing effort towards other species. Further detail»
about the biology of, and fishery for, the Cape hakes ca!i
be found in Botha �980! and Payne �989!.

The harvesting of Cape lur seal» Arztocct>Ac<Ice»
tru»<71u»tru»ill«» commenced in the 17th centuty. By thc
time legal controls were implemented in 1893, seals had
been eliminated from over 20 island colonic»
 Shaughnessy 1984! and the total population may have
been as low as 100,000 animal». Since then, harvests have
generally been smaller than sustainable yields and the
seal population has consequently increased. The current
annual pup production i» of the order of 300,000
 Butterworth et al. 1998!. There are now 28 breedin ~
colonies on the islands and the mainland, and thc seals'
distribution extends from Cape I'rio to Port Elizabeth
 Figure I!.

Butterworth and Harwood �991! calculated the an-
nual consumption by various predator species of six com-
mercially important marine species  anchovy  E» grcculi»
et<pen»i»J, the Cape hakes [Mertuc.ciu» c «pen»i»;md M.

trccrccctcrxcc»], Cape horse mackerel [Trctcltcct cc v trccc hut cc <
< apen»i»]. round herring  Ftrurneu» whitehecccfi  , pilchill J
 Siccrdinotrs»agax], and squid species! for three»ubdivi-
»ions of the southern Africa coast  Namibia, the South
African west coast. and the South African»oiith coast' !.
These estimates indicate that seals are probably not th«
inost important natural predator for any c<niim«rcial lv
exploited fish stock. and that even where: eals appear io
be an important predator. there are other predator sp«-
cies whos«consumption i» of a similar m ignitud«. Nev-
ertheless, the consumption of Cape hake off the South
African west coast by seals was estimated to he doubl«
the size of the commercial take  thc data upon which tlie
an ilys«s ol' Butterwotth and Harwood [19'91]! are ba»cd
have»ince been updated and it novv appears that the cur-
rent consumption ol' Cape hake by seals is ix>ughly tlic
»arne size as the current commercial take!. Ii i», ther«-
fore, possible that the increasing seal popul,ition m;iy
have an impact on future yields of hake. Argunients in
favor i>f possible cull» ol' marine mammal p<>pulations
because ol' po»sible impacts on fishery yields have al»o
been made in Canada, Iceland, and Norway   B utterworth
and Harwood 1991; Anonymous 1992!.

This study evaluate» the impact of the future consurnp-
tion ot Cape hake by seals for the South Afiican wc»t
coast only. This i» because the catch of Cape h,ik«off tlie
west coa»t is twice that olT the south coast, and becaus«
almost three times as many seals breed off the <ve»t coa»t.
The framework employed to compare the implications
of alternative seal culls on the future trend» in the hake
fishery was developed during the Benguel;i Ecology
Programme Workshop on Seal � I'ishery Biological Inter-
actions  Butterworth and Harwood 1991!. Punt and
Butterworth �995!»hould be consulted for detailed dc-
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Fta<>Rr. 1.� Map of southern Africa showing the breeding
colonies of the Cape fur seal.

scriptions of the model» considered and for the methods
employed to estimate their parameters. Butterworth and
Harwood �991! draw attention to the limitations of the
modeling approach being undertaken, which patxicipant»
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 level» <>f 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 f<,, harvesting strat-
egy  see Punt [1994J 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 i» 0 inat hematical statistical model of th» fisli-
ery and the component »pecies of the system. Ei ch
alternative model reflects, inter alia,;in alter<tati< 0
 yet plausible! representation of the syst<.m. Iii tai»
case, each operating model ref lee>s a different le,el
of future cull of seal», a different level of predation
or cannibalism I'or hake, or different v;ilues for »<un»
of the paranaeters of the population dyriamic» nu>del
that are poorly known. The operating model i» u, »d
to generate artificial data sets  such as annual caich
rates! required to implement the manag»ment p <>-
cedure and to determine the effect» <>f;i series <>f
management decisions on the system over time.

2. A number of siinulations are carri<d out. Iiach»iniu-
lation involves projecting the systeni represcni»d
by one of' the artificial data sets gen»rated by ihe
operating model forward for 20 year~ The level <>I'
man-induced removals each year is deterinined hy
applying management procedure., for each comp<>-
nent species. The different data set» reflect th» iin-
certainties  modeled by statistical di»tributi<>n» > in
model parameters and future observations for e;i»h
alternative overall scenario  i.e., combination of an
operating model and a management pn>cedure!»<>n-
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 r>bs»r«;i-
tion error, »o only a single simulation i» needed to
evaluate the consequences of alternative cull <>13-
tions.

3. The result~ of the simulations are»u<nmarized hy
means of a small number of performance indicz».
These indices are chosen so that it is»traightf'>r-
ward for decision makers to asse: s whether differ-
ent levels ofconsumption ofhake by seals are lik< ly
to have a substantial impact on the future prospects
for the hake fishery.

'I'he key feature of this minimal realistic model;ip-
proach is that the operating models selected consider oiily
those species likely to have important interactions with
the species of interest  Cape hakes!. Thus, thc only»pc-
cies considered are the Cape hakes, t'se Cape I'ur seal.
and other predatory fish. It is this restricti<in to key»1>e-
cies only that makes it feasible to con»truct a model -'<>r
which sufficient information is available to admit r<.;i-
sonable specification of all the parameter values.

The Operating Models

Each operating inodel incorporates rour components:
the seal population, the hake population, other predat<>ry
fish, and the fishery  Table I!. These four component»
were selected by Butterworth and Haloed �991! be-
cause they account for most of the mortality on hake
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TABLE I.� Qualitative ovcrvicw of the operating models.

Other predatory fishCape fur se;>I  '.ape hakeSpeci I ication

 'ape hake
Other predatory fish

 'ape hake
Other predatory tish

 .'ape Iial e
Other predaioo fish

Prays on

P>e-specified iin>e <rajec<orv
ui I i»hing moriatiiics

[>«iermined hy apply>ng
ihc hake mana emeni
procedure
Pun< and Le»lie 1199S > Vrn required <Pun< and

Buiierworih 199»!
Annual per capita food
consumption < indcpcndeni of
year and ahundance of prey!

Punt ei al. 1199»!

I<>'/c in ihc ahsence of
e s 1>loI<arloli

M. s>rf>ansi s Z991 <unt M
fauuriouo 17% in 1991

Fraction of diet consisting of
hake  changes according io
Hulling Type II rctaiionsh>p!

I S'rc in 19'> I

Measuring Performance

Results

Removals through management l>epends on Icvct ot
col I

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 consurnptioii
of food off the west coast of South Africa by seal» is
taken to be 27o/c of that off the whole of southern Africa.
The range considered for the fraction of the»eal diet in
1991 consisting of Cape hake is 10'lo to 20 k, with 15ori
heing taken as a base-case value  Punt et al. 199S!.

The culling options consider cow and harem bull cull s.
and range from no further removal of seals to cull» double
that necessary to keep the total 1ood consumption by seal»
the same in 2012 as it was in 1993. A cow cull is empha-
sized because Anonymous �990! 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 consumpt«m ow-
ing to their large mass  Butterworth ct al. 1995!.

The hake population is modeled either as a single spe-
cies or as two species, and allowance is made for preda-
tion ofhake by seals, hake, and other predatory I'ish. Large
M. c<rfrenris and juvenile M. Pnrnrlu.ms are located in
roughly the same depth range, and the former feed ex-
tensively on the latter  Botha 1980; Payne et al. !987;
Punt et al. 1995!. The relationship between hake density
and the fraction of the diet of the various predators  seals,
hake, and other predatory tish! consisting of hake i» taken
to be of Ihe Holling Type II form  Holling 196S!. again
following the recommendation of Butterworth and
Harwood �991!. 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 t<i
the historical data for the Cape hakes  Figurc 2!. The
values of' the parameters related to the diet of'Cape hake
and seals were obtained from analyses of stomach con-

tent d;ita collected during research cruises  I'unt et al.
1995; Punt aml Le»lie 199S!.

The "other predatory fish" component i» described
using;i model that divides this population into.id«lt  n>a-
ture and recruited! and juvenile  immature and un-
recruited! animal». The juvenile component is subject «>
predation by hake, seals, and other predatory lish, while
the adult~ are subject ti> a fishery, The dynamics ot'prcdii-
tory fish are currently only poorly understo<~d, »o that
values for the parameters of the predatory fish model are
set using the results ol' stock assessments for similar spe-
cies.

Four measures are used to quantify the effects of <lif-
ferent levels of' future consumption of hake bv seals; th»
annual catch of hake. the size of the exploitable comp»-
nent of the hake biomass, the interannual variability of
catches, and the nct present value. The latter i» taken to
be the discounted revenue, assuming a co>i»tant price-
to-cost ratio. It is ni>t intended to be a definitive eco-
nomic analysis. It is merely a convenient nianncr f<>r
»ummarizing both catch and catch rate projection inf'or-
mation � both of which are important to Ih» industry ��
in a single number.

A time series of thc1«tal number of seals <>t'1 the South
African west coast �7<re of the total off southern Africa!
under three culling options was estimated  Figiire 3!. The
culling options are;is  'ollows: allowing n<> lurther re-
moval» of' seals  no further removals!, an annual cow
and harem bull cull that forces the total »eal consump-
tion in 2012 to be the same as that in 1993  status quo,'i.
and a cull that i» 51!'1r larger th;m that required to force
the total seal consumption in 2012 to be the sainc iks th,it
in 1993   I.S X status quo!. Figure 4 shows time trajecto-
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ries of annual consumption of hake by seal»  in 1,000»
of metric tons [mt'!, the hake catch  in 1,000s ol'mt!, the
catch rate for hake, and the annual contribution~ to the
net present value  PV, i.c., discounted revenue! for thc
three culling options for a one-hake-species operating
model. These trajectories were then estimated for a two-
hake-species operating model  Figure S!. The calcula-
tions upon which Figures 4 and S are based a»»ume de-
terministic dynamics and no future observation et nor.

One-Hake-Species Operating Model

If the seal population is not culled over the next 20 years,
the hake TAC under an fi> strategy is expected to drop
to roughly half its current size  Figurc 4b!, and the;m-
nual contributions to PV may show a marked reduction
over this period  Figure 4d!. Much of the laner reduction
is due to future catches being discounted relative to cur-
rent catches. However, it is also due to reduced catches
and lower catch rates. If no seal cull takes place, the
number of seals off the South African west coast is pre-
dicted to continue increasing for a further 7 years, peak-
ing at almost SS0,000 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 i» the decreasing
trend in hake abundance  as indicated by the trends in hake
catch rate, Figure 4c!, which leads to hake con»titutin<r 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

Fiat'RE. 3.� -Time-series of the total number 1 f »eal» r>tt >bi.
west coast of South Africa under three alternative culling t>p-
i10>1 .

the demersal fishing industry  Figures 4b � 0 ! than il the
"no further removals" option is exercised. Increasing tlic
level ol' a future seal cull even further lead» to sub»tait
tial reductions in seal numbers  Figure 3!. The reductioii
in the consumption of hake by seals is les» than that in
seal numbers. Thi» i» because the hake population dc>cs
not decl ine to the same extent as before: the I lolling Type
II 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 opeiating inodel
 Figure S! are qualitatively different from those for tlic
one-hake-species case. In contrast to thi. 1>ne-h;ik»
species case, the ef lect of a reduction in the number r>!r
seal» on average catch levels and PV is negli ible while;i
seal cull lead» to a lower hake biomass i'and hence catch
rate! after 10 years of management. The re;ison for !hi»
behavior is that. even without any se;il cull», the bir>-
mass of hake i» expected to increase markedly over thc
next 20 year»  Figure Sc!. By reducing the 6 on»umptit »i
of hake by seal»  through a cull!, the biomass of the»h;>I-
low-water species, >M. capensis, increases as seals are
assumed to I'eed on this species only!. Hove@ver, the in
crease in thc biomass of M. capensis leads to greater prc
dation mortality on M. paradaxus. It is the reduction iii
the biomass of M. paradaxui that offset» .inv benefit»
from the increase in the biomass of M. ciip nti» cau»t tl

by the culling of seal».

A large number of tests of the sensitivity ot the~e r .
suits to the values of the operating model par;uneters hat 0
been conducted  Punt and Butte>worth 199S!, 1!uttlitati vely,
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the results of the sensitivity tests are the same;>s those
reported here.  That i», for the one-hake-species operat-
ing model, as thc size of a future seal cull is increased,
the final hake population size. the average annual catch.
and the nct present value increa»e. while the average
annual consumption ol' hake hy»eals decrease». I.or thc
two-hake-species operating model, the impact of a seal
cull on the prospects for the demersal fishing indu»try
are either negligible or slightly negative.! The quantita-
tive results are sensitive to the values of some ol'the para-
meters. For example, I'or the one-hake-specie» operating
model, increasing the fraction of hake in the seal dict
from the base-case value of IS /c to 20% leads to cull»
heing more beneficial to the fishing indu»try. vvhile re-
ducing it to 10% lead» to the opposite ef1'ect.

The qualitative results of analyses in which parameter
uncertainty and future observation error are included, an I
in which recruitment and natural mortality are taken to
be stochastic, are also the same as those in Figures 4 and
S. However, adding noise to the system result» in thc
performance measures having quite wide di»tribution»
 Punt and Butterworth 199 i!.

Final Remarks

The methodology used in this»tudy dil'ters from that
used hy the Canadian Royal Commission on Seals and
Sealing  Malouf 19!�! because it takes seconil-i>rder et'-
fects, such as density-dependent natural n>on;>lity, into
account. Although second-order effect» are»eldom taken
into account when estimating interactions bet»veen fish-
eries  Gulland !9II7!, their incorporation can make quali-
tativee changes to the decision of whether a se»l cull will
have a beneficial impact on the yield from a I'ishery. An
example of thi» is given by Butterworth ct al.  !9!!! !.

A result similar to that obtained here was ohtained by
the International Council for the Exploration of the Sca
Multispecies Working Group when it examined the im-
pact of a possible increase to the mesh size u»cd by the
human-consumption fisheries in the North Sea  Stokes
1992!. The group found that, for a single-species model.
there werc considerable benefits to be had, in terms ol'
catches, by increasing the mesh size. But when biologi-
cal interactions werc accounted for. the cat«he» either

declined or stayed the same.
The main reason for the difference between the re-

sults for the one- and two-hake-specics operating n>od-
els is the effect of introducing an extra predator � prey
interaction. Thi» would suggest that great care needs to
be taken when designing minimal realistic models to in-
clude all important predator � prey interactions. The
model considered here takes into account over 90'/i> ol'
the mortality on hake identified by Wickens ct al. �992!.

Another difference between the framework applictl
here and previous «xamination» of the impact ol'sciil cu II»
on I'ishery > ield» i» that the fishery yield i» measured hy
the TAC» set using thc existing hake inan;igcmeiit p>x>-
cedurc. A» noted hy Butterworth and Har>vood   I'!91!.
the TAC» set using this procedure will not iieccssarily hc
equal to thc optimal take I'rom the fishery. Thi» is hc
cause thc management procedure is ha»ed oii a»in>pl»
population dynamics model. the par;imetcrs of which
have to be estimated from the data collected I'rom ihi.'
fishery. Thus, the impacts on the fisher> from cull»;>ic
tho»e that will actually be realized r..thei than incrcly
potential gain». In some situations, the potential gaiii in
yield may be high hut the quality of the asiessmcnt tl.ii;>
too poor to detect this. Thi» is evident to»i>me extent in
I igure S>, in which the hake biomass increases marl eilly
over thc 20-year irianagement period, but thc miiiiagc-
inent procedure I>x hake is unable to m;il,e I'ull u»c I>l
this increase.

Thc impact ol' a seal cull that keep» the t»tal seal ci>i>-
sumption at its I'!93 size is beneficial to tl>e I'ishcry I»>
the less real i stic onc-hake-species opeiat in I model  I-'ig-
ure 4!. However, the size of this ef't'ect is not particuliirly
marked because the results of recent  I'!Y9 and 19'!.I!
aerial survey»»uggcst that the seal population is;ip-
proaching its environmental carrying apacity. Fur>hcr-
more, the projection» suggest that the s» al p»pu!ation v. >II
reach this level during the next 20 years iii>d then o»ci!-
late about it  »ee I"igurc 3!. The conclusion that the»eal
population i» appr»aching its environmental carryiii�
capacity depend» I;irgely on the informa>ion !rom ihc
most recent �993! survey and may chan< c given c>cii .i
single additional data point. Continuation ~f thc currxn>l
aerial survey program would therefore seein essential io
confirm thi» conclu»ion.

The framework used in this paper requi>'es i> coil»i le>-
able quantity of d na, For example, in onler to par;im-
cterize an operating model, stomach contcni diita for l>al.e
and seal»; rel itive abundance information for hake,>nd
seal»; catch information for hake, seal .,;>nil o>her pic Ja-
tory fish; and estimates of biological parameters fc>i .ill
these species are required. Such data are not aviiilahl»
for many of the»y stems for which the impact of future
possible seal cul!» may he required. The diita problem i»
less serious fi>r species, such as hake, that are clo»e ti>
the top of the I'ood chain, but could b» cin>siderablc Ioi
»pecics, su«h as anchovy, that form the picy»pecie»»f
several predators. For example, in the South Afric;in c >n
text, anchovy form a large component of th» diet not onlv
of hake and seal», but also of many other prcdati>rs that
al'e Ies» well studied. Applying this I'ramev, ork t<>;>n
chovy at the present time would, almost ieriainly. Icilcl
to equivocal results because of the lar c uncertainiie»



140 PLINT

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

A/xrtrar i.� The history of the Alaska groundfish ti»heries is reviewed with emphasis on the rapid evotnti<>n
of the domestic fishery and its management based on experience gained through observation and mallilgellleln
of the foreign groundt'ish fisheries since the early 1960». The stable status ot' the Alaska groundfish resource is
attributed largely to historical and ongoing eff<irts to collect information on res<nirce status and inseason ground fish
harvests, and closure of fisheries when annual quotas are reached. Nonselective harvesting techniques used 111
the groundfish fisheries result in incidental catches  bycatch! of nontarget »pe«ies, size categories, or sex. An
open-access Illilniigelllent of the Alaska groundfish fisheries contributes to bycatch amounts that are greater
than what is mini<nally needed to conduct the groundt'ish fisheries. Simil:irly. eftorts to control bycatcli are
hampered by the intense competition for Alaska groundfish resources that result from overcapitalizat ion «t the
domestic groundfish fleet and increasingly short fishing seasons. The effectiveness ot'numerous measuies iniple-
mented to address thc bycatch problem is reviewed, and a discussion of future approaches heing consid«re J for
effective bycatch management is presented.

The Groundfish Fisheries

141

The Alaska Region of the National Marine Fisherie»
Service  NMFS! encompasses all f'ederal waters off the
state of Alaska. Within this area, NMFS i» responsible
for managing marine fisheries and a large assemblage ol'
marine mammal». The NMFS also has re»ponsibilities
for the habitat upon which these resources depend. The
management area encoinpasses approximately 70~/~ ol'
the United States continental shelf and nearly half of its
coastline. Currently, the harvest of ' Alaska con»titutes
about.50% of the total U.S. harvest caught in federal wa-
ters.

The NMFS manages fisheries umler 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 �20 km!. Figure
I 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 i» 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 variou» 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 inanage 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»<x

Overall, the Alaska groundftsh 1'i»hery i» not excep-
tional with respect to bycatch and discard rates compared
with other major fisheries in the world  Alverson et al.

1994!. For example. the Bering Sca rnidv, at«r lisherv
for pollock  I'/ter«gr«< /t«/« igramma! annually hari osis
almost I million metric tons  mt! of fish, yct has one of'
the lowest observed bycatch rates � discard of t!.062 kg/
kg landed � in the world. Through 199z» the Bering Su<i
trawl fishery for rock sole  Pleurone<:te» bi/i<te«rus! ty pi-
cally experienced the highest discard rate rel;itive to other
Alaska groundf'ish fi»heries. Alverson et al. �994! esii-
mate a discard rate of 2.61 kg/kg landed f<ii this fi»hei!.
However, even thi» rate is not exceptional high relati c
to other trawl fisheries in the world. For cx;implc, soinc
shrimp trawl fisheries experience bycatch discard rates
as high a» 15 kg/kg landed. Nevertheless, in the past >
years, hundreds ot' inillions of dollars have been lost ir
expended by the Alaska groundfish industry owing t<i
bycatch clo»ures, forgone harvest opportunity, discardc<l
resource that might otherwise have been retained and pn i.
cessed. and administrative costs incurred by inanagemcnt
agencies and the industry. While the bycatch rates in rn»st
segments of ihc fishery may not be exc<ipti<inal. the 2. 3.
million-mt fishery is so immense that the absolute i < I
ume of'discards and the forgone opportunity they repre
sent has raised national and industry c<.nsciousnes»;i<id
poses a significant concern to other fisheries dependent
on»ome of the bycaught species.

Most of the Alaska groundft»h harvest i» t<ikcn wi<h
trawl gear. a nonselective harvesting technique. that r
suits in some catch of nontargeted species  I igurc 2!.
Alaska groundfish also are harvested by res»el» u»iii,
more selective gear. such as hook-and-line, pot. and !i ~

The annual harvest of Alaska groundfish approa«hc»
2.3 million mt. Thc associated total annual discanl
amounts are approximately 450 mt of Pa<. ific »alto<n<
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 Oncorhyn< I<us spp.!, approximately 7,000 mt «f h<tli-
but  Hippoglvsstts stenolepis!. and over 140.000 mt of
groundfish. Crab bycatch is monitored in term~ of nurn-
ber of animals and totals about 16 to 17 million crab
annually. Most of the crab bycatch is composed ol'Tan-
ner crab  Chi onoecetes sp.! that weigh less than 0.11 kg
and have a carapace width of !� mm or less  Narita et al.
1994!. The bycatch ot'king crab species is dominated by
red king crab  ParaIith<ides< vents< hati< us! that approach

2,000

0
u<<an Islands  m

67,357
0,155
2.155

59,667

FI«' IRII 2.� -Harvest  meta»  <ms lmt 1! of Alaska groundfish by gear type, 19'�.

1,500

E

c 1,000

500

or exceed size at maturity for fetnales and neai legal size
for males. rou hly 1� mm carapace length  Atanstrong
et al. 1993; Narita et al. 1994!.

Although the magnitude ol bycatch am<iunts in thc
Alaska groundfish fisheries is high, the ratio if hycatch
to retained harvest is relatively low. These 1<iw hycatch
rates create a problem that defies easy res< luti<in hecaus»
incremental improvements are increasingly difficult and
»xpensive. F'urthermore, the different components of th»
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Resource Status

Overcapi talization

In 199S. NMFS iinp!emeoted an individual fi»bing quoi i i I I Q!
pr»gram that wa» dove!oped by the North Pacific I i»hery IvI;<Ii-
agcment Council for the»ab!cfish and Paci "ic h;<libui ho»k-;o>d-
linc gear fi»heries of't Alaska Tii!e 50, part 676, Code ot I.edcr il
Regu!ation» 1CFR] !.
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FIGUR8 3.- � Harvest ot'Alaska groundfi»h by foreign, joint-venture, and dome»iic operations, I '!84 � 93. The I '!93 total i» b,i»cd
on retained blend catch data. Domestic catch data are only for amounts landed.

groundfish fishery and each bycatch»pecies have their
own set of problems, concerns, and potential soluti<>n».

The Alaska groundfish resource» were harvested pa-
marily by foreign nations until the mid-1980»  Figure
3!. The foreign catches declined in the late 1980s and
were replaced briefly by joint-venture h;irve»ts by do-
me»tic fishers delivering to foreign processor». Fully
domestic operations escalated in the late 1980» and be-
came the dominant form of operation in 1989 and. by
1990 � 91, were the only form of operation. Thi» is iin-
portant because the domestic harvest and NMI'S's iibil-
ity to monitor and manage domestic fishcrie» are recent
developments. So while the harvest has been at cunent
level» for a long time period, the methodologies and pro-
cedures needed to regulate the fisheries have changed
dramatically. During the years ol' foreign exploitation.
NMFS managed aggregates of Iieet» fishing for one coun-
try or another that could be regulated as units. In con-
trast, NMFS currently manages a domestic tlcct where
regulation of an individual vessel'» activity must be car-
ried out in a way that will withstand judicial review in
U.S. courts.

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 I'our
times the capacity required to harvest the re»ource on a
12-month basis. Seasons for all species have shrunk dra-
matically. For example, in 1989 the domestic pollock
season lasted for 9 months; in 1994, it lasted <inly around
3 months in total. Large vessel» landing groundfi»h in
the domestic fishery increased from about 48 in 1987 to
roughly 120 in 1994. Effort in the pollock I'i»hery in-
creased from 41 catcher processors and 4 mothership» in

1989 to 70 catcher processors and 13 motherships in 19'>4
with tlectwide catch rate» of over 10,000 int/d.

 !ther examples i>f this ovcrcapitalizat><in and exec»»
effort abound. Since the mid-1980s, the Alaska halihu<
fishery ha» harvested over 20,400 mt of fi»h with 4, > > !
ve»sel» during a I- »r 2-d fishing season pcr year in»ui
major I'i»hing areas. In 1994, over 1,000 vessels p;irti<. i-
pated in the Gulf »I' Alaska sablefish  Ar>r>t>l<>t>n»><r fi»>-
bri r<! hook-and-line I ishery and harvesi ed 'ipproxim;i<elk
19,000 mt of sablefish in less than 10 d. These and ot hei
open-access I'isheries have become an cxireniely c<~>n
pe itive race for the fi»h with every vessel hiiving t«l»
its utmo»t to harvest its share of thc quota be ore s»inc
one else either catches the target species or»hut» the t'ish
ery down under prohibited species bycatcli rcstricii»iis.

An important point regarding fishery history is tlu
status of the re»ource. C>roundfish sto k» i>ff Ala»hii iin
generally in a healthy and stable conditi»n. All Alack;>
groundfi»h st»cks have tluctuated in abundance over the
years, but no widespread trend toward decline i» c< ident
 NPFMC 1994a. 1994b!. Generally, the fisheries iinnu-
ally have removed some 1.8 million to 2.3 million mt ot
groundfish from these areas for over 25 years.

Change» obviously have occurred in thc ecosystcni 0!
the Bering Sea and Gulf of Alaska. Some marine 0>;un-
mal, seabird, and shellfish populations have decline<i.ind
are continuing to do so  NPI MC 199Sa!. Some ground-
fish populations have increased or decr=ased dramatic. illy
over the years  NPI'MC 1994a, b!. The wh<>le question of
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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 lluctuations.

Management System

Another important aspect ol' 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 �02 guidelines!. The 602 Guide-
lines were published by NMFS and require the annual
preparation of a stock assessment and tishery 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
stock» and fisheries under federal management. Typically,
the Alaska groundfish SAFE reports are prepared bv sci-
entists from the NMFS Alaska Fisheries Science  .enter,
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! level» 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 ol' the stock, environmental con-
ditions, and other ecological factors and prevailing tech-
nological characteristics of the fishery.

Management of the Alaska groundfish fisheries i» 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 groundlish are charged against ihe annual TAC». Man-
agement policy attempts to account for all harvc»t. In
I 994, the total harvest of Alaska groundfi»h species �.05
million mt! accounted for 77% of the total ABC �.66
million mt!.

NMFS conducts extensive stock assessment surveys
that provide the basis for annual groundtish ABC». On-
going data collection i» 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 consi<l-
ered when setting and monitoring annual quotas, and

fisheries are closed when annual catch or bycatch quotas
are reached.

Bycatch

Types of Bycatch

Three types of bye<itch discard occur in the Alaska
groundfish fisheries, classified according to the origin
ol'discard. The tirst type, prohibited species di»ctlld, iip-
plies to the bycatch of salmon, Pacific halibut. I ing crab.
Tanner crab, and Pacific herring  Ctupe« t>a>e><gu<
t>uttasi!. These species have been allocat d l<>r the di-
rected harvest in other domestic fisheries, an<i bycatch
of prohibited species in the groundfish fisheiies i» re-
quired to be returned to the sea as soon as p<>»<ible with
a minimum of injury.

With the exception of Pacific halibut and crab, dis-
carded prohibited species are assumed to experience
�0~/o mortalitv. In general, these mortalities have not
created specific conservation concerns for these specie»
because bycatch is taken into account in mana" ement ol
the other fishcrics directing harvest on the bycaught spe-
cies. Nevertheless, non-retainable Pacific halibut bycatch
mortality experienced in the Alaska groundl'ish fishery
during recent years rcprcscnts over one-fourth of the to-
tal U.S, and Canadian set-line quota for halibut  IPH '
1992, l993!. The concern for this type of inortality i»
heightened when stock» are declining even though sucli
declines may not be related directly to fishing inortality.
Red king crab stocks in the Bristol Bay area ol' tlie Bering
Sca have declined to the point that the comrncicial crab
t'isheries in the area have been required to b» cl<>»ed since
l994. Although trawl closures have been implemented
to reduce the number ot' female red king crab taken a»
bycatch in the Bering Sea trawl fisheries, the continued
potential for red king crab bycatch outside the trawl clo-
sure areas continue» to be a controversial issue among
management agencies and the crab and groundfish in-
dustries.

Regulatory discards are a second type ol' discard cre
atcd by the management system. When a directed fishery
for a species is closed. regulations specify;illowahle by-
catch amounts nf that species, which can b» ret;iin«d on-
board vessels when fishi ng for other species. Yes~el» must
disc;ud excess catch. Retainable bycatch amount» are hope-
fully set soinewhere near the natural level of by< utch that
will occur in other fisheries. It is up to the management
agency to establish bycatch allowances that preveni
unnecessary discards, hold enough tish in reserve to sup-
port bycatch needs in other groundfish fisheries, «nd avoid
exceeding TAC amounts. Unf'ortunately, difficultie» exist
in meeting these management goals, and discard occurs
when catch amounts olspecies exceed the n:tainable
bycatch amounts specified in regulations. When i< species'
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Bycatch Management Approach

Goals of Bycatch Management
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FiouRR 4.� Bering Sea and Aleutian I»lands area groundfi»h discard amounts  rui! hy gear and target ti»h«ry. 199<.

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 mu»t be
discarded for the balance of the fishing season. Thi» does
not eliminate the bycatch problem although it may reduce
it by taking away the economic incentive that may exist to
target on the species.

The third type of discard, economic discards, results
from the bycatch of undersized target specie». male fish
in roe fisheries, and undesirable, low-value groundfi»h

species in the catch.
Discard rates vary considerably in the Bcnng Sea and

Gulf of Alaska groundfish fisheries  Figures 4, 5!. What
stands out is that some of the major fisheries, such a» the
pollock midwater trawl fishery, have a verv low �%!
discard rate  Figure 6!, whereas some other significant
tisheries, like the Bering Sea rock sole I'i»hery, have an
overall retention of only 3 I 7o  I'igure 7!. Even in hook-
and-line tisheries, such as the sabletish tishery in the Gulf
of Alaska, the groundfish discard rate i» I9%  I'igure 8!.
Nearly all of the discarded amounts in the»e lish»rie»
reflect a type of economic discard.

Bycatch problems occur when discard mortality  I!
results in conservation concerns, �! is thought to sig-
niticantly impact resources available to another fishery,
or �! results in unnecessarily high levels of protein and
economic waste. The goal of bycatch management for

the Alaskan groundt'ish fisheries has been to identity an<I
work toward restriction of bycatch discai d <imount» t«
level» that would allow the fishers to reas<inably h;irvc»t
available ground l i»h resources while min in i izing by»<rich
mortality and discard. Obviously, the words "unn»<»»-
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 exarnincd, il I i-
nally comes down to the political  policy�! pr«ces» to de-
termine the appropriate levels.

The NPFMC  the Council! plays a key role in the «n-
going development of a bycatch managcinent pro ir;ini
for the Alaska groundfish fisheries. Th» Council prov ides
for analysc» of proposed management measures, public
review and testimony on these measure».;ind poli<. y de-
cisions that form recommendations to NMFS. A briel
summary tollows of the NMFS-appiov»il approach to
the bycatch problem in the Alaska groundfi»h fisheries
and the relative success of regulations impl»ment»<l t<i
address thi» problem.

Research and monitoring programs impl»ment»d to
determine the magnitude and character <if the byc<iicli
problem are important elements in managing byc;itch.
The fundamental component of the»e piograms i» aff
industry-funded mandatory observer pn>gram. In «r-
der to fish, vessels greater than 
5 fl  -38 m! in lengtli
must have an observer onboard at all times. Ve»se!» ol'
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Ft 'URt.: 7.� Groundfish discard amounts in the I ! � BerinL S a and Aleutian lsl;mds area rock sole trawl I'ishcry.
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FICDRE II.� Groundfish discard amounts in the 1993 Gulf ol'Alaska sablefish fishery with hook-and-linc gear.
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Regulatory Approaches I! ycatch limitOroundfish fishery

Halihut mortality  mt!

! 77»
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BSAI trawl fisheries in zone I
BSAI trawl tisheri<s in conc 2"

1.000,000
!.0 n!.0 x!

Pacific herring  mt!

!,9 
BSAI trawl tisherics

60 � 124 ft  -18 � 38 m! length overall must have an ob-
server on board 30% of the day» 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% of 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$ 1 0 million
annually!. An extensive industry record-keeping;md re-
porting program complements the observer program and
requires mandatory logbook» and processor reports.
NMFS currently i» 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 hy-
catch operates within the various fisheries and gear types,
the mortality associated with discards of prohibitecl 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 f'isheries  Armstrong et al.
1993; IPHC 1 994; NPFMC 1 995b; Queirol0 et al. 1 995!.
A detailed description of these studies i» beyond the scope
of this paper, but suffice it to say a very large part of the
NMFS resource management program has been dedicated
to the bycatch problem. Additionally, the IPHC. the
NPFMC, the Alaska Department of Fish and Game. anti
universities and private industry groups have expended
considerable effort on this problem.

Currently, the principal regulatory approach imple-
mented to address the bycatch problem consists of fish-
ery closures when specified prohibited specie» hycatch
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 i» 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 closurcs also
have the potential of leaving significant amount» of
groundfish unharvested. Since 1990, costs annually in-
curred by the groundfish industry due to bycatch closures

have ran<'cd from about US$80 million in 1990 to abou 
US$30 million in 199'>  this NMFS estimate is based on
unpublished data on forgone catch durinl> 1991 � 93 aiid
average 1990 � 91 fir»t ivholesale values of Alaska grround-
fish.!

Bycatch regulations have also required the followiiig
gear restrictions: biodegradable panel» in groundfi»h pot»,
halibut exclusion devices on groundf'ish pots, gear con-
figurations and performance standards for pelagic tran I
gear to encourage off'-bottom harvest of pollock, and
groundft»h allocations among different types <if gear. By
and large, these have not been dramaticall> effective with
perhaps the exception of the pelagic trawl gear rc»tric-
tions and perforinance standard establish d f<ir the pol-
lock fishery. When bottom trawling for pollocl i» closed
because a halibut or crab bycatch allowance has been
reached, fishing vessels are required to fish midwater
with low bycatch rates Io meet the performance standard
of less than 20 crab onboard a vessel at any ti inc. The»c
regulatory measures still do not solve the problem of how
to I'ish on or near the bottom to take larger p< ill< ick and
cod while avoiding hycatch of other spec ies.

Season delay» or time � area closures attempti ng to limit
bycatch of certain»pecies in specific groundfi»h fisher-
ies have met with variable success. In some c<i»es, man-
agement of time � area closures have limited, bu  in no
case really resolved. the bycatch problem.

A vessel incentive program was implement< d in I qc! I

TAnt.t:. I .� Bycatch limits in 1994 established bv NMFS for
halibut, herring, and crab.

Bering Sea zone 1' red king crab  nin!

Tanner crab i Chionoeceres hairdi!  no.!

'Benng Sea and Aleutian Islands area.
' iulf of Alaska.
'In  995, the halihui bycatch mortality hmit specified I'or i he  i !A hook
and-line gear fisheries was rcduccd to 300 metric tots bc:ause of thc
implementation of an indrs <dual quota program for sahlefi<li and halibut
an<i the c< inc urrent exemption <rf the hook-and-line sahlefish frshe<3< fi em
halibut hycatch restnctions.
<7one I and Zone 2,ire;is ol the Benng Sea generally refer» the Brb«ri
Bay and continental slope areas, respectively.
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for the Alaska groundfish trawl I'isheries; this program
specilies allowable bycatch rates for halibut and red king
crab and holds individual vessels accountable for their
bycatch rates. This approach ha» 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 groundfi»h fisher-
ies. usually only a few vessels experience high bycatch
rates that far exceed the rates experienced by most ve»-
sels in the fishery. If the existing incentive program
worked, rates could theoretically be ratchetcd down un-
til it met some desired level of bycatch v». cost of achieve-
ment. Unfortunately, we are a long way from making
thi» type of program work. Prosecuting viohitors ol' the
incentive program is time-consuming and costly. The U.S.
court system requires standards of proof that otten 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 pur»ued
by NMFS: three were brought before an administrative
law judge and ruled in favor of NMFS; the fourth wa»
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 sablet'i»h 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 a»
commercial catch if they are of legal size in the com-
mercial fishery. The same is true for sablefi»h. Addition-
ally, fishers who participate in other hook-and-line fish-
eries, such as for rockfish  Sebaxtex»pp.! or Pacific cod
 Gudux morhua ma< mr ephutux!, will be required to re-
tain bycaught halibut if they have a quota share of hali-
but. Fishing»ca»on» will be extended, individual» 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 1996 with the hope that it will
result in reducing bycatch rates in the Gulf of Alaskii
and the Bering Sea. At time of writing, preliminary esti-
mates by NMFS indicated that the Pacific halibut di»-
card inortality in the Alaska sablefish IFQ fisherv totaled
around 136 mt in 1995 compared with about 650 mt in
1994.

Voluntary Industry Initiatives

Numerous voluntary industry initiatives have been un-
dertaken to reduce bycatch. In 1988, U.S. participants in
joint-venture fisheries for flatfish in the Bering Sea initi-

ated a program ol'»elf-management to help ininimizi: cmb
bycatch. Similar programs were initiated in the 1990»
for the dome»tic yellowfin sole  Pteurnnet te~ ri»pei Hincl
Pacific cod fisheries to help control crab aiid halibut by
catch rates. In 1994, the Bering Sea trawl in Ju»try fornied
a nonprotit corporation � the Salmon Re»earch Founda
tion  SRF! � involving both industry and v cstern Ala»ka
interests. The purpose of the SRF was to implement a
voluntary fee a»»es»ment program to fund in»eason <lata
collection and analyses necessary to proi idc infoiana
tion to the fleet on how best to avoid salmon bycatch in
the Bering Sea trawl fisheries. A summary ol' the SR I '»
formation, salmon avoidance program, and anticipiitcd
research initiatives i» contained in the I'oundation's April
23. 1994, report submitted to the North Piicit'ic I'i»herv
Management Council, Anchorage, Ahiska

The various industry initiatives are not detailed in thi»
paper. but they reflect industry's attempt io live wilhin
the bycatch restrictions and policies adopted hy NPFMC
while still being able to harvest the groundl'ish resource.
The success of these initiatives has varie<l and appe;ir»
to be proportional to the number of voluntary piirtii i
pants. Generally when fisheries are relatively small, in
du»try incentive programs work. A» the size of the fleet
expands, and a» more people enter the fishery who niay
not subscribe to such voluntary measures. industrv in-

centive program» tend to fall apart.

The Future of Bycatch Management

One of the biggest problems in approaching bycatch
management is thc lack of adequate incentive prograiii»
for imli vidual operators to reduce bycatch rates. Bycatch
limits in an overcapitalized fishery result in a race tor
the tish, which exacerbates bycatch rate» and the lre-
quency of groundfish fishery closures bet'ore reachin .
TAC. Bycatch closures have heightened the awarenes»
of the fleet regarding bycatch, have probalily led ti», ol-
untary industry ineasures to reduce bycati:h rate». h;ive
initiated a sizable body of research into the probleni in-
cluding gear modification, and may have 1 i tnited the Ic ve I
of bycatch. Nonetheless, bycatch limits have not led Io a
solution to the bycatch problem. From the perspective ol'
the groundfish I i»hery. bycatch limits appear too re»tric.
tive and costly. Froin the perspective of other fisheries i m-
pacted by such incidental takes. bycatch re»triction» ni;iy
limit the problem but do not return bycaught speci». to
the fisheries that t.uget them. With the potential cxc«p-
tion of the sablefish and halibut IFQ program, exi»ting
bycatch management measures have yet t > provide ad-
equate incentive to individual groundfish lishers to take
action to reduce bycatch rates in a manner that. »till;il-
lows for the opportunity to harvest groun lfi»h quota.
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Numerous propo»al» 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 type»
with low bycatch rates, to reducing hycatch cap». 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 tlect as a
whole, and most do not deal with the problem of provid-
ing a workable economic incentive for the individual
operation to modify its behavior. Most industi~ and man-
agement groups recognize that it is technologically not
possible to eliminate all hycatch or have full usc of catch
without eliminating some very important fisherie~. The
NPFMC strives to evaluate these proposals ha~ed 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!. Thi»
approach could best be accomplished through a combi-
nation of hycatch reduction measures with <i program
that allows individual fishers to tailor their operations to
achieve maximum individual benefit under the rule~.

Conclusions

Excessive bycatch and inadequate use are but two symp-
toms of a major tlaw in the way our I'isheries currently
are managed. The overcapitalized, open-access nature
of thc Alaska groundfish fisheries results in extrcrnc com-
petition among vessels to maximize individual harvest
amounts of groundfish before fleetwide groundfi»h quo-
tas or prohibited species bycatch limits are reached and
fisheries are closed. This race for tish allocates fish among
competing fishers and uses. Thi» allocation mechanism
tends both to increase harvesting and processing costs
and to decrease the value of what i» harvested. Thc 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 hi» com-
petitive performance vis a vis other» who are racing for
the same quotas. In the final analysi», some form of indi-

vidual vessel quota I'<ir target species, combin»d perhaps
with individual prohibited species quotas or rate restric-
tions, will probably be a preferred solution. Until v< e reach
that stage. we will probably not be able to cl'fectivcly
bring this problem un<lcr control.
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World Aquaculture Review:
Performance and Perspectives

W. HERBERT L. ALLSOPP

Aux<<ra«<.� The status of world aquaculture production of tood tish during the last 25 years is analyz«d
from United Nations Food and Agriculture Organization  FAO! data by environmental sector, region, qua!itity,
value, and species. Significant changes an<i trends are discussed. Problems receiving special attention include
biological, economic, and social factors that influence the choice of fish; market requirements; and oper, sting
constraints of the sy»tems. Development pro»pects cited include culturable indigenous species, extensive aqua«-
ulture in tropical water retention dains, the aquarium ornamental lish industry, i<nd new biotechnologies. Breeding
techniques, ga<nete cryopreservation, »ex control, growth stimulation, and transgenic fishes are briefly de-
scribed. Opportunities are indicated for umversity scientists to contribute to world tish supplies hy enhancing
use of indigenous tropical food li»h through over»eas partnerships with aquacul turists of the developing w<!rid.

Assessment of Global Performance

Retrospection

153

Farming of aquatic organisms  fish, mollusks, crus-
taceans, and plants! has been attempted for several thou-
sand years. The inclusive term aquaculture wa» 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 organism» be-
ing cultivated. Such identifiable aquaculture produc-
tion was estimated by the Food and Agriculture Orga-
nization of the United Nation»  FAO! World Conference~
in Rome �966! and Kyoto �974!. 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'» 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 shelll'ish were then being produced.
This was equivalent to 12% of the annual world fish
catch for direct human consumption, and it was almost
4% 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 producti<ra 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 I'AO 1974!
estimated a potential tenfold increase in production of
fish through aquaculture  from 2 to 20 million mt!,
whereas the estimated increase for capture fi»heries 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 i» a recognizeil
maximum catch limit for the world's oceaiis. In the «a»<.
of aquaculture, production harvests arc more dirc«ily
relate«1 to controllahle inputs and thus are capable ol'
greater increase. Harvests of certain capture 1'ishene»
were already indicated to be near their maximum»u»
tainable yields, while opportunistic aquaculture produc
tion systems werc then at initial stage., ol' liromising de
velopment.

The FAO �9!t4! determined for statistical purpo»es
that where aquatic organisms are owned tliroughout the"
rearing period befc!re heing harvested, they shall con»<i
tute aquaculture production  FAO 1984!. Thereafter, I','< !
recorded and published data from such ow ned resour,e»
as aquaculture statistics. Catches of other t!quatic org <in
isms that are cornrnon or public property were con»id-
ered production by capture fisheries.

Aquaculture systems aim to achieve rapid, manipu.
lated production of the target species much beyond thc
natural standing crop, with optimum economy ol' v, ate<
space and inputs. The drive for incre ised 1'ood pr<iduc-
tion caused worldwide promotion of aqua«ulture acti» i-
ties in each geographic region  FAO 1976!: aquaculture
production has increased in every geographical region�
hut especially in Asia  Figure 1!.

The United Nations overview of fisheiie» also pr<i-
jected tren<Ls to the year 2010. The world 1'ishery»itu,i-
tion has been exposed to severe constraint» for incre;i»-
ing the aggregate world fish production to satist'y world
food needs  FAO 1993b!. Further growth ot'capture fi»h-
eries is insufficient to maintain needed loo<l supplic»
sustainably, and few new resources can be brought iiit<i
exploitation. Major stocks of pelagic sp<cies, though
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Broad Princi'ples

During iis ccn urics <it' levelopriient, intensive live-
stock husbandry for food production largely fi!cused on
four major herbivorous mammals  cattle. pigs, shccp, and
goats!, and four o>nnivorous birds  'chickens, turkeys,
ducks, and geese!. By contrast. aquaculture. starting v ith
v«11«>1 s of colrinion carp  Crprin«s carpi<!! in Asia. has
gri!wn u! a husbandry of hundreds of fish. mollusk, and
eros acean species f'rom widely diffcrcnt climates and

suh]ect to v:idc natural Auc ua ious. appear to have passed
their peak~ ot production. Most o these stocks arc used
ti>r livestock teeds and iiot direct human consu>iiptioti.
Miij<>r demeisal species in;ill i!ceans have heen ovcr-
fishcd, lc»ving ]i>tie <!pportunity t'or increased iota] catch
in this sector. Inevitably, reduction >n fishing effort w>ll
be required in this sector so stocks can rebuild to
sustainably harvcs able Ic vcls.

In 1973. FAO csiiinated that the potential world I'ish
pi oduc ion from all sources ranged I'roin I00 to 150 mi I-
liori mt. Curi cntly, it is recognized that marine capture
1'isheries are adversely affected ifharves s exceed 80 niil-
lion lilt, and inl;in<1 <.«piure fisheries may be limited to 6
n>il]i<in n>t  Wor] t Bank et;il. 199"! Curient analyses
disclose seiious iniba]ances in the worl<I's tish harvests.
Oilly � counir>cs l'>ill vesi f�</< of >he !vol ]d ciitch
TWCnty-OnC SpCCiCS grOupSaCCO»m i'<>r 4 !cyr <!I  OI«l Ca eh
but only three grOupS are froin frcshwi>tcr; yc  t'reshwa-
ter SpeCie~ <nake up 407< Of ihC V,'Orld's fish species. Dili-
gent ~tock management and cnvironmcn al conservation
nieasures are needed to maintain water quality in order
to susi »n current ha>~ ests. Consequently, aquaculture has
been encouraged i<i sa is y the mcreasing w orldwide need
t'<!r fish.

ccosysie»>s <ind w'iih v:iricd i'<iod f>ahihs  many preda-
tors!;ind growth r;ites  Figure !!. 'I'he iiuisi ef't'icieni
aquatic organisms for food conversiiin <ire niollusks,
which aie filter-fecdcrs found in pl<ink><!n-rich marine
waters. Mns  high-v alue finfish and crustacc>ms feed high
nn the food chain, Although poultry are markc able within
weeks and sn>iic maim!tais within months, fish take sev-
eral ninnths or years to rear to marketable size, though
tropical aquatic ~peCie~ achieve fainter giowth.

The 1974 Work] Hank study  World Hank and I'AO
1974! rccogr>ized that ii was noi fbasih!e i<i c<ir>cei>trate
Oil just 11 fcw t nod species i>i any single 111 ei'i>a loll<>1 cen-
ter. as was being done for tropical livestock or rice. I-'or
the >ntcnsificd cfTorts. site-specific biotcchnology re-
search aspects werc neccssaiy in most tropical areas be-
cause of the unique environments >ffccting culture of
<tiff'erent food species. In view of significant soci il fac-
tors, particular emphasis was for low-cost food fish.

The frcshvvaier enviioniiien  is the most readily con-
tri!]led hy human intervention;iud therefore is broadly
considered  ootfer hetter oppoffunity t'nr aqu;iculture ihan
thc ma>inc cnvirOnrnCn> in  erms iit benefit � cost deier-
rninatiOnS  Figure 3!. WarmCr watCrs are more efficient
for productive growth ot'aquaculture organisms. There-
fore. tropical areas have a natural advantage vvhcrcas
heated systems need to bc used in temperate c1irna es.
Deinographic and social factors have also iinpclled
greater prnduction from inland and coas al bracki~h-
w;>ter;ircas  I'igure 4!; in inarine areas, costs of Sea-Stable
er>gineered structures are a constraint. Maiaculture op-
erations wI hi>i co'ves <11>d p>'niected scil,'>re<is I'>ave bee<>
progrcssivcly dcvclopcd where installatiiins are less
costly than in open seas.

Thc 1974 Vr'orfd Bank and FAO �974! study listed so<nc
300 species that !vere cultured in signiticant qu»ititics
wor]<hvide. Of  hese, oiie-fifth v crc classified as preda-
tory in food habits; they accounted for 10'7< of a]l aquacul-
ture pr<iduction hy weight hut approximately 407< of mar-
kei value. Herhiv<irous;ind oinnivornus fish. which
accounted for '! ! le hy weigh  ot ivnrld pr slue iiin in 1974,
v crc chcapcr to prn<tu<.e hui i!f lower unit value and there-
fore offered the bcttcr means of'inassively increasing tish
protein production for lnw-ii>come v orld popukni ms. Thus.
 he strategy of "aquaculture for food" advocated by thc
World Bank urged concentration of production effort on
herbivorous and omnivorous species. In Asian counhdes,
such produ«tinn Increase has been progressively gained.
ln other regions, econoinic demand and worlds< ide mar-
keifiiii.es are also dnving production enieqirises towards
inicnsivc culture ot the high-value predatory species.

Thc FAO s udy indi<aited eight hro;«I categories ol
prob!cms for target food species;

I. Rcproduc ion � mass seed supply, contr !]lcd breed-
ing and hybridizat>nn
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o. Nutriuon and feeds juveniles. larval rearing.

gr<iwfh efficiency
'3. Intensifying culture sys el!is � polyculture comhl-

niitllilis
4, Aqu;iciilturC CnginCCring � maximizing usc ol' wli-

tcr, space, installations. and equipment
5. Aquafarm 1»anagcnient � economic and cnviron-

n<cntal cfficicncy
6. Fish health maintenance � controlling diseases and

pal asites to Ililpl ovc vlclds
7. Environiiientaf Impact � avoiding disequilibriuni

I ho'nigh culllil'e sysiiell ls
Y. Skilled scientific <lnd operational personnel � iraili-

ing reve.uiehers <iiid ieChniel.ms
Very lii»iied scicniit'ic dut;i werc uvailliblc lo improve

glov'th pcrformancc of sclcctcd spccics, particularly in-
digenous food species. Such cultumble species shov"cd
great promise bccausc of their food habits, grov, th rates,
and cOlnpatible hehaviOr in cOnfineinent, There vere
s rong advocates and valid reasons for using indigenous
species and against introducing species exotic to a re-
gion. Never f!eless, because Ol risilig dei»arid fnr fiu«l
lish and immediate invcstnlcnf pr ilit;Ihility of proven
systenis, enterprises have pr<imoted worldwide distrihu-

Productions systems for aquaculture are classified as
"extensive." "semi-intensive." and "intensive"  United
National Dcvclopmcnt Programnlc [ JNDP] et al. I 91�1
though no precise criteria for these  elms have been uni-
versally acccptcd. In cxtcnsivc systcnis, the cultured fish
populations stocked rely nlainly on the naturally produced
<irganisnis in the;Iqu;I ic tixid chain. Natural pr iductiv-
ity iiiliy he enhanced hy adding nutrients in the torm of
inOr uuiiC I erlilixers. rn;inureS,  ili<f OrgaliiC W;isles. With
InCreaaing lnanligelncnt intervention � including appli-
cation ot nutrients: ihc manipulation of the fish stocks
by numbers. sizes und species' combination; and provi-
sion of supplcmcntal feeds for the tish � such systems
are described as semi-intensive. With close controls on
stocks, high stocking density, and total dependence or>
art!tie ial f'eeds for growth of the fish, the culture sy sieiiis
are considered inlensive. Most ot Ihe tr«liilonal Asian
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tuluaculiurc husbi<ndry and rur;<I enterprises h.ive now
evolved from cxtcnsivc io»cmi-intenSive and intensive

production systems.
Stock cnhanccmcnt systems that provide surplus fish

for v:ater-retention or irrigation rcscrvoirs have incrctis-
ingly contributed to extensive aquaculture production in
Asia  China. India, Thailaiid, Malaysia!, in thc former
Soviet Union, in Brazil, and gradually in Africa. By con-
tr;ist, recent aquaculture in developed countries ha» con-
ccniraictl on inten.» ivc systems though the hist<>rical stock
cnhanccmcnt ol' lakes and dam» I'or recreational I'i»hing
has continued.

Another broad production classification rcfci» to thc
'monoculture" of individualspccics in intcnsivc culture
system~. which is typically practiced in developed econo-
inies for salmoiiids, catfish, «nd mollu»ks, and io the
"p<>lyculiure" of several con!pat<hie species, which has
been traditionally practiced in Asia with various Chinese
or Indian carp, iilapia, and <.rusiacca. There are also in-
tegrated systems that combine aquiiculiure with plant
husb«ndry  rice anil vcgcitibk. crop» jointly or in ri>t;i-
tion! in Asia, or with livestock husbandry  poultry and
pigs!, v:hich is widely practiced in Asia and Furope.
These production systcins aic capable of high yields pcr
unit enclosed area, andbyproducts of the plant oraniinal
husbandry provide nutrients for the cultured fish.

Aquaculture Production tncrease

During ihe past decade, growih of aquaculture pro-
duction has been rapid, averaging over 10% pcr year and
re;iching 12 milli»<i nii in 1991. More cultured tonnage
ha» b<.cn produced in inland th'in in coaslal waters  Fig-
urc 4!. Significant increases werc achieved w ith culture
of shriinp in uopical areas and salinon in temperate zones.
Aquaculture expansion over most of thc world is respon-
sible for the increased total food contribution from in-
land fisbcrics by developing countrie». Intensification of
production systems is hugely industry-driven and export-
oricntcd for salm<m;ind shrimp. Fnvir<!nnieinal i~sue»,
disease control, and feeds;ue the main constraints. Ru-
ral aqu:<culture I'or direct loc;<I fo<>d consumption has been
less successful owing io various managerial, supply lo-
gistics, and site-specific problems.

Industrial production systems have focused on inten-
sive culture of rclativcly few predatory food-fish spe-
cies  salmon, catfish, e c.! for which rather precise bio-
logical requirements are already known. Most food-fish
aquaculture in the developing world derives from semi-
intcnsivc or extensive system~  which b <s<c <lip rely on
the enhanced pond productivity of natur;il food chain
organisms! and i» constrained hy site-.specific ecologi-
cal conditions. L!capite supplcmcn al fccding and en-
hanceincnt with fertilizers, such extensive systcins are

still comparable to the e:irly st:igcs ol aniiiial hush:mdry
in <kiiuestic;iting wild animals.

Production incrcascs during ihc 191�» h;ive been
broadly due to two main thrusts:   hina's production «nd
culture of globally high-value species, China's aquacul-
ture in 1990 reached 45% of thc world's finfish produc-
tion  mainly carp!, 27% of its shrimp production, and
3g "ib of its inussel production  FAO 1992!. Luxury rnar-
kei de<i>arid» f<>r high-value seafood in developed coun-
tries have pushed farnied s«ln!on io 25'4 <>f total w<>rid
s'il<ilon production I'rom all sources  capture f'isheries plus
culture! and farmed shriinp  o 24% ol all shrinip pro-
duction  FAO I '!93b!. Both incrcascs have significantly
affected world prices for these species. Mollusk culture
systems have incrcascd notably: musscis and clams by
60%<, scallops by over 300'70.

In developed countries, ihe industrial food-fish aquac-
ultuie systems are constrained by fccd p»ces. I'ish feeds
c<miain high proporii<ins nf fish meal, which is inainly
i<nported <<lid Iol which international niarkei prices are
difficult io control. For deveh>ping countries, aquaculture
production cmphasi» has been <><i the freshv'aier her-
bivorous finfish species �.4 inillion mt!. Such systems
are noi much constrained by fish nical supplies and costs.

ti.'egional Assessments

World aquaculture is strongly doininatcd by Asiti.
which;iccounted for about 80~/r. of ail such production
m 1991  Figure I !. Europe contributed 10<!<s North and
South America ab<>ui 2% each, a<id ihe balance was
spread over Africa,  !ceania, and other «ress. 'I'his re-
gion;<I <lis rihutioii broadly reflects the world's history
of uluaculturc: morc than 3,000 years in Asia. approxi-
mately 200 years in Europe, �0 yc«rs in North Amcric«,
about 70 years in South America. and fewer than 50 years
in Africa. Aqu iculturc remains predominantly a phenom-
enon of developing countries. Its productivity has con-
tinued to giow wbeieas harvests in capture fisheries
peaked in 1989 and have declined since.

World Production
by Species Groupings

Half of allaquacultural production  by weight! con-
sists of finfish  Figure 2!. Most of thc rest is divided be-
tween aquat!c plants  chiefl rcd and brown algae! and
mollusks  nearly all bivalves!. Crustaceans  mainly ina-
rine shrimp! contribute less than I /<, by weight, but their
eci>ni>mic value is far greater than this.

Nearly all linfish production occurs in freshv"uter al-
though marine species have a so<nesvhat higher dollar
vulue  Figure 5!. Vari<>us species i>f'carp str<>ngly domi-
nate I'rcshwatcr production  I'igurc 6!, rcl'lccting thc Asian
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<l<i<ninancc ot' aquaculture, and thc rest is about evenly
divided be ween the salmonids  some of which riov oc-
cur in coastal areas! and tilapia. Aquaculture pr<iduction
Of Atlantic salmOn  Sa!ir«i .<ulnr! liow 1'ar outstrips the
capture of wild fish; hatchery pr<iduction of pa«if'ic
salmon  Onc<irhvr«:l«<s spp.!, chiefly f<ir stiicking, has
ma chcd capture fisheries since 1<!f S  Figurc 7!. Thc
value of cultured Atlantic salmon now cxcceds US$1 bil-
lion annually. Salmiin and trout have been transplanted
 o high-la itu<le <ir high-altitude cul urc areas through-
out the ivorld. including Mexico, Chile, and Ncw
Zc<dund.

Brown algae dominate the production and value ol'
cultured aquatic plants, but nearly 20% ol'  he produc-
tion and a third of the value in this ela»s i» represented
by red algae  Figure g!. Nearly all aquatic plalil cul urc
occurs in Asia.

Among inollusks, oyster eul ure hu» been ahou  level
~ince ! <!85. but mussel production increased notably in
the late I qgfls and clam productionhas cdgcd up Figure
9!. Scallop» rcprcsent a relativCly lninor aquaCulture har-
vc»t by weight, but they have a higher overal! monetary
value than mussel».

Crustacean culture is predominantly directed at
penacid shrimp  Figure 10!, which»ow have un annual
value close to US$S billion. I.re»hwater prawns have
contributed nearly 100,000 mtlyeur.

The earth's writers cover 68'i< of the planet. Two per-
ccn  <if this water is lrc»hwater and supports more than
40% of the world s fish species and two-thirds of its cur-
rent aquaculture production  Figure 2!. I»crea»ing de-
mand for freshwater has created severe strain on n;ltural
water sources for human, domestic, agricultural, live-
stock, and industrial uses. Addili<mally, environmental
land degradation and various forms of industrial pollu-
tion have dii.ectly affected adjacent water» with conse-
quent impact on fl»h life. Such di»charges have adversely
aff'ected the productivity «quilibrium of freshwaters, re-
duced fish output, und cvcn endangered survival of sonic

Pl<i<!nn  <.� W<irld aqu,icullnrc production of major tinl'ish
groupings. ! 9135 � 91 �0' mi!. Source: FAO 11993a!.

fish species. Thc 1992 United Nation» Conference <in
Environment and Development  UNCFD! in Rio de
Janeiro recognized the above aspect» nnd endorsed 3 se-
ries of stlategies in which aquaculture sys enls arc di-
rectly involved  UNCFL! 1992!.

Target Species and Development Constraints

Cul urc»y»tems and production outputs are influenced
by constrain » of'space, costs, and local or export inarket
opportunities for each species  Wor!d Bank et al. 1992!.
Consume  preferences have historically determined lo-
cal market demand for various fish specie». H<iwevcr,
fish selection and suitability for aquaculture also depend
on fish hehavi<ir, survival, growth, and fccding in con-
f <lenient, provided  licit adequ <tc supplies of thc juve-
nile» are available. Aquaculture development in differ-
ent regions <if  hc world has been affcc cd by several

Fl<il:al; 7.� World prnduc ion of Atlantic a»d Pacific sal inn»
by culture systems and cap ure fisheiies, 19!is � 91   1 1!' ml!  FAn
1993a!.
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COntrOlling factors. whiCh may bc grottpcd in biological,
econon!ic, and social categories.

Biological factors include breeding and seed supply.
feed c<inversion efficiency in dense culture, discase re-
sistance, and growl h perforinance at ambient water tem-
peratures. Fconomic 1'liciors include costs of seed stocl,
v uter  space, supplies, quality. healing!, feed, energy, la-
bor, cquipmcni, lind duration of pr<i<luciion operations
 which differs wilh clirnllte rind species!. Si>cial  actors
relate to peoples' cultul;il tr ali ions reg<arding husbandry
practice~, availability ot' technic d skilled hilior, local
inarket preferences for species that are  nore easily oui t i-
vaied. and year-round operational convenience ol'

aqual'arms. Collcctivelv, these cotnplcx factors have de-
termined the progressive woildwide spread of aquacul-
Iure f'<illowing the e;irly historical origins in China and
ccnirtil Fur<ipe.

This review d<ies noi address c<titslraints of the tnajor
scc or ot'health assunince and lnithohiolligy iri;iquaculturc.
which requires comprehensive and not cursoiy coverage.
Suffice it to say Iha  bac crial, fungal, vir,ii. neoplastic,;md
parasitic diseases affect fishes. crustacca, m�1 iusks, tind al-
gae. Both infectious and noninfcc ious diseases have be-g
coiiie critically si< ni ieant � particularly fOr intensive
salinon and shrinip system~ and catastrophic outbreaks
have <tccuned. Spcciltliye<f tOx icologists, paraSitOIOgists, and
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Opercrfionc>l Coi>sfraii>fs

Feeds ai>d fii<jfrifiort

pathologiits now provide veterinary icrvicci for salmon.
catfish. carp. and shriinp aquaculture.

The adop ion and spread of various cul ure syste ins in
each region tiave been indirecily <letermiiied hy  he c<iii-
eff'iciency of operation». The moit cost-efficient. finfish
ior cultiv<itir>n are phyioplank on f'or»gers while filter-
feeding rnolluiki ure the inoii ef'Iicicni producers in nu-
trient-rich co«ital waters. Nev, et «l. f 1993! showed in
their asscssmcnt of Asian aquaculture production that
1990 harvests from carnivorous spccics yicldcd 0.5 mil-
lion m  while noncarnivorous f'inf'ish production to aled
I.C> million n>t. The increasing quantities of shrimp and
prawn  h>gh-prote>n feeders! totaled 0.75 niillion»it. A
iignii'icani aspect <if ihe intensive aquaculture industry
has been  hat the >»os  valuable fish ipeciei heing cul-
lured are predat<>ri  hu  require a high proieiii level in
Ihc compo»»dc<] feeds provided. Lifficicnt fish can con-
ver  such feeds at ratios from 2:1 to 5:1. Rations com-
prise bo h moist leeds fconsistingr of a large portion of
low-value inarine fish! and dry pelleted feeds made with
fish meal together >viih sorghum oi other plant ingredi-
ents. 1 or grow-out operations, profitability ultiinate1y
depends oil costs of  lie proteiil coil>poilelii oi <lie iupple-
i»en  al fee<is

C<>nsumer preference in afiluen  i<>cietiei h<ii been tra-
diti<>rially I'or pre<la ory ipecies, «nd this h;is I'uefcd thc
export market dcrnand f'rom developing regions for such
cultiv«tcd species of high unit value. However, in vicvr of
thc population crisis for food self-sufficicncv «nd thc
ecological dilcinma posed by declining n>arine tish har-
vests worldwide.  he greatest aquacuhure emphasis needed
i» for maximizing production of noncarnivorous species.
Phytoplankton feeders and herbivorous ipeciei should

thcrcforc bc given much trrcatcr attention. particularly in
tropical aquaculture research. Accordingly, the candidate
ipeciesof macrophage 'ind phvtoplank on feeders of
South Ainerica Africa, and Asia should continue u> be
I«rgeie<l for inieiisive aquaculture emerpriiei.

W<>rid I'iih cr>niuinp ii>n preterencei li«ve influenced
intern«tion«l marketing oi'harvests t'rom capture f lish>ng
and impelled commercial cul urc systems everywhere
towards aquacuhure of high-value carnivorous species.
Thc profitability ot such in ensive systems is constrained
by feed costs because the protein component relies on
fish me«l or low-value bycatch fish  o satisfy dietary nu-
t<'ieni requireinents. Such comr»ercially prepared feedi
account for more th«n SO'/6 <if production coils f<ir ialino-
nids  »id Asian shrin>p produc ion. As>an coun ries pi<>-
vide I'i>r 110~/0 i>f'wurkl lint'iih aquaCul ure  Figure 1! hu 

dcpcnd on artificially prepared commercial feed» for only
10'70 of thar outpu   Ncw ct al. 1993!. The remaining
90/< comprises noncainivoroui species in polvculturc,
in which au rition depend~ on enhancing productivity of
natural food organisms in cx cniive and semi-intensive
aquaculture systeins. Notably, the Asian, domestic i>>ass
c<>niiiiiip ion preference is ir;«liiionally R>r theie ipeciei
 carp. milkfiih ]Cyt<t>ti>> t i><r»r>>]. tilapiai!  hough high-
value carnivore ipecies  yelh>wt;iili ] <r'< riof<t ipp.], ccli
]Ar>gtu'il<t spp. ], catfish ] C lt>rins ipp. ], icabrcam ]ftriy'lie
ipp.]! have erncrgcd as signit'icant exports  o aftluen 
communiiics.

Rising costi of supplemental feeds have adversely af-
fec ed the cost � efficiency of in ensive aquacul ure sys-
ten>s and encouraged thc rcccn  increase in Asia of non-
carnivorous finfish with an evident relative decline of
Ihe Asian Ou pui <if CarniVOrOui fiih. 1'r<»n 19' S IO 199<!,
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Asian carnivore outputs declined from S2<7<i to 41% of
the world catch while Asian polycultures of noncarniv<>-
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 research stud-
ies on vegetable replacements 1'or the fish meal compo-
nent in the feed» 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 ecoin>-
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 i» being driven higher by declining worM sup-
plies of fish meal. Recent research has focused on the
use of canola  a variety of Canadian rapeseed [8>aLsiccc
spp.J!, 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 proiein, 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 offers 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 shellt'ish spe-
cies than freshwater environments. However, in teinper-
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 ol' filter-t'ceding
mollusks, seaweed, and polyculture combinations. The
major contributors of world aquaculture have veil 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 confined to finfish and
not crustacea and rnollusks.

Suitable New Species

Ichthyologists have identified some  .800 species of

freshwater lish in I.atin America, of which the ma!<>i
groupings suitable for aquaculture are in the Amaze>i
River system. Colo>«omcc i>idens is one of the many her-
bivorous species of proven performance. In Alrica. iii
least 40 among 3,000 freshwater species have been simi.
larly identified. The great lakes of Africa cont;>in the ri<. h-
est lacustrine fish speciation in the world. Of these, m<>rc
than SO candidate species, including many tilapia, have
been recognized as exceptionally suitable t'<ir «quacul-
ture owing to their fast growth, desirable f<>od habi<s,
and favorable comportment in mass confinement. At leasi
15 indigenous African species are showing gre<it prom-
ise for aquaculture  Jhingran and Gopalalcfishnan 19941
In Asia, over 30 new species are already the t'ocus ol
research and field perl'ormance studies.

Currently there are hundreds of privai.e farmers wh<
individually breed and culture autochthonous species >n
scattered, localized fish farming enterprises ihrough<>ui
many Asian countries. These naturalists r>iay not hc
trained scientific researchers but are keen cledicated oh.
servers and efficient purposeful practitioners located ir
very different but opportunistic locations t'oi culture ol'
particular local species of their choosing. Th< y are mosi
effective collaborators whose different site-specific <>p
erations provide variable but controlled parameters foi
research biologists to examine and standardize in deter.
mining the further selection of appropriate indigenou,
candidate species.

It is noteworthy that Pak Mudjair disc<>vcred the
African tilapia  Orc oc hromis mossambico!, which un-
explainedly appeared in coastal pools in Fastern Java
around 1939. Its subsequent worldwide promotional usc
directly resulted from his keen observation and initial
trial cultures, which were later validated by scientists'
publications describing adabtability in cliffeient condi.
tions. There are similar historical precedents for the worh
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 remot» tropical area~
with rich abundant ichthyofauna may help to determine
the practical aquaculture performance of ne«candidate
species.

Tropical Fish Seed Banks

The opportunity 1'or fishery scientists in developed
countries to contribute to the improved efficiency ol' 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 llnodi
from monsoon rains have covered the floodplain! gave
rise to the deliberately organized fry collection for aqu<ic-



AQUACULTURE PERF !RMANCE AND PERSPECTIVES

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 from tloodplains fish-
eries has now begun in several countries of Africa to re-
stock reservoirs. This is particularly evident in Mali where
the floodplain of the Niger river provide enormou» quan-
tities of f>ngerlings. Catfish  Cinrins and Heter<>l>rmicl>u<
spp.! and tilapia are now gathered and held alive for re-
stocking the increasing numbers of community reservoirs.
Thi» process i» the first activity stage of conununity
awareness through aquaculture intervention that is now
supervening in inany of the inland area» ol' Al'rica. This
situation i» being driven by thc urgent demand for food
in Africa and the clear need in integrated rural devel<ip-
ment programs for the multiple use ol' the water re»ources
of this vast continent.

Controlling Human Water-Borne Diseases

Tropical aquaculture activities also endeavor to make
a virtue out of a necessity. Where watershed» 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 inosquito
larvae  vectors of malaria and filaria!, Siinuti <un larvae
 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 pond» or behind
water-retention dam». 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 tish 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 hum.in
infectious disci>ses. These dams are often located in senii-
arid regions with critical water shortages where set tl< r
and nomadic communities are consequently»ubject to
high incidence of bilharzia and malaria. The anciciit
Chinese sayings that "I'ish sanitizes water ' and "good
waters have plenty of healthy fish" refer to early expert-
ence with fish, algal blooms, and various di»eiise» when
the stocking ol' 1'i»h in natural waters made the fish a>id
water more satist'actory for general human usc in rip;<r-
ian communities.

Africa only produced S1,000 mt of aquacultured t'i»li
in 1990 while catchmg 1.9 million mt of food fish froni
inland water». C<eo raphical information»vstems h;ivc
disclosed over 10.000»mall water bodies iii 7imbi>bw<.
 Coche et al. 1994!. and more than 200,00 i such reten.
tion dam» of various sizes throughout Afri<. a were e»ii-
mated by participants of a 1993 symposium of FAO'»
Committee for Inl.ind Fisheries of Afric;i. Kapet»l y
�994! estimated that vast areas in some .10 coun>ri<i»
have suitable temperature zones  
2'C for >Y month» i
for aquaculture operations. The enhancement of culture
based fishenes in these widespread small water bodi<i»
offers excellent opportunity for sustainable lood produc
tion increase and i» gathering momentum u ith the st<>cl'
ing of irrigation dam» in sub-Saharan Afric;i.

Accordingly, the t>eneticial experience ol'Asia»haul<I
be fruitfully repeated in Africa and Latin America through
the obligatory stocking with suitable "vector-control »p»-
cies" indigenous to the sub-region. As ex>en»ive aquac
ulture systems, these dams give cost-effective yie!di.
particularly since the intensive aquaculture husband>!
systems of Asia are not easily transferable for sociocul
tural rea»on». Desirably, standard hatchery systems foi
the mass production of juveniles of recommended iii-
digenous species should be an essential requirement for
stocking tropical water-retention dams. Such "aVudc»"
 artificial lakes!, which have been built in northeast Brii-
zil and stocked with fish since the 1930», now ye;>rly
provide over $104 million worth of food fi»h.

I submit that these extensive systems of culture-ba»e<l
reservoir fisheries can prove io be the mo»t import<nit
immediate food contribution of tropical;<quaculture, g»
ing large total yields at low unit costs and nianagemerii
inputs in tropical countries that are les» aquacultur;>1!!
advanced. In Thai land, China, and Indonesia  Bhuka»v an
1977!, the»tocking of shallow water-retention dams with
suitable combinations of indigenous species ha» resulied
in massive, sustainecl harvests for nearby riparian popu-
lations. This process involves easy managenient and di-
rect beneficial involvement by communities. In thc
Ubolrathana reservoir  Thailand!. the fish harvests were
ot' greater value than the value of electricity sold to thc
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rural communities. These revenues do not retlect an ex-
port value and foreign exchange earning, but they are
significant for food sufficiency of inland coinrnunities
and contribute continually to their social and economic
stability and savings of expenditures for fish that were
previously imported. These are invisible or little 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 pr<i-
mote new breeding technologies for food fish. In 1973,
the International Development Research Centre scien-
tific study group of Southeast Asian aquaculturists
 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 heing 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 disease con-
trols of such local and exotic species. Universities in
Singapore, Thailand, the Philippines, Hong Kong, Indo-
nesia. and Malaysia had special projects on prcmium-
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 species 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 hsh 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 tcchnical
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 provitlc little cli
matic variation, enabling manipulation cf otlier signili-
cant parameters to induce breeding year-roimd. Many
smaller, colorful species for the ornamental fish trade
are varieties of larger food species being cultured  e.g..
cyprinid», characids. cichlids!.

The historical performance ol' the Singapore aquariuni
industry has been truly remarkable. Cheong   I'!93! <le
scribed how this opportunity has been maximized withir,
space limitations of a land-scarce island �84 km' <
Singapore has 2.7 inillion people of whom only 13.00 i
are employed in the total agricultural sector   I '/< o ' th<
national labor force in 1991!. However the aqi<anum 1'isl<
industry directly einploys 1,200 people  i.e., 0.04rl oi'
the national population! but earns 1.8% ot' tlie value <ii'
national expo<Is in hard currency. Notably, the cxpori
value of Singapore's ornamental I'ish accounts for 20'I
of the world trade, while aquatic plants are 10",zn of worl<.l
exports.

Singapore has established a network of I'ish breeder;�
exporters, and brokers specialized in breeding popuhii.
target species and a wide array of hybrid». Tliesc oper<i
tions are now relocated at the Ornamental Fish Breedinl
Centre with development of modern f;irms in special
agro-technology park». Three hundred and I'dirty variet-
ies of ornamental fish are produced while specialist ex-
pertise in selective breeding and health assuriince has
been progressively developed by concentrating efforts
on a few major species groups. Similarly, nuire than 100
species of ornamental aquarium plants are cultivate<i
while specialized tissue culture of plant spc< ies has de-
veloped varietics ol top value. Advanced biotcchnolo-
gies of developed c<iuntries are being directly applic<l
with aquaculture of ornamental fish species. 'I'his augur%
well for wider application with tropical food-I'ish spe-
cies.

Singapore s ornamental fish industry. ~<ivernment.
and the national university collaborate closely to pni-
vide technical advice and to support required research
on breeding genetics, diets, and health assui ance. They
have introduced innovative fish health certil ication <ui<1
controls that set international standards which have es-
tablished for Singapore a reputation as "the ornamental
tish capital of the world."

New Aquaculture Biatechnolagies

Increased aquaculture production has been largely duc
tn the worldwide translocation of species, including
carp, tilapia, catfish, and salmonids, that are exotic  <i
the areas where they are now being comm<rcially cul-
tured. These translocations fly in the face of proven his-
torical experiences that introductions of exotic species
cause irreversible ecological consequences. We are n<n<
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recognizing the adverse impacts ol' many such carp and
tilapia introductions in various countries; thc tragedy of
Nile perch �~it<sr nil<>ti«<! in I.ake Victoria i» <veil pub-
licized.

Despite the difficulties of incomplete knov ledge of
the indigenous species, the major opportunit! and great-
est focus of tropical aquaculture researcher» should he
on the dozens of promising species in Afric;i and Latin
America. Biotechnology re»earch advances can a»si»t
wider use of indigenous species. Some advances werc
cited by Donaldson et al. �993!, and they will have in-
creasing impact on the aquaculture indu»try in se»eral
direct way».

Induced breeding for seed production.� Several labo-
ratories are perfecting spawning procedure» <utd genetic
selection for various salmon species. Gonadotropic ex-
tracts initially used to induce breeding have be«n replaced
by relined synthetic hormones and anaiogs, with or with-
out dopamine antagonists, to achieve successful spawn-
ing and hybrid production. These procedures have
achieved operational success with Chinese and Thai carp
and Amazon characids. Procedures have t'<>cused on
broodstock husbandry, genetic selection, induced breed-
ing, gamete storage, fertilization techniques, sex control,
incubation, and larval rearing to stock size. These»y»-
tems address reproduction of select stock» of »pecil'ic
f>sh  mostly salmonid»! whose growth pe>for>nance has
been scrupulously tested and approved under c<>ntrolle<l
culture conditions.

Cryopreservation.� Standard procedures t'or storage
and transportation of gamete» and embryo» have been
successfully developed. Mono»ex sperm from select
brood»tock ot' several species can now be stored and pro-
vided for opportune u»e in later»pawning»ea»ons. Thi»
enables sequential spawning from select broodstock
throughout the year under natural environment or cul-
ture conditions. Thi» process will permit the develop-
ment of technologies for year-round»eed supplies of
appropriate brood»tock of temperate and tropical »pe-
cies, taking timely advantage of the favorable g>row-out
conditions with lessened dependence on uncertain seed
supplies that may be obtained only during climatic
spawning seasons  Harvey and Carolsfeld 19<�!. 'I'hc
International Fisheries Gene Bank i» perhap» the most
recent development in networking tropical cryopre»er-
vation of gametes derived from select aquaculture»pe-
cies in China, Brazil, Venezuela, and even 1'or endan-
gered stock» of North American species.

Controlled sex differentiation.� Starting with
Guerrero's �97S! initial work using 17 o< -rnethyltcst-
osterone for regulating production of mono»ex tilapia,
procedures are now further refined for the production ol
sexually sterile fish. Such fish are being used in inten-
sive aquaculture systems where genetically altered fish

or exotic»pecie» are commercially grown adjacenl to
areas with wild»locks. Methodologies including induc
tion ot female triploidy have successfu.lly produced»icr
ile stocks;is well as monosex females ol' new strains.
Such technique» will be applied to cert;iin»train»»f
tran»genic salmon, which are much faster growing tli;iri
wild stock». 1'hi» process avoids any pos»ibility ot' vill.
tured»tock» breeding with natural or fer<il populatii>n»
if, through accidents nr floods. they e»cape from poiid»
or enclosures to the natural environment. 1'he main ben-
efit ol sexually»terile fish for aquaculture t'ood pn><luc-
tion i» that the rnctabolizable energy of the 1'ish i» u»cd
for somatic grov'th and diverted from gamete pr<>duc-
tion. Thi» c;m eventually result in <nor. ctticient gro<> ih
and bigger fish for marketing or greater yields 1'r<u>i ii>-
puts in a given period.

Growth stimulalion.� The use of peptide» and pn>-
tcins forenhancing growth and feed conver»ion ol'»ainu>ii
aims to improve production of intensive»ystcms hy re-
ducing feed costs. Increasing the growth rate ot 1'i»h hii»,
for example, been achieved by administerii>g bovine pl;>-
cental lactogen to fish in amounts that cl'tectivcly cii-
hance growth. 1'his technique, developed 1>y Donald»<>n
ct al. �993!, i» thc subject of a U.S. patent with ihc
Monsanto Company. It. will be particularly important 1'i>i
fi»h I''irming of »alrnonids, tilapia, catfi»h,,>nd caip,;in<1
applicable to fi»h ol' any age. It can be a<hninistered by
slow release injection and in the diet.

Transgenics.� -The developinent of recombinant l!NA
methodologies to produce fish with aliered "gcnc-
constructs" has improved the growth-siz< charactcii»-
ties ol' cultured fi»h and in the future in;iy he u»ed i<>
manipulate their reproduction, disease resistance..u><l
tolerance tn environmental conditions Initial »ucce»»«»
have been achieved with salmonids, carp. and loach:».
Selected over»«veral generations, tran»g<'<lie 11»h vrlll
eventually he produced with desired market characici i»-
ties, il92uch inlproved growth, feed conversion, nutritixc
value, and lle»h quality. Therel'ore, in the luture indii»-
try. mas»-cultured fish may have such inherent qualitic»
»imilar to select beef and poultry product»,

Issues of speci;il concern, which are being caielully
addressed, include the safety of such fi h 1'or human «. i>>-
sumption. the interaction of such fish with wild specie»
 in reproduction, 1'ood competition or habitat di»pla<c-
ments!, and the public perception and con»unier accep-
tance of modified organisms.

Conclusions

In suminary, biotechnologies now bein ~ cleveloped 1<ii.
potential commercial application with salmonids will pio-
duce fish that grov, rapidly, never mature»exually, and
therefore provide an optimal fish for culture condition»
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that is incapable of breeding with wild stock» in natural
water bodies. Such technologies, when they are subse-
quently applied to other candidate tropical species ot high
aquaculture performance, can revolutionize intensive
food-fish aquaculture as well as stock enhanceinent 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 he 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 heing advocated for
many tropical environments where there is evident threat
of disappearance of certain endangered fish specie~ be-
cause of environmental degradation, industrial pollution.
pesticides, and agricultural chemical». Many of these
"ornamentals" are non-food species, but several are of
the same genera of locally significant food species, 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 field sites, hi
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 goal» and priori-
ties. Some of these have been vigorously pursued in some
regions through international collaboration of aquacul-
ture researchers. Twenty years later. challenges facin >
aquaculture are more formidable, world food needs more
urgent, hut opportunities are perhaps greater. Accordingly,
aquaculture systems may yet sustainahly provide a more
significant portion of the world's food-fish requirements
and may yet achieve the FAO projected output of 20
million mt hy the year 2010.

Aquaculture is rooted in thc distant past, i» vtiliantly
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 courageously pursue and purposefully accom-
plish the scientific, management, and environmental
goals that have been already clearly defined.
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Sea Ranching of Atlantic Salmon with Special
Reference to Private Ranching in Iceland

ARNI ISAKSS !N

Absiru< i.� This paper defines sea ranch>ng and differentiate» it trom»alin»n enhancement activities occur-
ring in most »a!mon-producing countries. Pni ate anil semi-private ranching of »;timon can be considerect aqu.>c-
ulture, as the purpose i» to produce bigh-qual>ty fish for <vorld salmon nu>rket~. Inierna>ional productio > »tati»-
ties for ranching demonstrate the dommant posit>on ot Pacific salmon <On«»l>i>u Iuix spp.! in sea ranchii>g,
primarily in Japan and Ala»ka. Status of Atlantic»almon  Sn!uur ruluri ran<hing is discussed with a sp<.'i>al
focus on the develop>nent ot'private ranching in Iceland. This includes produciion statistics and discus»ion ot
the social, genetic, and ecological problem» associated with th<» development.

The»irategie» used in ranching, including s>te selection and»al>non»tock, <>» well «s relea»e and recap>>ire
methods, tend to v»ry ciin»iderably between countric» and area». depending on the species u»ed and the <>et>logi-
cal and political lramework. The ab»ence o> any sea I'i»hery fi>r»ahnon within Iceland'» 200-<nile �20-I m!
territorial limits, as well as private ownership of rivers, ha» facilitated the dev«lopment of large-scale prii.<te
ranching with the primary aim of produc>n i h>gh-qual>t! salmon t'or the market. The industry. in re»pon»c to
market demand», emphasizes the productu>n ol' large I-»ea-winter»almon. appn>aching 3 kg in mean wei ht.
Genetic selection experiment» suggest th«t m;>one»urvi< al and average weight at return can be improved thn>u h
fa<nily»election. It is fairly clear that ranching of Atlantic salmon will alway» be somewhat small-scale coin-
pared with salmon farming, primarily because ot' ecological and economic limiiaiions. Thc ranching induitry
must thus promote quality rather than quantity. The large commercial operaiioni in Iceland arc»till devcli>p-
mental, with release and recapture meth<xi» and»n<olt production routine» bcmg generated. Periods of low
marine»urviviil in the late 19g0» and earlv 1'>'>0» have I'urther compounded the s:tuation. A» most of the larae-
scale operation» in Iceland have one into liquidation, the luture of private ranching ol'Atlantic salinon»ecm»
highly uncertain.

International Aspects

Ocean or sea ranching is the practice of relc><sing young
fish into the marine envirott>ttent;>t>d allowing them to
roam and grow in the v ild until maturation. The term i»
most commonly used for the release of salmim sinolts or
fry, which are ready to migrate from fre»hwater into the
sea and subsequently return after I to 3 year» a» mature
fish to the same freshwater locati<m. In the ca»e of At-
lantic salmon  Sul»>o sal<>r!, returning fish are mostly
classit'ied as grilse or I-sea-wit>ter   ISW! and 2-»ea-
winter �SW!; older salmon are rarely observed in ranch-
ing operations. Salmon ranching can further he catego-
rized depending on salmon specie». harvest strategies.
and political structure.

~ Private ranching is defined as large-scale releases
of salmon smolts hy private companies with the in-
tent of harvesting all the salmon upon return at the
release site. Genetic selection of the»tock to im-
prove perl'ormance is logical and desirable, and all
the salmon are harvested at the release site. This
activity i» currently confined to Iceland.

~ Semiprivate ranching i» used in Japan and Alaska
with Pacific salmon  Ou<orbyn< bus»pp.! where
cooperative companies of fishers are releasing
salmon to enhance local fisheries. Genetic selec-
tion of stock i» possible, and the fish are harvested
both in mixed stock fishcrie» and close to the re-

lease site.

~ linhancemcnt i» here used to define all <.ther acti< i-
tics. such as releases of fry and smolts hy govcrn-
>llellts ol con>fat>utes fof >r>it>gut>o>1 or >c»tora >ol>
purposes. Usc ol' indigenous stock is otten manda-
tory. This woulcl include public release» in the P;i-
cific and Atlantic oceans and the Baltic Sca.

International »c;> ranching is primarily b;i»cd on P<i-
cific»ahmon of th«genus On<or!>vnc!>u», of;vhich there
are 7 species in the Pacific, including stcelhead trciut
 On«zrbyucliux >i>>J,"xs!. The ireatest contiibiition» ti>
commercial ranching, come from species v< ith thc»h<irt-
est freshwater rearing cycle, that is, chum almon! z
><< m! and pink salmcin  O. gr>rbuscl><>!, priniarily in Jii
pan ancl Ala»k>i. These operations, producing <>ve>
250,000 metric tons  mt! of salmon annually  I»akssoii
l 994!, can be considered true ranching as they are cor>-
ducted by semiprivate organizations in < rde> to cnhanc:
their own commercial fisheries and are: thus non-ri<ci
based. These species arc released at a size ol' l-2 g a t'c" <
months after hatching. All ranching operation» in the
Atlantic are based on Atlantic salmon;md the consp<.�
citic Baltic salmon �. »al<ir!, which arc 'ele>i»ed as I - iir
I-year smolts at a»izc of 20 � SO g.

This paper dea! s primarily with sea ranching of »ainu>n
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Private Ranching in Icelandas ui a<I»ac«It«re venture  i,c.. a method to produce food
 hrough v'ainus harvest stratcg ics!. I  discusses sea ranch-
ing of Atlantic saln!on with a focus on current produc-
tion and the status of sca ranching in Iceland. It;ilsn re-
views thc n!ajnr ecnlngical at!<i political problems
encountered in pri v ite ranching progriin! s and the r;it!ch-
ing strtitegi«s env!sinned for the Ail<i»tie s;ilrnon ranch-
ing industry. Fir!aiily, the po cntial ol sca ranching is corn-
p;ired v ilh sail non I'tirming with respect  o I'uturc
dc vck>ptncnt:>nd cconomi«s.

Ranching of Atlantic Salmon
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FIGUnu I.� Cooirih«!ion oi salmo» ra»ching i 10 metric «»>s [i»>J! io ihe to<«I Icelandic salmon c;itch during the las< 20 years.

There tire < nnsiderable enhancen!ent iictivities in vari-
<>us c<>un tries h<>rd erin g t he At I;irilie Ocean. Total releases
ol Atl.in i«.s;ilr!i<>n smo!ts into lhc Atlantic in Furope I'or
enhiiric«ment purposes. hov cvcr, cons i ute less than 2
million smolts, with Ireland releasing thc bulk, close  o
I i»! llinn smo! s. About a million Atlantic sal>»on smoits
are re!cased on thc cas  co~~t of North An!erica, fairly
equally divided between Canada and the I!mtedS ales.
Iceland is  he only country activelv involved iii eo»»»cr-
cial ranching, releasing «lose t<> 6 n!illinn sn«ills iinnu-
ally in recent year~.

Sweden and Finland are «<>nd«ciing «onsider !b!e
salnzon enhan«ement;ictiv>ties in lhc Baltic Sea, releas-
ir!g over 6 r»illion smolts annually  Ackcfors ct al. 1991!.
This activity «an be «onsidcred a prime example of public
cnhanccmcnt ac ivities in Europe and is upholding a siz-
able mixed-stock con!mcrcial salmnn fishery in the Baltic
main basin. with serious consequences for the reinain!ng
wild stocks <Eriksson and Lriksson 1993! The issu« is
further confused by a large participation in the Iishery hy
nations thai do iioi contribute tn release oper;i ions.

In Ice!,>nd,;>I I salmon and trout fishing rights are con-
trolled by owners of lands adjacent to rivers and lakes,
who by law arc obliged to fon» a fisheries association lo
inanage lhe tcsourcc. The fisheries associations have been
involved in enhancement a«tivities for decades, inelu<l-
ing both fiy and smolt releases and «onslriiciion nl I'ish
ladders. In the eatly 1960s.  he institute nl Vreshwi>ter
Fisher>es es ablishcd the Kolli!III!rdur Fxperimental I-ish
I'an», which was instrumen al in promoting I!sh culture
activity ai«1 .si;!rl<alcxpcritncnting with sah»on ranch-
ing in 1965. This activity, and the fact that harvest of
At!a~tie salmon in the sea has bccn ptnhihited by law
since thc 1930s, has laid the foundation for private ranch-
ing in Iceland.

Although there have been cxperiinental releases since
the mid-l960s, con!mercial ranching only started in the
»>id-l9N!s, peakin will> lhe release of' > mill>on smolts
i	 1991. The pi opniniol> nf I">n«hed s;>lin<in ir> le«I amlic
s ilmnn catches has thus in«reascd I'rom less than 2 !'ic in
198<! lo n!ore th;in tent!'!c in lhc carly l990s  Figure 1!.
M<>sl ran«hing activity takes place on Iceland's west
coast, it is of minor itnportancc in other areas.

The largest comntercial facility opera ing in Iceland.
cs ablishcd by Silfurlax, Inc.. is a release facility located
at Hraunsfjordur in wester» Iceland  I.igure 2!. Siiiolts
are released fi <m> seawater pens ii! i>iidsuini»er tilter:> 2-
to 3-mnnth adaptation in Ireshwatcr and suhse<Iuently in
seawa er rearing pens. Re«:>ptures.ire pert'orr!icd through
an el'ficicnt seining> prneeSS in estuarine areas within 100
in of the river i!iouih Most rc«apturcs take place during
Junc through A~gust, with a peak in July. In l993, the
Hraunstjt!rdur facility recap>,ured about 100,000 salmon.
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F>v is i 2,� A diagram <it' ihe Hri«<»sf!or<!<>r r«aching 1'iiciliiy, showing ihc smolt-<earing cages and ihc dani. which cica cs ihc
freshw«ter lake. Thc <rapping of ialolis is conducted within 1 N m <!vwr>sire«>1> o>1' the h>ghway bridge.

abou  50% of thc tot«1 Ice la<>die salmon catch of 206,000
salmon �50 mt!.

Thc high proportion of r«nchcd s dm<m in the Ice! in-
dic salmon catch has raised questions rcgiarding thc in-
teraction of' ranched and wild safnron populations. Con-
si<lei.able information has been gathered on the
envir<ininental and ecological problems associated with
priv<ite salmon r;in< hing and the improvemen s needed
I'vr its viability.

million Atlantic salmon sinolts over a I-month period
;ind harvesting 200,000 sa!mon over a 2-mon h period
can be overwhelming. This scaling up of ranching to
commercial sizes has <>Iten been difflicult andean. in most
cases, he considered a new stage in experiment < >vn.

Intcrannu;il variiition in ranching potential. There is
good evidcncc that r inchingi potential varies highly from
year to year, which is reflected in survival and grosvth vl
ranchcd salmon in thc se«. This is prob ihly in<>re pro<ni-
nent in polar and tcmpcratc areas, which arc on thc bor-
derline of salmon distribution. It is well knov n that waim
oeeariic currents flowing northward. called El Nino, cre-
ate unfavor;ible eondiiions for salmon in temperate ar-
e;is vf the Pacific. Siinilarly, polar cunents have created
dif't'ic«lt conditions for r;inched saliiion in Iceland
llsaksson I'.!91!, hut niost proiiiinently flir v'ild salmon
stocks on thc north;irid eris  coasts of the c<iiiniry
IAntvnsson et «1. 1993!.

A iiiodcl  Fiiiurc 3! was constructed I'rvm d;< .«>b oined
at the Kollafjordur Experimental Fish Farin m Iceland
in the 19!�s  Isaksson 1994!. When thc warm Gulf Streain
flows north of Iceland and oceanic condition~ are rela-
tively f«vvrable  as reflected in the left side of Figurc 3!,
return rates arc high, the ranched fish are larger, and
rnvst vl  lie salnivn return aller I year in the sea, having a
fairly cvcn rn«lc-t<>-ten>ale rat>o in the grilse population.

Conversely, if polar curr«nts dominate and the Gull
Strcatt> does not affect the north coas  vl' I«el;ind  <is re-
flected in thc right side of Figure 3!, thc rctum r«tcs are
low and the grilse small in size. There is also a delay in
maturation over to the second year, and males tend  o
dvitiioate in the retuining grilse. This condition is. in fact,
Irequcntly <ibserved iri wild saln>on populations on
I<'ef;ind's north and eas  coasts  Scarnecchia 1984!.

Sirnil;ir findings have been repvrte<l for the western

Problems Related to Ocean Ranching

Thcrc arc various problems related to ranching, which
in many case~ arc bcvond the rancher 's comrol. The suc-
cess of ranching depends on thc release of high-quality
srnolts at the right time into an oceanic cnvirot!ment that
I ivvrs the survival and growth of the fish. Thc salmon
rancher v,;in often de il successfully with the rearing and
rclciise aspects of thc ranching process, but the inarine
phase of th«sainivn's life «y«le is entirely subject to the
whims of nature. This sec i<>ri highlights some vl the
major problems related to ranching, with a special em-
phasis on problems observed in private At! mtic s;ilrni>n
operations in Iceland.

Ecolog<'ca! Co >sfrair>fs

Sin<ilt quality and release techniqucs.� Probably the
rnvst iiiqu>rtant factor under huinan control is smolt qual-
ity and thc su<scess ot' smoliiflcation, which deter<nines
thc success or failure vl'an ocean ranching venture. Re-
Icasc time and techn>ques arc «lso critic«! f;ic<ors. It is
by no ntcans certain that a succcssf'ul small-scale pilot
project will bc as successful af cr scaling up tv «ommcr-
cially viable size, The pure logistics of releasingi 2 to 3
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  ioi»<r. 3,� A dcsciipiive model showing thc offer s of oceaiiographic fiicii>rs on re>or» ra<ei;>»d <a<i<xi< populi»i»» pi<rii<n-
i ter< of icelandic r>inched Atlantic salmon Su!»><»afa>!. The figure describes iaiiv genera! <rc»ds.

Atlantic. Friedland e ;il. �993! suggested that salmon
habitat in shel.<ibrador Se« i>nd f!cn nark Strait has been
reduced in recent years:md is especially critical in late
winier. I  is likely that this infOrmatiOn mostly hOldS fOr
arctic;<re<is. and ranching conditions >night be more stable
in subarctic areas, especially in the grilse component.
HooccVC. 2SW salmOn frOm ihOse areas frequently go
to arctic fccding areas  e.g., west Greenia>id!.

Carrying capacity of the oceiin,� Some inforr»;ition
from the Pacific indicates iha  larger nuinbers of' fccding
salmon in the ocean reduces the grow h rate of several
salmon species. Pe erniar>   I 984! cstablishcd a reduced
gr<iwth rate i>f si>ekcyc salmon IO. »erma! in thc GuIf'of
Alaska iii yc;i>s of'high abundance. Similarly, record runs
of siickcyc to the Frascr River in Canada in recent years
were accompanied by unusually small-size returning
adults  J, C. Woodey, Pacilic Salmon Coi»inission,
Vancouver. British Columbia, Car>ad;i, pers. co>»in.!.
Eggers et aI. �991! demonsirated reduced .iver:ige size
of pink. salmo» si»< e the e:irly 1970s in ihc w;ikc of in-
creased ranching. Similar observations have been re-
ported ior Japanese ha chery chum salmon.

Since salmon c;i ches in the Atlantic are minute �.000�
f ,000 int! compared with those in thc Pacific �00,000
nit!, it sccins unlikely that salmon popula ions in the At-
lantic suffer t'rom overcrowding, I  must bc horne in inind,
howcvcr, that salmon production might in s<imc years be
lirnitcd by other fish species occupying the same oce-
anic niche, as well as hy thriving populatioris of marine
mammals.

Genetic effects from straying salnion.� Many biologists
fear th >t contimious str.<ying of'reared and ranchcd fish
iri <i rivers may he detrimental to wild s ocks, which have
adap ed i<> a spccilic cnvironmcn  for thousands of years.

Ranchcd and reared salnion, in con rast. have adapted I<>
the rearing environnient ai leas  through a pari ol  hc
life cycle and iiiight  hus he unsuited f' or life in thc wild.
Long-teriii genetic nii><ing i!f  h<>sc salmon with wild sal-
m<in might consequently bc dctrirnental to v ild s ocks.

A number i>t' workshops and conferences have in re-
cent ye;<rs dcidi with this issue. compiling infortnation
<in dc rimcntaf impacts and focusing on research neces-
sary for conclusive answers  Thomas rind Mathisen 1993!
Meanwhile, for precautionaiy reason~. i  is considered
important to prevent large-scale a>raving of r.inched;<nd
reared salmon into pri siirie salmon rt vers.

Icelandic enhancemcn  a>id ranching operations have
yielded a grei<t deaf of practical in I'oimation on the stray-
i»g of ranched salmon i>>to rivers and be ween ranching
st:itions, as v eli;is thc .straying of wild fish into ranch-
ing s a fons;ind between rivers. Some of the findings are
summarized in thc following sections.

Straying of ranched salmon. There is considerable
information available in Iceland <in ihe straying i>f'
ranched salmon to other ranching sia ions and in o riv-
ers, The riverine infortiiation, however, is <denly based on
the screening of'ihe sports catch f<>r coded-wire  ags. but
little inffirtiiation is <>vail;ihl» on ihc proportion oi strays
in ihc escapemeni or their subsequent spawning success.

Straying varies f'rom year  o year. appearing to be
higher in years of Iow return. Thus. there might he a co»>-
mon factor during imprinting. possibly related to
smol ification. that affects bo h survival an<I homing pre-
cision. The number of strays froin <>nc ranching st;ition
to other stations can he on the order of 10 � 15<z< oi' otal
numbers of micro agged salmon returning in high stray
years, hut only half of that in years of'low straying rates.
The  >umber of' observed sir;iys of ianched 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 river» close to the ranching stations. Incidence ol' stray-
ing seems to be much higher in rivers flowing directly
into the sea than in tributaries in complex river»y»tems,

Straying of wild salmon.� Straying of wild salmon
between rivers is assumed to be low, but considerable
straying of microtagged salmon � tagged;is wild migrat-
ing smolt» � has been observed between river»y»tenis
in Iceland, even those geographically far apathy. The»e
observations are limited to the detection of microtags in
the spott» catch; very limited information i» available on
stray» in the escapement.

Since 1988, wild smolts have been tagged in ihe riv-
ers Eilidaar on Iceland's southwest coast, Midfjardara
on the north coast, and Vcsturdalsa on the northca»t coast.
Salmon caught in the sports fishery have»ubsequently
been screened for microtags although the screening pro-
cess i» systeinatically monitored only in some key riv-
ers. During this period, 27,2 >2 wild smolts were
microtagged; 840 tagged salmon werc 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 ha» been
of major concern as there i» a reason to suspect that this
phenomenon is related to harvest strategy a» well as the
location of the ranching station in relation to major
salmon rivers. Estuarine trap» might be catching more
stray» 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 ol' a long
fjord. Ranching experience, on the other hand, ha» 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 stray» 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 effects 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 disea»es.� Diseases and parasites originating iii
reared or ranchcd populations can, in the<>rl. »pread t<>
wild populations, primarily through stiayiiig. Cert;iiii
diseases that are transmitted through egg., to progeny «<i>i
be magnified in ranched populations if inlected»m<>lt,
are relea»ed in great quantities. Bacterial kid»e! di»e;i»c
 BKD!, which i»  bund in most countries bordering thc
Atlantic, i» a priinc example.

During the last 30 years, BKD has periodically beei>
observed in r;mched populations in Iceland hut ha» been
curtailed and kept successfully in check by disinfectin
salmon eggs and discarding eggs from infected ranclie<l
females. The»e procedures have allowed gradual but »u«-
cessful clean-ups of rimching stations.

In the summer of 1<995, furunculosis  .4<» m<>na>»li !
was observed for the first time in an Icelandic salmoii
river. It was;i minor epidemic related to w;irm and dr,
weather. At the same time, it was observed in a nearb;
ranchin< station, which eventually resulted in total lo»
ol' broodfish and disinfection of the rearing i'acility. Al
though no turther outbreaks have been ob»erved, thi ~
one-time epidemic has resulted in stifler control» for
transporting both wild and ranchcd live salnion.

Pollution.� Marine pollution can be a threat io ranch-
ing, which need» to produce top-quality c lean and healthy
salmon. Organic residues can move up through the food
chain to predators such as salmon and eau»e fle»h c<>n-
tamination. Good examples of such a development arc
the salmonid populations in the North American G>re;>t
Lake» and to a lesser extent in the Baltic Sca. Such prol>-
lems have not been observed in population» feeding iii
the open Atlantic.

Political Constraints

The political framework for ranching is»et by the law»
ot individual countries as well as intern;itional law»;md
treaties. Most of the issues focus on the qiiestions re-
garding who should be permitted to ranch and where the
salmon shall be harvested.

Public v». private ownership.� In many countries, ri»-
ers and lakes are publicly owned, and no iridividual or
company i» permitted to utilize a public re»ource 1<>r;i
ranching operati<>n. This is the case in m<>st salmon-
producing countries. especially in the Pacilic rim and
North America. In this case, the ranching <>r enhance-
ment operations are run by governments to eompen»<itc
for losses due to hydroelectric power development and
habitat degradation. Enhancement operations in N<>rth
America are a prime example. Some semiprivate ranch-
ing operations run by trade-based cooperativ< s have been
permitted under this regime  e.g., in Alaska and non-ri ver-
based private operations in Oregon!.
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In some Furopean countries, river~ � as well as the
fishing rights � are in private ownership. Thi» i» the case
in the United Kingdom, Norway. and Iceland. Thi» sy»-
tern 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 I'i»herie» within it» territorial
waters for decades and has the proper political fraine-
work for the development of private ranching.

Mixed-stock fisheries.� Fisheries on mixed stock» 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 tishing pressure exerted on larger»tock». Siini-
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 li»hery. Such
a ranching strategy is doomed to fail. Ranchcd salmon
should thus be harvested only in a terminal t'i»hery after
they have separated from wild salmon»tock».

International migrations.� Salmon migrate long dis-
tances across the ocean and have frequently been har-
vested on oceanic feeding ground» by the host country.
In the Atlantic, the fisheries at west Greenland and the
Faroe Island», which mostly harvest 2SW salmon, arc
well-known examples. Ranching schemes based on 2SW
salmon would have difficulty enduring such harve»t», but
the private ranching operations in Iceland have focused
on fast-growing I SW grilse, which do not migrate t<i di»-
tant areas. The fisheries in west Greenland and the Faro»
Islands are 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 for Atlantic»a!mon in
Norway and Iceland have been presented  Hansen and
Jon»son 1994; Isaks»on 1994; Jonasson 1994!. Hansen
and Jonsson �994! concluded that the potential t'or»u»-
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 stock».
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 sport» ttshery for Atlantic salmon. Private ranch-
ing in Iceland must thus be adapted to small rivers. and
release technology and harvesting methods inu»t take thi»

int<> account. A t'rc»hwater lake or a lagoon is 1'rcquently
an integral part ot the ranching site in order to acc«iiii-
rnodate rearing cages for short-term adaptaiioii of snu lt»
to the»ite  Figure 2!.

Practical experience and experimentati<m in salnion
ranching in Iceland during the last 30 yea<» have le«l to
ranching strategic» that are being recommended  or a
viable ranching plan. These strategies relate primarily io
the practical aspec!» of ranching, such as ihe initial
lection of a ranchin<�»tock, selective breeding of the»t«<. h
for certain trait». «r<d release and harvest sirategie».

Selection of a Stock

I'.arly experiments indicated that a sin gl» r,in«hing st«ch
could be used in a large geographic area in western I«c
land and that rclca»e sites were a practical a1ternative t<! ii
rearing and ranching facility  Isaks»on and Oskar»»<>n
!9	6!. Jon<isson �994! compared the return rate» foi 3
wild stocks with tho»e of the Kollafjbrdur ranching»to«I .
and compared the salmon stock by relea»«site inter<ic-
tion for those same»tocks when they were released ai 3
different locations. The results confirnied that <lie
Kollatjordur ranched stock, developed t'or»everal d»-
cade» at the Kollatjordur Fish I arm, had the best pctt<ir-
mance in ranching, with a higher return rate than the wild
stocks tested. No signittcant interaction between salin<>n
stock and release site for return rate «as detected, »ii-
gesting that genetic selection can be based on I'amilie» v, ith-
in one salmon-ranching stock in we»t<ertl Iceland. A» ti
result of these linding», wild local stocks have been mo»t1y
excluded from commercial sea ranching in Iceland.

Genetic Selection in Ranching

The length of thc < eneration interval  raiichiilg cvclc!
is of great importance in a selection prograni. The shor<»r
thc interval. the greater the progress over a certain tiine
span. The ranching cycle depends on the age of the smolt»
used in ranching a» well as the age of the retiirning a«lult».
In a hatchery program, the length of iimc from p<ir«nt
spawning to the return of progeny can vary t'rom a miili-
mum of 3 years to a maximum of 6 year» «lepending in
the age of smolt» and the returning adults.

Since 19�7, an experimental genetic < election progr<un
ha» been conducted by the In»titute of Fre»hv;ater I'i»h-
eries and the Kollaf'jhrdur Fish Farm  Jonas»on 1<!<I3.
1994!. The program has been based on f miily selection
and the release of I-year smolts of several s;ilmon»tock»
at various ranching localities. The program has demon-
strated that survival and growth can be improved thr<iu h
selective breeding in both the freshwater and the marine
phases  J<'inasson 1994!.
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Future Ranching Plans

In the future, Icelandic ranching programs will be
based mostly upon grilse   I SW!, which at present have
a mean weight of 2.6 kg. The return rates ol' gri!se are
much higher than those of 2SW salmon, but in the past,
grilse have not been harvested to any extent in the Farocs
and West Greenland fisheries. Assuming that grilse
feed to a greater extent within Icelandic territorial lim-
its, they will be protected by the Icelandic han 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 �99S! presented a breeding plan for sea
ranching. Hc concluded that the most economical ge-
netic gain was to select for grilse hiomass  per 1,000
smolts released!, which ensures a 3-year generation in-
terval and thus a more rapid selection progress than it'
2SW salmon were selected.

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 Ice!andi»
ranching operations, salinity adaptation of srnolts has
given returns comparable to conventional releases from
freshwater, but no significant bcncfits in survival have
been observed  Isaksson and  !skarsson 1986!. Similar
lindings were reported by Hansen and Jonsson �986!.

It became apparent in the late 1980s that recaptures in
large-scale ranching operations would have to take place
in the estuarine areas of the freshwater outf!o<v. Early
attempts to build suitable fish ladders or other trappin<
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 !982:
Isaksson and Oskarssson 1986!. Fish that entered did so
mostly during freshets and were frequently di.scolored,
indicating a long estuarine stay prior to 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 nuinbers of salmon, procure high-
quality product for the market. and prevent a major exo-
dus of ranched salmon into Icelandic rivers.

Ranching as an Alternative
to Salmon Farming

Salmon Ranching as a Substitute
for Salmon Farming

It is fairly certain that sea ranching will riot replac«
salmon farming in areas suitable for that activity. Salmon
farming. in which salmon are contained throu hout th»ir
life cycle, has the advantage of being able to supply fresh.
high-qualitv salmon throughout the year, particular!!
when there is no supply of wild salmon from thc Pa«i!'<»
and Atlantic oceans. In recent years, there have been gr» al
improvements in salmon farming through.;elective hree<l-
ing and advances in discase control. These improvement,
have made thc industry <nore economical, <h spite con-
siderable reductions in salmon prices.

Ranching, however. has certain promotioiial advan-
tages over tarming that have resulted in 2<!"<v higher
market price of ranched Atlantic salmon in re;ent years.
These advant;iges need to he stressed in th» m;<rketil1g
of ranched saltnon:

~ Ranching has a clean image compared with fann-
ing. The salmon are fed only during the !uvenil»
stages; they teed on natural food throu< h inost <>1
their life cycl». They are thus free of thc antibiotic<,
and disinfecting chemicals frequeiitly used in
salmon !arming. Cage farming of salnion is a!«i
known to cause local marine pollution, xvhich i,
nonexistent in ranching.

~ Ranchcd salmon have to migrate long distan«»s;
thus. thev have stiffer muscles and a dil ferent tex-

ture of flesh froni farmed sahnon.
~ Ranched salmon are intentionally re!»as»d from ii

location with the intent of harvesting th» fish upon
return at the releiisc site. This seems to secure mini
mal strayin<. Fish escaping from sea c.igcs often
home to the rearing site, but upon ntatu<.ati<in they
tend to stray at random into nearby riv»is.

Ranching also has its drawbacks, some ot' which ar»
related to environmental concerns:

~ The tota! production of s;i!mon from ranchin is
entirely dependent on the total number of sm<i! s
released and resulting sea survival. Since sea sur.
viva! is highly variable, the total pni<lu»tion ol
ranched salmon lends to be unpredictabl». I urthcr-
more. sea survival tends to be less than I 0',l, mak.
ing smolt production and release capacity a majoi
factor limiting pniduction.

~ Harvest ot ranched stocks with wild stocks in c<rastiil
1'isheries is of major concern. Since tot<i! harvest ol
the ranched stock is one of the major <>bjectiv»s,
there could be public pressure to incre;ise 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 stock~ should thus
be a primary aim in the harvest strategy.

~ Since straying of ranched salmon into salmon riv-
ers is assumed t<> have a negative impact, the har-
vest strategy should ensure total recapture und pre-
clude straying as much as possible.

~ Ranched salmon return during a short period in the
summer, which affects marketing and the price ol'

the product.
~ In certain parts of the world, there are indications

I hat releases of salmon can reach or surpass the car-
rying capacity of the oceanic environincnt  Eggers
et al. 1991!. There is no information on this issue in
the Atlantic, but I'uture 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 Iarming. 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

 Jn the basis of 1994 salmon price~, the total cost ol
ranching 1001celandic smolts was calculated us L S$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 S% 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 ol' ungutted salmon.

Icelandic ranching operations thus need approximately
g% return rates 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 benel'its I'rom
any reduction in smolt production costs. Breeding pro-
grams are also expected to contribute significantly to thc
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

JAivlhs L. ANDI:RsoN

Ah> ru<>.� The aquaculture ol' siilmon has hecome one of the most significant influences in the almon
industry. Pen-raised salmon aquaculture has moved from v>rtual nonexisience in the late 1970s to composing
over 30"/< of glohal luirvcst in the 19<JOs.;md it is still growing. Aquaculture >n the form of salmon enhan< ement
or salmon ranching hiks also become the <iominant source of "wild" salmon >n many areas of the worhl. uch as
Japanese chum  On«orhyn«in<a Le><>! runs, the Columbia River, and pink   J. gorhux< ho! runs in Prince Willmm
Sound, Alaska. Aquaculture of salmon has mllucnccd profound changes in the marketing and trade <>f bali»oi> as
well as salmon fisheries management. This paper attempts to document the irnpo>nance of salmon aquaculture,
its increase over the past 2 deca<les, and how it has changed the sal>non industry worldwide.

Growth of Salmon Enhancement
and the Emergence of Salmon

Farming: 1970-79

I>irst hatchery propagation of Pacific salmon
L'SSR, Japan, USA. and  . a»ada enh;uiccmem programs
Norwegian salmon aquaculture er»er ed

1867
19SOs-1960s
1960>

Private, for-profit salmon ranching starts in Oregon
Japan chum enhancemeni increases rapidly
Norway. LJSA, Canada,  .'hite, Japan..ind Scotland have
emergmg salmon farming ioduxtriex.
North American and Japanese cuban«emcoi programs
grow signit'icantly
World farmed salmon production accoun>x  or about I '/<
of world salmon supply
World farmed salmon production exceeds world wild and
ranched chinook salmon harves 

1974
Afier 1976
1979

Late 1970»-
1980x
1980

1983

World fanned salmon produc>ion exceeds con>blued work 
wild and ranched chinook and coho salmon harvest

1986

World far>ned salmon production exceeds < o>»bi»ed world
wild aod ranched chinook. coho, and <ockcye salmon
harvest

1990

World fanned salmon production exceed» Alaskan salmon
harvest  all species!
World I'armed salmon production accouniv for -32'/< oi'
v,orld salmon supply; all U.S. private, for-profit sahn<m
ranching has failed

1991

1992

I armed salmon will constitute an mcreaxin share ot world
supply; increasing market development with farmed
xatmoo ax the leader; A>laouc xalmon <ion»na>ex pe»-
raised production. Increasing critic>sm of salmon
enhancement programs. Source: I'ood and Agriculture
 Jrganixation of the United Nations  I'A ! 199 a, 1993!.

1990»

175

The origin of salmonid aquaculture dates back to the
late 1700s in Furope  Folsom ct al. 1992!. As shown in
Table I, the first hatchery propagation of Pacific salmon
 On<sorhyn«bus spp.! was developed in  'anachi 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 enhancement pro-
grams were introduced on a significant scale. The Japa-

TABLE I.� Milestones in the salmon aquaculture industry.

nese Aquatic Resources Conservation A«t. enacted in
1951, stimulated the growth of chum  O. l e u!. Pink  O.
gnrhus<ltul, and «hetTy  O. masu! saltu<>n ranchin- in
Japan  Nasaka 1988!. Salmon enhaiicl >1>etlt plograii>s
werc also growin< in the USSR, the USA, and  ';u>ad;>.
However, prior to 19 >0 in the USA and  ;mada, mosi <if
the salmon harvest came from natural stocks. M<ist iit
thc growth of enhancement programs in North America
occurred during the 1970s and 1980s.

The following sections present a global perspci<.t>ve
of the substantial transitions in the salmon industry  liat
began to c>ncrge in the 1970s and continue today.

By the beginning of the 1970s, the USSR led the tv<>rl<l
in the stocking ol' pink and chum salmon i Bardach et al.
1972!. Japan was not I'ar behind, and with the enactr»e»t
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 <uilr»on
 mostly chum! harvest was 74,397 metric tons  mt!, rep-
resenting more than 45 lo of Japan's total salt»on supply.

In 1971, Alaska created the Fisheries Rehabilitatiiin,
Enhancement, ancl Development Division, and, in I '�4,
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 limi-
tedd entry  Orth 1981!. The limited entry I'ishery contrib-
uted to interest in nonprofit hatcheries and the I'irst
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 cif the harvest of coho   J. li gut< h!;md
chinook  O.  shuwyts«hu! salmon in Washington, Oregon.
and California was primarily dependent upon hatchen-
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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 �<7< before 1960, approximately 53% by 1969,
and, in 1979, accounted for about 75'/n 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-Food»  started in 1974; purchased by Weyerhaeuscr
in 1975! were the most signilicant 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 !965, A/S Mowi planned pro-
duction of Atlantic salmon  Salmo x«k<r! in sea enclo-
sures on the Norwegian coast, which was influenced by
early trials conducted with rainbow trout  O. rni kixx! by
the Vik brothers. In 1969, the Gr<!nvedt brothers began
growing salmon on the Island of Hitra, Norway, in float-
ing net pens  Edwards 1978!. By 1972, there were five
farms producing a total of 46 mt in Norway, an<1 b> 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 statted the
culture of sockeye  O. 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 1,8SS mt of pen-raised salmon  Ja-
pan Marine Products Importers Association 1977-88!.

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, anil 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 salnion

aquaculture operation started in New Brunswick. Canada.
on Deer Island and, by 1979, it had produced  x3 mt. In
Maine, several salmon culture operations were iittempted
in the 1970s. In 1970, Maine Salmon Farms hogan pro-
ducing coho at a pen site in an estuary of thc Vennebec
River; however. this c<impany failed in the late 1970s.
Fox Island I" isheries, which started productiiin in !973�
74 in Vinalhaven. Maine, was probably !h» lirst truly
marine salmonid operation on the I !.S. east coast: how-
ever, it went out of business in 1979  see Bettencourt
and Anderson 1990 for a more thorough discussion <if
the history of pen-raised salmon aquaculi.ure develop-
ment on the U.S. east coast!. Despite these lbilures. hy
the early 1'!80s. the U.S. and Canadian east co,ists were
in position to experience reasonable growth.

Throughout the 1970s, several experim nts with pri-
vate salmon ranching were undertaken in Chile Thc tirst
conunercial hatchery was the Sociedad de Pesqueri<i Lago
I.languihue, Ltd., which began operation in 197S. In
1979, c<ige culture operations started with Nich pro Chile,
Ltd.'s, efforts to raise coho salmon. In 1979. operations
by the Sociedad Pesquera Mytilus, Ltd., al'o b<igan pni-
ducing coho  Mender <ind Munita 1989!.

By the end of the 1970s, only Norway had establ isheil
a pen-raised salmon industry of any significance In 1980,
world salmonid mariculture production was approxi-
mately 13.321 mt �,778 mt ol'Atlantic salm<in, 2,371
int of Pacific salmon, and 6.172 mt of pen-raised trout,
primarily O. m! kiss!. In addition. Japan was gicatly ex-
panding its hatchery-based chum fishery at this tinie. As
the 1980s began, world aquaculture producers had de-
veloped the potential for treinendous growth.

The Rise of Pen-Raised Salmon
Farming: 1980-88

The 1980s ushered in the rise of pen-raise<1 salm<iii
aquaculture. Although worldwide pen-raised siilmon ac-
counted for slightly more than I 'ro of total salinon sup-
ply in 1980. the technology for pen-raised salnion was
reasonably well developed in Norway, and the industry
was poised for rapid growth. Between 1980 and 1987,
world production of pen-raised salmon  le<i hy Norway!
increased over thirteenfold  Figure I!. In addition t<i
Norway, Scotland, Chile, Canada, and the USA, notice-
able production began i n Ireland, the Faroe lslaiids, New
Zealand, and Australia.

In the early 1980s, the Noith American salm<>n 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 oi' f;irmc<l
salmon would eventually exceed Alaska's entir<: pix>duc-
tion by the end of the 1980s, fcw in the U.S. salmoii
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industry seriously considered these claims. In fact, by
1990, I;Irn>ed»alrnonid  trOu  and salmOn! produc i<>n vl
approxi>n;I cly 314.688 mt eXCeedcd AIa»k>>'s entire
s<>lmvn harvest, In 1991, the Alaska Scale<>d Marke ing
lns itute  ASMI! stated that the "farming explosion last
dccadc was unpredictable"  ASMI 1991, p, 15!. In the
carly 1980», the pri>nary c<>ncern vf  hose in the tradi-
 ivnal cain!on fishery focused vn f'ishcrics <nanagcmcnt
and policy and, in the USA 0» ihc 1980s progressed, on
ac ivities to develop nonprofit ranching operations.

During the late 1970» through thc >nid-1980», the Alas-
kan»aln>on industry moved a greater proportion vl har-
vest away I'rom canning to frozen .salmon l!uring the
secvnd half' of thc 1970s, Japan reduced its high-seas
I!shing activity as a result of in ernational agrcc>ncnts
and Z00-mile limit policie~ Since 1976, u» a result of
these policies, Japan's dependence on imports increased.
As Japan and Furope dern.>nded more salmon  >nostly
frozen! fro>n the USA, do>ncstic production shifted from
canned iv lre»h and I'rvzcn  Figure Z!. Typically, over
70% vf the Alaskan harvest was canned in the early
1970». However, by the mid-1980s, the proportion vf
salnivn I' or canning had dropped to the 30'/r range. Dur-
ing much of the l980s. most fresh and frozen salmon
I'rvm the USA waS eXpOrted, pri>na>ily to Japan. Given
thc emphasis placed on the exportation tv Japan, the Alas-
kan industry did not undertake n>ujvr efforts to dcvclop
markets in the  ISA, which created an opportunity for
the farmed salmon indus ry

Ii> the mid-1980», imports to thc USA accelerated rap-
Idly  I'igure 3!, lcd by far>ncd salmon from Norway. Ini-
 ially. the primary market v;as "white tablecloth" restau-
rants in thc nvrthcastcrn USA, but markets were»ovn
<levclvpcd throughout the country  Riely 1986!. Although
 hc USA ><as thc dominant trader in  he world salmon

market in thc carly 1980», top-quality, fresh salmon tr<n>!
Norway and other regions began to displace wild s <lrnon
I'>om Europe and most vf the eastern USA hy thc lat cr
half of thc decade. The ahi lily tv produce»ofl>cient quan-
ti ics of fresh. farmed s;<1 mon veer-round for large mar-
kets was achieved by Norway and other countries by
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the second half of the 198I!s. As a result of considerable
rn irkeling efforts hy Nnrvvay, and the growing econn-
mics in North America, J ipan, and Bur >pe. I'iriiie l
salir>on v',» iibsorhed hy the market al relatively high
prices  I igurc 4!.

By thc rnid- I 980», pcn-r  ised salmon uluaculturc w is
rapidly being established in Scotlarid, Ireland, Canada,
Chile. and other regions. By 1983. total world farmed
salmon  all spccics! production cxcccdcd thc v orld wild
and ranched chinook salmon harvest. In 1986, total v orld
farined salmon pinduction excccded the c >nrbined woild
wil l;>n l ranched chinnok arid coho harvest.

ln thc USA, however, the industry n1el wilh  i conipli-
cated and unclear re iulatory environ>uent coupled with
I'rcqucnt opposition I'rorr> advers;>rial user groups. Fnr

exantple, in June l987. Alaska in!posed a temporary
moratoriuin on private, for-profit, fal-ared salmon and
tr nil, v.hiCh evenlually hecaine pen>>anent >n 198II. Al-
though reasons given l ir this included environinenlal
concerns. spre ul ol disease, pollution issues, and genetic
dcgrad >lion  !I >1ativC stocks, other prnminent motivat-
ing> t ictor 5 for thc pc> mancnt moratorium V 'Cre CeonOiuie.
such as market cnnrpetition and concern about multina-
tional corporations controlling lhc industry. In contrast.
nonprof>t aquaculture  cnhanccmcnt! v as i>rowini> rap-
idly in Alaska despite similar biological and genetic is-
sues. For example, by 1988> hatche ry-based pink salmon
representeilapproxii»ately 86% nf Prince William
Sound's harvest, up Irni>1 less than 3% in 1979  Hr wly
 ind Schulrx I 988!  Figure 5!.
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the fact that it developed much of the extant hatchery
technology and nutritional requirement» tor»almon;ind
trout.

Price Declines and Restructuring
in the Salmon Industry: 1988-93

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 slopping aquaculture projects. In Oregon,
salmon ranching was heavily protested, primarily by the
commercial fishing sector, even though private hatchery
returns contributed substantially to thc salmon harvest.
Thi» was a significant factor in the demise i>f these op-
erations in the early 1990». A» early as 1983, researcher»
indicated that if Oregon's private salmon ranchers could
not receive compensation from commercial and sport
harvester» � or if restrictions were not placecl 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 1980» 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 !arm in
the USA  Anderson and Bettencourt 1992!.

A» the pen-rai»ed 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. di»-
ease control, feed additives. and migrating birds raised
the cost and continued to erode the competitiveness of
U.S. operations. The IJSA accounted for only about 2�
3% of world production by the end of the 1980», despite

The years 1988 and 1989 were r markahle 1'i>r the
salmon industry. Beginning in 1988, i he tarmed»;ilinnn
industry increased production substantially, whicll c >n-
tributed to downv ard pressure on prices 1 I'igure 4!. I ';ill-
ing prices were I'irst observed in Europe late in 198'7;ind
in the USA by rnid-1988. In 1989, "ecord supplic»»t
farmed»almon �5rrd higher than 1988 levels!, in cr>n-
junction with a record wild and ranched s;timon har> c»t,
lcil to;m all-time record supply of salmoii  I'igure f>! A
world supply of more than I million mt coiltributed to
decliiling»alnlon prices worldwide. Bv the late 1980»,
the salmon industry had become a truly year-round rind
globally competitive industiy. By 1988. t.irmed»;iliuon
held the dominant market share of fresh and frozen
salmon in I.:uropc. In the USA, imports ot' fresh salmon
more than doubled between 1988 and 1989. I.:ven in,fa-
pan, pen-raised salnu>n accounted for apptxiximatc!y '!t!r!r
of' fresh imports and 11% of frozen imports  Ku»ak;tbe
1992!. While imports in 1989 accounted t'or about 41",r'
of Japan'» supply, over 5% was derived from its di>n>c»-
tic pen-raised salmon industry, and nearly 48% came tix Ii> I
its hatchery-based chum fisherv  Figure 7!. By 1989, pcn-
raised salmon harvest accounted for over 20%   3% II1-
cluding pen-raised trout! of world production  Figurc 6!,
and over 40% of world trade  Figure 8!.

Over thc pa»t »e veral years, bankruptcic>, <live»t it ui 0»,
and producer concentration have been conimonplacc in
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'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 duties,
which are authorized under Section 701 of the Tariff Act �9
U.S.C. 1671!.
The antidumping provisions of the Trade Act   I <! V.S.C. 160

& 1673! were developed to otfsct "material mjury' to the U.S.
industry caused by unfair price discrimination and below-cost
sales.

'Marine Harvest International, Inc.  MHI!, w<n  traded on the
American Stock Exchange until it was purchased  ry Booker
pic in 1994. In addition to heing the largest producer of Atlan-
tic salmon in both Scotland and Chile. MHI is also inv<ilved
with shrimp culture in Ecuador.

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 counterv;iilable
subsidies' and were dumping salmon in the USA, tnate-
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 2S,
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
15.6S /r to 31.81 /o, 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 ruling, 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, «nd
similar actions in Europe resulted in the bankruptcy of
many Norwegian firms as well as Norway'» Fisheries
Sales Organization. Between 1988 and 1990, bankrupt-
cies, closures, or consolidations caused the number of

farms in British Columbia to decline from ISO to 118
 Folsom et al. 1992!. Banktstptcies, divestiturcs and con-
solidations were also common in Ireland and .'icotland.
For example, in October 1992, I!nilever PLC sold Ma-
rine Harvest, the UK's largest salmon farm. to a U.S
firm, Marifarms  later renatned 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'»
sale to Connors Brothers. Mariculture Products, I.td..
failed in 1992 and, in 199S, Maine Pride failed. Maine
Pride's facilities were acquired by the C;inadian firm~
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 =xcceded 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!. Bet ween 1988 and 1993, prod ucti<rn of pen-
raised salmon more than doubled  Figure 11. By 1991.
pen-raised salmon accounted for over 50% of world trade
 Figure 8!, aml by 1992, it composed approxirnatelv
32.5% �5% including pen-raised trout! of total world
salmon harvest. By 1993, costs and other husbandry con-
siderations resulted in Atlantic salmon beccming the pre-
ferred species for cage culture operations. Pen-raised
Pacific salmon production declined as Canada;ind Chile
increasingly switched to Atlantic salmon, and by 1993,
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both British Columbia and Chile produced more Atlan-
tic than Pacific salmon.

As Norwegian production was essential 1> eliminated
from the U.S. market in 1991. Canadian atul   hilean
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 fishety  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 everyv, here
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 fanned salmon in-
dustry, many eff'orts have begun to expand and broaden
the market. New products such ius portioned salmon fil-

lets, microwaveable entrees, salmon rnedallions. siilillt!ri
ham, and tnarinated salmon producti ha~e been intro-
duced. Smoked salmon suppliers have been tryin. to
broaden the appeal of smoked products. Brand naniing
is being attetnpted through gill tags;ind i!ther hibcling,
and through enhanced service approa»hes However. th»
vast majority of farmed salmon is sold fresh, whole. I!cad
on. Recently.  '.hile, British Columbia, the Intertiat.ii!nal
Salmon Farmers Association, and others have all b»en
working on generic marketing camp igni in the USA.

The cmph;isis on marketing in the tartn»d salmon i»»-
tor hius had a majt!r influence on the wild sallnotl lllilus-
try. A strategic planning report prep;ired by the Ahiika
Department of  "ommerce and Economic Developni»nt
 ADCED 1993, p, 12! stated that "concerted action ii
urgently needed I'or the Alaskan salmon industry t< re-
gain its leadership position in the gh!bal marketplace."
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The first six options outlined were as follows:
l. improve market intelligencc,
2. improve marketing efforts,
3. respond to consumer needs,
4. accelerate the development of value-added technology.
S. stimulate value-added salmon production, and
6. improve quality  ADCED 1993!.

In 1994, the Alaskan salmon harvesters, through a 1%
tax on harvest, began a U.S. market campaign m<inaged
through the Alaska Seafood Marketing Institute  ASM I!.
Formerly, ASMI funds were mostly designated for for-
eign market development. In addition, thc wild»alinon
sector has iinproved quality, in general, and is also con-
sidering renewed efforts to market products, such as
salmon nuggets and salmon burgers, and tn 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 1'armed 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 <nore of a public issue. particularly
for public hatchery release programs in the Pacific Vorth-
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 loss 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 thi» issue .such as
Hilborn's �992, p. 5! following comments:

I.arge-»cale hatchery programs for»afmnnids in the Pa-
citic Northwest have largely failed in provide the an-
ticipated benefit»; rather than benefiting the»alrnnn
populations, these programs may pose the greatest single
threat io the I<>ng-<crm maintenance of »ainu>nids,... I
argue that hatchery prog< am» that attempt in add iiddi-
tional fish io existing healthy wild stock» are ill advi»e<l
and highly dangerous.

Others have also identified hatchery-released ~a!mon
as contributing to the decline of natural salmon stocks,
including Nehlsen et al. �991!, Anderson and Wilen
�985!. Wright �993!, and Walters �988!. Some sug-
gested solutions to the detrimental influence of hatcher-
ies include  I! cutting back hatchery operations and �!
imposing various method» of selective harvest to reduce
mortality of natural stocks relative to hatchery stocks.
The demise of specific wild stock~ has resulted in poli-

cies, as suggested in �! above, that have had <lis;istrnus
implicati<>ns fnr the troll fishery in the Pa»itic Vorth
west. In April 1994, the Pacific Fishery Manage>nen<
Council �994! voted tn close the troll coho fisliery I'rniii
Cape Falcon, Oregon, to the Canadian border Thi» u ill
alsn constrain troll I'ishing for chinook.

Although hatchery salmon have contributed to the
current prnblenu it may also be part of the solution.
Hatcheries can be used tn maintain genetic diversity. The
I'ocus of hatcheries would have to change froin the ob-
jective of pumping out volumes of salinon tn inaintain
ing and enhancing endangered or limited sti>cks  Niatinn;il
Research Council 1992!. This contribution to th» man-
agement nf Pacific salmon was recently reiterated h!
Stickncy �994!, whn suggested using hatcheries for th»
"maintenance and quality of'genetic stock integrity" iri-
stead of emphasizing "quantities of fish produced."

Future

In thi» section, I pre~ent some thoughts re<;irding thc
future of salmon farming. The expectations tire based on
economic principles and observations of' thc industr!
since the late 1970».

Formal analysis based on work by Gu and A.nders<>n
�995! indicates that during the latter half of' 1995, the
price of farmed salmon will trend downwaixl, <is sup
plies  notably I'rom Nnrway! are anticipated t<i increase
substantially over 1994 levels  see Figure I !. The I'or»-
casts indicate that ll.S. wholesale price for fre»h. whol»,
head-on, 8- to 10-lh  <.6- to 4.5-kg! Atlantic salmon;it
year end will be in the middle to low $2 rang»  IJ.S.
wholesale price for the first 6 months of' I'J'>5 ranged
1'rom around $'.4S tn S2.75/Ib!. Longer-.erni expecta-
tions are that the supply of farmed Atlantic»alrnon should
in<grease 40</o to 65<zr above estimated 199S levels b!
thc year 2000  D. Rackham, Hydro Sea/ood. Bergen.
Norway. unpubl. ms,!. This will continue to force price
downward and should continue to increase prcssure nn
high-cost prnducers. I.nw prices may also cause reat»r
concentration in the industry and movemcni t<iwards
small farms becoming contract growers for l<irg», int»-
grated operations. Furthermore, with greater concentr;i-
tion, marginal f'irms I'ailing. and continually iinproving
husbandry techniques. costs will decline, allowing ef'I'i-
cient firms to achieve profitability.

The continued price pressure through I'!9S should r»
suit in increased marketing efforts, both generic and pn-
vate. Farm-raised salmon have many char;ictci istics thiit
suggest generic promotion may be appropriat< and su»
cessful. The~e characteristics include product hnrnog»-
neity, »onsistcnt availability, well-developed distribution
channel», and the potential for increased cnnsumptio».
Farm-raised salmon appear to have goocI pofential I'nr
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generic promotion; however, the»ucce»» ol' such cam-
paigns will rely heavily on the commitmcnt and coop-
eration of the producers. Lower prices con>hined with
increased marketing ef tort» may bc effective in expand-
ing the consumer base for salmon. These tv,o factor»
should help the market absorb the continued supply
growth through the 1990» and hopefully moderate»oine
of the downward price pressure.

The full development of consumer-recognizable brand
names and a market-driven salinon industry vvill prob-
ably not progre»s as quickly a» many expect. Supply prob-
lems will most likely persist. The slow gn>wout from
egg to harvest makes it difficult for the f;irmed sector to
adjust rapidly to changes in demand. In addition, the
uncertain nature of the wild 1'ishery will help create sud-
den opportunity, in some cases, «nd undermine the be»t-
laid market development plans in others.

A» the decade progresses. one may see the increased
presence of integrated salmon marketing coinpanie» that
emerge from the regional farmed salmon indu»try and
grow into multinational operations that procure product
globally, from both fa>med and wild production. Much
of this transition has already begun, and it i» likely that
the farmed salmon industry will ultimately lead the fresh
and frozen salmon industry in much ol' the world. In fact,
the salmon farming industry must lead. In the beginning
of the salmon farming industry, production v'as sn>all,
and most of the output was easily moved to the preniium
restaurant sector. The salmon farmer wa» primarily con-
cerned with husbandry issues. A» farmed salinon opera-
tions expand, and global production increases. the risks
also increase. Managers must consider market condition»
2 to 3 years into the future as they begin a new produc-
tion cycle. The need to forecast 1'uture market conditions
and production volumes will continue to demand niore
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 ol'
supplies and marketing by increased contractual arrange-
ments, diversified sourcing and market outlets. hetter hu»-
bandry, and possibly late in thi» decade. through a salmon
futures market.  Shrimp futures began trading oii the
Minneapolis Grain Exchange on July I'>, 1993; il' thi»
venture proves successful, salmon futures will be under
consideration as a possible new futures contracts.!

In contrast, the wild fishery is»till largely ha»ed on
the principle of "harvest what you can, anil take what
you get." In the off season, wild»almon harvesters tend
to worry more about fishcrie» management policy than
marketing. In addition, it is difficult to develop a suc-
cc»»ful marketing effort if supply is incon»i»tent and sea-
sonal, making it less likely that wild salmon will lead
the fresh market.

Regarding hatchery-based fisheries in North Amc»ci>,
there may start to be more emphasis placed <>n hiodiier
sity in»tead of volume of releases, coupled vvith contin-
ued restriction» on harvest, to better manage mixed»tock
fisherie». It i» expected that the chum hatchery sy»ieiii in
Japan will continue to grow. These factors, along with
continued growth of pen-raised salmon worldwide, «iiulcl
make it difficult I'or thc wild and ranch d 1'i»hery thi <ui h

out thi» decade.
Finally, the salmon farming industry ii> thc USA <vill

probably continue to struggle. Opposition trom enviii>n-
mental group», particularly in the U,S. we»i. will deco>ii»e
its cornpetitivene»». In Maine, rapid growth i» m>t ex-
pected. However. il should be noted that Norwegian An cri
can Fish Farming. Inc.. continues in it»;i tempt  wliich
started in the late 191�»! to acquire perniit» for ii 1;irge
site, 50 miles oft' thc coast of Massachusetts. If »ucc»»
ful, this could present new opportunities I'or iailinon
aquaculture growth in the USA.
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Aquaculture in China and Its Effect on Global Markets
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Abstract.� It is well known that Asia is the major source of aquiu:ulture products in the world and thai China
has a long history in aquaculture, especially freshwater aquaculture, dating hack at least to the Yin fryn<isty
�,142 I'!. The earliest documentation of tish culture was written in 45 ! «  hy Fan Li. However, only i<i recent
years China has emerged to become the world'» leading producer of aquatic products. The transformation and
drainatic increase of China's fisheries production in the short span of a decade is attributed m,iinl! to the
development and growth of freshwi<ter;<quaculture. This growth is due to utilizing available water areas. the
practice of various culture methods with inultiple fish species, and the reforms, new policies, and nianagement
measures implemented in the fi»henes sector in the past decade. This paper provides insight into toe <1< vel<ip-
ment and growth of aquaculture in China, its present status, and the factors that contributed to thi. success. ! t
also notes present constraints, future prospects, and the effect of China's aquaculture production on world
markets.

Culture Species, Production and Area

Freshwater Aquaculture
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China, extending S,OOO km across eastern Asia to 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'» topography, high in the west and low
in the east, can be classified into five major categories:
mountainous regions, 33%; plateaus, 26'/r: 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
�2%!, 6.84 million ha of rivers and canals �8.8"7n!.
2.05 million ha of reservoirs �1.6%!, and 1.27 million
ha ot'ponds �.2/r!. There are also about 27 million ha
of paddy fields and 20 million ha of marsh. »a!inc. and
Iow-lying wasteland. The area of shallov seas and
mudtlats 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, mollusk», cepha-
lopods, and seaweeds. Seven hundred and nine indig-
enous species and S8 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 1980».

The culturing of freshwater fish in China dates back
to the Yin Dynasty �,142 Iic!. 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 Chan!clang  Yangtze! and thc Zhujiang  pearl!
river deltas. It is only in the past few years that China

emerged as one of the world's leading producers <!I
fishery products. The magnitude of this increased pn>-
duction  in terms of weight! that took place within;i de-
cade is attributed greatly to the expansi<in of aquiicul-
ture, especially freshwater aquacultu.re.

The development of freshwater aquaculture in the past
few decades v,as prompted by a nuinber of factors that
resulted in the severe decline of natural I'reshwatei re-
sources. These included an increase in t'reshwatcr li»h-
ing boats, gear, and fishing intensity; c<>nstructioii <>t
water conservancy facilities that disrupted mi< ration
routes ol t'ish; reclamation of land ftoin lakes for; gri-
culture; pollution I'rom industry. Apart from mana einent
and stock enhancement in open water bodies, aquiicul-
ture wa» an exceedingly promising way io ntitig>;<tc I'<>r
such losses and increase production.

To alleviate the high demand for fish in urban air<  in-
dustrial areas, centralized large-seal commerci;il I'ish
culture bases were established with funds provich:d by
the state. Many bases were reconstruction s of old fa:i!i-
ties in the suburb» of large cities or industri;il are <». Newly
constructed fish culture bases mainly used waterlogged
lowland and saline � alkaline wasteland».

About 40 I'reshwater tish species tue commonly cul-
tured in China today. However, of the major specie».ul-
tured, only four � silver carp  Hypolrhthahni< h<lii»
nnrlitri r!, bighead carp  H. nobilis!, grass carp i   t<»o
pharyngodon idella!, and common c;irp  Cypr<il«s
carpi o! � constitute more than 85 /o of the total freshwii-
ter fish production  Table I!. Other fish, frc»hw,iter
prawns and mussel», and turtles constitute specie ol
commercial value. Exotic species cu,'tured include iila-
pia Titapia spp.!, rainbow trout Oncorl<i<icln<s niyl i >s!,
paddlefish  Prrlvr><km spathala!, roach  Rutit«» ia<til«rl
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TAB .� I.� Freshwater aqua< ulture production  metric tons! in China hy major fish spe-
cies, 1979 � 91. Source: I-'AO �993!.

Species' 1979 1984 I'!88 1990 1991

1,360.969
680,434

1,045,962
594,476
I S3,3 !9
218,908
80,000
3S,682

I I <!,852
4,289,592

I 481.000
7 i! ..'>0 !
584 600
584.600
194.900
116,900
77.90 !
117.100
393�0

3 897 S00

1,398, NX!
658.2,5 !

1.0!3,1'!'!
52',3<59
I <>1,615
211,.'iS 4
8 I, i< 81
37,469

11�,0'l l
-1.198,512

Silver carp
Bighead carp
<irass carp
Conunon carp
 'hinese bream
Crucian carp
<54ud carp
Black carp
'I'ilapia
Tot a!

760. X�
>62.200
27 1.700
181.100
90,600
54,300
36.200
36. 2 N!
I '8. 1 N

I . 8  I, l N

36e,i�0
162.70ii
122, �0
48,8 X!
40,700
24,400
16,2 XI
24,41N
8.1 X!

813,100
'Silver carp  Hvpopluhiilnii< h<h>s miilirrixl. highe ul carp  H noh<i<>!, grass <' an>  <irn<rph<>r> ngodnn
idrlln!, common carp    > piano««i pi<i!, <'hmesc hrca<n, cruc>an carp  Ciir<i««« < <urus>ins!. mud carp
 Cirrhinns mnliriirrll«!. hlack carp Mvt<>ph«rvngr><ton pi<en<!. tilapia �<lupi<i spp, i.

Present Infrastructure of Freshwater

Aquaculture

1980 1985 I '>'8!Areas

.41 5,43 !
614 77i!
.42 1,59 l
331 98 !
49,9SB

740,830
!,575,550

821,51 3
S25,833

i, <>i>.ee0
2-17,140

I'onus
I.ak< s
R e s <' f v o > r s
Watctv< <>ys
Other water areas"
I'>d<ly <ieldu
Total

1,257,600
622,686

1,375,666
310,286

Pond Fish Culture
35<>e»92>.864,146

Presently, two categories of freshwater aquaculture are 'h!o sta«suc. avaihihle prior u> i 985.

and channel catfish  Ictuluru» puuctutus!. The produc-
tion of several species of tilapia increased from 9,0 N
metric tons  mt! in the 1980s to 119,8S2 mt in 1991.

The major source of I'reshwater aquaculture produc-
tion in China is from pond fish culture �5.6'7r !, tollowed
by reservoirs  8e/n!, lakes �.9"/r!, rivers  S.99<!, paddy
fields �.9%!, and other water areas   I '/o!. By 1990. the
total water area under freshwater aquaculture was more
than 4.S7 million ha  Table 2!. In addition to traditional
fish production areas such as the Yangtze and the Pearl
riverdeltas, central China, with its extensive ponds, lakes,
and reservoirs, has become an intensive tish 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!.

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 inade
great elforts to establish a fish seed supply mfritstruc-
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 I'ry and
900,000 mt of tingerlings in 1990. China has also estab-
lished 50 large-, medium-, and small-scale fish feed pro-
duction mills with an annual feed production ot' about
1.4 million mt.

practiced in China � -pond fish culture and <>pen-water
fish culture on lakes. reservoirs, and river,.

Culture and harvest of lish from ponds wiis priicticecl
about 3,100 years ago w ith the common carp a» the only
cultured species. Culture of other carp species corn.
menced during the Tang Dynasty �18 � 907 Alt!, and hy
the Ming Dynasty �.618 AT!!. Such methods iis feedin '.
fry with egg yolk, pond fertilization, combining fish cu!-
ture with livestock culture, establishing stocking densi-
ties, and planting of grass as feed for grass ciirp were
documented. Some ot' these practices continue i 0 present-
day pond fish culture,

Past einpirical experiences in freshwater aquaculture
were synthesized in the 1950s into eight Chinese char
acters, which represent the essential ingredients for in-
tensive pond fish culture. These are water, seed, feed.
polyculture, rational stocking densities, stock and h;0-
vest in rotation, prevention of pests and diseases, and
management.

The late 19SOs brought breakthroughs in the artifici;il
propagation of silver .md bighead carp under confined
conditions; other Chinese carp were propag ited subse-
quently. Production ot hatchlings of these fish species
on a mass scale throughout the country became a realitv.
On the basis of experience over the past 3 de<:ades, Ihe
following technology developments were made in pond
fish culture:

T 50 .r 2. Areas I lm! under!'reshwateraquaeultuie in Chin i.
1980 � 9 !.
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Ty'pe

Fry
Fingerling
Tahle tish or
hro»d fish

Storage and»ed!men<
pond

1,5-2.0
2.0 � 2.5

3.0

1.0-1. 5
1,5 � 2.0

2.0

0.06 � 0.33
0.13 0.33
0.46 � 1.0 2.5 cm

7.S cm
10-20 crn

0.05- 0.5 kg
1.0 � 1.5 kg

2.2S milh»n/h,>
12 >,500/ha
12 000/l<a

3, �0-3 !u >I >/ha
1,050 � 1,2< >0/ha

'0

<0 50
6<i- 150
I I<! 150

I'ry
�.5 cn>
7 5 cm

10-20 cm
0.25 � 0 5 kg

I
Il

I I I
IV
V

Integrated Fish Farming

Tat!I.I 3.� Pond»izcs in Chinese freshwater aquacu!ture.

Area <ha!' Depth <m! W'aier depth 1m>

0.2 L0.33 3.0-!.O 2.5-3 5

'Convcricd from Chinese meaiuremen<»: I mu = 0.06 ha

~ Ponds were standardized in terms ot' itiape, size,
depth with water intakes, and discharge facilitiei
by renovating old pond»  Table 3!.

~ Rational stocking of larger fry or fingerlings, and
the practice ol' stock and harvest in rotation, were
combined with improved feeding, manuring, and
daily management.

~ The rearing cycle wa» shortened, establishing a
multigrade culture of fingerlings and the rearing of
fingerlings in grow-out pond» for table t'ish.

~ Aeratori were used in fingerling rearing and table
fish grow-out pond».

~ Polyculture of indigenous. exotic, and hybrid fish
species was intensified with better growth raie» and
market value.

~ Integrated fish culture was developed and expanded
by combining fish culture with animal huibandry.
sericulture, and agriculture.

The two commonly practiced methods of pond fish
culture of table fish in China are   I ! stock and harvest in
rotation as practiced in the Yangtze River delta and  . en-
tral China, and �! multigrade conveyor culture as prac-
ticed in southern China. The stock-and-harvest-in-rota-
tion method involves initially stocking fingerlings ot'
different sizes into one pond. As fish growth varies duc
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 ot'
different sizes. Other methods include   I ! harvesting by
stages, in which ponds are stocked with different specie~
in early spring, harvested according to growth, and
completely harvested at the end of the year; �! stock
and harvest at different intervals where fingerling» are
replenished after each harvest of marketable fish; and
�! stocking of tilapia during the months of July and Au-
gust. The advantages of stock and harvest in rotation ii
that it balances the carrying capacity of the poncl, as stock-
ing densities in high-yielding fish pond» may attain
3,750 � 4,500 kg/ha. Such a practice also reducei the need
for fingerling rearing ponds. Fingerlings may thcreR>re
be obtained in the grow-out ponds ot' table fish.

The multigrade conveyor system is practiced in the
province of  Iuangdong, south China. Under such a sy»-
tern, polyculture of fingerlings of various iize» of differ-

'I'Aiit 0 4.� Multigrade co»veyor culture»y»icm f<>r gr«i» < arp
in China  Network»I'Aquaculture Centre» i» Aiia �80>

S<»ck<n Tran»ler Stacking C'u! urc
arade »izc size  I<»h/ha! der»iiy id> pc<'u>d

ent specici i» carried out in separate ponds. Populi;>re
usually divided into 4 to 6 grades  I able 4!. Thc lirit
grade i» for the hatchlings-to-fry rearing ponds; the ec-
ond, third, and t'ourth grade ponds are for the rearini. ot
different-iized fin erlings, whereas tlie f'it'th grade c<>n-
stitutes grow-out ponds for the raising ot table fish. I'hc
characteristic of this technique is that, with iimilar c <>n-
ditions anti duration ot time, a greater number ot' h<i'ge
fingerlingi may be obtained.

Thc pond area allocated to these five gr;u.le» ii dc:iig >ed
to guarantee that Ihe production from one pond iliccti
the demand of the next pond. The grow-out ponds  grade
five! under such circumstances usually account I'or 65'//
ot' the total pond area; large finger!i ngs  gr<ide four! ." I".< ..
medium size fingerlings  gr;ide four! 7'7»; small fin! er-
lings  grade three! 3'7r,', and hatchlings;ind try  grade one!
2<7». With the harvest of a portion of table fish t'rom the
last grade, the stock is then replenished with fish fiom
the previous grade that have attained the required,izc
for transfer, The transfer of fish continuci throu h Ihe
other grades. The drawback of this»ystei<n i» th;it it ii
quite labor intensive.

In the rearing <>I table fish under a poly<, ulture syiic.rii
with high densitici. management is of c rue<at import<iricc.
Feeding and manuring under such circum»tancei ii 0;ir-
ried out on a continuing basis. Feeding i» based c>» thc
season, weather, water quality, and the int;ike ot'  bc<.l by
tish. The general principle in applying manure i» t<> <ipply
it frequently in imall quantities according to the statu; ot
the water  color, tr;insparency! after the stocking i>f tish

The current, integrated, pond-fish fatmi» ~ sy item ct;<te»
back about 2,�0 years. The rationale behind intc orated
fish farming i» to minimize or recycle wc<»tes from v.<ri-
ous subsystems on the farm. Wastes or hyproduc<.» I'ron>
each subsystem are used as inputs to other iubsyitci»i
to improve productivity anil lower production c<iit ot
outputs of the various subsystems  Edwarcli ct al. !qg6!.

l.re»hwater fish culture began with mon<>culnirc ot
common carp and slowly developed throughout the. cen-
turies on a household scale into polycc lturc. Morc intensi-
fieded and large-»cale fish culture requirei inputi. iiich
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as feeds from agriculture and manure from animal hus-
bandry. Ifowever, fish culture is given a lower priority
and is less accessible to these inputs, and large fish farm~
established in the late 1950s to raise table fish were usu-
ally in a deficit state, mainly because of the pix>r quality
and high costs ot feeds, thus resulting in low returns.

For such constraints to be overcome, it was evident
that by combining fish culture with agriculture iind ani-
mal husbandry activities, savings on feed could bc at-
tained, more employment opportunities and income
could be generated, and a much more favorable and Iess-
polluted environment could be established. An ecoiu>mi-
cally self-sufficient operation may be attained in which
feeds and fertilizers are produced for its own use, thus
obviating energy and feed» 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 i» usually based on local socioeconomic conditions,
availability of natural resources, climate, and geographic
location. The most simple and popular type ot' 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 specie». The
silt of the pond i» then used to fertilize the grass grown
on land. It is reported that feces of 1 kg of grass carp
may support 0.2 � O.S 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 � mushrixim � earthwoim-
duck � fish, fish � mulberry � sericulture and the aquacul-
ture � agriculture � industry models.

Lake Fish Culture

China has about 2,800 lakes with areas exceeding I km,
124 lakes larger than 100 km, total lake area of 7S,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 19SOs when shallow lakes near towns and cities in

the intermediate and lower reaches of the Yangtze River
were stocked with tingcrlings supplied by si.ate 1 ish farms.
This practice u as extended into medium and l,irge lakes
from the 1960» to the 1970s. I.ake capture fisheries that
previously relied on natural reproduction were tran»-
formed into extensive culture-based fisherics. However,
the construction of v'ater conseivancy facilities. build-
ing of dikes to reclaim land for agriculture, iiulustri;il
pollution. and intensified fishing resulted in a Je«tine in
lake capture fi»herie».

Measures to enhance propagation and culture tech-
niques and to conserve natural resources were propo»eil
according to environmental conditions, productivity, and
major constraints to t'isheries in each lake. Managemeiit
practices that were implemented consisted of ex!en»is«
stocking, regulating fishing period», controllin the num-
ber and types ot' fishin ~ boats and gear, and est abli»hing
spawning environments. Although such rnea»ures con-
tributed to increased production in open v ater bodic» to
some extent, fish production in large lakes seldom ex-
ceeded 40 � SO kg/ha because of low primary pioductioii

To further increase fish production in lakes. »cmi-
intensive cage and pcn fish culture was propo»ed. It has
been proposed that 80% of the lake area be u»ed for r«-
source propagation, 15% for pen fish cultuf«, i>lid S' 
designated as conservation area where no tish«ry activi-
ties are allowed. Cage and pen culture in lake»»tarted in
the 1970s. In the late 1970s, from experiences i>ttrodu«cd
from abroad, pen culture wins carried out in many lake»
in the Yangtze River Basin with encouraging results. The
arc,'i 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 obtaineil through
stocking of large-sized lingerlings and inten»itied feed-
ing regimes. The size of pens varies from 0.1S io 0.73
ha; large pens, up to 1.86 ha, have also been rcpt>rted.

Pen fish culture in lakes has also adoptecl an integrated
approach that consists of two major components in the
system: aquatic plant~  Trapa natans, Ipomaen nz/uati "«.
and Euryale ferr>x! and fish  grass carp and blunt snoul
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 coinbination
in lakes in the lower reaches of the Yangtze River deltii.
For easy acces», such aquatic vegetation is cultured near
the pens, which also reduces the impact of wax es on the
pens, It is envisaged that pen fish culture has high poten
tial in the management of large shiillow lakes.

Reservoir Fish Culture

Compared with other fish culture practices conductecl
throughout China's hi~tory, mass-scale re»ci voir fi»h
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culture is a very recent phenomenon, having stiirted about
4 decades ago. The development of reservoir fishcric»
started with the mass construction of dams for v ater»tor-
age, flood control, and irrigation in the 1950». This con-
struction created inore than 82,000 man-made water bod-
ies of various sizes and in«rea»ed the inland surt'ace water
area by some 2.054 million ha. The total number of re»-
ervoirs currently stands at 82,870, of which 3'i3 are large
reservoirs �.4%!, 2,428 medium size �,9'7r,! and 80,089
small reservoirs  96.6'lo!. 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 fingerling» 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»ize
of fingerlings to be stocked in reservoirs is 13 cm. Thc
dominant practice in current reservoir tisherie» contin-
ues to be the stock-and-take approach, where the highe»t
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 tii the total
yields.

To facilitate better management, reservoir ti»heries are
now»upervised by the Chinese Mini»try ol' Water Re-
sources, and fisheries are incorporated into the overall
development of the re»ervoir. Fish culture developments
in the past few years in reservoir fisherie» 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 farms, which increased the cost con»id-
erably, as very few reservoirs were able toe»tabli»h 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 wa» a major con-
straint. Cage culture of fingerlings in the main water body
that relied on natural food was successfully carried out
in the 1970s in reservoirs in central China. Thi» 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 re»-
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 i» 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 1'ceding
programs is also conducted in such coves.

Fertilization of small reservoirs.� In China, small re»-
ervoirs are usually constructed for water storage and ir-
rigation. They are created by damming intermittent shal-
low rivers or streams or relying on runoff» with poor

vegetation in the reservoir's upper rcache»;ind»urround-
ing area. The resulting water body has limited external
nutrients entering the reservoir, low fertility, and piior
fish yields. To overcome such constraint». inorganic 1er-
tilizer» were applied to the main water body of »m;ill
oligotrophic reservoirs to increase the plankton bioin.is»
for the rearing ol filter-feeding Chinese carp. Commoiily
used fertilizers were phosphate  superphosphatei;ind
nitrogen  ammonium bicarbonate!. Other 1'ertilizer», »uch
as liquid ammonia, lime urea, or amtnonia nitrate..ire
applied to a les»er extent. Depending on the fertility ol'
the water body and the source of natural 1'ooil, LS �:LS
kg of inorganic lertilizer are required to pniduce I kg i>I
silver and bighead carp.

Integrated fish culture in individual or iiiultiple»niall
reservoirs.� The p;i»t concept in the development o  re»-
ervoir fisheries was for a reservoir to e»tablish it» o,~n
hatchery or fingerling rearing ponds, anil harvest and
market it» own product. Such an approach. howe' er, re-
»ulted in slow ilevelopment and low returns. as»iriiill
reservoirs lacked financial resources, stocking material.
technology, and management measures It v a», there lore.
proposed to develop fisheries in small reservoir» hy
grouping rcservoir» that are geographically adjacent;iiid
under one district administration. The size of ihe group
does not depend on the number or water iirea of thc rc»-
ervoirs, but on the availability of resource» and cour.li-
nation that can be carried out between reservoirs. ~ hiire
one or two reservoirs are selected as the core of the groiip.

Enhancement of research in reservoir lisherie».� I"o
enhance reservoir fisheries development and much
needed research, a specialized research institute- � the
Reservoir Fishcrics Research Institute  RFRI! � u a» c»-
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 i» ihe only»uch
institute in Asia that is entirely devoted to reservoir 1'i .h-
eries research, development, and managenient. Thi» in-
»titute has e»tabli»hed a computerized databa»e on re»er-
voir fisherie» with assistance from the Food a.id
Agriculture Organization of the United Nations  FAD i.
However, to cope with the vast scope of China'» re»er-
voir fisheries, the institute urgently needs further upd.it-
mg of its research capability and capacity and per»onnel
training.

Paddy Fish Culture

Paddy fish culture started about 1,700 years ago, wiih
the culture of common, crucian, grass, anil silver caiTi.
Documentation thereafter on paddy fish culture wa»
rather scant. In 19S9, it was reported that paddy fish ciil-
ture attained 66,000 ha, but during the 196 is and 1970»,
the toxic pe»ticides used in agriculture reduced the;irea
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of paddy fish culture considerably. In Guangdon ~ I'rov-
ince alone, paddy culture shrank from 33,000 ha in the
1950s to only 320 ha in 1973. In the latter part ol' 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 attained 740,000 ha and 133,000 mt. respectively,
averaging 180 kg/ha.

The method applied in paddy fish culture is de»cribed
as the "two seasons of paddy and one season of tish"�
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-w in-
ter wheat or green manure." A system developed in cen-
tral China is known as the "rice-azolla-fi»h"  Anony-
mous 1988!. The culture of azolla  A=olla fiti< ui Ini de<,
A. caroliniana, and A. rni< rophylla! in ditches in paddy
field» provides the feed for both herbivorous and om-
nivorous fish species; increases thc yield of rice and fish;
facilitates better control of rice pest». diseases, and weed».
thus reducing the requirement for pesticides; iind in-
creases the fertility of the soil,

Causes of Success in Freshwater Aquaculture

Although China has a very long history in I'reshwater
aquaculture, the success of China'» 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 following 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 benefit»,
were carried out through an egalitarian distribution
system, thus inhibiting any initiative on the part of
an individual to enhance fisherie» development.

~ Overemphasis on development of marine capture
fisheries through the mass increase ol'  i»hing 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 re< iew 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

in the fortn of the fishery contract responsibility»ysteni
and the tran»fer of greater decision-making p< wer to the
individual. The contract is between the town»hip man-
agement and a household, a group of housch<ilds, or;in
individual operator. The contract includes re»pon»ibili-
ties, the values of output, profit, and other m;itter». Thc
essential nature of the reform i» to reduce the»ize of the
management unit, thus increasing incentives. Under this
new management »y»tern, contracts, renting, p.irtnership,
share of »tock. hiring labor, and individual m;iniigemenl
are all included. These are the most inspiring aspect» ol
the rel'orms in th;it they have provided in entive.

Other major ret'orm» were carried out in the di»trihu-
tion system by liberalizing purchasing and inarkcting
policies. Commodity distribution prior to the re orms wa»
by arbitrary allocation and transfer of good». using the
compulsory purchase system and the sales quota system
as the only means of commodity exchange. Thi» systeiri
deprived the producers of benefits through low price».

Today, such market policies have been completelv
abolished, prices ol' fishery products are regul;ited by thc
market, and producer» now closely monitor inarket re.
quirements, economic benefits, and qualiiy. Distribution
of fishery product» i» governed by market prtce». which
ha» greatly enhanced the flow of commoditi<» between
township» and cities. In the past, distribution was coin-
plctely neglected.

Four main contracting systems are ccmm<inly pra<.-
ticed in aquaculture in China:

1. Dispersed operation with unified supp<irt and I<>-
gistical services. Under such a contract system, <i
farmer sign»;i contract with a township or villagi.
committee that stipulates production and pr<>l'its an<I
assumes the»ole responsibility in term» of profit
and losses. The township or village coinmittee in
turn is responsible for providing the n< eded sup-
port and logistical service», such as credit, materi
als, and marketing. The farmer either pays the con-
tract fee in ca»h prior to contract implementation oi
pay» in fish products at the end of the production
cycle. Such contract systems are usually carried ou 
at traditional fi»h culture sites at large c<incentrated
water bodies that have reliable support <ind logisti-
cal services.

2. Unified opcriition with dispersed contracts. Such
contracts are signed between the fish farm and the
tov nship or village committee. The farni contract»
its pond» to it» employees, with terms liased on a
preset yield, water area, value, and bencflt». Eithei
the farm or township or village committee provide»
the necessary materials for production. Such con-
tract systems are carried out in area» with»tron
financial means and good lish-far<ning t«chnology.
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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 usc of ponds
or open-water areas. Thc farmers pay contract I'ees
or compensation in the I'orm of produce or hy in-
vesting and developing wastewater areas or con-
structing new ponds. The area under cultivation is
independently operated hy the farmers. Profits are
shared according to investment percenta c or labor
contribution.

4. Household or individual contracts. A household or
farmer acquires the contract through biddin i among
farmers within the village. The household or farmer
is responsible for production and marketing. The
contract I'ee can be paid in cash or in t'ish products.
To raise funds for such a venture, the household or
farmer can apply for loans to lease and operate
pond».

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 ol' prot'its
and deficits, and

~ the government issues a fixed subsidy to the enter-
prise with a de icit, 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 prot'its of
state-owned and collective or privately owned I'reshwa-
ter fish ponds. The average yield and output value of
state farms was 3,297 kg/ha and 13,036 yuan; I'or collec-
tive and private farms, they were 4,172 kg/ha;ind 19,	99
yuan, 43'/< and 53% higher, respectively, than the state
farms.

Technology Advances, Manpower Training,
and Extension Services in Freshwater
Aquaculture

The most signilicant technology development in fresh-
water aquaculture in China is the breakthrough in the
artificial propagation of Chinese carp. ln the past, the
much needed stocking material could only be acquired
from the Yangtze River and certain sections ot' the Pearl

River. Hatchlings can now be acquireid th>ough br<>«l-
fish cultured under local conditions throughout the «oi, n-
t>y. Other fields of technology development in freshv .i-
ter aquaculture arc heing advanced:

~ high-yield pond fish culture model» I'or differ<nt
geogriiphic locations and weather conditions.

~ shortening of the rearing cycle to enable fry to i -
tain inarketable size with a 1-year iiowth peri<id
under temperate conditions,

~ the development of cage and pen culture in Iiihcs
and reservoirs.

~ control and curati ve measures for:om mon tish dl <-
eases of Chinese carps, and

~ artificial propagation of fish and cnistaceans. such
as the white ainur bream  Parabrmii > pekin< r>.>i i >,
/<r/e galubrar»n amblvucep/>ala, X<."n<r<' vprk>' rlu> i li,
mandarin fish  Siniperca cl>uatsi! and the fresi>w.>-
ter mitten crab  Fri<rcl>ei r sinensis!.

ln the field of education and training in I'reshwater;ind
marine t'isheries, China has established 6 I'isheries uiii-
versitics, has I'aculties in fisheries or iquaculture in 28
agnculture universities, and 16 fisl eries secondary
schools and 9 agriculture secondary schools thai. hiive
freshwater aquaculture programs. Currently, Chin<i I"i>s
over 2.500 fisheries extension service stations  incli d-
ing brackish water and marine!, with over 27 000 e:ii-
ployees established throughout the country.

Marie ulture

Compared with the long history of freshwater aqu ic-
ulture in China, mariculture is a much more recent phe-
nomenon. The intense development of manculture star cd
only about 3 decades ago. Before then, only a few 'pe-
cies of shellfish and seaweed were cultured along the

cot>st.

Maricullure Development Phases

Mariculture in China can developec in the following
tour phases:

l. During the 19SOs, several large, stiite-opcrat<:d.
coastal aquaculture farms were set up. During this
period, kelp cultivation was transferred to the south.
and shellfish culture on mudflat>, technology v;is
transferred to the north, and artiticial propagat><>n
of laver was initiated.

2. During the 1960s, emphasis in the fisheries s«c:iir
was directed toward marine capture fisheries: irian-
culturc was given a much lower priority. As a ciin-
sequence, shclltish culture was on a downward trend
in terms of area and production.

3. During the first half of the 1970.;, 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 19g7 were the boom period of
mariculture. While marine capture fisheries were
encountering severe depletion of traditional stock»,
reforms and restructuring of the fisheriei infra»truc-
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 5i,
~ 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 an<1 400
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-
eries 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 oyi-
ter. The razor clam is distributed from the coa~t 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. Oy»ter cultivation is
located in the Zhejiang, Fijian, and Guangdong prov-
inces. The Paciflc oyster wa» 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. Oy»-
ters in China are either cultured on mudflats hy planting
cement or stone posts for the spat to attach or by using
longline s.

Mussel culture started in 1957. By the 1970s, mus»els
were cultured along the coast from north to»outh. 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 1970» that
it expanded. These clam species are distributed along
the coast from the Shandong Province in the north to the

TA0Lh S.� Increa»e» in area and production ol mariculrurc
in China for »elec ed years. Source: Ministry ol Agriculture.
Beijing.

Total produe n>n
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Zhejiang Province in east China. Artificial propagati<iii
was initiated in Shandong, and the technique was laic 
introduced to the Liaolin Province in the north an<1
Guangdong Province in the south. Unlike mu»ieli, cockle
and blood clams are preferred by consumeri along thc
Chinese coast. Apart from being cultured o i mudflati,
they are also cultured in lantern-type net cages hung  >ii
longl i nc».

Scallops are di»trihuted along the coa; t frx!rn north t<>
south. The previously cultured local species ha» been sub-
stituted for the introduced United States bay»callop. <i>,
thi» species has a inuch shorter growth p rio<l and a bet-
ter growth rate. It hai now become the maj»ir cultur«»l
scallop species in China.

The major cultured seaweed species i» kelp. Thi» ie;i
weed wa» introduced into China from Japan iri 1'�0. 'I'h«
culture of kelp wa» extended to southern provinces, »ucli
as Fuj ian and Guangdong. Other species of c iltured»«<i
weed are laver and Gracilaria.

In the cultivation of crustaceans, the flesh»hriinp
dominates. Iti culture dates back about 200 years, whc i
it was polycultured with mullet and sea bass. T<>day, drawri
by the high export value, more than 600 state, col lecti v e,
and individual shrimp nurseries of various sizei have hecii
established. The area of shrimp culture hai expanded
from 1,300 ha to 163.000 ha wilhin a decade. In the pail,
monoculture of shrimp wa» practiced in pond»; this latei.
developed into the polyculture of shrimp with clam».
Other culturing methods include pen cultur«ol' shrimp
using intertidal mudflat areas and culture of ihrimp un
der low-»alinity conditions.

While culture of thc fleshy shrimp has become the larg
est mariculturc industry in China over the p.ist decade,
disease and red tide outbreaks have plagued the indus
try  Chamberlain 19971. Losses in 15,000 h<  ot' »hriinp
ponds along the coast of the Bohei Sea in north Chin.i
were reported in 1 989. resulting in a loss of 1 !,000 mt ol'
shrimp or an economic loss of about US$40 million.

Analysis of red tides in ponds and in the adjacent ieai
has identified the following causative factori:

~ deterioration of water quality due to exec»si ve I'ced-
ing practices in ihrimp ponds, resulting in an acut<.
buildup of organic rnatter;
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~ inappropriate management practices due to lack ol'
funds in research, lack of tcchnical expertise al
grass-root level», and the means and capability to
cope with adverse situation~; and

~ pollution in coastal waters due to dischar< c of un-
treated imlustrial wastewater and domestic sewage.

Imports and Exports of China's
Aquaculture Produce

The imports and exports of China's aquaculture pr<>d-
ucts are not listed separately from other fishery pr<>d-
ucts. Exports of fishery products in the 19SO» and early
1960s consisted mostly of frozen fish exported to the
former Soviet Union and Eastern Europe. By the 1980»,
apart from the traditional markets of Hong Kong, Macau,
and Japan, China's export of fishery product~ 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'in
of the lotal, followed by Japan with 3S'/r.

During the 1950», 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 1960», export~ consisted ot' frozen fresh
fish, brine fish, frozen fillets, dried shrimp. an<1 miscel-
laneous live aquatic products  swamp eel, loach, soft-
shelled turtle, mitten crab, and»neakhead!. By the 1980s,
exports included live marine products  grouper,
seabream, live eel. blue crab, lobster, and clam»!, glass
eel, frozen clam meat, fish roe, and agar. The»«urces 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 19SO». By the late
1970s, however, cultured shrimp constituted the bulk of
shrimp exports.

The two major imports of 1'ishery products continue
to be fish meal from Peru and Chile, representing about
70 � 80<go of the total, and frozen fish, mainly from North
Korea, representing 1S � 25~ir, ol' 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 thc 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 1isheries development from the 1950»
to the 1990s, especially in thc area of aquaculture, China
has become the leading nation in world fisheries pro-

duction. China is presently the sole nation where aqua.".
ulture production has surpassed capture fisheries. thus
demonstrating that aquaculture can substantiallv incr»a,c
production through rational use of availablc resource».
However, this developtnent and expansion wa» not u >-
eventfull.

In the 19SO», emphasis on aquaculture v as propos<.d
but was not effectively implemented lor inore th;in 2
decades. During this time, undue emphasi» on agri«ul.
ture, centralized monopoly on purchase and mark»tin<,
and egalitarianism in distribution all seriously hamper<.d
initiative by individuals, and the advantage» of aquacu I-
ture could not he d»veloped to any substantive extent.. > t
the»arne time, intensifying marine capture fi»herie» r-
sulted in overexploitation and depletion ot' natural 1'i»h
stocks along the coa»t. It was under such circumstaiic»»
that rational u»e ol' resources was put on the agenda 1<>r
the future development ot'China's fisheries. Sub»eque ii
economic reforms completely restructured ihe inan;ig-
ment system.

In the future, apart from increasing the p»r unit yie d
in existing freshwater pond fish culture an<i dcvelopir<
aquaculture in underdeveloped areas, expansion of por,d
fish culture is possible only on lands unsuitable for agi i-
culture. Moreover, to increase freshwat r pond fisli » ill-
ture will require inore intensified culture pr;icti»e». <i ii h
an integrated approach, combined with the «verall r»ni>-
vation or reconstruction of existing ponds. With»u<li
limitations in pond tish culture, open-water hodie» sii< h
as lakes and reservoirs hold high potential. Further u,»
of these existing writer bodies through stock enhaiic<.�
ment as well as ca e and pen culture hold» piomisin<
prospects.

To overcome the shortage nf feeds, Chin. i's aqua»ul-
ture»houhl continue to develop with an integrated <il>
proach by incorporating fisheries, agriculture. aiiirn.il
husbandry, and rural sideline occupations iiito one pr«-
duction system v ith available local resources.

Mariculture in China is directed to a I'ev niajor»ul-
tured specie~ in shrimp, mollusks, and»caw<>ed. TI »
expansion ol' the shrimp culture industry i» most notiibl,
and results are»igniticant. Bui such development i» nnt
without consequences: poor managemer t priictices.it tl.<.
gra»s-roots level, water-quality problems, and shrimp <li»
eases have re»ulted in heavy losses in certain are;i» «I
shrimp culture along the coast. Apart from environm»ii-
tal issues, »uch losses are believed to be due to la»l «I
technology, expertise, and the application of standaid
shrimp culture techniques. More intersil'i»d rese;ircli,
training, and extension is urgently needed il China i» l«
maintain its mon>en<urn in shriinp culture and prei »Ill
further deterioration.

Environmental issues that often are bey«iid the»»«p»
of aquaculture are also exceedingly important. 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 eftluents and untreated domestic sewage. It
is not surprising that rcd tides along the coast have o«-
curre<l more frequently in recent years. Discharges of
large quantities of untreated industrial and d<miestic
wastes directly into rivers have becoine one of the major
causes I'or adverse environmental conditions.

The seven large river systems that drain into lhe Pa-
citic Ocean receive 22.4 billion m' of wastewater annu-
ally, 89.2'lci of which consists of industrial effluents. In
1992, the total wastewater discharge throughout the coun-
try was 36.6S 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 rcssociated water bod-
ies will not only continue, it will intensify. It i» estimated
that by the turn of the century, the seven large river sy»-
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 investmcnts in polluti<iii
control are required to curb the further detcnioration <il
inland and coastal waters.
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Sustainability of World Shrimp Farming

CJEORGE W. CHAMBERLAIN

/><l>»/ra< i.� Shrimp farming has be»ome <i multibillion-d<illar busine»s that has attracted attention in many
developing countrie» a» a means of generating pro!it». local emplo!n>eni, and hard currency. Annual world
production of farm-raised shrimp grew rapidly and steadily I'rom a negligible level in 1980 to 799,00 ! inc>ac
tons  mt; live weight! in 19<! I. However.  rom 19'
 to 1994, producti<>n»puttered between 789 000 and 89 l.00 !
mt, a» increases in some region» were otfset by declines in other». Alt!a>ugh oflicial Food and Agnculture
Organization of the L!nited Nations data ai« iu>t yet available for 19'!» and 1996, Projections indicate that produc-
tion declined because of a wor»ening di»ease epidemic in Asia. Although production hurdles exist, di»ea»«»
have been the direct cause of recent product>on decline». Despite»enous elf<>rt» to control them. di»ea»e» con-
tinue to plague the industry. The first »ign of larg«-scale problems occurred in I qgg, when Taiwan's pro<lucti<>n
dramatically dropped. The cause of'the w«lc»pre;id mortality was poorly under»tood. Another crippling decline
occurred in 19'� in China. Much of Asia i» now struggling with rapidly spreading viral epidemic'. In»onie
cases, exten»ive complexes of shrimp pond» hav«been abandoned owing to insurmountable disease problein».
Nearlv 20 shrimp viru»e» have been identified thu» far. but the mo»t threatening during the mid-199 >» have
been white-spot virus in Asia and Taura Syndrome virus in the Americas.

An increasing number of environmental and social i»sue» have been documented as the shrimp aquaculture
industry has grown and intensified. Regulati<>ns iire tightening to address i»sue» such as mangrove <l stru tion,
waste discharge, and overdevelopment. Conceni» about the environmental »u»tainability of shrimp t'arming
have become more pronounced in light ol large-s»ale production failures. Di»ease and environmental i»»ues are
forcing shriinp farmers to reevaluate traditional manag»ment practices, which rely heavily on externa.' re»<>urce»
such as healthy wild shrimp, clean estuarine water, and a larg» adjoining ecosystem to assimilate waste». I'arm-
ers are being encouraged to rely less on uncontrollable resources and more on the fundamental discipline» ol'
sanitation, animal health. genetic». nutrition, and sound rnanage<nent. Thi» dift'icult transition is similar to thin
which traditional animal hu»b»ndry underwent long ago � from wild animal» in a natural setting to doinesti-
cated animal» in a more controlled setting. Pro>ni»ing new techniques are be>ng developed to re<iucc water
requirements, disinfect ponds, diagnose di»ease», breed for di»case re»i»tan«e, improve feed eff>c>enc!. and
predict the carrying capacity of ecosysteni». These tools will pave the way toward greater production efficiency
and a new phase of environmentally»ust<unable gro<vth.

China

Disease Outbreaks
in Selected Countries

Taiwan

During the 1980», world landings of shrimp I'rom cap-
ture fisheries reached a plateau ol' approximately
1,900,000 metric tons  mt! per year while shri mp aquac-
ulture began a period of rapid growth. World production
of farm-raised shrimp grew dramatically froiu less than
84,000 mt in 1982 to 891,000 tttt 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 su»tainability
of shrimp aquaculture. Sustainability wa» defined by
Hulse �993! as "satisfying present needs without preju-
dice to the needs of the future." The follov;ing issues
illustrate the major concerns challenging the shrimp farm-
ing industry.

One of the early leaders in production of farmed shrimp
was Taiwan, where IO, XX! ha of small, family-owned,

intensive farms produced 115,000 mt ol' Pe»<» irx
m<»><>dkrn in 1987. I-lowever, devastating shrimp mi>rtiil-
ity in 1988 dropped Taiwan's producti an to only 44.000
mt  NMFS 1992!. Thc causes of mortality v ere attrib-
uted to industrial pollution, bacterial and viral di»eases,
and recirculation of pond effluents among I'arm» F!»-
peated efforts to revive the industry in Taiwan re»ulicd
in collapses in 1992 and 1993 despite;,tten>pts t<>»iviich
from P. m<>n<><l<r» to alternate species such a» P. j a/>rr»i <»»
and P. Pe»i<i//at><x  Chua 1993!. In 1994. shrimp p.<>-
duction in Taiwan was estimated to bc 2S,OOO iiit
 Rosenberry 1994!. and most Taiwanese shrimp f;irrncr»
had switched to marine fish culture.

The 1988 crop failure in Taiwan had little impact <>n
the world supply of shrimp because the shortfall w <i»
off»et by rapidly increasing production from China. Diir-
ing the 1980», China'» production grew;it an average
rate of 80 k/year. By 1987, China had become the world
leader, with an annual production of 153,0 X! mt. In 198b,
production increased to 199,000 mt, and some observ<irs



196 CHAMBERLAIN

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 thc C!u f ol
Bohai. Thi» deterioration was attributed to increasing
domestic, agricultural, and industrial pollution as well
as self-pollution by organic material from the shrimp
farms  Rosenberry 1990; Infofi»h 1994!.

In 1993, China's production plummeted to 88,000 mt,
down from 207,000 mt the previous year  Figure I !. 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 bloom».
Researchers later discovered the causative viral disease,
now known as white-spot virus ha~ed on the symptom-
atic presence of pinpoint to I-mm whitish spots on the
cuticle of some shrimp species  Huang et <il. 1995!.
White-spot virus is a highly pathogenic di»crise 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 7hejiang and Jaingsu,
eventually reaching the Gulf of Bohai  Rosenberry 1994!.
Mortality aflected farms in all kinds of system~ an<1 stock-

1
ing densities ranging Irom 4 individual» 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. chinensi» to Pj apvnicu», which i» 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 C'hina u as a net
importer of shrimp   Rosen berry 1996!.

White-spot virus quickly spread from China to other
Asian countries where it has been causing an explosive
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pan-Asian epizootic during 1994 � 97, af!'ectiirg the I'ol"
lowing specie~: P. in<rriodon, P. chinen»i.;, P. /a/rani< i<i,
P. indici<», P. mer<;uien»i», P. penicillatu», P. <ndi< uu
frac/rvpenaeu» cali'! rvstris, and Metapcrraei<» e<i»i
 Nakano et al. 1994: I ightner et al. in pres~!.

Thailand

Thailand ha» a long history of low-densitv shrimp irr<>-
duction in coastal pond». However, beginning;<bout 1<J85.
intensive culture techniques were introduced fr< urn Taiwiui.
Results were very encouraging, and in!en»ive cuhure
spread quickly. Rapid expansion was stimulated by thc
tax-free status of shrimp farming in Thailand and the nile
of major Iced companies such as the Charoen Pokphancl
 C. P.! Group in providing a complete umbrella ol' sup-
port to small producers. The C. P. Group �991 ! provide<.l
statistics on  arms operating under difTerent m.in<igenieiit
regimes in 1991  Table I!.

Most intensive f<irms in Thailand are sm,ill, f;<mr!y
owned and operated, and have less than 2 hii <il' wat< i
surface. The typical intensive pond is 0.3 � 0.5 ha in s<ir.
face area, 1.5-1.8 m deep and is equipped u ii h aeration
 Chamberlain 1991!. It is managed with relatively hi h
rates of water exchange, and its crop is fc<l S rime»/d.
Yield» range from 5 � I 2 mt ha' cycle '.

Typical operation or intensive ponds relic~ < n continu-
ous exchange of organically loaded pond water with cleail
water from the estuary or ocean. The rapid pr<rlifcraii<!ll
<il shrimp farms often results in recirculatioii ot' waste
water among neighboring farms. This creates a»tre»sir<I
environment for shrimp. which is expressed, is reduce<.l
rates ol'growth. food conversion, and surviv;il. Recit cu.
lated waste water erin also transmit di»ea»es aniong I'arrr<»
and create an opportunity for outbreak of epidemics.

The problem of recirculating waste wiiter was exem-
plified by a shrimp farming region in the northern  i<ill
of Thailand near Bangkok. Approximately 5,000 h;i ol
intensive pond~ were constructed in that area in a 2-year
period. Thi» was an unfortunate choice of sites because
it receives much ol the waste water from Bangk<rh
through run<rff from I'our rivers. Sediment deposition has
created mud tlats that extend into the gull' for 10-1S km
at low tide. On the inc<>ming tide, much of this sedimenr
is resuspended and canded into shrimp ponds, 1 bus, farm»
in the area suffered high mortality and virtually the en-
tire 5,�00-hi< development was abandoned. The indu»tr v
simply relocated to new areas south of Th;iiland .ind
growth has continued  K. Lin, Asian Institute ot' Tech-
nology, Bangkok, Thailand, per». comm.!.

In late 1992 and early 1993, the Thai shrimp I'at<ning in-
dustry began reporting widespread mortality in which one
of rhe external »ymptortrs was a light yellowish, iw< >lien cc-
phaloth<rri<x. The syndrome, known as yellow-head diseur.
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In<en»ive
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22.00 !
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Ecuador

'I'At!t.ri 1.� Statistic» for size, number und priidu«tiviiy ot'
Thai shrimp farms by management type, 1991   '. P. Group
1991!.

Number of t'ro<!ueiu>n
Management type farm» Area  ha! imi!

caused up to 100% mortality in 3 � S d in s<nne farms. A» a
result, during the first quarter of 1993, shrimp production
in Thailand dropped for the first time in S year».

Thai researchers identified the pathogen as a rod-
shaped cytoplasmic virus with a single piece ol ssRNA
as its genome  Boonyaratpalin et al. 1993; Wongtccra-
supaya et al. 1995!. They conducted hioassay» with many
pond organisms and determined that the natural carriers
of the virus are small brackish-water shrimp, Pal<tent<!!!
»tvlif< ru» and Arete» sp., which often re»ide in shrimp
ponds in Thailand. They also detetmined 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 fishe». which
often include palaeomonid shrimp. Filter sock» were in-
stalled on inlet water systems to prevent entry <if sinall
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 lo warn
neighboring farms not to pump for 72 h after the infected
pond was drained. After the initial widespread outbreak
in 1992, subsequent outbreak» have been 	1oi'e sporadic
and less acute. It i» uncertain whether the»ub»idencc of
virulence was caused by mana< ement effort» or by
changes in either the viral pathogen or the shnmp host.

White-spot virus, first observed in China in 1993,
appeared in southern Thailand around November 1994,
coincident with the rainy season. Mortality <va» severe
until the end of January. Many re»earcher» thought this
virus would diminish like yellow-head virus. Flowevcr,
it appeared again in 1995 and in 1996, again during the
rainy seasons.

Measures used in Thailand to prevent the»pread of
white-spot virus include careful screening ot' pond in-
take water to remove viral carriers, disinfection of pond
water with chlorine or formalin, recirculation of pond
water 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 station» are de»igned either
to draw clean oceanic water to the shore-ba»ed pond» or

to pump effluent trom the ponds to the offshore»ii«
Despite all the»e measures, shrimp production in Th;ii
land is cstimatcd n> have dropped by 25&0/c duriiig
1996, and the long-term impact of white-spot viru» i»
still unclear. If the white-spot epidemiic expands t<> tl!e
Western Hemisphere, it could cause s veri niortalit! iii
farm-raised P.  n! !tat!tei and P. »t!lirottri», which;ire
known to be»u»ccptible.

Lcuador i» by I;ir the largest shrimp priiducer in tlie
Western Hemisphere. Shrimp exports are ihe third I;»g-
<.st incoine earner in Ecuador after petroicurn and b;i
nanas. About 80 000 ha of shrimp pond» aie concetitr i -
ed in the Crulf ol' Guayaquil area, and another S0,0 ! !
ha are spre;id along the coast. Ecuador's aiinual pr<n iic-
tion increased»tcadily through the I'!80» to a pe;il'. i!t
113,000 mt in 1992.

Begiinning in late 1989, shrimp moNality occurred 01
farms located on the Guayas River estuiiry durii'ig;iii
extended drought, which caused salinity t<i rise and iiii-
trients to concentrate in the estuary. The»e unusual i'<>i!-
dition» favored bacterial growth, especially pathogenic
Vibrio spp. Bactcri;il infection may have been facilitated
by grcgarine parasites, which break th epithelial lining
in the intestine. Vibri<i-infected shrimp sv, im in a di»< ri-
ented I'ashion near the water surface. Thi» behavi<ir;it-
tracted large flock» of sea gulls above pond» with»«vei c
int'ections. Hence the syndrome was named the "Gavioti "

 Spanish vv<7rd for sea gull! syndrome. I he epizootic
peaked in severity in early 1990, then persisted sporadi-
cally until early I '!92  D. Lightner, Dep. Veterinary Si i-
ence, University of Arizona, Tucson. USA. Rer». coinni.!.

A number of treiitments were attempted to «omb;it the
Gaviota»yndrome. Antibiotics and anticoccidial» vv<. c
added to feed in i! tier to reduce bacterial and par i»itc
infections. Some fatms also tried treating th< ir pond» v i lb
molasses to provide an alternate energy»ource to tro iir
beneficial bacteria. None of the treatments were eoni-
pletely effective�but the onset of El Nino in 19'� brouglit
heavy rain». which flushed the Guayas River cstu.iry.
Thus, the Gaviota syndrome disappeared.

In 1992, »hriinp  arm» located near the T,iura Ri» er
about 25 km south of Guayaquil reportc.l mortaliti<»
reaching 80 � 90'y< in some ponds. The di»ea»e, named
Taura Syndrome  TS!, dissipated for a I'ew months, then
returned in 1993 as a major epidemic affe< ting mo»t <it
the farms in the Gulf of Guayaquil and »rime fa�n» in
northern Peru. Ecuadorian shriinp production declined
from 113,000 mt during 1992 to 85,000 mt during 199 i.
Many shrimp pond» in TS-impacted are;ts were convetced
to tilapia inonoculture or polyculture with shrimp   '.han!-
berlain 1994!.
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Philippines

United States

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 a» Septem-
ber 1991  D. Lightner, Dep. Veterinary Science, Univer-
sity of Arizona, Tucson, USA, pers. comm.!. In mid-1993.
the TS virus wa» found in wild postlarvae collected near
the mouth of the Gulf of Guayaquil, Ecuador, anti in wild
adults collected off the Pacific coast of Honduras, El
Salvador, and Chiapas in southern Mexico  I.ightner 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 gull» 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 Fcuador's shrimp in-
dustry to record production of 115,000 mt  Ro»enberry
1996!. By mid-1996, many growers reported griidually
improving survival rates. Some speculate that Fcuador-
ian shrimp populations may be developing resistance to
the TS virus. This pattern i» not yet evident in other coun-
tries affected by thi» virus.

As of mid-1996, white-spot virus had not been reported
in the Philippines. However, production ot' shrimp is
plagued by luminescent Vibrio spp., which are present
almost all year. Farmers are treating it with an antibiotic,
1'urizolidone, 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'Io, postlarval  PL! cost ol $25-
30/thou»and shrimp. size at harvest of 31 � 32.S/kg. Many
shrimp farms are switching to tilapia or milkfish culture
 J. Vargus, First Philippine Holding» Corporation, Ma-
nila, pers. comm.!.

With the recognition ol'the devastating effect» of viral
pathogens, several attempts have been made to use vi-
ral-free stocks forcultivation. Marine Culture Fnterprise»,
a commercial operation in Hawaii, stocked P. styli rz>»tris
in their super-intensive greenhouse-covered raceway».
After a devastating outbreak of infectious hypodeanal
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 19!�, caus-

ing serious losses that ultimately resulted in farm clo-
sure  Mangiboyat 19g7!.

The species P. iv»rn<nnei i» more resist;mi t<> IHHR
virus than P. »tvlirostris. Nevertheless, IHHN virus in-
fccts P. ici»numei and causes "Runt Deformity Syn-
drome"  RDS I in which a portion of the at'fected popu1;i-
tion display» reduced girowth, highly variable size clas»i »,
and s<>metimcs reduced survival. Severe ca»es of RDS
can reduce the productivity and profitability <>I' farms by
30 � 50%  Kalagayan ct al. 1991!.

The U.S. Marine Shrimp Farming Program began is >.
lating populations ot specific-pathogen-free  SPF! /'.
ivuinumei in early 19!  I as a seed source f<>r the 1.'.S
shrimp farming industry. The offspring from these popu-
lations, referred to as 'High-Health" shrimp, pe>4'orrnecl
well in commercial I'iirms in the LJSA during 1991 i<110
1992. During 1993, High Health stocks werc supplied tci
400 ha of commercial ponds in Fcuador, hiit surviv;rl
averaged le»s than I S'in owing to an outbreiik ot' the TS
virus IPruder et al. 1995!. During 199S and 1996, most
»hrimp farms in the LJSA also were hit by an outbreak ot
the TS virus despite their use of High-Health P. i a>znu»ie z.
Survival rates ranged from IS � 30%. Thus, the SPF ap-
proach docs not »cern practical when tlie I;irni» u»ing
those stock»;ire unable to control entr! <>t' pathogen»

 Lightner 1996!.

Risk of Disease Transmission

Diseases are a primary limiting factor for shrimp far>ni-
ngg today, and the risk of disease losses is I rkel! to woi>sen
a» the industry continues to grow. Near ! 20»hrimp vi
ruse» have been identified thus far  Lightncr ct al. in
press!. Many of these began as localized patliogens hi»
quickly spread to nev regions  Lightner and Redinaii
1991!. Once a nev disease becomes established in vvil<l
aquatic populations, there is little prospect of extracting
it, and it become» another management hurdle I'or loc.il
farmers. With regard to highly virulent »hrimp viru»cs.
this has been an insurmountable hurdle ir some case». Ir
is in the common interest of shrimp farmers and resource
regulators to prevent entry of exotic disease»

In Asia, the most »erious viral diseases are caused by
white-spot and yellow-head viruses. Both viruses have
been shown to int'cct American pen ieids  e.g., P
iunnumei, P. »tyliir>»tris, P. setifi'rus, P. uzte<'u», all<I P
iluz>ruru»z! and to cause serious disease  I.ightner in
press!. White-spot virus also causes mcrtality in non-
penaeid, freshwater and marine crustacean». including
Mncrobr<r<'/riu>n spp., Procambarus < /<zr/ii, and
0<ronectes prinz ti>nanus. White-spot virus infi.ct» hut
does not cause significant disease in a variety of «rab
and spiny lobster  Chang ct al. in press; Wang et ai. in
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pre»s!. In Latin America, the most seriou» viral disca»e
is the TS virus. The susceptibility of Asian species 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 discase transmis-
sion has been direct transfer of infected animal», Uncon-
trolled shipments of broodstock or postlarvae 1'rom in-
fected farms or wild populations have quickly expanded
the range of several viral di»eases  Lightner and Redman
1991�Lightner 1996!. Once a disease enters a new area,
it can spread quickly through recirculation ol' el'fluent»
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
pond» 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
channel» of distribution. Viruses are known to remain
viable in frozen tissue for an extended time. Viable white-
»pot 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 i» 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 i» not in ready-to-eat form. All wa»tes 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 a»
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,
Pr<>cambarus spp. and O<>ronectes pu>tcri»><n>u.t, being
held at the U.S. National Zoo  Lightner ct al. in press!.
The cases illustrate the serious risk of introducing epi-

demic Asian viru»cs to the Western Hermsphere and vie<
versa. Tighter regulations are needed to;is»ure pn>pei
di»po»af of wa»t»s from frozen imported shrimp.

Other Risk Factors

Wiley �993!categorized and prioritizccl the risk» I;ic
ing shrimp aquaculture from the viewp<>int nf' an in»ur.
ance company. Scdgwick, James, Ltd. Th< most imp<»
tant factor influcn<. ing the success of a farm, in Wile! '
view, was the competency of personnel and m<inagemc«i.
Security, biophy»ical environment, and I;irrn design werc
also considered key. Wiley recommended ihat site» v, ith
excess nutrient enrichment and pollution should I«
avoided. Preferred sites should be locate<I in predn»ii
nately rural areas with no surrounding indu»trial inl'lu
ences and reasonable space between farms. 'I'hc only topi<
in which Wiley �993! listed a specific value was stock
ing density. Sedgv ick�James, Ltd. considers produc< i<>ii
levels above II mt>'ha to be very risky and Wiley in<li-
cated that no insurance would be granted to a faan;s
ceeding thi» production level. Shrimp price volatility w as
al»o considered a substantial risk to the shrimp producer
Futures and option» are now availabl» tn protect grow
ers from price fluctuations. The Minneapolis C>rain 1=x
change initiated this program in July 1991, but the <le-
gree ol' acceptance and use of this program by tli<:
commercial industry is uncertain.

Environmental Issues

Discharge of Organic Wastes

Traditional shrimp pond management involves ci>n
tinual input of clean water and discharge of waste writ»r
Water exchange is thought to improv» water qualit> bv
flushing out waste products, avoiding excessive eutn>phi-
cation, and maintaining a healthy plankton bloom. In
extensive systems, it also may have value in adding;id-
ditional forage prey. As a function of stocking density,
average daily water exchange rates typically vary I'rom
I � 5% in extensive systems to 25 � 30% in intensive»y s-
tems  Clifford 1985!.

Nutrient budgets for intensive and»cmi-inten»iv»
shrimp ponds indicate that only 6 � 24% of the nitrogen
and 4 � 13%< of the phosphorus input is inc<>rporated int<>
harvested shrimp  Briggs and Funge-Smith 1994:
Robertson and Phillips 1995!. The remainder i» retain»<l
in the pond water and sediments. These nutrient» are
exported to the environment during routine water ex-
change, harvesting, and sediment disposal. However. thc
receiving water body can assimilate only a limited qu<in-
tity of nutr>ent», known as the critical load, before w;iter
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quality and ecosystem diversity begin to change. Robertson
and Phillips �99.>! 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 di»-
posal was 2 � 3 ha for each ha of semi-intensive pond area
and 7 � 22 ha for each ha of intensive pond area.

In some cases, shrimp farming development» have
clustered in certain regions, resulting in nutrient discharge
well beyond the critical load of the receiving body. The
scenario of overdevelopment often begins with success-
ful results from a single pioneer farm in a given region.
This lead~ to rapid, unplanned development of additional
farms. As neighboring farms pump and discharge water
to a comlllon estuary, water quality begiils to deterio-
rate, shrimp become stressed, and disease organism» are
transmitted among farms. This type of development is
vulnerable to mass mortality of shrimp, and hence i» not
sustainable.

One approach used to avoid such problems i» 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 re»ources
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 thc farm.
In addition, a minimum spacing of 3-km i» required be-
tween salmon farms located within a single enclosed
water body  Black and Truscott 1994!.

Mangrove Destruction

The rapid growth of shrimp I'arming worldwide has
resulted in the construction of new pond» in many coastal
areas. Thc 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 thi» 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 require» miti-
gation. Mitigation is an agreement between the devel-

oper and the concerned regulatory body in which the
developer compensate» for loss»f mangrove 1iabitat by
creating a similar habitat nearby.

Large-scale de»truction of mangrove areas can have
serious ecological and»ocial consequence~. Man rove»
are critically important as highly productive niirsery ar-
eas for estuarine species, habitat for birds and niammal»,
buffer zones against »torm events, stabiliziiig forces
again»t soil erosion, and sources of revenue for poor
coastal communitie»  Bailey 1988!. Neverthel< ss, in the
early rush to capitalize on thc profitability ol'shrimp farm-
ing, local policy often overlooked or even encollr'age�
conversion ot mangrove areas to ponds �3ailcy 1988!.
For example, in the Philippines, the Bureau of Fi»heries
and Aquatic Resources listed mangrove are;is a» "swamp-
lands available 1'or development" until 1984  Primaver:i
199S!.

Shrimp t'arming is rarely the main cause ol'iiiangrove
destruction. It i» e»tirnated to have destroyed le»s than
5% of the global mangrove resource by 1988, hut lo-
cally the impact may be more severe  Phillips et ul. 1993!.
Aquaculture prmd construction i» estimated to have de-
stroyed 20% of the mangrove forest in some piirts of
Ecuador  Snedaker et al. 1986!. In Thailand, 34% ol' 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 coa»tal ponds
already have been developed, largely in m;rngrirve areas
 C. P. Group 1994!. In Indonesia, most of the 3�0,000 hii
of habitat being used to culture shrimp wa» mangrove
forest  Macintosh 1996!.

Most shrimp-producing countries now reco nizc th»
value of mangrove areas and have regulaiion» in place
to protect them. However, they often lack the icsource»
to monitor and enforce those regulations  Bailey 1988;
Macintosh 1996!. A goocl example is the "informal"
shrimp farms in Fcuador  Fay 199S!. The»e are usually
small, poorly funded operations established without per-
mission in intertidal mangrove areas because !rond» can
bc constructed there without heavy equipment;ind oper-
ated with minimal funrls and technology. In contrast, "for-
mal' shrimp farms are larger and better capitalized units
that are licensed by the government and req uireil to avoiil
mangrove area».

Several U.S. environmental groups have threateneil
to boycott imported farm-raised shrimp if mangrove dc-
»truction by the international shrimp farming industry i»
not stopped  Woodhou»e 1996!. The issue ot mangrove
destruction is complex and is the topic of considerable
debate. It is complicated by the many differeni types ot
mangroves, which vary in their commercial, physical,
and ecological value. Those mangrove area»;ilong thc
coastal fringe are valued the most becau»e they are
thought to function as key nursery areas for the offshore
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fishery and as buffer zones against storm» and erosion.
The bulk of mangroves, which are located inland, are
often assigned a lower ecological value  Hambrey 1996 1.

Social issues are also contentious. In most countrie»,
legal ownership of mangrove areas i» claimed by the state.
even though local communities often depend heavily on
exploitation of those resources. The transformation ol'
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 re»ources
more carefully, Hambrey �996! recommended that
coastal areas should be categorized relative to aquacul-
ture into three zones: those unsuitable for development
based on their high value I'or 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 �996! economic
analysis concluded that shrimp farming should he en-
couraged because of it» high economic value relative to
other competing uses "but only if the risk» of failure can
be reduced."

Pongthanapanich �996! 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 area» within
Thailand's conservation zone, which i» kept a» a natural
forest. Pongthanapanich �996! concluded that 61% of
the area outside the conservation zone should be con-
served in its natural condition, 17% should be de»ignated
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 hus
impinged on neighboring agricultural areas»uch as rice
field». 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. Salinizution of
groundwater can affect scarce drinking water»upplies
in coastal villages. Salinization of shrimp ponds becomes
an issue if ponds fail and require conversion hack 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

valuable tools in a health management program, they are
sometimes used inappropriately or in exce»». This re-
sults in ineffective treatment, financial R>ss, imd poten-
tial contamination <>f natural waters and shrimli with re»i-
dues. Clearly, improved method» are needed u> diagno»«,
prevent, and treat shrimp diseases.

Other

Other environmental issues, which are not addres»etl
in this paper, include dependence on wild post larvae and
reproductive adu!t», excessive pumping of ~r<>undw;<ter.
and land and water use conflicts.

Premising New Developments

The technology of shrimp aquaculture i» advancing
rapidly in the t'undamental disciplines of aniinal health.
sanitation, genetics, nutrition, and pond management. Thc
challenge i» to apply these new tools tc ov< rcome the
hurdles now facing thc industry.

Animal Health

Disease diugno»i» � Successful animal liealth pr<>-
grams are ba»ed upon appropriate prophyla< tie and di-
agnostic measures � rather than therapy � to <let«ct earl>
disea»e symptoms. Diagnostic technology ha» advancei.l
rapidly in recent years with the application i!f inethod»
such as DNA probe», enzyme linked immunosorbent a»
says, mono- and polyclonal antibodies, and polymer<i»«
chain reactions  PCR!  Bruce et al. 1994; Carr et iil. 19'�;
Lightner et al. in press!. Molecular techniqu<» are esp«
cially critical I'or rapid, accurate, and »en'iti< «diagno»i»
of viral di»eases. The availability of these technique» Iia»
allowed researchers Io study the biology and transmi»-
sion of viral diseases to better understand mc;ins of mim.
aging them.

Very little tissue is required for molecular iechnique».
so they can be applied on a nondestructive ha»i» t<>
brood»tock by hemolymph sampling or reinoval of;i
single pleopod. They also can be used to screen po»tlar-
val populations, In Thailand, many farin» and govern-
ment laboratories are now performing routine analy»ii
of 5- to g-day-old, hatchery-reared postlarva« for white-
spot virus by using PCR followed by a dot blot test  T.
Flegal, Dcp. Biotechnology, Mahidol llniver»ity,
Bangkok, Thailand. pers. comm.!.

In addition, sophisticated diagnostic tool»;ue becom-
ing available at the farm level through i.h«use of coiri-
mercially available DNA probes and diagno»tie kits ti>i
viral  DiagXotics", Inc., Wilton, Connecticut, ICOSA!;<nd
bacterial pathogen»  e.g., Radikit", D>isease Section.
Freshwater Fisheries Research Centre, Melaka, Malaysia i
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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
et al. 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. �989! reported a reduction in mortality from
78.9% in controls to 29 � 36% in P j aponicus treated with
formalin-killed Vibrio sp. Itami and Takahashi �991!
demonstrated that a reduction in mortality could be
achieved by microencapsulating killed Vibrio cells and
feeding them to larval Pj aponicus.

Polysaccharides are being used to enhance the shrimp
immune system. Sung et al. �994! 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

immunity. Hemolymph lectins of shrimp are also recog-
nized for their role in causing agglutination of foreigii
proteins  Fragkiadakis and Stratakis 1995!. Recent re-
search about inducible antibacterial peptides and primi-
tive cytokines may lead to important disease-resistanc»
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 tank» to con-
trol pathogenic bacteria. The probiotic concept involves
intentionally seeding sterilized seawater tank» with ben-
eficial bacteria to reduce the opportunity for coloniza-
tion of pathogenic bacteria  Garriques ancl Are valo 1996!,
This is an exciting alternative to using antibiotics for
control of pathogens in larval culture systems.

Stress.� During viral epidemics, often certain farina
seem to operate with minimal disease losses. Much ol
this advantage is attributed to low stres: . For example,
in a trial conducted in Thailand, shrimp v ere injecte<l
with a sublethal dose of white-spot virus and their grov th
in aquaria was compared to controls  T. I legal, Mahidol
University, Bangkok, Thailand, pcrs. conun.!. There was
no difference in growth or survival between the infecteil
and control shrimp until they were subjected to stress,
such as low dissolved oxygen  DO! and extrenie 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 th»
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 ol' animal
and plant husbandry I'or many years. Specialized com-
panies have been breeding chickens for meat consump-
tion since about 19SO. Over that time, the growth rate ot
chickens has increased by three- to fourfold while Riod
conversion has simultaneously improved b> 30%. In a
study designed to evaluate the relative contribution ot
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 als»
been shown to influence disease resistance piitential and
immunocompetence in chickens  Ruff and Bacon 1984;
Puzzi et al. 1990!.

Atlantic salmon  Salmosalar! and carp  Cyprinus spp.!
have demonstrated considerable improvement in disease
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resistance through genetic selection  Gjedrurn «nd
Fimland 1995!. In vertebrates also have genetic potential
to increase disease resistance. Gaffney and Bushek �996!
studied the resistance of oyster  Crassosrre<t vi rginica!
to two parasites, Perkinxus nu1rinus and MS X. 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 brectding studies
increased resistance to either MSX or P. mari aux. How-
ever, oysters selected for resistance to MS X 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
et al. 1992!.

Laboratory selection.� Early research on genetic di»-
ease resistance in shrimp is yielding encouraging results.
The U.S. Marine Shrimp Farming Program i» using spe-
cific pathogen free  SPF! Penaeus vannantei as a plat-
form for selective breeding research  Carr I 996!. Three
series of trials have been conducted in which 60 full-sib
families �0 maternal half-sib families! have been reared

in each trial to a size of approximately I 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
variati<>n 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
infortnation, Carr �996! 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. �992! reported that a population of P.
stylirostris, 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. xrylirostris called Su-
per Shrimp", which was reared in captivity more

than 7 years and is resistant to IHHN vit tts
 Wi lkenfeld 1996!.

~ Aquamarina de la Costa  Caracas, Venezuela! re-
ports that incidence of deformities thought 1<> he
caused by IHHN virus in captive populations <>I P
vanna>nei have decreased from initial levels of 3S-
4S% to current levels of 3 � 10% due t< ri<>orous s<-
lection over several years  Rosenberry 199S!.

~ Laboratory challenge tests at University of Ariz< tlii
have confirmed field results indicating improved r<-
sistance to the TS virus of P. vann<lniei reared in
captivity for 2 � 3 generations  D,V. I.ightner, D<tp,
Veterinary Science, University of Arizona, Tucsoit,
Arizona, pers. comm.!.

Gaffney and Bushek �996! suggested tlie I'ollowin I
step» in implementing a farm-level selecti >n prograir>:
 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 diseas<:
pressure; and  c! using appropriate breeding plans t<> m
crease disease resistance without compr<nnising othei.
production traits. This process may require years, bui it
can be accomplished with presently availahle techn<>l
ogy

Natural selection.� In addition, natural st. -lection pr.>
cesses may be gradually increasing resistance of wild
shrimp populations to certain viruses such i>s IHHN vi
rus in Mexico, yellow-head virus in Thailand, and TS
virus in Ecuador  I ightner 1996!. The rate at which dis
ease resistance develops would be expected to be a func-
tion of selection pressure. In other words, >vild shrimp
populations that are concentrated in areas strongly im-
pacted by the disc;ise would be expected to adapt faster
than those which are more widely dispersed and 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 hybrids have
been produced with penaeid shrimp, and these have had
very lov 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
specific pathogens. Similar research is conteinplated for
shrimp  Mialhe et al. 1995!.

Pond Management

Water exchange.� Traditional shrimp pond rnanage-
ment relies on relatively high rates of water exchange to
maintain water quality, regulate plankton density. and m-
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 effluent represents a
significant source of eutrophication for receiving water~.
Briggs and Funge-Smith �994! estimated that 22</o ol'
the total input nitrogen and 7'/n ot' thc total input phos-
phorus of an intensive shrimp pond are released durin ~
routine water exchange. In addition, water exchange can
cause mortality of impinged and entrained organisms dur-
ing pumping. I'inancially, water exchange i» costly in
terms of pumping, maintaining predator screens. and re-
moving sediments from supply canals and ponds < Boyd
1992; Peterson and Daniel» 1992!.

Until recently, little systematic research had been con-
ducted to evaluate the need for water exchange in aer-
ated systems. Browdy et al. �993! demonstrated that
daily water exchange in the range of'10 � 100'/< had little
impact on growth or survival of P, ionnnniei in fiber-
glass tank» as long as acceptable DO level» were main-
tained. Allan and Maguire �993! found that water ex-
change rates of 0 � 40% did not »ignificantl! affect
performance of P, monodon stocked in plastic-lined pools
at 20-40/m-.

Hopkins et al. �993! found that daily water exchange
could be reduced froiri 2 >e/<> to 2. >'/r 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 den»itic» of 44
and 66/m-, water exchange was required to;ivoid mor-
tality. Hopkins et al. �993! cautioned that the as»imila-
tive capacity of ponds with zero water exchange and 20
hp/ha of aeration i» approximately 70 � 140 k > <>f leed
ha ' d '. Hopkins et al. �995! demonstrated that lixed
daily rations of 68 � 136 kg/ha could produce 5.8 � g.2 mt/
ha of P. i aimamei with zero water exchange and 20 � 40
hp/ha of aeration.

Little systematic research on water exchange ha» been
conducted in non-aerated pond», 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'/r to I � 4'/< with no negative
effects  L. Anderson, Morrison International, O>uayaquif,
Ecuador, pers. comm.!.

Disinfection of inlet water.� Chlorine disinfection of'
pond water is being used by more farms in Asia as mcans
of operating in areas affected by virulent pathogens and
their carriers. The process involves treating pond water
with approximately 30 ppm of hypochlorite solution
�0% concentration!, allowing a reaction time of 2--3 d.
dissipating chlorine residue with aeration, and then us-
ing the pond 1'or culture  C. P. Group 1994!. In such dis-

infected systems, water exchange is reduced to a mini-
mum because repliicement water needed durin the evcle
must be disinfected in a separate pond before introdu«.
tion into the culture pond. Boyd �996! ciiutioned thiit it
i» not possible to rcc<immend a standard chlorine dose
applicable to all waters. 'I'he appropriate chl<>riiie do~L'
tor disintection depends upon the chlorire dern >nd;md
pH of the water.

Harvest drainage.� Brigg» and I'unge-Smith �994>
estimated that I 3c/e of the total input nitrogen;m<l 3'/> c>t
the total input phosphorus of an intensiv »hi in>p pond
are released during harvest drainage. Schwarz and Boyd
�994! found that 509  of the nitrogen, pho»pl>orus,;»>d
BOD discharged during drainage of channel catfi»h
 I< i<r/«rus pnni tnri<x! ponds is released in the last
20'/n ol'effluent. The environmental impact of th>s w;iste
can be greatly reduced by using sedimentati<>i> ponds ii>
receive the final portion of harvest water  Chanratchakool
et il.  995!.

Pond sediments.� Shrimp pond» can accumuliite con-
»iderahle quantities of' sediment from suspended soil
particles in inlet water supplies and from eix>sion of tlie
pond wall» and bottom. Two intensive shriml> ponds in
Thailand accumulated an average depth of 7.s «m ol'
loosely consolidated sediment in a single 4-nionth pro-
duction cycle  Boyd 1992!. Such high rates of se<limen-
tation can quickly diminish the working volum< of'pond».
Boyd �992! rccomn>ended use of sedimentation ponds
to rcmove sediments trom incoming water hef'ore it is
used in shrimp pond». Erosion of ponds is caused mainly
by aerators positioned around the periphery o>' thc p<>nd
and by wind-driven waves. Smith �996! estiinaied thiit
erosion in aerated pond» for P. rnonodon ace<>unted lo>
19!t k ha d ol'sediment from pond wall».md 90 hg
ha ' d from thc pond bottom  Smith 1996!.

The quantity of org;mic material that accuniulates oii
the pond bottom t'rom uneaten 1'eed, organic t'ertilizer,
shrimp excrement. and dead plankton increases in direct
proportion to stocking density  Boyd 1992 Clifforrl
1994!. Thi» or >anic inaterial enriches the sed>ment anil
generally results in;i much faster accumuliiti<>n rate.
Brigg» and Funge-Smith �994! estimated thiit 31'/e <>1
the nitrogen and f�"/> of the phosphorus inpui in an iii-
tcnsivc shrimp pond was transferred to the»ediments.
To avoid inhibitin ~ effects of accumulated»e<lin>ent on
shrimp performance, many farmers wash the»edimen>s
out of the pond follov ing harvest  Clifford 1'!94!. This
practice can deteriorate the quality of the receiving w;i
ter body. Sediments»houfd either be dried ai>d spread
evenly over thc pond bottom between cycles  Bi>yd 1992!
or removed from the pond when wet and dried in a sedi
>1>entation pond. Chanratchakool et al. �99s! recoil>-
mended that the black anaerobic layer be flu»hed out i>r
the pond with a prcssure washer and pump d into a»edi.
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mentation pond. Sandifer and Hopkins �996! recom-
mended that sludge be pumped 1'rom the ponds weekly
during the production cycle, settled, dried, and u»ed to
improve agricultural land.

Polyculturc.� Shrimp pond» generate a lar e amount
of plankton, which is a concern in terms of'el'fluent but a
potential opportunity in terms of polycultur« Shpigcl ct
al. 1993; Chanratchakool et al. 199S; Sandifer and
Hopkins 1996!. Promising polyculturc species are bivalve
mollusks such as oyster», clams, and cockles and filter-
feeding fish such as tilapia and mullet. Seaweed such as
Graeilaria sp. can also be reared in effluent» to strip ni-
trogen and phosphorus from the water column.

Nutrition

Continual advancements in shrimp nutrition are re-
ducing the cost and improving the efliciency of shrimp
feeds. This is partly related to a bette» understanding of
nutrient requirements, ingredient digestibility, attract-
ants, pigments, health additive», and feed processing
methods  D'Ahramo et al. 1997!. However, it i» also due
in large part to more efficient management of feeding
methods, particularly the u»e of feeding tray» to estiinate
the daily consumption rate of shrimp  Chanratchakool
ct al. 1995!.

Low protein fccds.� One of' the most proini»ing new
developments in shrimp nutrition is the usc of lov pro-
tein feed» in conjunction with zero water exchange. Re-
search by Hopkins ct al. �995! indicated that P. > an»arnei
reared in intensive ponds with zero water exchange per-
formed;is well with 20% protein feed a» with 40% pro-
tein. Analogous results were also reported by Israeli re-
searchers working with tilapia  Avnimelech ct al. 1992!.
This approach uses the ecology of the pond environment
to maximize thc efficiency ol' feed  Kochha 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 usc the microbial coinmunity to re-
cycle a portion of these wastes for later con»umption in
thc form of enriched detritus or plankton.

The threshold carbon to nitrogen  C:N! ratio of food
for zooplankton and bacteria is approximately 10: I
 Anderson 1992!. Above thi» threshold, nitrogen i» lim-
iting and below it carbon i» limiting. Typical leeds f<>r
intensive shrimp culture have a crude protein composi-
tion of 35 � 45% and a C:N ratio of 3 � 4: I. Bacteria arc
unable to efficiently use the waste from these feed» be-
cause they are limited by insufficient organic carbon.
Avnimelech et al. �992! demonstrated that the C:N ra-

tio could he balanced by providing a carbohydrate»upplc-
ment to the pond <>r by including a carhohydrate dilu<.nt
in the feed. The lack of water exchange is important i«
give bacteria imd other microorgani»ln!i <ill opportuiiit!
to colonize wastes without heing continually flu»hed out

Shrimp and tilapia apparently use bacteria-1 >den de-
tritu» and zooplankton as a secondary foo<l source. s> hieh
improves feed et'I'iciency. Moss et al.   I'>92! found that
effluent I'rom a shrimp pond enhance<i growth ol' l'.
>'ar>l>an>ei 89 zi more than inlet watei to the pond.
Bombeo-Tuburan ct al. �993! found thai organic detri-
tu» was the most important food source in pcnaeid»i<>ni-
ich». Some re»earchers attribute the nutr>tional v;>I<le ot
detritus to microbially mediated digestion i!f refractor!
organic matter and others suggest that it i ~ due to c<>iita-
bution of important nutrients  Moss et .iI. 1992: H;irri»
1993!. Shpigcl et al. �993! found that niitritional v;iliie
of particulate matter also was enhanced hy att;><:hed
benthic diatoins.

Both Hopkins et al. �99S! and Avnimelech et,.il.
�992! reported a 50% reduction in fee<1 c<>»t by u»ing
minimal water <ixchange and low-protein I'ecds, but both
group» relied on high rates of aeration. Avni>nelech e< al.
�992! used aeration rates of 200 hp/ha,;ind Hopkins el
al. �995! used rates of 20 � 40 hp/ha. Apparcntlv,;ier:i-
tion is es»entiiil to prevent sedimentation and relea.e <>I
growth-retarding anaerobic metabolite»»uch a» hy<lr<>-
gen sulfide. nitrite, and methane. Aerobic decoinp«»i-
tion lead» to the clean end-products of < arhon din»isle
and water. The potential of achieving high produ<.<i<>n
rates and low FCRs using low protein feed and little <>r
no water exchange looks very promising. I'uture rese;irch
should focus on optimizing pond design io reduce;i< r;i-
tion requi> ement».

Site Selection and Predictive Models

Ecological inodels are being develop< d io help pre-
dict the carrying <.apacity ol'estuarie» based on tidal ve-
locitie», DO levels, and nutrient load». Strutton et;il.
�996! developed an expres»ion for calcul.>ting the tlusli-
ing time ot'coa»tal inlehs based on mean depth, net evalx>-
ration rate, salinity of the open ocean, and salinity <>I'ihe
inlet. The state of South Carolina, USA. asc» a dilution
model to deter>nine whether the effluent <Iischarge I'n>iii
a proposed shrimp farm would cause a significant chaiige
in the water quality of' the receiving stream  Hopi in» <>t
al. 1993!. Ward  in press! developed a model of thc a»-
similative capacity of a Honduran estuary with re»pe< t
to oxygen-deinanding constituents. Hi» iiiodcl con»i»i»
of a hydrodynamic component that estimates the w.iter
velocity in thc tidal receivin< body bas<.d on varying
degrees of farm development, and a ma»» < ran»port coil I-
ponent that predicts the sag in DO in the i eceiving h<>dy
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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 farms 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 haivest 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-

head viral intection of American penaeids hase,ilready
been documented. Tighter regulations are needed 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 mangrovcs, salt-water intrusion, discharge
of chemicals and therapeutants. collectinii of wild
postlarvac and reproductive adults, introduction of exotic
diseases, and social conflicts concerning land and water
use. Proper resource planning, allocation, moniti>ring, and
enforcement can prevent many of these problems.

New pond management technology is being <leveloped
to greatly reduce water requirements, minimize h>ading
ot'receiving waters, and reduce the cost ol'feed. Shrimp
aquaculture is in a stat« of transition to a more controlled,
efficient, and environmentally sustainabl« 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. ANDE!RSON

Absrrar n � The transition to an indivitlual transferable quota  ITQ! fisheries management program ciin hc
partitioned into three phases. The first phase is the actual implementatum. which includes the initial alloc,ition
of quota and the structuring of regulations and institutions under which the»y»tern will operate. The»econd
phase i» the period in which the market for quota trading develops and the participants have the oppr rtunity to
make short-run changes in their operation» a» l'acilitated by an ITQ system, including trades in quotas. The third
phase is when participants can make long-term changes through modifications in harvesting and procc»»ing
capital equipment. There is the potential for developing new market channel» in the second and third phase» and
for analytical purposes it may be useful ti> di»tingui»h between those which are tied to capital investrnenti and
those which can be canied out with the exi»ting capital stock. There will be different efficiency and distribiition
effects in each of these phases. The types of effects likely to occur, how they will differ in the various ph.ise».
and potential basic or fine-tuning adju»trnent» in policy to mitigate potential!y undesirable results «rc de-
scribed.

Industry Structure and Regulation

Basic Operational Incentives

txpt-APC-P >0

Although the basic concept of indi vidual transferable
quota programs  ITQs! is relatively simple, the manner
and timing with which they will achieve conservation
and efticiency benefits and the distribution of efficiency
gains are quite complex.  For a detailed discus»ion 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 manu»cript.! 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 stock». The purpose of this paper i» 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 i» 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-
sion i» 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 thc 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 relaxing those
assumptions is the subject of the next two sections  ITQs
in Overfi»hed Stock and Non-Malleability!. Although
distribution effects are covered throughout the paper.
the next section  Other Distribution Issues! summarizes

and expand» the coverage of this topic. The linal sectii ui
presents a summary and general conclusions.

In order to study Ihe working» of a comniercial fi»h
ery, we must under»tand the conditions th;it influenc
the harvesters' and processors' choice of capital equip-
ment and the level of operation. This can be described
using the break-even conditions in each sector.

At the outset, it will be useful to defin three different
types of fish prices:

P, = the price received by processors or whole»iil-
ers for final fish products,

P = the price processors pay for raw fi»h, and
P = the raw fish price received by the boat.
The distinction between the last two may»eem attifi-

cial because under traditional fishing anningemcnts they
are the same. However, as will be described lielow, the>
are conceptually different in ITQ programs and, further.
this difference is critical.

Although most economic analyses of commercial fi»h-
ing assume homogeneous producers, in the reiil wiirld
individual processors and harvesters are often dissimiliir
owing to differences in capital, skill, location. and other
factors. These differences are explicitly considered in thi»
discussion. The ba»ics of the operation of participants in
the processing sector can be explained using the l'ollow-
ing expression:

where c  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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P,�- AEC/CPUE > 0  '2!

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 �! 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 afford 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 tinding «buyer

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 thc con-
text of non-malleable capital  see Non-Malleability!.
Assuming constant marginal processing costs, fir>us 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   I ! as an equal-
ity. This maximum bid price will only be valid for the
quantity of raw fish that will allow APC to he 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  I! 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 max i-
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:

for what they catch «nd to make intramargin;<1 rents it
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 �!

This expression will determine the equilibrium raw
fish price and the number of operators in each sector
Processors will use expression �! to determine their
maximum bid price for raw fish, and harvesters v ill use
expression �! to determine their minimum reservation
price for raw fish. If' the existing price of raw tish 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 protits and all others will e,irn 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 t<> increase
their market share.

While these expressions do not capture «11 of the intri-
cacies of the two sectors, they do provide fhe 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 determina-
tion of P, Technology and the level of output deter-
mine APC, AEC, and tx. The condition of the stock de-
termines CPUE. Regulations can affeci, directly or
indirectly. any of these items. The main foe<is of this
discussion is to show how traditional regulati<>ns affecf
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 tishery will reach a situation represented by
expression �!. The real issue centers on the types of
things that will change the parameters of expressions �!
and �! such that the minimum reservation price of
vessels is pushed up «nd the maximum bicl 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 results of open access as
elegantly as some of the more formal model», 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 thc 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 �! will not hold. To the extent that entry oc-
curs, increased effort will reduce CPUE. which will di-
rectly affect expression �! for all boats and help move
the system to a new equilibrium. As an example, a new
technology that increases the product recovery rate, <x,
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 expressions
 I! and �! can potentially lead to changes in the indus-
try structure where condition �! 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 soine boats
above the maximum bid price for the marginal proces-
sor. In addition, the distribution ol the intramarginal rents
could change, especially if only some ol 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 �!, 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. Fffort 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. Thi» 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 fislnng mortality dur-
ing critical life periods can also be important. However, given
the abstraction of the discussion, it will suffice, especially if ihe
results are interpreted correctly.

adjust their technology and operating procedures to iiiini-
mize the increased cost of the gear re. triciions. Such;id-
justment will reduce the biological efficacy of the r«u-
lation; in the long run, the effect of the g«ar restric  i<ins
on reducing fishing mortality will be less than it was origi-
nally. And there is a non-syinmetrical eff«ct here: While
the gear restrictions increased the minimum reservation
price of only boats with that gear, the increase in CPUF.
lowered the minimum reservation pr>ce of all boats

Because gear restrictions tend to become less «I'I'ec-
tive over time, regulators may implement a new r<iund
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. Th«r«-
suits are short-term improvements in stock size  which
tend to be reduced over time as participants change op-
erating procedures or introduce new teclinologies1 and
inefficiencies in production.

The same conclusion follows for area or season cl<>-
sures. Season closures reduce the nurnbei of days a boat
can operate, which means it must spread its fixed «<>six
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 thc marginal pn>-
ducers to stop fishing, which will increas«CPUE. Given
time, however, boats and plants can adjust their activi-
ties so that they can produce more output in the <>pen
season and new participants may find it profitable to en-
ter if the initial increase in CPUE is high enough. 1'here
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 «an increase
CPUE. All else being equal, this will reduce the cosi ol
taking a unit of fish  AEC/CPUE!, which will lower n>ini-
mum reservation prices. However, with the total qu<ita.
the ability to produce at the lowest cost is not very us«ful
once the quota is reached. This leads to a > ace for fish. In
order to get the fish, boats will gear up to harvest is I;isi
as possible. Thi» will increase AEC. Gearing up for thc
race for fish will cease when expression �! holds for the
marginal participants. Quotas can a'Iso have effects <>n
the processing sector. They have to gear up to handle
fish in shorter amounts of time, which will affect 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   I!
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 flsheiy. 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 goal». 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 effici«ncy ol'
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 t'rom
harvesting it.! Improvements in CPUE improve protit-
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 prof>t 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
so as to increase ot and decrease APC. The market price
that processors will pay for raw tish, P, will depend on
the total quota and the distribution of maximum bid prices
and capacities of processors. It will tend toward the P,P'
which causes expression �! 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< «will
depend upon the distribution of minimum reservation
prices and capacities of harvesters. It will tend toward

the P�,, which causes expression �! to hokl f<>r»nough
boats that the quota can be harvested. Again, some of'
the boats may earn rents.

The market process does not equalize .P�aiid P,, In-
stead there i» a tendency for the difference to be maxi-
mized subject to the economic and biological realities of
the fishery. Thi» dil'ference is the annual market price ol'
the right to harvest one unit of fish:

The above conclusions are not changed il ITQs ar»
owned by harvesters or processors. A harvester with quot;i
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 hii>e boats i<>
harvest the fish at the lowest possible Pe«and will hav«
incentives to maximize profits from processing and mai-
keting.

No matter who owns the quota, in the lon run hai-
vesters and processors will at least make nornial returns
and those with special attributes may earn intramarginal
rents. The size of rents earned by ITQ owneis will d»-
pend upon the maximum bid price of the mar< inal pro-
cessor and the minimum reservation price o!' the mar-
ginal harvester. For the most part, the allo<ration of ITQs
will not have an eft'ect. on the amount or timing of effi-
ciency gains, but only on who receives the < ains. How-
ever, see the following discussion of non-malleable capi-
tal.

The focus of this discussion on the technical opera-
tion of an ITQ prograin tends to mask the potential dis-
tributional et't'ects. 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 ITQ»  expres-
sion �!!.

Timing of Efficiency Gains and
Distributional Effects

For purposes of analyzing the efficiency and distribu-
tion issues in the transition to an ITQ prograni, 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   I!.
�!, and �! will hold, All elements in expressions   l !
and �! can be affected by the open-access race for fish
or the type of regulation. For example, the race for fish
caused by seasonal cl«xsures may reduce the quality of
the product so that P, is lower than need be. I'rocessors
try to arrange their activities so that they inaximize
profits and, in doing so, arrive at a situation s> here they
have the highest possible tnaximum bid price I'or raw
fish  see expression [ I !!. This means they will b« in the
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TABLE l.� Economic factors influencing the ITQ price in the short. medium, and long run.'

Timing
Short>un l,ong runMedium runSource of gain

Market devel opnu utFinal market, P,

Processing c<, APC

Market development

Opera>iona! «hunges
Quota >rude< a»d contracting
Regulation removal, >moor retoi' ling

Operational changes
Quota trades and <on>roc>in
Regulation remov;il, iuvesimeoi
New oppor>uml>e<, investmeu>

Regulation removal
Fffec>v of initial allocation

Regulation removal
Effect< of initial all<>cu>ion

Operational change
Quotu >rude< uod contracting
Regula>ion removal. minor >«toclmg

Operational change
Quota trades aod contracting
Regula<ion rcmov;il in<esimeo>
New oppor>uniu<iv invc<>mcu>

Harvesting, AEC

Higher TAC
Higher CPUI!
Llimiuatiou ol'ruci for fi<h

I.m< or po<s>hie mcreu<iug 'I'A '
Improving  'PUE
Elimination of ruce I'o> l><h

Low TA '
Same CPL!L
Elimination of >ace for tish

Stock, CPUE

AEC'P>To =  aP> � APC! -  CFUE !

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 c , P .. orAPC,
efficiency in the processing sector will be adversely af-
fected and maximum bid prices will bc lower than they
otherwise could be. In summary, expression   I! 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 �!. 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 producer. In sum-
>nary, under open-access or traditional regulation, expres-
sion �! will be brought to zero by increases in AEC/
CPUE.

An ITQ program will tend towards a situation where
expressions  I! and �! hold and expression �! 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 �! and �!
can be eliminated.

The annual efficiency gains from an ITQ program are
represented by the price of the ITQ in expression �!.
One way to look at the transition to an ITQ program is to
consider how the various eleinents can and are likely to
change over time. While the expression I'ocuses on effi-
ciency, distribution issues can be described as well.

The elements ol' expressions  I! a»d   '! can b» bi»-
ken down into I'inal market, processing. harvestin >, anil
stock eff'ects  Table I!. Given the previous discuss«in.
the price of an ITQ will be as indicated by the equal io»
in the footnote lor Table 1. The table also»imtains a xiii»-
mary of the types of changes likely to occur to thc vari-
ous elements in the short, medium, and long> run. 'I'h«
terms � short, medium, and long run � are relativi an<I
will differ according to the nature of the fishery; the
short run could last 6 � 12 months and th« long ru»
could be as much as a decade.

The remainder of this section descr>bcs these changes
in more detail. 'I'o keep things simple, assume that aii
ITQ program has been implemented on tiip <>f a syst»»>
that maintains a safe catch level such that stock rebu ild-
ing is not an issue.  The case with stock r«building <vill
be discussed in the next section.! In all cases, thc pre-
dicted results are quite general. The actu,il results « ill
depend upon the peculiarities of the case involved. Th«
specif>cs of the regulation program in et'I'ect prior io thi.
ITQ program and lhc size, composition. a»d the typ» ol'
capital  malleable or non-malleable! in the two sector>
will be especial ly important in determining the types;iiid
timing of gains.

In the short, medium, and long run, producers cii»
potentially find beuer markets for the final product. Whil«
they may try to do so in traditional regulation programs.
such programs sometimes preclude certain market ing
options. The most striking example of this is the Aust>a-
lian southern blucfin tuna  Thunnus ma criyii'! ITQ pro-
gram. Prior to the ITQ program, the race for lish mean 
that the bluefin tuna were caught at <mall sizes a»d i»
such condition that their best use was for  arming. »1 ith
the advent of ITQs, market incentive.; encouraged har-
vest al larger sizes and better onboard tr»atinent su»h
that the fish could be sold on the Japanese raw market ai
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a significant increase in market value. The Canadian hali-
but  Hippoglossus stenolepis! ITQ program is another
good example. With the elimination of the derby tishery,
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 l, 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
salidissima! ITQ 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 day» with low-
cost vessel days. As a result, AEC was reduced. which
produced a small wedge between P, and Pac 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 affect 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.

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 ol
new investments. Some opportunities may be possible
because of the removal of regulations  e.g., ihings thai
could not be fixed by simple refitting!. For example, boal
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 tc replace these
less efficient boats.

In addition, an ITQ program may result in the desigii
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 arc not considered or explored: There is n<i
sense spending research and development eft'orts in ar-
eas where they will not prove useful. With the removal
of these restrictions, such barriers to reseiuch 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, thc economic gains from an ITQ pro.
gram are represented in annual terms by the annual prie e
of an ITQ. The types of changes that wiill lead to effi-
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 eft'iciency
gains, and who will gain and who will lose v ill depencl
upon the initial allocation of quota and the type of capi-
tal and the operating procedures of the parncipants in
the two sectors. The first point is obvious aind is frequently
made in the literature. The second point is a little more
subtle. One way to inake 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 ol
quota equal to Piro, and as explained prev ious ly, this rent
is likely to increase over time.

Whether they receive ITQs or not, all partic ipants wi I I
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 �!. �!.
and �! in the ways described previously. Marginal prii-
ducers would tend to make normal profits and others
would tend to make intramarginal rents. With i egulations
that restrict flexibility of operations, those participants
whose vessels, operational procedures, or personal skills
enable them to work well under the restric ticins are like iy
to be among those who earn intramarginal rents.

With the institution of ITQs, the number and comp<i-
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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. I'or example, those 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 chimge. 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 ITQ
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 mostP
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.

Thi» discussion oversimplifies things to make the p<>int.
The case for gains going to purchasers may be strongci in
real-world situations. Once an ITQ system is started, ii i»
unlikely that new vessels will be constructed on specula-
tion. The owners will want to obtain sufficien>. ITQs  <>r
long-term contracts! before building the boat. The pro-
spective builder will know that its P��will be $10, hu<
current ITQ owners will not. The market price for ITQ»
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 gains
that result from the ITQ program. In fact, it is these sorts
of gains that will keep an ITQ fishery dynainic.

ITQs in Overfished Stock

If ITQs are established as part of a stock rebuilding
program, the efficiency and distribution effects described
previously will bc altered somewhat. The main differ-
ence will be due to the reduction in fishing inortality thiit
will be necessary in the early years.

In the previous case, it was assumed thai the TAC;is-
sociated with the ITQ program was roughly equal to cu r-
rent harvest. This was the case for the surf clam and oceiin
quahog  Arcrica i slandi<a! fishery and will be the ciisc
for halibut and sableflish  Anoplopoma firn/>ri<i!, two i>f
the three ITQ fisheries in the USA. With overfished
stocks. however, initial TACs will be less than current
harvests. Since ITQs are. normally issued i>n a percent-
age of TAC basis, this means that, initially, each 11Q
owner will have less fish to harvest. Over time as the
stock rebuilds, TACs will presumably be increased arel,
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 fess er
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.,il-
though at lower levels of operation, in order to maint.un
their labor force and keep market channels open until
TACs increase. Thi» will allow for more potential sav-
ing» from more operators, but the inefficiencies of lov,�
level output may counteract some or all of the savings.

Serious distribution effects will occur, especially if
the cutbacks are severe and long-lasting. Even those
operators who are included in the ITQ allocation will
suffer short-term reduction in intramargina! 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 bankruptcie» under
traditional regulations, current producers may he gone
when the stock i» rebuilt. The gains will go to the nev,
participants when the fishery is re-opened, not to those
who suffered from the reduction in fishing inortality. 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 ju»t take
longer to achieve. There i» 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 procedur«» than
did the overfi»hed 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 i» 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. Soine
harvesting equipment can be used in a number ol' fisher-
ies on a day-to-day basis, others can be changed hut only
with substantial time in dry dock, and some are»uitable
for only one use. Similarly, processing equipment can
be single or multiple purpose. Since processing equip-
ment is nor>nally immobile, the ability to move io other
uses is also dependent on its current location relative to
the other uses.

The main effect of non-malleability can be summa-
rized a» 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 de>non»trated
using a simple example: Assume a fishery with perfectly
mobile capital in processing and harvesting that i» l00%
overcapitalized owing to an open-access regulation pro-
gram. A»sume an ITQ program is instituted and, for
whatever reason, the rights are distributed such that 50~ir.
of the quota is given to half the processors and the other
50% i» 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

u»e it elsewhere in thc economy. They do not receive;i
share of the rents, but at least they can still earn a return
from their equipment for the rest of it» pro hictive lif'e
even though they must switch to another use.

Now consider the same case, except a»»ume that the
capital is completely non-malleable. Again, pri>ducer»
who receive quota can receive the gains from the pr<>-
gram by using their equipment. Those v ho <lo not re-
ceive shares are in a tlifferent position. Eis»entially the
value of their capital ha» fallen to zero.  Jiven the race
for fish, they were able to harvest or pro=e»s such thiit
they received a return for the use of their equipment.
With the elimination of the race and with thc institution
of a market-allocated quota, they can earn nothing fr»m
the equipment and, hence, its zero value.

To carry the argument a step turther, a»sume that the
participants who do not receive quota decide not to gi>e
up but are willing to enter the market to bid for product.
Focus for the moment on a processor. Recall that pr<>-
ces»or» normally u»e expression �! to detetmine what
they can bid for raw fish to keep their piant going. Ti>
remain successful in the long run, the mo»t they can at-
ford to pay i» the difference between the return» froni
processing a unit of fish and average total processin
cost, where total costs include a normal re>urn on inv«»t-
ment. In thi» case, however, at the extreme. the plant»
will only consider variable processing costs when deter-
itiining 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 proce»»or» bid f»r
fish to keep their plants going, the price will approach,i
point where only variable costs are being co> ered. The
firm may be operating, but again there is no  or a greatly
reduced! return on the equipment. The pro'e»s can be re-
versed if overcapacity i» eliminated as some of the plants
reach the end of their productive life. Non-malleability
and overcapacity are joint requirements I'or the loss i>l'
capital values. This reduction or loss of return v ill al»o
happen to vessel owners who must bid for the right ii>
harvest. Thi» means the price of ITQs will go up as pri>-
cessor» bid for fish and harvesters bid for the right to
harvest. Some of the lost capital values of proces»or»;md
harvesters are transferred to ITQ owners.

In summary. with non-malleable capital, I'irms that do
not receive quota not only lose out on the gain» from the
program, but the capital value of their equipment can be
lost 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 m;iny
biological and economic problems in a fishery. There are
great advantages to reducing it. The point is ihat the amount
and the distribution of the costs of doing»o c;in 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 ITQ» are being proposed,  !ne
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 di»tributional
topics that have not been covered:  I! The potential ef-
fects of an ITQ program on the share system ol' crew
remuneration and how this can affect the distribution of
net gains between boat owners and crew members, and
�! 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 ol' 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 depend» in some degree on the
skill and exertions of the crew, the share system can he
used to attract good crew members to a given boat and to
provide incentives for extra effort during a trip. A» 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 proceed» re-
ceived by the crew;  I-s! = the percentage
received by the boat owner,

LC = 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,

NLC = the non-labor cost of operating a vessel on
a representative trip,

FC = the fixed cost of owning and maintaining a
boat apportioned on thc basis of a repre-
sentative trip, and

Q = the expected hariest from a represent;it!i e
trip.

If the crew i» to earn the minimum amount necc»iai'y
to cover it» opportunity costs, the share rate, i, must he
»uch that the following equation hold»:

»[P,�Q � NLCJ = LC

Solving for P, produces an expression for the mini-
illuin P,� that will ci!ver labor opportunity et!st» for van-
ou» share rates for thi» hypothetical ve»sel:

P,x = [LC/s + NLCJ/Q

 I � i![P�,,Q � NLCJ = FC

By solving for P, this becomes

P,, = [IC/ I � s! + NLCJ/Q

This equation shows the combinations oi' P�and .;
that allow the boat owner to cover fixed costi. This boat
break-even equation i» plotted as the curve BBC  F!g-
ure I !. If the share rate gets as low as zero,  i.e, rill of the
net proceeds go to the boat owner!, P,�can gc   ai lo«as
[FC +NLCj/Q. As s approaches I, P��mu»i approacli
infinity if the boat owner is to cover fixed cost~. All com-

Rex

"ex�!

FC+ LC + NLC

LC+ NLC
QFC + NLC

Q

0 si LC
LC + FC

sz

Firn!RF I.� -Relationship bc!ween crew share  S! anil break-
even ex vessel pnce for crews  CBC! and hoar owners  BB '!.

This break-even equation for the crew is plotted;ii
the curve CBC  Figure I!. If the share rate �ocs a» higli
a» I  i.e., all of the net proceeils go to the crew!, P�!:an
get as low as [LC +NLCJ/Q. As s approaches zero, P,,
must approach infinity if the crew is to bre;ik even. All
combinations of P, and i above and to the right of ihc
curve represent points where the crew will earn an in-
come higher than their reservation wage. Thai is. the cre«
will be earning rents.

If the boat is to earn the minimum amount nece»sari
to cover fixed cost~, the share rate must be such that the
following holds:
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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 i» 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 i» 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 I 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 cost». At
share rates between s, and sa, 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 tinal 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

boats will have different shapes from those ot' existing
boats.

The same forces that cause the curves to shift down
are also likely to decrease the market ex ve: sel 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-eft'ective beats.

The nature and extent of these distribu".ional 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;md
timing of operational changes and investments encour-
aged by ITQs.

Returns to the Public

Because ITQs create quasi-property rig nts 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 v hether
the public should be reimbursed when fisheries are priva-
tized. Some would argue that fisheries are like oil and
gas resources. which the government regularlv leases or
sells for private exploitation. Others see;i subtle dift'er-
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 affected
by programs that extract payments from owners? Sc«-
ond, if payments are to be collected, what is the best wi<y
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 transl'er is to
take place through an annual fee. Consider once again the
breakdown of the price of ITQs on the top of Table l. 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 ot' 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 manageinent 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 vr<l<>rem 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 intormation
concerning possible future investmenis will he 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 he difficult i<i
predict the gains because the types of inv< stinents 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 topics,
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 stat of the fish st<>ok
prior to its implementation.

~ The status quo regulation program v ill most likely
have an effecl on the choice of capital equipment
and operating procedures of participants in both sec-
tors, and this will have an effect on the nature of the
gains 1'rom iinplementing an ITQ prograin.

~ The full gains of m ITQ program will probably not
be achieved for several if not many yx ars, as ii will
take time for participants to change theii capiial s<ruc-
ture and operai.ing procedures. Further, it will be dif-
ficult to predict exactly the size of the expected gains
if current regulation programs have restricted <>r
misallocated research and development activities,

~ Although ITQ programs provide incentives to sol ve
conservation and efficiency problems, with heter<>-
geneous fleets and processors there can be changes
in the amounts of intramarginal rents earned by the
various participants.
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The Icelandic Individual Transferable Quota Spste>n:
Motivation, Structure, and Performance

RAGNAR ARNASON

Absrra< r.� This paper provides «brief descripti»n of the evolution. structure, and economic performance ot
the individual transferable quota  ITQ! svstem in the Icelandic fisheries. The ITQ fisheries management sysien>
in Icel«nd was mstituted gradually over a pen»d»t' IS years: The system was initially imposed in the herring
 Ciupeu ha>ensue! fisheries in  976 and, subsequently, in the cape!in  M<rllorr>» iiihrsus! fishery in 198 i,in<i
the demersal fisheries in 1984. Since 1990. «il Icelandic t>sheries have been subject to a uniform system o 
ITQ». The system, however, is still sub!ect t» some dispute and, consequently, further modification and change.
The key steps in the ITQ system's evolution were initially taken in response to financial crises in the respec>ive
fisheries. More recently, however, the tishin industry h«s agreed t» a significant improvement in the iishei ies
management system without being threatene<i v ith the alternative of a financial disaster. The passing»f the
comprehensive ITQ fisheries management iegislations in 1990 is a case in po>nt. While a definitive study i!f the
economic impact of the ITQ system is not iiv«iiabic, the indications tire thai there has been a substantial ec»-
nomic improvement in the fisheries.

Deep-Sea Trawlers

The Icelandic Fisheries:
A Descriptive Background

225

Individual transferable quotas  ITQs! constitute one
of the most promising approaches to improved fisheries
management. Within the framework of analytical rnod-
els, it is possible to show that an appropriately designed
ITQ system is capable of producing full economic rent~
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.
ln addition, they generally ignore the social environment
within v hich 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 prcsents indic«tors oi
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 evo-
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 most important Icelandic fishery by far is the de-
mersal or groundfish fishery. In recent years, this fishery

This paper is a slightly modit>ed and updated version of orle
published in the journal Marine Resource Economics  Arnason
1993, 8:20 -218!.

has usually generated between 75% and 	0% of the tot>ii
value of all fisheries catches combined. Thc most irn-
portant demcrsal species are haddock  Melar>r>gram>nits
«eglefinus!, redl'ish  Sebasres spp.!, saithe  pollo<k
Polla< hius ii runs!, «nd, in particular, cod  Atlantic ccid
 G«due morhua]!. Pelagic fisheries based excl usi vely on
capelin  Mallotus >ill<>sus! and herring  Atlantic herring
[Clupua lrarengus!! normally account fo>' about >0% oi
the total catch volume and about 10 � 15% of the total
catch value. In a<kditi<m to demersal and pelagic fisher-
ies, there are significant shrimp  northern shrir>ip
j Pandalus borealis J !, Norway lobster  Nephro!>t n<irv< gr-
< us!, «nd Icelandic scallop  Chlamys islan<lii a! fisher-
ies. The history of the catches is illustrated in Figure l.
A more detailed numerical description of th» se I'isher-
ies and their relative importance is provided in Table I.
The fishing fleet measures about 120,000 gross regis-
tered tons  grt!. It consists of the following t'our main
vessel chisses.

Deep-sea tr«wlers are relatively large fishing vesse]s
usually between 200 and 1,500 grt and 40 «ml 80 m in
length. They are engaged almost exclusively in the dem-
ersal fisheries, employing bottom and occ<isionally
midwater trawl. Because of their size, the deep-sea trav I-
ers have a wide operat>ng range and are able io».xploit
practically any fishing ground off Iceland. The tw<> main
types of deep-sea trawlers are conventional or  'resh fish
trawlers, and freezer trawlers. The fresh fish tr«wlers
conserve their catch by refrigeration. Each fishing trip
usually lasts for about S � 15 d. In recent years, there has
been a trend toward freezer trawlers. Currently, there are
about 30 I'reezer trawlers and about 7S convention«l
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trav lcrs. Thc deep-sc;I I'rccrcr lt;iwlers are generally coti-
sidcrably larger than thc convcnti<ir!al ones. The I!shing
trips usually last bctv,ccn 2 ! and 4S d.

From 20� gri;ind up. purse scincrs prin!arilv ungag~
in thc capclin fishery. Most;<is<< ptirticipate in other I'ish-
crics, particularly the deep-scn shritrip I'ishcry and the
herring fishery. The spccializcd purse scincrs usu;illy
follow  he capclin schools over great distances and land
their catches where it is most convenient.

Multipurpose vcsscls cover a wide sire r;inge. The
typical tnultipurposc vessel is smaller than those previ-
ously discussed. Sonic. hov ever. are quite large  i.c.,
>2f� grt!. Thc niulttpurpose fleet is. for thc tnost part.
n<it specialized with respect to Iishing gear or fishery.
M<1st of thc multipurpose fleet is designed ah gillnet ers
<ir lonriliners although it is  echnically capable of cn1-
ploying iruw ls and purse seines as wcII.'I'he ge<igraphi-
cal ran<re !8 lirnitcd for the smtiller multipurpose. ves-
sels. which are normally cont'incd io I- to R-d Iishing
trips exploiting fishing grounds rclativcly close lo their
home port,

The numerous par -Iirnc I'ishing vessels have sires up
to 12 grt although most are under l0 grt. These vessels
are typically owner-opera ed and employed on a seasonal
basis. This fleet employs handline, gillnets and longlines.
Depending on the fishery, the crew size is one  o three
persons. As the smaller of the part-time fleet  i.e., ves-
sel» �0 grt! were not subject to vessel quota restrictions
until 1990, this component of the part-time fleet has
mushrOOn!ed in recent years.

Further details about the Icelandic 1ishing flee   Table

2! show that the aven<gc agc ol the fishing fleet is rather
high. 'I'his t»ay ref'lect the effects of n1orc restrictive fish-
ery niutlagi:taunt ! let!hu<'eS olid oil!ci,il ettot'ts i	 tcccnt
yc;trs ti> h<ili new investincnt in the lishirii I'lee .

Until thc introductioti of thc vessel quot;i systcr» in
thc dcmcrsal fishcrics in 1984, most icelandic fishcrics
v ere v hat may bc charactcrizcd as corn non property
fishciics.  Owing to the introduction of vcsscl quo as in
Ihe herring and capclin lisheries a few years earlier. thc
common pr<rperty t!a ore of these fishcrics had been elirni-
nated; however, these I'i<heries <rnly accour!ted tor about

Tain.t: I � lcehiriclic lixheries cuich nnd value dain.



227THE ICELAND C I!'� SYSTEM

Oeep-nee  raw lan
S inn dard
freezer

107 Isasa 756
NA
NA

79
2g

NA
NA

Purie seiner< 20.026

Mulnpuepo<e fleei
~2 K! g«
111 � 200 grl
5 I 1� grl
13 � Su S«

39.001 25.3
Si
91

103
12s

20.7
24 0
29.0
229

14. 199
14 120
9 091
3.271

0 � � gn 427 13.0

Ail 120.390

The Herring Fishery

2,000
< reve I' ce ng I lee<

1,500

4- +' .'-'+" <.~-'+4'
1950 1955 1960 1955 1970 1975 1990 1995 1990

<<
1,000C

1945

Year

Fi iilai: 2.� Fishing capital and catch va uea  fixed prices!, 1945 � 92.

TAuLu 2.� The kclandic  ishing fleet, decked vessels. Decem-
ber! 992. NA = data no  available. Source: Anonymous �992a, b!.

To el <onnage Average
�,000 gross regi- ege

Number V ered innnee rg«!   year<!

10% of  he value nf Icelandic fisheries!. I'irst, until the
extension of the fisheries jurisdiction to 200 miles �20
km! in 1976, the Icelandic fisheries were esscn iully in-
 ernational flshe ies. [.arge foreign fishing fleets featured
prominently on the fishing grounds, taking almost half
nf the demcrsal catch. The extension of the fisheries ju-
risdiction to 200 iniles all but eliminated foreign partici-
pation in the Icelandic fisheries. However, the initial
managcrncn  measures taken in the dcinersal fisherie~
following this extension consisted ninstly of  otal quo-
tas, limited access, and effort restrict i<ms. Consequently,
they did nnt alter the c irnmon property nature of  hesc
fisherie~ f<ir domestic fishers, who were still  'orccd to
compe c  ' or shares in the catch. Thcrcforc, nnt surpris-
ingly, the development of  hc Icelandic fisheries in the
post-war era closcIy followed the path predicted forcom-
mon property fisheries  e.g., Gordon 1954!, exhibiting
increasingly eXCeSsivc fishing Capital and effOrt coinpared
with  he reproductive capacity of the fish stocks  Figure
2!. The value of fishing capital employed in the Icclan-

dic fisheries increased morc than  welvefold froin  945
to 1983 while real catch values only tripled. Thus the
growth in fishing capital exceeded the increase in catch
values by a factor of  nore than lour. This means that in
1983, the nu put/capi af ratio in the Icelandic fishcrics
was less  han n third of the ou liat/capiti I ratio in 1945.

This long-term decline in  hc economic perforinance
of the Icelandic Iishcrics did not go unnoticed by thc
fishcrics authorities. In fact. over thc years, various
measures were taken in an attempt to reverse this trend.
However. bcforc thc extension of the exclusive f'ishing
zone to 2 X! iniles in 1976, effective rnanageinent nf the
flsheries, especially the demersal ones, appeared imprac-
ticable because of the large lnrcigo fleets on the  ishing
grounds. For  bis reason, fishery nianagemcn  prior to
 he 200-mile extension v 05 minimal.

With the de fact<i recognition of the exclusive 200  nile
hshing Roric in 1976, the situatiOn WaS dramatically
changed. Since that time, the Icelandic fisheries have come
under gradually increasing managemen . culminating in
a uniform ITQ system in practically all fisheries since
1990  Table 3!, A more detailed review of the ev<ilution
of tbe ITQ fiSheries managenien  Sys em in individual
Icelandic fisheries follows.

ln 1969, owing  o ail alarming decline in the herring
stocks, an overull quota was imposed on this fishery,
Since this did not halt the decline in thc stocks, a com-
plctc herring moratorium was introduced in 1972. In
1976. when fishing on the Icelandic herring stocks was
partly resumed, it was obvious that the whole Iieet could
nnt participate. Ilencc, an individual vessel quota sys-
tem with limi cd eligibility was in roduced. Vessel quo-
tas, however, were small and, in 1979, by 0 minis crial
decree and with indus  y support, transfers of'quotaS were
permitted between vessels eligible to partiCipate in thc
herring fishery. In 1988, the vessel quota system in the
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TAI<1.1: 3.� Key step» in the evolution of the ITQ manage-
ment system: a chronological overvie>v.
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herring ltshery became part of the eneral fi»heries ve»-
sel quota system.

The Capelin Fishery

Thc capelin fishery, which became very big m the
1970», was subjected to limited entry and individual ve»-
sel quotas for license holders in 1980, a time u hen the
stock was seriously threatened with exhaustion. 'I'he ar-
gument» for thi» arrangement were similar to those used
previously in the herring fishery. The po»itiv«experi-
ence with the vessel quota system in the herrin I'ishery
also proved a convincing argument for adoptin a simi-
lar systein in the much more important capelin fi»hery.
In 1986, the capelin vessel quotas became partly trans-
I'erable. In 1988, the capelin vessel quota system became
a part of the general fisheries vessel quota»y»tcm with
fairly unrestricted transfers of quotas.

The Demersal Fisheries

Following the extension of the exclusive fishing zone
to 200 miles in 1976, the major dcmersal fishery  thc
cod fishery! was subjected to an overall catch quota.
The annual quotas recommended by the marine biolo-
gists soon proved quite restrictive and thus dil'I'icult 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 demer»al fleet continued
to grow, the annual allowable fishing day» had to be
reduced from year to year. At the beginning of the indi-
vidual effort restriction regime in 1977, deep-»ca traul-
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. Thi»
systein was obviously economically wastel'ul. Con»c-
quently, in 1984, following a sharp drop in th» <leiner-
»al stock and catch levels, a system of'individual vessel
quotas was introduced. Initially, the Icelandic Parlia-
ment, the Althing, passed legislation to this eft'ect for I
year only. In 198S, because of generally favorable re-
sults of the individual quotas, the system wa» extended

for another year. However, an important provi»ion u a,
added: Vessels pret'erring effort restrictions could <>pi
for that arrangement in place of the individual quot;i
restriction. This system wa» extended largely unchaiigcil
for an additional 2 years in 1986. In 1988, the Althin
passed a general vc»»el quota legislation fi>r al I lcehm-
dic fi»herie» to be effective for 1988 � 90. In I '190. a coin-
plete, uniform vessel quota system for all fi»heries, th<i
Fi»herie» Management Act, was legislateil, aboli»hin>>
the limited effort option in the demer»al ti»herie» a»
well as a fcu other loopholes.

The Shrimp and Scallop Fisheries

The inshore shrimp and scallop fisherics tir«relati v«l>
recent addition» to the Icelandic fisherie», 'I'he»c fi»h«t-
ie» ucre largely developed during the 1960» anil I'�0,
and have. practically from the outset, been subject t<>
cxtcil»ivc inallagcilli.lit coil»i»ting pi till;li'if! of liiliiii<l
local entry as well a» overall quotas. In receilt year», there
has also been a»trong movement towarcls vc»»cl quota.
in these fi»herie». With the fisheries matiagelllcilt leg>»-
lation passed in 1988. the deep-sea shrimp I'i»hery, thc
only remaining significant Icelandic fishery not cl<>»«l
managed, u as also subjected to vessel quotas. The illdii-
agement of the shrimp and scallop fisheries i» now p;ut
of the general ITQ system according to the general fish.
eries management legislation of 1990.

A» may hc inferred from the preceding description».
fishery management in Iceland has evolve<I niorc by tria I
and error than by design. In most countries. imd Icehlii<1
is no exception, there i» a strong social oppo»it ion to > adt-
cal change» in thc institutional t'ramework ol production
and employment. A great deal of this oppo»ition»iims
to derive from traditional values and vest«d interi»1
rather than rational arguments. Therefoie, in Iceland, it
was probably unavoidable from a sociopolitical point ot
vieu to pass through an evolutionary process durtn,
which various management methods w rc tried in dit-
ferent fisherics. The knowledge and undcistandin gait>ed
I'rom these experiments was probably crucial for th.
eventual acccptanc«of an efficient fislerics niana> «-
ment system.

At thc»arne time, it shoukl be noted tl'iat th» key»tops
in the evolution of thc ti»heries management iy»tern h.ty
usually only been taken in response to .ri»c» in ihc >«-
»pectivc fi»heric» due to a sudden reduct on in stock lev-
el», Thu», management of the herring fisheries started i i
1969 in response to an imminent collap.,e in thc herrin
stock». Similarly, the management of the capclin fisher,
and the current management of the dern«r»al I'ishcric»
were implemented in the early 1980s in rc»p<>n»e t<> .i
perceived danger ol' a corresponding collapse in thci.
fi»herie».
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Thi» pattern rellect», above anything else, the reluc-
tance of members of the fishing industry t» accept
changes in the traditional organization of the t'isheries.
Only when faced with a disaster in the fortn of a»ignifi-
cant fall in income due to fish stock reduction» or a drop
in the world market price for fish product~ have the in-
terest groups been willing to consider change» in the in-
stitutional framework of the fisheries.

The passing of the comprehensive fisheries manage-
ment legislation in 1988 and, even <nore so. in 1990 con-
stitutes a break with this pattern. For the I'ir»t tiine, the
fishing industry agreed to a significant str»ngthcnin ~ of
the fisheries management system without being threat-
ened with a tinancial disaster as the alternative. This must,
I think, he attributed to the fact that the potentially im-
mense benefits of the vessel quota system were hec<im-
ing apparent to most of thc participant» in the t'i»herie».

The Current ITQ Fisheries
Management System

The Icelandic ITQ fisherie» management »ystem wa»
instituted at different times and in somewhat <lift'erent
forins in the various fisheries. As mentioned previously,
it was made uniform hy fisheries management legi»la-
tion passed in 1990.

The essential features of thc current ITQ»y»tern <ire
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 divi»ihle,
and fairly freely transferable. They are issued»ubject to
a small annual charge to cover enforcement c»»ts.

The ITQ system was superimposed on an earlier man-
agement system designed mainly for the protection ot'
juvenile fish. This system, involving certain gear, area.
and fi»h size restrictions, i» still largely in place. The
ITQ system has not, in other word», replaced the»e com-
ponents of the earlier fisheries management »y»tern, Fur-
ther detail» ol the ITQ system in the Icelandic fi»herie»
follow.

Total Allowable Catch

The Ministry of Fisheries determines the fAC for each
of the most important species in the fisherie». This deci-
sion is made on the basi» of recommendations from thc
Marine Research Institute, which the Ministry of I'isher-
ies has followed quite closely.

Currently, 10 species are subject to TAC» and, con»e-
quently, individual quotas. These include six demersal
species  cod, haddock, saithe. redfish, Greenland hali-
but  Reinhardtiu» hippogloss<rides], and plaice  Hi ppo-
gl<r»soide» platessoides]!, two pelagic species  hcrring
and capelin!, and two species of crustaceans  shrimp and

loh»ter!. In addition to these�several xpl»it»d sp»ci»»
are not currently subject to TAC». This incan» that the
corresponding fisheries can be pursued I'r»ely. F<rr the
most part, these»pecies are subject to rclativ»ly light I'i»h-
ing pressure or appear primarily as by»<itch of <ithcr
fisheries. Most are also commerciall!r ne lli ~ihle. 'I'lie
10 species subje»t to ITQ restrictions accirunt for w»ll
ovcl' 90 rr of' the t<ital value ol' the Icel;indi» fisherics.

Permanent Quota Shares

Each eligible vessel is issued a permanent quota»h,ir»
m the TAC t'or every species for which thc re i» a TA '
These permanent quota shares may be r f»n»d to as '1.< '
shares.

Initial Allocation of Permanent Quota Shares

The initial allocation of TAC shares to individu<il v< s-
sel» varies»<rmewhat among fisheries. Iii the dcmcr».il.
lob»ter, and deep-»ea shrimp fisheries, the TAC»hiuc»
were normally ha»ed on the ve»»el'» hi»iorical cat,h
record during certain base years. In the deniei »al 1'i»bcr-
ie», thi» u»ually equaled the vessel's avera» share in t he
total catch during th» 3 years prior to the iniroducti»n»l'
the ve»sel quota»y»tern in 1984. There ar< noteworthy
exceptions to this rule, however. For example, a demer-
»al vessel not operating normally during 1981-83 li»-
»au»e»f major repairs or because it enterecl the 1'le»t .i!-
ter 1981 could have its calculated share adju»ted up<v;ird».
Also, durin< 1988 � 87, it was possible tc nio Jify thc: TA '
shares by temporarily opting for effott re»triction» iii-
stead of vessel quotas and demonstrating high catch»»
during thi» period. In the herring and inshore shrimp ti»li-
eries, the initial TAC shares were equal and the»iinie
applied to the capelin fishery except that on»-third of th»
TAC shares werc initially all<>cated on the ba»i» ol' ve»-

»cl hold capacity.

Annual Vessel Quotas

The size»f each vessel'» annual quota in a»pe»i!i»
fishery i» a»imple multiple of the TAC for that fish»ry
and the vessel's TAC share. For instance. it the ve»»el's
TAC share i» I'/< and the TAC is 100,000 metri« toiis
 mt!, then the ves»el's annual quota would be 1,000 nit.

Divisibility and Transferability

Both the TAC shares and the annual vessel quotas are
transferable and perfectly divisible. This m»an» that;iiiy
fraction of a given quota may be transferred to another
vessel.

The TAC shares are transferable without any re»tri»
tions whatsoever. Transfers of annual se»»cl quot i», < iii
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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 tn 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
system, 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 vessel» 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 effort 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

of Fisheries free of charge. However, according to the
Fisheries Management Legislation of l990, the Minis
try ol Fisheries is to collect fees for catch quotas t<i
cover thc cosi of monitoring and enforcing the: ITQ rcgu
lations. The law imposes an upper bound on thi» t'ec
currently ainounting to 0.4% of the estimated ca<el i
value. This percentage is probably more than sufficicn-.
to cover the extra costs of operating the LTQ systcni
compared with the costs of the previous fisheries nian
agement system.

The Icelandic ITQ system exhibits most ol the crucia I
features of the ideal ITQ system as discussed in the theo.
retical literature  e.g., Arnason 1990!. It is important t<i
realize, however, that there are certain aspects ol'the Ice-
landic ITQ system that deviate 1'rom the theoretical ideal
and almost certainly subtract from its ecoiiomic et't'i
ciency.

First, as discussed earlier, there are certain exemptions
from the ITQ system. These exemptions are admittedly
relatively minor coinpared with the tota< volume ot' ih<.
fisheries. Nevertheless, being exempt from the ITQ re-
gime, the vessels in question are essentially engaged iii
the traditional competition for catch shares, with the asso-
ciated economic waste.

Second, in the Icelandic ITQ systeir<, the ITQ» are
closely associated with fishing vessels. Ivlore precisely,
only people v ho own tishing vessels w:th a valid tish.
ing license can hold quotas. In addition, the total quot<i
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 econoinically beneficial alloca-
tion of quotas.

Third, the holders of TAC shares must harvest at least
50% of their TAC share every second y«ar to retain the
share. This stipulation is designed to obstruct specula-
tive quota holdings. However, in so doing, it reduces thc
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 ITO System

The main purpose of the vessel quota system is t<>
improve the economic efflciency of th» fisheries. Th»
Icelandic fisheries are biologically very productive an<i
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 thc industry. In
fact, during the years preceding the introduction of th»
vessel quota system in the various fisheries, annual losses
were often quite substantial.
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When the hemng fishery was resumed in 197S, 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 i» 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 ro the fishery and is measured as a multiple of vessel ton-
nage and days fishing.

Since the introduction of the individual quota system
in 1975, catch per unit effort has clearly increased  Fig-
ure 4!. This development is especially pr<>nounced aflcr
the quolas v ere made transferable in 1979.

An individual vessel quota system was iiitr<iduccd in
the capel in fishery in 1980. In 1986, the quotas v, ere ma<le
transferable. In 1990, the capelin management system
was incorporated into the overall Icelandic 1 isheries nian
agement system.

The capelin is a short-lived species and the fishery,
which depends on a single cohort each year, is very vol;i
tile. Since the introduction of ihe vessel quota system m
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 unchantled,
the capelin fleet has been substantially reduced. At thc
outset of the capelin ITQ system in 1980. 68 capelin
purse-seiners were operating. At the end ot 1992, there
were only 39. Thi» change represents a reduction in
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vessel numbers of over 40 lo. Capel in fishing e  fort, mea-
sured as the multiple of vessel tonnage and days ol fish-
ing, has also been substantially reduced  -35% !. Thus.
there are strong indications that the efficiency of the cape-
lin fishe�> 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 ol'
tonnage is illustrated in Figure 6.

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 ITQ»
in 1984. However, already in 1985>, an optional effort
alternative became available. The system was subse-
quently under almost continuous revision until thc adop-
tion of the uniform fisheries management system based
on ITQs in 1990.

The trend in fishing capital and fishing effort. --We
have seen that one of the reasons for the dissipation of
economic rents in the Icelandic fisheries has been
overinvcstment in fishing capital and excessive I'ishin

effort. Therefore, one of the tests of the efl'icacy of tlie
vessel quota system is the development cf t'i shing capi-
tal aml aggregate fishing effort since the introductioii ot
the system.

When the vessel quota system was introduced in 198-'1,
the previous growth in the value of aggregate harvest in<
capital halted  Figure 7!. In fact, fishing c;ipital con-
tracted in both 1984 and 1985. This was the first time since
1969 that the value of the fishing fleet actually decreased.
ln the preceding I 5 years, this capital value had grown;it
an annual rate of over 6'/0. Thus, at present, the vessel quota
system seems to have generated bencfici<il results.  The
years 1982-84, however. were periods of heavy losses I'<>r
the fishing industry: therefore, the halt in investment in
1984-85 can hartlly he attributed cxclusii ely io the i es-
sel quota system. ! In 1986, on the other hand, investment
in tishing capital resumed at a high rate. However, this
resumption of investment should not be i 3teri>reted;<5 a
failure of the vessel quota system as sue!'. Al'ier all, the
increase in the value ol' lishing capital since the inception
of the ITQ systein has amounted to just over 3<7r. annu-
ally. Moreover, most of the investment sin=e  986 can he
explained by t<ictors extraneous io the IT ! system.
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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 word». this part of
the investment is in lish processing capital employing
new and profitable techniques. Second, a part tff 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 small
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 ITQ system, inducing many
vessel owners to upgrade or replace their vessel». Dur-
ing 1986 � 90, less than 50ck of the demersal catch was
taken under the ITQ system. The effort quota option was
abolished in 1990 and a significant reduction in Iishing
capital occurred in that year. More importantly. thi» re-
duction continued in 1991 and 1992; from 1990 to 1992,
the value of tishing capital was reduced by almost 15%.

The course of demersal fishing effort tells;i similar
story. Fishing effort in the demersal fisheries, measured
as a multiple ol' 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 traw!ers; in 199 !, there were
28.

nation for the increase in fishing effort in 1989 and 1990
is the decline in the tlemersal fish stocks without a com-
mensurate reduction in the TACs, thus requiring Ilail c
fishing effort to fill the catch quotas. Althougth exact st,l-
tistics are not available, demersal fishing ell'ort in 199 I
apparently declined somewhat again.

The main question, however, is not whether fishint"
effort has been reduced from its 1983 level. The cru«i;11
measure of the impact of the vessel quota system is thc
difference, if any, between the actual 'ishing effort iii
1984 � 90 and the I'ishing effort level that would have pr«
vailed during that period had the vessel qiiota sysieiti
not been introduced.

Clearly, it is not at all straightforward to predict tht
course of I'ishing eftort under the earlier ntanagement
regime. However, in an attempt to provide 1 p;trtial an-
swer to this question. a simplistic model has been usetl
to explain the path of fishing effort under the tv, o diftbr-
ent management regimes. Fssentially, a simple trent!
model describing the path of fishing effort under the twtl
management regimes was specified. Somewhat mtirc
precisely, it was hypothesized that during the 13-year
period �978-90!. fishing effort evolved ttvcr time ac-
cording to the follov,ing relationship:

e t! =  a D, + b D,! exp[ c D, + d.D, I tl

where e t! = fishing el'tort in year t,
t = years measured from 0 to 13,

D, and D, = dummy variables for the ttvo management
regimes,

a and b = intercepts under the two irtana ement re-
gimes, and

c and d = growth rates of effort under the two man-
agement regimes.

Thus. D, = I during the years of restricted el'fort  e.tt.,
1978 � 83! and 0 thereafter, and D, = 0 in the years
preceding 1984 and I thereafter.
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FIGURE 8.� Actual v». predicted effort in thc demer»al 11»heries.

The hypothesi» that there i» no structural break in the
evolution of fishing effort between the two mana ement
regimes i» resoundingly rejected. The relevant test sta-
tistic is c" � df! = $8.9. Similarly, the growth of I'i»hing
effort under the ITQ regime is significantly !ower than
under the previous fisheries management regime. The
relevant test statistic i» c-   I df! = 6.9.

Employing thi» estimated relationship, we may pre-
dict the fishing elfort as»uming that the ve»»el quota sy»-
tern had not been introduced in 1984 and compare this
with the actual fishing effort observed  Figurc 8!. Ac-
cording to estimation results  Figure 6!, fishing el'fort
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 demer»al 1'ishing
effort by some 34% compared with the expected I'ishing
effort under the previous management system. Thc fi-
nancial benefits of this kind of effort reduction are very

substantial.
In interpreting these results, however, readers»houkl

be mindful of the extreme simplicity and inechan istic
nature of the underlying model. They should also realize
that thc observed path of fishing effort 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 fishablc biomas»
level are probably more important determinant» of over-
all fishing effort than the ITQ system 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 benel its.� 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-

cfit» ol a ves»el quota»y»tern should inclu;le tlie folio»<
ing item».

A reduction in lishing effort: Under thc ve»se I qu<it;i
system, competition between vessels for a limited»t<ich
of fish i» eliminated.   onscquently, the fistting firms will
attempt to catch their vessel quota with mini nium fi»h-
ing ef1'ort. It i» important to realize, however, that .<ggn-
gate fishing of 1'ort will not necessarily be reduced if ihc
TAC i» excessive. Given the size of the fish»t<ick». e <cli
TAC requires a certain rninimurn fishing elf<>rt. If the
TAC i» sct high relative to the size of tl.e li»h»tocl ».
aggregate effort may actually increase under ai i I'I'Q sf»-
tcm.

Reduced co»t of fishing effott: Havinl. »e<.ured pri-
vate ownership ol a certain volume of catch under thc
vessel quota system, the I'ishing firm can < oncentrate <in
takmg that catch with minimal costs.

Improved quality ot'the catch: Being bound hy its vc»-
»el catch quota», thc I'ishing firms can inciea»e revenue»
only by improving the. quality ol' this catch.

In a study carried out in 198S, the National I='conomic
Institute   Reykjavik, Iceland, unpubl. rep.! attempted t<i
estimate the benefits of reduced fishing effoit and ii»-
proved quality of the catch in the demers;il fi»heries I'<ir
the year 1984. The conclusion was that the benefit» <if
reduced fishing effort amounted to some USS 14 million
and improved quality of the catch to»nine I.IS$i6 mil-
lion. The total number, US$20 million, is about 8.5% <il
the value of the demersal fisheries in that year. The»c
results were confirmed in a less comprehen»ivc»tudy
done in 1987  Althing 1987!.

Quota values.� Yet another way to approach the prob-
lem of estimating the rents generated in the dern cr»al fi sh-
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 money. Hence.
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applying standard economic theory and assuming that
the market for quotas i» reasonably effective, the value
of the fishery should equal the total value ol' quotas.

There are two quota value» to consider. One i» the
annual quota value. which i» the multiple of the annual
quota price and the corresponding total volume of an-
nual quotas. Thi» measure may be more forinally char-
acterized as the annual rental price of TAC shares. The
other i» the perinanent quota value. Thi» i» the current
market value of the TAC shares themselves Thi», 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 I'uture. Clearly, the permanent
quota value depend» on the expected future path of bio-
mass, TAC», fish prices, fishing technology, .ind I'ishin ~
costs. It is the market evaluation of the future value of

the fishery.
In what follows, we estimate the value of the fishery

on the annual basi» u»ing annual quota values. This, a»
discussed previously, should provide a reasi>nable esti-
mate of the economic rents generated annually in the tlsh-
ery. Notice, however, that this value will not necessarily
equal bookkeeping results. Quota» will be bought on the
market at a price up to their marginal variable pro 'its.
I'ixed costs  e.g., those associated with harvesting capi-
tal! are irrelevant for these transactions. There ' >re, a firn>
may buy quotas at a high price without bemg ab]e ti>
cover fixed costs.

The extent of the demersal quota miirket i» consider-
able  Table 4!. In 1984, the first year of the vessel quota
system, about I I c/  of quotas held by the t'ishing indu»-
try were exchanged. Since 1986, this percenta e has lluc-
tuated between 20c/n and 80%%. The fourth coluiiu> of Table
4 shows that, between 1986 and 1990, less than one-half
of demersal catch wa» taken under the ITQ system. Thi»
reflects the widespread use of the limited ell'<>rt option
during these years. Hence, although the fraction of out-
standing quotas being traded in 1986 � 90 had more than
doubled compared with thc initial year, 1984. the actual

TAat.E 4.� The extent of the demcr»al quoin market  NA =
information noi availahle!.

'"The new complete ITQ system took effect on Scpi. I of  hi» Veau

quantitie» exchanged were not any greater than m I '!84
8S.

The economic rents generated in the demcrsal fi»hcr-
ies can be inferred from the quota values �';Ible 5!. Ju; g-
ing from the fourth column of Table S, it iippears thiit thc
total value of outstanding quotas evaluated <it th<. mid-
point of the given price range was some I IS$46 million
in 1984 and US$24S million in 1990. However,  hc»c
numbers almost certainly underestimate the true i<ilue
of demersal catch rights. The reason is th;it they ign<>rc
the value <>I' the non-tradable catches, which;ire ino»tly
taken under cf 'ort quotas. I all the demcrsal c<iicli is
evaluated at the vessel quota prices, we obtain the vulu
ation in the last c<>lumn of Table 5. According ti> ibis
column, the econoinic rents generated in thc den>eisa 
fisheries are considerable and constitute a»igni  icani f1<ic
tion ol' the gros» earnings of thc fi»herie» Thu». in I'18'!
the dcmcrsal quota values exceeded o 3e-quarter ol t<i al
earning» in the dcmcr»al fisheries.

These estimates, however, must bc interpreted v ith
great care, especially during the latter part of the pcr><><1.
During these yc;ir», demersal catches svere good;ind
fi»h prices extreinely good. For this re<i»<>n, the qui>ta
prices for 1'!86 � 90 were probably higher than would < Ih-
erwise have been the case although considerably linver
than in a fully efficient equilibrium. More impo<tiin I o it
must be realized that one of the first cl'fcct» ol' a rea».>n-
ahly complete ITQ system is to make excessive fi»hin<
capital commercially redund;int. This me<in» that it» nuir-
kct price I'alls dra»tically, the opportunity co»1 ol' ii» i»c
is reduced, and the market value of c:itch quotas i» <.or-
re»pondingly increased. This, however. ii a»hort-term
cffcct that will be reversed in the long I'un when thc level
of fishing capital reaches a new equilibrium.

How does the economic performance ot the demci »al
ve»»el quota system compare with optimal cconomi«u e".
Comparing the above quota price valuation of Ii»hc ie»
rents with the maximum attainable rents according to;in
einpirical »tudy ol' the Icelandic demersal ll»herie»  sec
Arna»on I'!84! makes it apparent that the reiilixed e 0-
nomic rents in 199� were well over 50'i'n of the maxim urn

TAB .I'. S.- � I:c<>nomic rents in demer»al Ii»hci ie»: quota p >cc
valuation.
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attainable ones. Previous reservations concerning the
probable upward bias of the quota values as estimatori
of sustainable rents in 1990 must, however, he stressed.
Nevertheless, it is clear that significant benelits have been
generated by the demersal vessel quota system. A» fish-
ing effort has been reduced only slightly, these benefits
must primarily be attributed to reduced harveiting costi
per unit of catch and higher quality of the catch. In fact.
there is ample evidence that thi» has occurred.

The Problem of Discards

Discarding of catch or high-grading is an often-«ited
problem with ITQ systems, especially in mixed fisheriei
 e.g., Rettig 1986. Squires and Kirkley 1991!. The Ice-
landic demersal fisheries are certainly mixed fiiheries.
Nevertheless, there is little evidence of increased di»-
carding under the ITQ system. According to rnea»ure-
ments published in a recent report by a government com-
mission  Nefnd um m<'>tun sjdvarutvegsstefnu 1<!93!.
demersal discards range from I»i» to 6»/<> of total catch
volume depending on gear and vessel type. Moreover.
according to this report there hai been no dete«table 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. Thi», if
true, would in fact conform with the economic theory ol'
discards  Anderson 1994; Arnason 1994!.

Conclusion

Versions of the ITQ tisheries management system have
been in operation in Icelandic fisheries since 1979. The
evidence on the performance of this system, although
somewhat mixed. is generally favorable.

The introduction of the ITQ system in the herrin > t'i»h-
ery appears to have resulted in a dramatic increase in
efficiency. In the capelin fishery, the ITQ system also
appears to produced substantial economic bene!'its al-
though less striking than in the herring fishery. In the
demersal fisheries, the evidence is less conclusive: The
fishing fleet has incre<used and aggregate fishing el'tort
has contracted only slightly; however, various indica-
tors, including quota values in the demerial tisheries,
strongly suggest that significant rents are being gener-
ated by the system.

When interpreting the development of the demeri;<I
fisherics since 1984, it i» important to be mindfu! of the
imperfectness of the I'I'Q system employed «luring the
early part of the period. This applies especi;illy to th<!
widespread use of the effort quota option during 1988-
90. In I'act, as shown in Table 4, the fisheries manage-
ment system was only partially an individual qu<ita syi-
tem in these yeari. For this reason, the upward trend in
harvesting capital and demcrsal fishing effort during this
pertod is hardly evidence of the failure of the ITQ svi-
tem. In fact, as previously explained, since thc abolition
of the effort quota option and the consolidation ot the
ITQ system in 1990, de mersal fishing capital hai declined
substantially. I inally. there is little evidence th;it the v»i-
sel quota system has increased discarding ot' catch.
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The Political Economy of ITQs

RO�NVALDL>R HANNESSON

Abv>r«< i.� � Fish resources worldw>de <l>e con»ng under increasing pressure. This generates incentives io
claim exclusive use rights. Some s<icial scientists seein to favor communal rather than private rights. .'t is;irgucd
that the differences between these rights are more apparent than real, as both imply exclusion of sonic users.
Individual transferable quotas  ITQs! are usc rights that are becommg more w>despread. Surprisingly. the >nit>a-
tive for these rtghts has come from from public authorit>es rather than the industry. even though politici,ms or
public servants do not h;ivc strong incentives n> establish such rights. I'I Qs are, nevertheless, unl kely to hc
established without the support of a critical mass in the industry. This support requires that the inde stry gets a
sharc of the rent of the resource. To wh;it extent this will be fair and compatible with the public intei<est is
discussed. Contrary to "ord>nary" industnes, rents in thc fishing industry will be eroded not through healihy
competition hut through unnecessary costs, since these rents reflect a pure natural scarcity. Any lastin< gain in
efficiency will therefore mean lasting ren>s, which will be captured by thc I'irst generation ol rights holders
unless some suitable measures are be>ng uikcn, It' accrual of rents n> prtvate individuals is considered unaccept-
able, it is necccssary to identify a community th;<t is broad enough to be a worthy receiver of rents ind narrow
enough for the rents to make a difference, since rents,ire tl>e driving I'orce f»r achieving economic efl'i«icncy.
Despite possibly substanti;>I gains by those who are grandfathered into a closed intlustry, there is widespre;<d
opposition a>nong boat owners and fishers tn exclusive usc rights such;is ITQs. Unce>xainty. distributional
conflicts. and ideology. may explain such opposition.

Of Forests and Fish

'Quoted from McLellan �973!, p. S >. The Rl>< >n<« Re Z<i inng was not popular with the Prussian authorities <>I' >ts day,;uul the
censor vetoed many articles  the Rhineland was a>< arded to Prussia at the Vienna conl'erence, after the Napoleoni«wars! In 1!<43,
the newspaper was banned. Prior to that, Marx once wrote the following, possibly to placate the censor or hi< we;>Ithv hour, «iis
financiers: "The 'Rheinische Zeitung, which cannot even concede theoretical reality to communistic ideas in their prese>it I'«nn.
and even less wish or consider possible their practical realization, will submit these ideas to thorough criti ism '  <Iuot<d I'i<im
McLellan, op. cit., p. 54!. Marx wrote a series nt articles on the proceeding» on the new forest law in the Rhineland parliament md
argued forcefully for respecting the traditional righis of the wood collectors. The orig>nal text of these articles can he I'ound. ii>te>
alia, in "Karl Marx, Werke. Artikel, Litcrarische Versuche bis M<trz 1843," Volume I: I in Karl Marx/Fr>edrich Engels  lesamtausg.<be,
Dietz Verlag, Berlin I<�5. The papers on the wood question occupy pages I'!9-23 >. Those who take the trouble to look up ibis
volume will be rewarded by some beautiful love poe>ns Marx w>'ote lo his fiance, Jenny von Westphalen, as hc v;>s studying
philosophy under Hegel in Berlin.

In the early 1840s, a liberal newspaper called the
Rhei»iscl>e Zeirnng was published in Cologne,  >crmany.
The paper soon acquired a young and resourcelul editor
whose name was Karl Marx. In one of' his articles, he
offered thc following observations: -If every violation
of property, without distinction or more precise determi-
nation, is theft, would not all private propertv he theft".
Through my private property, do not I deprive another
person of this property? Do I not violate his right to prop-
crtv.'  McLellan 1973!.'

Of particular interest in this context is that Marx was
writing about exclusive use rights over what used to bc a
free-access resource. The public had by custom gathered
dead wood for their stoves and fireplaces from the I'or-
ests of the Rhineland. By the time Marx was editing the
Rheinische Ãcitung, 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 Iaw vvas pro-

posed empowering forest keepers to a<sess damages;ind
impose f'ines in order to ease the bunlen i!n the ci>urts.
Marx argued that the general public hiid ciimrnon rtglits
in the forests by tmdition and that the state should de-
fend those rights.

This story illustrates two points. First. as open-i>cress
resources come under increased press jre, exclusive ase
rights are likely to develop. If this docs not happen, the
resources will hc depleted, possibly bey<>nd re<.'ov<'>'y.
Second, such exclusive use rights must ultimately hc
sanctioned by the state to ward off a challenge by th >sc
who are unwilling to accept being exclud<..d.

There are obvious parallels between what happeiic<l
in the Rhincland in the 1840» and what is happening n<>w
in world fisheries. Improved technology;md increased
demand for fish have increased the pressure on fish stocks
to the point where it is impossible to accommodate .ill
those who wish to harvest. Fxclusive use rights, sucl. «s
individual quotas and fishing licenses, are already ne-
ginning to develop but are still highli contested What
forin should such rights take? Who should <et them".
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What i» the role ol' the state in establishing aiid enforc-
ing such rights? Since exclusive use rights for terre«trial
resources have a much longer hi«tory, it is worthwhile to
consider these brielly before turning to exclu«ive use
rights in fishing.

The Development of Property Rights

Property rights undoubtedly arise I'rom human greed.
and they amount to an institutionalization of the rule
"This i«mine and not yours." Or, to use Marx's language,
one person's property deprive«another of thc same
property. Undoubtedly, a!so, establishing and enforcing
private property rights olten 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 example i« the
clcarances of the Scottish Highlands. In a procc»s that
nowadays might be called "ethnic cleansing." the High-
landers were driven of!' the land by brute force;ind re-

placed by sheep  Ga!braith 1977!.
Yet it is a challenging thought that a «ocial institution

arising from such ignoble origins can in fact be of great
bene it for the common good. Introducing property right«
is not a zero sum game; it is not just a question of <lepriv-
ing somebody else of property. Clearly del'ined and en-
forced property rights are productive in the «ense of
making possible surplus production over and above what
would be obtained without property rights. Nowhere i«
this perhap» 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 ot
their benefits.

With respect to the development of property rights, it
i» possible to discern two school» 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 co~ts. The
schools part company in their view of what form these
rights can take.

The property rights school sees use rights a« individu-
alistic and vested in persons, including persons "de jure."
A classic article written within this genre i«Demsetz
�967!, in which are cited examples such a« territorial
rights to what used to bc common hunting grounds in
Quebec. Libecap �989! discusses how miner» in thc
American West agreed among themselves to e»tablish
individual property rights to settle their competing claims

and mimaged to have these rights recogiiize<l by lav,�
makers and thc court«.

The common property rights school point«<iut that
usc right«often are held in common by a clearly define<l
group. Member«ol' a group, identified by 1<icatiim, lin-
e;ige or ethnicity, scc themselves as the rightf<il u«ers <it
a given resource. 'I'ogethcr, they exclude otheri from <a,�
ces« to the resource while developing among t!iem«elvc«
allocation tx<!es and use rights that may or niay not hc
egalitarian and democratic. Ostrom �99 !! cites numer-
ous example» where u«er» of a common re«ource hiiic
developed»ystems ol' common use rights

For the purpose of comparison with fi»herie«, perh;ip«
the most interesting case is the system of cominon graz-
ing right«on alpine pa«tures in Switzerland  Steven»<iii
1991!. A«population prcssure in the Swiss villages i»-
creased and threatened the carrying capacity of the <il-
pine pastures, rules were devised at the village level <iii
how to limit the usc of the pastures and how t<i i<linc ile
the right« to use them. In some cases, the ri ihts werc
limited to thc <le«cendants of those who h;u! settled 111
the village before a certain time. In othercasc«, ach larnl-
owner in the village got grazing rights in proportion i<i
his landholding. From the fisheries perspective. it i«
particularly interesting that in yet other case~ the Sv i««
< razing rights are allocated by individual and trans!'er-
able grazing quotas. 'I'hese rights are very similar to the
individual tran«fcrable quotas  ITQs! used in «ontc fi«h-
cr<c».

Scholars of the common property tradition do, in my
view, <>veremphasize the distinction between individual
and communal property rights. Both types of r«ht«would
appear to have a common origin in hum;in gieetl; both
are an application of the rule "This is mine ind not your«,"
or in the common property case "ours and n it your«."
The reason why use rights have taken the fortii <>I'com-
mon rights an<I not individual rights often .ippears t<i
depend on technical circumstances such as economic«
of scale; grazing land. for example, is likely t<i be morc
efficiently use<i by letting a suitably sized herd of ani-
mals roam over a large area rather than by fencing it in
and having smaller herd» graze on each lot. In the ca«c
of the Swis» alpine pa«tures, economies cf «c;ile in pas-
ture u»e, herding of animal», and processing <it'milk are
arguments for a common use of the pastures. Thc u»e right«
do in some ca«e», however, come fairly lose t<i being
individual rights. Thi« is particularly true o!'the individual
transferable grazing quotas, which can bc held by non-
farmers and leased to anyone who can use them.

The notion that the lorm that use rights caii take i» a
practical matter in large measure decided by technical
circumstances emerge«very clearly from Libecap �989!.
He sees use rights to resources as arising front attempt«
by a group of indi vidual» to regulate the use ot' a resource



THE POI  TI ..'AI. E 'ONOMY OF Jlgi "39

for their own benefit and to seek legal protection ol' the
arrangements that best suit their interesti. The success-
ful examples he cites involve both individual and com-
mon use rights. Which of these prevails ii conditioned
by circumstance. Mineral rights are private. vested in
onc individual or company. Property rights to mineral
deposits were defined instrumentally, as in following an
ore vein and not the boundaries drawn on the land above.
Competing claims arising when ore veini met could be
settled by relatively transparent and simple rules. By
contrast, an efficient use rights system for oil fieldi re-
quires definition of ficldwide use rights hcc;iuse of the
migratory nature of the oil underground and incomplete
information about the dynamics of extraction. When
fields are unitized, leascholders share in the profits that
can he generated on the field under a unified man;ige-
ment. This can be characterized as a system ol' uie ri >hti
held in common by the lessees on the  'iekl, The parallel
with the ITQ system in fisheries ii close. The difterence
is that the "quota," or profit sharc, is not rel;<ted to the
quantity produced by each lease. The optim;il use of a
field depends not only on the total quantity of oil ex-
tracted but also on the location of extraction. It nuiy 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 okl 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 hc 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. Ai
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 froin 3 nautical
miles  -5 km! to 12 nautical miles  -19 km!. enclosing
fiords and bays, in the late 19SOs, and then to 200 miles

�20 km! in the late 1970si,Some import<int  'ish ii<icki
are still accessible outside 200 miles, and recent in<pr< vc-
mcnts in technology have made them moie so. This liai
prompted some coastal states to demand bindin .iiul
eni'orceablc regulations of fishing out< ide 200 milci ihat
would conform to  isheries regulation;; inside 200 iiiilci.
 In 1993, the United Nationi convened a <, onterenci <>ii
straddlin ~ and highly migratory fish stocl i t<i deal v ith
thi» issue. The cont'erence ended in August  995 with;in
agreement on a convention on fishing cutside 200 mi I<i'i. i

Once thc question of national jurisdiction over the are<i
where fish stocks are located has been settled, the g>roiintl
is clear for erecting the necessary righti structure t'<»;i
sensible harvesting of the stocks. Wha: kind of stru< tiirc
would be adequate".A first point to not i» that terriioiial
access rights w<»ild be inadequate unless defined to iii-
clude the entire habitat of a tish stock. There ii;i quite
lar e volume of anthropological literature dealin with
territorial use rights in traditional fisherics  e.g., kud<lle
and Johannes 19 �!. These rights are, in most casei, n-
sufl'icicnt to deal with stock. externalitiei in fishcrici

owing to the wide migrations of fish. Thc ter< itorial i ie
rights <nay, however, have dealt successfully with cr<iv, <I-
ing externalities arising from competition for thc b<.it
I'ishing spoti. Clearly, such arrangements can be use Ill
as far as they go. The parallel of acces> rights in liih<.r-
ies with those for oil lields is immed ate: optimal uie
requires that the entire I'ield be owned or controlled hy
one authority. Optimal or near-optim:.I solutions lia>c
been obtained in cases where there are on > a I'ew c<»n-
panies or consortia holding rights to the t'icld, but frag-
mented ownership has typically resulted in competiti e
and wastctul extraction.

The migrations ol' fish usually are so extensive th<it
defining exclusive territorial rights that cover the entire
habitat of a fish stock will prot<ably not be scen as poli i-
cally acceptable. In cases where two or more states share
the habitat of a stock, it woukl not even be possible e:<-
cept by an unlikely consent of all states involved. F<ir
this reason, and the fact that individual fish cannot hc
identified and labelled unless captured, individual righti
to the fish resources themselves are highly unlikelv <ir
impossible.

Individual use rig>hts can, on the other hand, be de-
fined with respect to harvesting. There are two princip;il
ways of doing this: <s a right to harvest a certain qu;ui-
tity   which can be defined indirectly, such as a share in <i
total allowable catch [TAC]! or as a rigiat to uie certain
harvesting equipment  a boat of a given speci 'ication I.
In some cases, righti have been defined with respect t<>
both.

The choice between these two types of harvestin
rights is a practical one rather than one o '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 lish that the license permits
one to catch. It is notoriously difficult to define a unique
relationship between a boat license and the resulting har-
vesting capacity in all but the inost 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 said to
amount to individual property rights depends on the clc-
gree of transferability and length of tenure. For example,
nontransferable fishing quotas that arc reallocated every
year are a fairly tenuous set of rights, but they would
probably amount to rights beyond that I-year allocation
since courts would look for precedencc 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 nf
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. Thi» 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 I'or
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 stiite 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 inight
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

base through cheating would diminish the valiie ol his
property. This mechanism is particularly likely to work
in relatively homogeneous industries with feu partici-
pants. It is probably important as well that the ients ob-
tained from the fishery be relatively mod rate. Other-
wise, the claims by outsiders who want to gei;i share lli
these rents might become difficult to resist, particular!>
it' 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 regiona!
body, act as a rent collector and manager of;i publicly
owned resource in the interest of the public. I shall re-
turn to this point in the ensuing section on ! ishing rents.

The Origins and Purpose
of ITQ Systems

Since the early 1980s, there has been a trend towards
establishing fishing rights based on fishing quot;is. 'l hesc
quotas. !ransferable or not, seem to have emerge d in two
quite different situations. Usually, they have been a de-
layed and tortuous response to a declining resource base
and increasing economic difficulties in the I'ishing in-
dustty. In Iceland, indi vidual quotas first emerged in the
herring  Clupea iiareneus! fishery and soon became
transferable after it became clear that the cluaniity allo-
cated to each bo;it was too small to make much economic
sense  Arnason l 995!. In 1984, ITQs were intro Juced as
a I-year emergency me.isure in the cod  Gadu» inorl!ua!
fishery and subsequently were developed and renewed
until ITQs of an indefinite duration emerged in l990. In
Canada anti the USA, the ITQ systems � those proposed
and those in place � have emerged in response to;i
long history of economic and biological overcxploita-
tion of stocks. An exception in the USA is the v, reckfish
 Polyprion ainerii'anus! t'ishery where ITQs were intr !-
duced only a few years after the fishery developed, in
response to rapid overcapitalization. The initi;itive ap-
pears to have come from fishery administrators. with
fishers catching on to the idea after being skepticiil ini-
tially  see Gauvin et al. 1994!. In Norway, the use ot
vessel quotas i» widespread, but there is hardly any trans-
ferabilityy.

Australia and New Zealand are partial exceptions. The
ITQ system in the New Zealand deep-water fisliery was
put in place before signs of overexploitation had emerged
and, in fact. before much was known about the produc-
tivity ot' the resources. The reason appears to have been
precautionary: both the industry and government offi-
cials were well aware ol what could be exp cted to hap-
pen as a result of free access. The solution was iindoubt-
edly facilitated by the fact that only a few companies
werc engaged in the deep-water fishery, some <if 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, a» the knowl-
edge of the resources appears to have been rather lim-
ited  Geen et al. 1993!. But even in these tv< o countries,
some ITQs emerged in response to resource depletion.
In the New Zealand inshore fishery, there wa» a perceived
need to reduce catches. Thi» wa» accomplished simulta-
neously with introducing ITQs. In Au»tralia, a rapid and
substantial decrease in vessel participation in the south-
ern bluefiin tuna  Thunnus m<r< cr>vi! fishery was achieved

by an ITQ system.
In the late l 980», Chile made plan» to introduce ITQ»

countrywide, in part to enhance the overall cfticiency of
the economy. These plans met with con»ider;ible resis-
tance in the industry, and in the cnd ITQ» were imposed
for a limited number of stocks considered to be threat-
ened by overexploitation. These ITQ» are allocated by
competitive bids  see Pena 1995!.

One noteworthy thing about the attempt». successful
or not, to establish ITQ systems i» that the public au-
thorities more often than iu>t 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 ot their prof-
its. The transferability of quotas would make ii po»sible
for some to buy out others and to take advantage of econo-
mies of scale. A quota allocation would make it po»sible
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 i» 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 problem» of fisheries
management.

On this basi», both the property rights school and the
common property school would predict that initiative»
for limited access and exclusive use right» would prob-
ably come from fishers acting in self-inter«»t, 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 fiddle to government offic-
ialss in proposing the ITQ schemes that have been put in
p'lace.

The active role played by government oft>«ials in initi-
ating ITQ systems is somewhat surprising because nei-
ther they nor the governments they represent have;i par-

ticularly strong incentive to do so. Ther«;ue two i«a on,
why governments might be interestec. in an ITQ»y»tem
First, »uch systems can be used to raise revenue b! l«as
ing or selling fishing quotas. This is rarely done. S«c,>nd.
ITQ systems increase the economic efficiency in the 'ish-
ing industry and»o the productivity of thc econoniy ris a
whole. However, the aggregate benefits of this efl'ic i<in«y
and productivity arc usually not very great and, I'urihcr-
more, they are widely dispersed. 1'hus. ITQ»yst«m,
would not appear worthwhile pursuing again»t the ma-
jority opinion in the fishing industry under those cir-
cumstances. Nevertheless, government oftici <I» have ini-
tiated the»e»y»tems for the purpose ol' reducing th«
sometimes gross economic waste that occurs in fice-ac-
cess lisherie»; the overinvestment in bar< «sting cap i«ity
manifested by ever-shorter fishing seas<>n», the <><i»tly
regulations to limit fishing effort to what the re»<>urc«~
can take. and the threat to the viability ol'the resourc«» theni-

selves po»ed by the excessive harvesting capacity thai relight
be difficult to adequately restrain, The fisliing in<lu»try i
not unique in this respect. In fact, th: situation with r»-
spect to unitization of oil fields with fragmented ovcner-
ship seems rather»imilar. The initiative to unitize lui» iy pi-
cally come from the regulatory author ties who have> b»«n
concerned with the wasteful allocation of re»ource» .iri»-
ing from competitive oil recovery  cf. Lib»cap I'!g9 .

Not surprisingly, in no case has an IT</ system bccii
pushed through without the support of a c ritical mas» <>l
the industry. Thi» support has been obtained thr<iugh al-
locating ITQs on the basis of historical rights � -u»r.:ally
the quantity fished, but sometimes the level of ir»»»t-
ment has been taken into account a» well. Limit«<i ciitrv
shields those who are in the industry froni a I'urth«r «r<>-
sion ot' rents through free entry and I.ol<l» out a pr<>iiiis«
ol higher rents as some leave the industry and sell iheii
rights to others who can enlarge their, cal» of operati< >n».
Since the efficiency gains from ITQ systenis are not lil ely
be large enough to impress the general public, p<>lirical
support for ITQ systems must be sought from within th«
fishing industry. Without a sufficiently»irong con»titu-
ency in the industry, ITQ plans will probably be aban-
doned despite the promises they hold with respect io c<>-
nomic efficiency. Support may be forthcoming <inly it
the constituents expect to get a capita gain from the ITQ
svstem. Therefore, it is probably unavoidable that sc>m»
of the fishing rents become capitalized into a market valu«
of ITQ». To the extent that the government, represent in
the ultimate owner of the resources  the public!. i» r«-
garded as the rightful rent collector, this is a price th.it in
all probability must be paid for putting an IT ! sy»tean in
place.

Is that a price worth paying'> I'roin th» vicwp<»nt <>I
economic efficiency, the most important pi operty ot I I Q»
is that they provide incentives to cur waste by liiniting
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investment and the use ol' manpower and other inputs to
what i» strictly needed to catch what the resources can
support. The social benefit of this is the amount of goods
and services thatcan be produced instead. For recreational
fishing the curtailment of this -waste" would be a doubt-
ful proposition; recreational anglcrs would not nece»sar-
ily devote their time to any productive efl'ort or huy»hares
on the stock exchange instead of their fishing rod in case
they could no longer go fishing. Morc importantly, they
have decided that using time and effort in thi» way pro-
vides pleasure largely or wholly unrelated to thc v<ilue
of the material production it might ultimately provide.
However, there are no less clear and important case» 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 i» capi-
tal-intensive. Every society has limited investment funds
and needs to use them as efficiently as possible. Invest-
ment in fishing fleets i» no exception; it need» to he lim-
ited to what yields a competitive return at the margin.

Many fisheries will fall somewhere between the»e two
extremes. Small-scale fisheries conducted with»imple
and inexpensive capital equipment may have a certain
element of recreational fishing. For fisheries w ith 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 recreationi»ts would
seem to be preferable to ITQ» that would select thc most
"efficient" or affluent ones.

The Tradeoff Between
Efficiency and Fairness

Over time, fishing rents bec<une capitalized into mar-
ket values of licenses or quotas held by private individu-
al». The role of rents provides a useful perspective on
the tradeoff one may be forced to make between eflr-
ciency and fairness in limited entry schemes.

Fishing rents play a dual role. I'irst, they are the result
of enhanced economic efficiency. A» unnecessary costs
are cut, a difference emerges between aggregate revenue
and aggregate costs. This i» 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 increa»e revenue
without a hope of making a net gain. Most ot' u» prob-
ably do not have too much difficulty with thc latter ot'
these roles; given that we can ignore the possibility that

I'ishing may serve other purposes than merely producing
1'ish, we v ould probably find it an indi»putahle benefit
that the fish be provided at the lowest possible cost in
the sense <>I forgoing, as little a» possible, other goodi
that we al»o cherish. It is the question of who get» these
rents that gives us trouble. Is it really necessary th;it only
a I'ew boat owners get rich just by providing lish at the
lowest po»sible co»t'?

Contrary to "ordinary" industries, which are charac-
terized technologically by "constant returns to»<:al»," thi>,
que»tion will not re»olve itself with time. In a constant-
returns-to-»cale industry, production units can be repli-
cated endlessly, a process that will not . top until the
market price ha» I'allen to the lowest attainable cost o1
production. In»uch industries, there are no n nt»", they
are eroded by competition. In an industry built on a lim-
ited, free-acce»s resource, the rents wouhi he eaten up
by unnecessary costs. In a constant-returns-t<>-scale in-
dustry, they disappear because ol'expanded production

Yet many, pos»ibly all, constant-returns-to-»cale in.
dustrie» have»tartcd out as industries with high rent»
and because of high rents. Somebody had sonic kind»1
monopoly, an exclusive technological knowledge,;i
patent perhaps, that made it possible to sell; > product ar
a price that vastly exceeded the cost of providing it. Bur
in the end it wa» impo»»ible to hang on to the nionopoly.
The technology of IBM coulcl be replicated and improved.
In the beginning, the salmon farming indu>try wa» char-
acterized by high rent», which took about l i years to
erode through increa»ed production and internai ional dis.
semination ol' technology. Even the ball-point pcn started
out as a luxury item protected  but not for 1<>n I! by par-
ents  L.ip»ey and Stciner 1972, pp. 287-88!.

Thi» scenario, however, will not happen in the fish-
ery. Fishing technology may be replicated any where, hut
not fish stocks. Fish»tocks are limited by 1 he producti>-
ity of Mother Nature, md fishing must be limited in or-
der not to exceed that productivity. If this is done through
market mechanisms such as ITQ», the scarcity value <>1'
the fish resource» � thc fishing rent � will bcci>me capi-
talized in a market value of the quotas. Thi» < aluc will
not be eroded over time because the scarcity of tish stock»
will always be a fact of life. But more poign;mily. unle»»
the quota» are leased, »old, or taxed by the government.
those who will get this value are the lrrst generation ol'
owner» who got them I'or free. By contr ist, lor a c<ui-
stant-returns-to-scale industry, the argument caii be mad»
that high rents are an acceptable price for progress be-
cause they are transitory anyway: the nature ol' econ<>mic
and technological progress is such that these rents will
be self-defeating. Thi» i» not so in an indu»try based on;i
limited natural resource.

So, i» the accrual of fishing rents to pri» ate i>pcratnr»,
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or more precisely, the first gcncration ol' private opera-
tor», an unacceptable price to pay for economic cl'ficiency
in the fishery'? This is a question for which the general
aniwer is necessarily ambiguoui. Many I'iiheriei are not
particularly prof'itable, and people who engage in them
would not be made immensely rich even if they received
the present value of future rents ol'a perm;ment hut mod-
est share in the catch. Such inequities ai might result
from this would at any rate appear modest compared with
those resulting from ownership ol' land. mineral», finan-
cial asscti, or scarce talent. Private ownership ol lishin<
quotas would under iuch circumstances appear to be;i
moderate "price" to pay for ensuring su»tai nable and non-
wastcful fishing.

When, on thc other hand. it i» deemed inequitable to
let the fishing rents accrue to the industry, we need to
look for a community that i» "worthy" of receiving these
rents and at the same time small enough that these renti
make a difference so as to provide incentives to husband
the resource appropriately. Vesting thc ownership in in-
stitutions representing the coastal communities of which
the fishing industry is a part i» one option. Such in»titu-
tions would have to he given the right to levy user feei
or resource rent taxes to be used in the interest of the
coinmunity. Furthermore, they would have to he orga-
nized in a way that provides inccntivei to ipend the
money wisely and in the interest of the coinmunity at
large rather than wastefully in the pursuit of political goals
or personal enrichment of public officiali.

Why Fishers Are Against ITQs

Given that ITQ systems have the potential of provid-
ing capital gains for those who first gct them. it is para-
doxical that fishers often are less than enthu»iaitic about
them and sometimes even outright hostile. Nevertheless,
there are some valid reasons for thi». Prominent among
those reasons are uncertainty, conllict» over distribution
of gains, and ideology. Furthermore, there is the human
capacity for misunderstanding and wishtul thinking.
which should not be underestimated.

Uncertainty

Both risk aversion and risk loving could;iccount for
fishers' opposition to ITQ». Replacing uncertain catchei
with a certain catch quota appeals to economists who
often take risk aversion for granted as a deicription ol'
human preferences. Fishers may think otherwise. Accept-
ing an ITQ  e.g., on the ba»i» 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, thi» could account for opposition against ITQi.

They may not realize that only a few, if;iny,;<re likel i t<>
make any gain from thi». A free-access fiihery is;it hcit
a zero»uin game in the long run; one I'iiher'» giiiii ii
another'i lo»i, but to attain that result thea u ill have in-
curred additional costs in racing for the fish. Gambling
against odd» i», however, a tendency ihat heep» a th>>v-
ing industry going in every country,,md a iiinilar;>tti-
tude i» not unexpected in I'ishing.

A diffi:rent type of risk i» related to fiilieri' buiincsi
prospects. An ITQ is an as»et fisher» c;in and <nay hc
forced to sell in times of economic difficulties. An 11Q
program will raise the cost of entering the t'iihery. A t'ishcr
who hai gone broke and wishes to enter the I'iihery agiiin
will, in addition to having to buy a new boiit, have t<> Iuiy
a quota. In thii s<.enario, risk aversion in tact would iic-
count for oppoiitii>n to an ITQ scheme.

Again, thc»c problems are not unique to thc Iiihing
industry. Similar problems are encountered ai well in thc
unitization ol' oil fields Icf. Libecap 19139!. Oil leaiehi >Id-
ers. particularly imall firms, have typically resisted unit-
ization f»r two reasons. First, the negative extern;ilii iei
caused bv imall firms mainly affect other lirmi. Sec<>iid.
there are enormous uncertainties with regard to what Iu-
ture production profiles will look like, ai these <lepciid
on largely unknown geological characteriitici of thc un-
derground reservoir. Many leaseholderi are tempted to
believe that they will do better than what they are elle<'<.'d
in a profit-iharing agreement under unitiz,iti<>n. B<>tli of
these apply to fi»heriei. Fishing firms:re typically iniiill,
and the negative cffcct» their harvesting has on the t'iih
stock <re mainly external to the firm. Futui e I'i»hing poi-
sibilitic» are high!y uncertain because ot uncertiiinty ab<>ut
migrations, growth. and recruitment cf tish.

Distribution

The fact that an ITQ program will pri>duce aggr<.gate
benefits means there ii a potential to make every<>ne
better off. In practice, it i» difficult to attain iuch I'ine-
tuned fairness. Thc actual circumstancei will alway» bc
somewhat complicated. Consider an allocation <>I' per-
manent ITQs on the basi» of catch history, a method Ihat
would appear to go a long way towards bein< fair.
Someone might just have bought their I'ir»t boat;iiid
thus he "without history." For some, th = engine m iy h..ivc
broken down last year, or maybe the family needed extra
attention. There will always be cases like thi». The m<>re
generously they are treated, the fewer bencfiti there w ill
be for others.

One distributional issue particularly worthy of n<>I. ii
the sharing ol' income between boat owneri an<i lured
crew. ITQi have usually been allocated t<> boat owner»
and not to crew, cvcn if crew members thiit;ire noi boat
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owners may have just as long a track record as the boat
owners themselves. This situation i» important because
ITQs will probably affect the incomes of crew members.
This may come about in two ways. First, a» fishing quo-
tas acquire value, thi» value will be a cost for those who
have to buy or lease quotas. Thi» cost is liable to bc»ub-
tracted from the value of the catch before the»hare» of
crew and boat owner are calculated. If the current con-
tracts with crew members do not allow for this, it i» 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 i» 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, therel'ore, prob-
ably be unequivocally against ITQ».

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 I'ee» or
taxes that might have to be paid.

Ideo/ogy

Here. I deal briefly with ideology in the political sense
and lifestyle issues. It is not surprising to find vigorous
resistance to ITQ» 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 i» natural to expect ITQ» 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 I'rom
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 fisher» con-

duct their busines». With ITQs, there will be n<> point in
competing for the largest possible catch <' provided th»
quotas can he enforced!. However, that is a game many
fishers appear to cherish. One can hear statem»nt»»uch
a» "We must not lct fishing become a bu»<ne»»," which
many people»ee happening as a result of less competi-
tive fishing under an ITQ system. What is a hit »urpr<»-
ing i» hearing such statements from people who are mak-
ing a living from fishing, an endeavor whose»ucce»» is
not unrelated to the profltability of the enterpr>»e

Conclusion

A» economic development proceeds, open-.<cc»ss re-
sources typically come under increasing pres»ur». Sooner
or later, a point is reached where it is impos»ible to ac-
commodate all those who wish to use a re»our»e unle»»
it» yield is reduced, possibly beyond repair. In > e»pon»»,
exclusive use rights have often developed, sometimes in
a violent and unfair manner, but sometimes by mutual
consent among the parties involved.

Sometimes, not lea»t with respect to fishery r»source»,
the response has been public regulation. Such regula-
tions have often been based on the premise that,<ll »laim-
ants can be accommodated. To accomplish thi<. various
restriction» have been imposed on the use of harvest
equipment and technology. Such restriction» have usu-
ally succeeded in protecting the resource fro<n destruc-
tion or severe depletion. but at the expense of divertin
capital and manpower to unproductive use Thi», no le»»
than the tendency to deplete open-access resources, de-
serves to be called the "tragedy of the commor>»."

There are better way», ways that avoid the waste typi-
cally associated with traditional effort regulaflon» and
that are, at the same time, reasonably fair. IT !s repre-
sent such an alternative. By "grandfathering.';< high
degree of fairness may be obtained with respect to those
who harvest a resource at a certain time. F;<irne»s across
generations requires that the gains from les» w;<stel'ul
harvesting not be capitalized into a windfall ga<n for th»
generation that wa» grandfathered in. Some >~f this i»
probably unavoidable to ensure the nece. sar> support
from the fishers who are active at the time when an ITQ
scheme is establi»hed, but a substantial part <>f the re-
source rent could be confiscated through user fees or
special taxes. The revenue so generated wouhl have to
be channeled to a sufficiently narrow constituency in
order to make a difference and provide incentive» for
efficient harvesting. Communities or areas that depend
on the fish re»ources and in which the industry its»lf i» a
part would seem to be the most natural candidates. The
fairness of' thi» is open to debate, but quite oflen»uclt
communities are poorly endowed with respec< to other
natural resources and are otherwise disadvantaged.
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Allocation of Fishing Rights:
Implementation Issues In Australia

M. EX <I. AND B. KAUFMAI»N

Absrracr.� 'I'he allocation of pr<ipctcy oghti in fisheries ii coniidered by iome to be a solution to the prob
lems of overexploitation and excess capacit! in tiihenei. unfortunately, there are many implementation iisue»
in allocating righti that, if not properly ad<lrcsicd. endanger the uie of rights aisigninent as a policy tool. Thii.
paper examines iinplementation difficuliiei encountered in the allocation of I'iihing rights in two Australia
individual transferable quota  IT@! tisheriei, the iouth east fishery and the iouthern blucfin tuna fishery, and ii
one input-controlled fishery, the northcnt prawn I'ishery. A mimber ol' the specific problems identified relate t<
the allocation process, the lack ot' ineaningful industry involvement, and inadequate preparation on the part o '
the management bureaucracy. 'fhe seemingly innatc inability of government bureaucracies to manage fisherici
effectively i» argued to stem from a lack of direct accountability to user groups;md the existence of non
management-related incentives. In Commonwealth-managed tiihcries in Auitralia. the creation of a statutor!
management authority, the move to 100'S recovery of nianagement costi, and the continuing devolution oi
management responsibility to management advisory coinmitteei are seen;is poisihle means of improving tin.
allocation-of-rights process.

South East Fishery
ITQ Implementation Issues

Background

246

Thc primary objective of thi» report is to examine the
implementation of individual transferable quotas  ITQs!
in two Australian fisheriei, the south east fishery and the
southern bluefin tuna fishery. The intent i» not to pro-
vide a bioeconomic evaluation of ITQ ef1'ectivenesi in
these fisheries, but to provide a frank and open discui-
sion of ITQ implementation difficulties experienced;tnd
lessons learned. A secondary objective i» to outline new
policy initiatives being developed in Australia to addre»s
overexploitation and overcapacity problems that char-
acterize many fisheries worldwide.

The south east fishery  SFF! and the southern bluefin
tuna fishery are managed through ITQs. A number of
difficulties were encountered in implementing ITQ». es-
pecially in the SEF. After we discuss ITQ impleinenta-
tion in each fishery, we outline various lessons learned
from these programs.

The SEF is a multispecies fishery currently composed
of approximately 11 ! otter board trawlers and Danish
seiners. The value of the catch in 1993 wai 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  Hoplosrethus atlanri< u i! and blue
grenadier  Ma< rur<rnusnrii ae;elaiidiae!, represented 4S /n
and 10'r'o, respectively, of SFE' landed value. The I'ishery
is essentially composed of three distinct component»-
Danish seiners that target on whiting  Sillagri flindersi!
and flathead  Plart'< eplurlus ri<'Itardsrwi !, offshore orange
roughy trawlers, and inultispecies inshore trawleri.

Pre-I fQ management arrangements include<l tlie cre-
ation ol' boat uniti that were assigned to each vc»sel it>
the fishery. The number of boat units allocated to a vei-
iel was simply the ium of hull and engine uniii, v hich
in turn were haied on vessel hull size and engine power.
Boat uniti were used a» a proxy for harvesting capacity.
It was thought that growth in fishing capacity would bi..
cons rained by limiting the total nuinber ol'bo<it units iii
the fishery. Bo<it uniti were transferable and acquired
value.  For an in-depth diicussion of pre-ITQ manage-
ment arrangements, sce Geen et al. 1990,! Concern thiit
thc boat-unit svitem wa» not stemming capacity expan-
sion and ovcrexploitati<>n resulted in a fornial giivern-
ment review of management options for the SFF in 19! 9.
In April 1990, the Cominonwealth governinent an-
nounced that the SI I- would he managed by ITQs. In
January 1992. 20 month» after the formal deci»ion, ITQi
were introduced into thc fishery.

Fven though quotai were not introduced until;ilm<iit
2 years after the formal decision to proceed, prcptirati»ii
for ITQs was f tr froin complete. Consult;ition with in-
dustry was inadequate and ineffective. Cert<un iectnri
ot induitry remained opposed to ITQ» upon their intni-
duction. Many substantial difficulties cunently experi-
enced in the SEF can he traced back to ITQ implernent<i-

tion failures.
The»ectioni that I'ollow outline various I'I'Q impl»-

mentation difficulties experienced in the SFI.. Specit'ic
issues include quota allocation and appeals, juriidictional
overlap, elimination of effort controls, the quoin monit<ir-
ing system, the compliance program, overquot,i harveit



FISH IN > R I iHTS Al I.O 'ATION IN A ISTRA I.I A

policy, and stock assessment and total allowable catch
 TA  ! setting.

Quota Allocation, Consultations and the
Appeal Process

The quota allocation process has been»ubjcct to much
criticism. Over 2 years after the introducti<in of ITQ».
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. I'ir»t, quota
shares in the 16 quota species were divided between the
Danish seine and the otter board trawl sector» in pr<ipor-
tion to each sector's share of historical catch. Second.
thc quota for each species was assigned to individual op-
erators on the basi» of each operator's catch history and
boat unit holding»  see Geen et al. 1993 I'or a detailed
explanation of the quota formula!.

There were a number ol'layers to the consultation pro-
cess. The ITQ Liaison Committee, compose<I 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 olficials
was formed to discuss ITQ implementation. The Quota
Implementation Team, composed solely of  'ommon-
wealth olficials, was tasked with the day-to-day respon-
sibility for ITQ implementation. Two rounds of port
meeting» were held in September 1990 and in Novem-
ber � December 1990, and approximately I�<  ot' fishery
operators attended at least one meetinin

A number of complaints were raised in relation to the
consultation process and the allocation formula. For ex-
ample, a number ol industry operators argued that the con-
sultation process was perfunctory. Industiy was not per-
mitted to see the management plan being developed, and
final quota allocations were not shown to opcrator» until a
month prior to the introduction of ITQs. A» 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! werc not predis-
posed to engage in constructive consultation».

Operator dissatisfaction resulted in the establishment
 at the request of the Minister ot' the Department of Pri-
mary Industries and Energy [DPI F ]! ol' the Review  .'om-
mittec 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 pl;m; and an Al'MA-initi-

ated independent review related to appl ic;ition ol' <hi al
location methodology.

The Review Committee issued their report in !992
 Af'MA, Burn»  "entre, Forest. ACT, Au»tralia, uiipubl
mimeo.!, wherein they found that indu»tiy was ni>t iuJ
equatcly con»ulied on either the allocation prc>ce»» <ir the
allocation formula. The process of consultation anil
implementation was driven, first and foremost, hy;i r»in-
isterial deadline Ior ITQ implement:ition. Thc Review
Committee noted 'that thi» objective unfi>rtunatel! A'a»
achieved at the expense of a sound c<in»ultative p>o<:c»s
in the latter»tage»." The committee il»o noted th.it in-
du»try was not even shown a draft of the managelilclli
plan, even though it had been indicrite<l previou»ly by
DRIE that this would be done.

In a decision by the federal court, the allocation Ior-
mula uas found to be "capricious and irrational," anil thi
court declarc<l the paragraph in the management plan i i >n-
taining the formula void. As a result iaf the reviews <md
the federal court decision, the quota alloi.ati<in Ibrniulii
was changed in October 1992. In particular, the catch c >m-
ponent of the formula was changed so that each oper;it;>r',
quota share was based on his or her c;itch»hare <>ser thc
entire qualifying period  as opposed t<> an average <>I the
sum of catch shares in each year of the qual ifying peri >d!

Notwithstandinii the qualifying foimula change < vcr
2 years after the cominencement of ITQi, a numher <il'
operators are still not satisfied with their quota <illoca-
tions, and political and legal avenues,ire heing expl< ired
to satisfy quota grievances. A recent Senate cominittee
review of Commonwealth fisheries legislation  Comn><>n-
wealth of Australia 1993! found "the e vidence to h» <. on-
vincing th<it the quota allocation process in thi» I'i»hery
was seriously llawcd from the beginning. 'I'he in«quitici,
which resulted will continue to provice a inajor ob»t;iclc
to establishin ~ a satisfactory managerrient regime Ibr Ihi,
fishery unlcs» addressed urgently."

The Senate committee further noted that the "i c»truc-
turing ol the south east fishery, in paiticular the change
from a unitized I'i»hery to one based on ITQs. provid,s ii
telling example of how the property rights issue ha» been
mishandled...."  As outlined earlier, prii>r to ITQ». c;i-
pacity in the SEF was managed thn>ugh boat unit»
hence the reference to "a unitized fishery."! It is;>Iso
w<>rth noting that because of uncertaintic»»urroun<iing
quota allocations, permanent quota tran»t'ers were noi
permitted until January 199 k

Juri»diction considerations.� In general, the  '<>in-
monwealth'» juri»diction over quota species extend» hi>m
3 nautical miles  -5 km! to the 200-mile �20-km > Au»-
tralian fishing zone limit. State jurisdiction exten<l» tn>m
the low-water mark to the 3-mile limit. Thercf<>re, inan! ol
thc SEF species managed under ITQs in 'ommonwe ilth u a-
ters are also managed by etI'ort controls i i »taie jurisdicti< >n».
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Mixed jurisdiction creates an ent'orcement 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 in state
waters. where quotas do not apply. Clearly, some op-
erators are misreporting their catch. For example, in
1990, 91~le of the total redfish  Centroi>ervr «fjinis!
catch  a quota species! was reported as being harvested
in Commonwealth waters; however, by 1993, that share
fell to 30~/c.

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 mana cment
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
inanagement arrangements are still not finalized. Seg-
ments of industry unhappy with quota allocations are
lobbying certain state governments not to close thc loop-
hole until specific changes are made to the ITQ system
 especial ly with respect to allocations!.

Elimination of effort control».� Prior to the introduc-
tion of ITQs, the tollowing input control» 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 tishery. How-
ever, orange roughy was managed hy a competitive TAC.
and gemfish  Re.re«sol<utdri! 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 youn fish.'
Vessel length and number restrictions continue at the re-
quest of the majority of 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 difficulties in eliminat-
ing input controls on quota species.

Quota monitoring system.� A» pointed out in I lannes-
son �993!, "the main drawback of quotas is the control
needed to make them effective." Quotas increase the in-
centive for misreporting. If quota limits cannot he en-
forced, the benefits that should flow from ITQ m;mage-
ment are likely to be lost. A number of difficulties have
been experienced in developing and implementing an
etTective quota monitoring system for the SEF. Before
outlining current monitoring problems, the operational
aspects ot'the SEF quota monitoring are briefly discussed.

SEF quota monitoring costs are approximately
AUS$0.5 million per year. Roughly 4.5 full-time-equiva-

lent person years are needed to manage the n>onitortng
system  including data entry!. All monitoring costs;irc
recovered I'rom industry. The framework of the monitor
ing system i» as t'ollows. Operators landing quot i spe-
cies are required to contact a central reporting facility
 essentially a private 24-hour paging service! 2 hour:
prior to landing and provide information on estiinaic<l
landing time. port of landing, and estimated catch. The
central reporting facility immediately notifies b<>th
AFMA and the appropriate fisheries enforcement oftic-
crs of the landing notification. Once a landin ' notific;i-
tion is received, enforcement officers decide whether to
he physically present tor the unloading of catcli on a dis-
cretionarv basis.

Upon landing, operators must complete a catch dis-
posal record form. Part B of the form shows the operator',
detertnination of catch weight by species; it is torwarde<l
to AFMA immediately. While operators are to provide
ail accurate determination" of catch weight <m part B,
operators are not obliged to weigh catches. Part C of the
catch disposal record I'orm accompanies the fish and <s
completed by registered fish receivers  e.g., processors
and exporters!. Fish receivers specify on;i weekly hasi s
the catch weight hy species on part C and forward ihc
completed form to AFMA. The quota monitoring sec-
tion located in AFMA enters the catch data fr<>m part  '
and decrements the operator's available quota.

Compliance program.� Most of the ma~or difficulties
v ith the monitoring system stem from weaknesses in
compliance. In moving to ITQs in the SEI=, a number <>1'
compliance difticulties were encountered. The 'paper
trail" associated with the above quota monit<>ring sys-
tem was seen as the backbone of the co T<ptiance prt>-
gram. However, two tactors greatly reduced the effec-
tiveness of the quota monitoring system in detectin
misreporting. I'irst, the SFF is not yet managed under <i
formal management plan, and AFMA has no legislatrt c
basis to require processors to complete part C ol the catch
disposal record form v, hen a formal management plan is
not in place for a fishery. Second, the possibility of col-
lusion between processors and Bshers ra se<l questions
concerning the validity of part C when it is <ompleted
by processors.

 'ompliancc difficulties have also been experienced
with reported overquota harvest~. Some fishers declared
catch levels for certain species on part B of the catch
disposal record form that exceeded their quota alloca-
tion � in other words, self-reported overquota harvest.
However, current legal advice questions the reliabiliiy
and admissibility of evidence taken from part B of the
catch disposal record form.

An additional difficulty in the SEF relates to non-tr;iwl
harvests of quota species. Currently, only the trawl sec-
tor is under an ITQ system. The harvest of'quota speci«s
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by gillnet and hook in Commonwealth waters is man-
aged hy input controls. Since some trawl operators have
gillnet and hook endorsements  and others can purchase
such endorsements!, it i» possible for trawl-caught quota
species to be reported as harvested by non-trawl rneth-
ods  therefore, the harvest would not come off the
operator's quota!.

While not all quota monitorin ~ and compliance diffi-
culties can be I'oreseen 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 rm>nit«ring and
compliance concerns, the literal response from the then
Australian Fisheries Service was, "Don't worry, we' ve
got that covered." In reality, little was covered.

Overquota harvest policy.� If relative TAC» 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 species that are harvested
together. In the SEF, a number of additional factors in-
creased the possibility of overquota harveitin such as a
freeze on permanent transfer of quota, lack of a formal
lease market, leasing transaction costs, and a policy rxrle
that allowed operators 15 day» after the en<I «f the month
in which overquota fish were landed to obtain quota.

Australian Fisherie» Service managers appear to have
given little attention to the issue of overquota h»rvesting
prior to ITQ implementation. Unf'ortunately, dumping of
overquota catch i» currently considered to be a serious
problem for a number of species. In response to overquota
difficulties, the South Fast 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 Pa»coe  I'!92!.

Stock assessment and TAC setting.� A» u ith many
aspects of ITQ implementation in the SEE, the initial
stock assessment and TAC-setting process was ad hoc
and rushed. For most species, TAC» were not based on
formal estimates of relative»bundance but were based
on average catch levels over the f986 � 91 period. The
use of average catch levels can hide yearly fluctuations
in abundance, and this can in turn create credibility prob-
lems with the ITQ system.

No formal stock assessmcnt process was e»tablished
prior to commencement of ITQs in thc SEF, and no di-
rect funds were made available to the management au-

thority to undertake stock assessment. A!though AlrlvIA
developed a research and stock asses,'ment strategy in
1992 to help rectify the situation  AFVA, Burn» Centre.
Forest, ACT, Australia, unpubl. mime<>,!, it woul<l hove
been more productive if a greater amount of the it ek
assessment and TAC-setting groundwork h»d bee>i com-
pleted prior to ITQ implementation. In particular, the c >it
of itoek as»cs»ment, the impact of ITQi on the u»cful-
nesi of catch and effort dat i, high-grading, and «tlier
stock a»»e»»ment issues should have been more tully
considered prior to introducing ITQs.

Southern Bluefin Tuna I'ishery

Background

The value of the southern bluefin tuna I'ishery ii .<p-
proximately AUS$95 million. The fisher> i» baie<l «n
the harvest of a single highly migratoiy»pecies, s<>uih-
ern bluefin tuna  T/>annus maccoyii!. S«uihern bluet'in
tuna spawn south of' Indonesia, and migrate souihe»it.
pai»ing south of the Australian conti nen .. 1 hey are in»iiily
harvested bv Australian, Japanese, and New Zealand I'i>,h-
er», although catches by Indonesian, Taiwanese, >rid
Korean operators are increasing. Ausi.ralian, Japanc c,
and New Zealand catches of blueflin tun i are managed
through the Commission for the Conservation of Souih-
ern Bluefin Tuna  formerly the Trilateral Management
Group!, with each country receiving annu;il quot;i »I «-
cations.

In 19134. Australia introduced ITQs into the Auiti..>-
lian fishery. Before beginning discussic n» on ITQ i nip l»-
mentation issuei, it is useful to consider both the Auitr;i-
lian pre-ITQ management regime and the f«rees that lcd
to the introduction of ITQs. During the 19�2 and 19Y3
trilateral meetingi. concern was expressed that blueiin
tuna were heing overfished. In particular, declines in the
spawning stock were seen ai increasing the risk «I' "e-
cruitment failure. A» well, as noted in Geon and N;i! .ir
�9139!, the financial performance of many Australiiin
operators had deteriorated in the early I9� !» � the re»ult
of increasing capacity and reduced tuna pricei. In 19NA.
in a response to biological and economic concerni, the
Commonwealth government announced thiit the Auiti..i-
lian bluefin tuna fishery would be managed under 11't!i.
A more in-depth background on the introduction ot' IT< !s
is available in Robinson �986!.

ITQ Implementation Issues

Quota allocation.� The quota allocation formulii 1'«r
bluefin tuna was b»sed on catch history and inveitmenr
 for specific detaili concerning the al!ocat ion formul;i;
see Robinson 19�6!. To be eligible for quota, oper;it«ri



250 EXEI AND KAVFMAN

had to demonstrate that they had either taken at least 15
metric tons  mt! of blue 'in 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 m>t
eligible to receive quota allocations. Approximately 220
fishers applied for bluefin tuna quota units; 140 satisfied
the eligibility criteria and were allocated quotas rangin ~
from 1.4 mt to 823 mt. It is also worth noting that 485 n>t
were not allocated to quota holders; instead, they were
set aside to cover incidental bycatch arrangemcnts and
quota needs flowing from the appeals process.

Operators who caught more than IS 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 ol'either I or S mt ot blue-
fin tuna was permitted as a condition on their license.
This would allow fishers who did not hold blue 'in tuna
quota to land accidental bluefin tuna bycatch. It was re«-
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 syste>n
can create difficulties later � the I- and S-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 issue.

Even with extensive industry consultations, there were
many operators who thought thc 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 fl<shery at the expense <>f
pioneers. Elimination of the bycatch condition was ar-
gued to penalize smaller operators. Allocation difltcul-
ties were compounded by the 30% decline in TAC that
accompanied ITQ introduction.

Appeals.� Al'ter allocations were announced, an in-
formal appeal group composed o ' representatives from
each state fisheries management authority and one ted-
eral fisheries manager was established. While a large
number of operators put forward submissions in this pr<>-
cess, only three applicants were successl'ul.

The next step in the appeal process v'as the Adminis-
trative Appeals Tribunal  AAT!. Initially, 25 appeals were
lodged with the AAT, with only live appellants being
granted additional quota. However, subsequent appeals
to the AAT, thc ombudstnan, or the courts continued for

another S years. The ITQ implementation p>ocess v a.
not helped by the uncertainty surrounding such a !<>n<
;<ppeal process. However, sufficient quota un>s set aside
to satisfy appeal requirements.

In 1989, legislative amendments eliminated the p<>s
sihility of appeal» with respect to the initial quota >llo
cations. Thi» guaranteed quota holders that <heir quot;
sharc would not bc reduced through further <>ppeals

Setting TACs.� The TAC-setting process starts w<tl.
a trilateral scientific group meeting around gepten>he<
each year. I tntil 1994, the scientific group m;>d<. rec<nn
mendations on appropriate catch levels; managers <>n<
industry representatives from Australia, Japan, and Neu
Zealand met immediately after the scien<ific meet>ng t<
negotiate global catch limits and national allocations

The process by which the TA  is set is «vol ving. Sn>«<
1994, there has been a growing split among industry
managers. and scientists concerning the status ol'hluetir
tuna. After the 1993 trilateral scientific report raised con
cerns over stock status, managers, at the request of su i
entists, initiated; > scientific review of specitic biologica
uncertainties in the stock assessment aral! sis. For tl><
t'irst time, external sc<entists were employed by mana '
ers and industry to assist in the review. Managers ala<
broadened the scicntil>c committee to inclu<le industry
and other user groups  including conservath>n groups
in the stock assessment process. In keeping w ith the stocl
assessment and TAC-setting processes outlined f>y
Francis   1992!, Lane �992!, Pearse and '>Va ters �99'!
Hilborn et al. �993!, and Lane and Kaufmann �993!.;
more strategic, decision-making, TAC-setting frarnew<>rl
i» being examined that explicitly identifies managcmcn>
objectives, predetermines management decision-making
>~les, and incorporates risk and uncertainty.

Quota monitoring and enforcement.� Catch is moni
tored through the use of catch record forms, which;<r<
completed by the skipper  providing esti>nated cate!i
weight! and processing estabhshments  stating actua
catch weight!. The skipper and processo forms are I'<>r
warded to Af'MA. and the processor-verit'icd c;<tch
weights are used to decrement quota.

The ITQ monitoring process has evolved over time
In particular, ITQ-induced changes in fleet;u>d process
ing structure have impacted the quota monitoring sys.
tern. Bluefin tuna are no longer harvested by purse sc<n
ers for the canning market. In 1994, roughly 489< o]'
Australian quota was leased to Japanese vessels to har
vest, and 23'in of quota was caught and subscquentl!
reared in cages  see following text!. In tne I'ace ol such
structural changes, the "paper trail" cotnp<ment ot th<
quota monitoring system remains essenti;dly unchanged
However. additional procedures were introduced to clc<>,
with joint venture and farming operations.

Under joint venture arrangements, <lomestic quot.<
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holder» lease their quota to Japanc»e longliner» 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 blucfin 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 vessel». These
changes include compulsory pre- and post-fishing in»pec-
lions of the holds, 15'io observer coverage, random at-
sea in»pections, a» well as daily position and catch re-
porting  via satellite transmission!, daily catch-and-efl'ort
logbook», and individual length and weight measurement
of every tuna.

Cage rearing involves catching blue in tuna by purse
seine or pole and line, placing the fish into pontoons,
towing the pontoon» to safe anchorages, and transship-
ping them to cages. The fl>»h are fed for 3 to 6 months, then
harvested for the Japanese sashirni market. With respect
to the monitoring of fish farm activity, underv ater cam-
eras were introduced in 1994 to count fish a» they are
transferred from towing pontoon» to holding cages.
Farming is a very recent change in the tishery and ha»
moved from 200 mt in 1992 to approximately 1,200 mt in
1994.

Carry-over policy and minimum quota holdings.�
Currently, there is no provision for the carry over ol'quota
underruns or overruns from one season to the next. This
can create planning difficulties for operators. 'I'he 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 I'ish. However. under
appropriate oceanic current conditions, the larger, more
valuable fish can be caught by longliner» in the Iinal
month of the season  usually ofl' New South Wales and
Tasmania!.

Over recent years, quota holders have been 'caught
out" with either a shortage or surplus ol' quota at the end
of the season. The problem i» greatest for Iishers v< lu>
are over quota, as the lease or purchase ol' quiita 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 proposal» include a maximum carry over nr carry
under of 5'/o ot' the total quota. The international nature
of the fishery and concerns over the statu» of the»tock
make the u»e of carry overs and carry unders a conten-
tious issue in the fishery.

There are no restrictions on minimum quota holding».
other than that quota holdings must be a multiple of I
unit. Minimum quota holding» were not introduced as it
was considered inequitable to force operator» that har-
vest sinall amounts of bluefin tuna as a bycatch to pur-
chase a minimum quota holding. Also, it wa» thought

that the expense associated with miriimum hold>nl »
would only result in increased black-ma>ket act>< i.y
 quota lease price» are currently about AIJS$4,000/ni>,
so any mini>num quota holding could creiite ii siziihlc
expense lor»mailer operators l.

The Southern Bluefin Tuna Management Advi»oiy
Committee i» considering a mmimurn lea»e level of S X!
kg  for the first lease! to eliminate admirii»tr,<tive expen»-
e» a»»ociated with processing small lea»e». 'I'here woulvl
still be no minimum limit on the purchiuie level ol'qw<it i.

An addit>onal issue related to minin>urn qu<ita ln>l I
ing» is the potential I'orefl'ort increases for ni>nquota»p.�
cie». Vessel» that hold bluefin tuna quota and are cndor»< d
to fish in another fishery could sell their hluefin iuiia
quota and increa»e effort in the nonquota fi»hery. Thi» in
fact happened � the rationalization of the blucfin iwiwi
fishery led to effort expansion in the s<>uth cast ti»her».
Similarly, it i» po»»ible for new operators to enter tlic
bluefin tuna fishery by purchasing a .',mall ainount i!'
quota, then using the newly acquired aice»» right t<i tai.
get nonquota "bycatch"  such as albacore tun;i 17.
a/al><»<;«j and higeye tuna [T. <>bexu<'!!.

A per-trip p<x»»e»»ion limit is being coii»idered in i i .
der to avoid thc latter problen>. This would»ct speci! ic
limits on the amount of bycatch that coukl he taken n 1 <i-
tive to the;unount ol' hluefin tuna onboard. The fislie v
lend» itself to thi»;>pproach as it is a highly targe>e<l,
single-species I'i»hery with little "unintentioiial" bycat«h.
I.ongliners catch only one or two other»pecie» regularly
in any quantity, anil the purse seine and pole-an<1-liiie
operations are virtually single-species I'ishcric».

Distribution;<I and adjustment considerati<>n».--1.>nd;r
ITQ», the bluefin tuna li»hery has moved froin pwr»c»<ii 1-
ing I'or the low-valued canning market to a longlin>ng
and pole-and-line fleet that satisfies the high-valu«<l
sashimi market. Thi» structural shift cr<.'ate<I adjusiment
pressures and raised distributional conc rn» with re»pcct
to canneries and the purse seine fleet. 1-Ioxvevcr, ii 7$,!,
decline in the TAC would have likely generated grea>er

adjustment pre»sure».
Two factors helped to mitigate adjust t>ent co»t». Fir»t,

the purse seine fleet developed a skipj;>ck iuna I k'«>»'i-
><'onu»/>elamis! fishery, which had positive down»treani
impl ication» for canneries. Second, infrastn>i turc requirem-
entss related to ca< e rearing and joint ventures gener-
ated new economic benefits.

In an attempt to address di»tributional c<mccrn». oiic
»tate government retained approximatel! 2 X! mt of quot<i,
which was leased;innually to operatoi » that agree<I t<>
harvest the tonnage in that state's waters. Howeve>i;>» ii
result of administrative complexity, detiate» over reallo-
cation», and dil'I'iculties in determining le<i»e price». the
state government I'inally sold the remaining quota t<i i i-
clu»ti y.
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Establishment of AFMA

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 il'
at all possible. A» 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 forinula
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 I ept 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 thi» 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 decisioni.

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 systeins!.

A methodical approach that fully and openly ex<un-
ines the implications of ITQs has the best chance of su«"
cess. I'or example, the cost of effective quota inonitoring
and compliance programs should be determined; coin-
pliance penalties and enabling legislation should be in
place prior to implementation; quota allocation shou!<l
be largely agreed upon; and issues related to hi< h-gr<iding.
itock assessment, overquota h;irvest, and TAC setting
,should be settled prior to ITQ iinplementation. Industry
should be fundamentally involved in the decision-mal-
ing process. Thi» may seem a tall order; aowever, IT ,!s
<nay not be in the short-run interests of varioui scieniifi«
and fisheries management groups, and failure duc i<i
implementation mistakes may be used by such groupi ai
evidence that ITQs do not work in principle.

One lesson that has become apparent in the SEF ii
that it can bc quite difficult to correct mistakei that flov,
from the premature and unplanned intro;luction of any
new management regime. After ITQs are implemented,
new vested intereiti are created and some previouily
available management options are foreclosed. Once rnii
takes are made, the management authority c;m bee<<in«
frozen at particular points on the policy landscape, mak-
ing implementation enors difficult to rectify.

Recent Policy Initiatives in Australia

In Commonwealth-managed fisheries  as well ai in
many state-managed fisheries!, new policy initiatives ar<
being developed to address overcapacity and <iverexpl<ii-
tation. Initiatives in Commonwealth-maiiaged fisherici
include creation of a statutory fisheries mana< ement au-
thority  the AFMA!, introduction of 100% recovery ol
fisheries management costs, establishment and/or revi-
talization of management advisory committees with
strong industry representation, explicit identil'ication in
legislation of economic efficiency maximization iis:i
management objective, and the identifica:ion of ITQi iii
the preferred management tool.

To achieve wider participation by industry. it may he
necesiary to change the institutional structures that de-
liver fisheries management services. This v,<is the case
in Australia. The Australian government policy statement
 Commonwealth of Australia 1989! highlights the f<il-
lowing benefits from moving fisheries m;inagement to a
statutory authority from a governinent department:

The structure of a statutory authority would enahlc the
Government to effect its responsihilities in a nexihle.
open and leis bureaucratic way. It woul<l;ilso allow
greater community and in<lustry participation io deter-
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nlining the appropriate nlanagemeni progranl» to< C om-
monwealih fisheries than ha» been the case in ihc past.

The AFMA is a statutory authority legislated tn m<m-
age Australian Commonwealth fisheries. The AFMA is
headed by an eight-member hoard of directors. Board
directors are selected on the basis of expertise in the fol-
lowing areas: commercial fishing, fishing industry op-
erators other than cominercial tishers, fi»herie» science,
marine ecology, natural resource management. econom-
ics, or business management. The managing director, v ho
is also a board director, is responsible for the day-to-day
management of AFMA.

The AFMA's current budget is approximately
AUS$I 8.5 million. Roughly 85 staff are employed, in-
cluding management and overhead  financial manage-
ment, systems, human resource management, etc, i 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. Thc t'irst dift t-
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 involvecl 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  Cominon-
wealth of Australia I 993!,

Mo»< of the decisions about the management of the SEF
were taken prior to AFMA's establishment. A» such,
AFMA cannot be held responsible for the difficulties
which exist in ihis fishery. !R>wever, they arc required
to dcvclop and implement a soluiion. an extremely dif-
ficult task. Indeed, AFMA's Chairman wa» m<>ved to
comment thai "the poisoned chalice wa» passed io u»."

An additional identity difficulty relates to thc fact ih;ii,
initially, AFMA engaged many of the former DPIE I'i»h-
eries managers. Therefore, there was an appearance >t
little immediate dift'erence between AFMA and DPI E.
However, it is interesting to note that at present less <lian
30% of AFMA'» current staff were previou»ly employ<:d
by the former DPIE fisheries managers.

The AFMA has established a management ad»i»o>y
committee I MAC! for each major Commonwealth li»h-
ery. Management advisory committees are the focal point
for joint management/industry participation in fishcric»
management decision making.

Industry Involvement: Management
Advisory Committees

A prerequisite to the development ancl implement,.>-
tion of cost-effective and workable fi»heries man;iiic-
ment arrangements i» meaningful industry participati< in
in the management process. In Australi;in Common-
wealth fisheries, industry participates as inernber» < n
the AFMA Board, and on MACs. In some tisherie». in-
dustry is involved in day-to-day management through
the appointment of industry-based MAC executive ol-
ficers. Membership on MACs comprises .in indepcii-
dent chairperson, an AFMA fisheries man;<ger. and up
to seven other members, who usually include one men>-
her from state fisheries organizations, one member I'roin
the research community, and up to five user-group rcl>-
resentatives.

The MAC» advise and make recomrrend<itions to the
AFMA Board with respect to the development. monitor-
ing, and amendment of management plar s, rind the i mplc-
mentation of management measures, such as «lo»ure».
size limits. and TACs. The MACs are ils<i involved in
setting research priorities and coordinating the stock a»-
sessment process. They are heavily involved in the prep;i-
ration of annual budgets for each fishery. Budgets iii-
clude costs a»sociated with surveillance and enforcement.
overheads, logbook collection and proc=»sing, and day-
to-day management activities. However, hiidgets niu.i
be approved by the AFMA Board.

Currently, mo»t MAC» are focused on the devel<>p
ment of formal management plans. A maniigement plan
is a subordinate legislative instrument that i» deterniincd
by AFTRA and accepted by the minister. Management
plans must include the following information:

~ identification ot' management obj<.ctives and pc-
formance criteria,

~ description of the fishing concessions to be used and
determination of how they will be alloc.<ted, and

~ identification of the rules governing those <>pcra:
ing in the fishery.

Managcmcnt plans allow for the creation of statutory
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fishing rights  i.e., access rights defined in legi»lation x
which exist for the length of the management pl<in.

Involving industry in management i» not without its
difficulties. Active participation in management decision
making is frequently new to industry, and industry may
not be prepared for thc new role. Institutional structure»
within industry needed for broad-based consultations may
not be in place. Existing power groups within inilustry
understand how to influence inanagement decision»
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
i» not easy to achieve. There is often profound distrust and
suspicion between parties. It takes considerable time
and effort on behalf of individuals t'rom each group to
make a new cooperative approach work elfectively.

Cost Recovery

Under current Commonwealth cost-recover> policy.
the commercial harvesting sector pays 100% of recover-
able management costs in Commonwealth-managed fltsh-
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 ol' 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 lone,
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  Romej i.

The mechanism by which management costs are recov-
ered varies by tishery. For example, in the SEF, which i»
managed under ITQs, each operator's share of manage-
ment costs i» determined by the operator's share of quota
for each ol' the 16 quota species. For example. in 1993�
94, orange roughy represented >3'7r of the value of tot;il
quota, and therefore was allocated S3'7n of SEF inanage-
ment costs. Levies on individual orange roughy quota
holders are in turn based on the proportion ot' orange
roughy quota held by each operator.

The move toward 100~/n cost recovery in Comrnon-
wealth-managed fisheries is probably the most impor-
tant factor in setting the dynamics in place I'or both in-
creased industry participation and the continuing
devolution of power to MACs. While cost recovery i»
not a prerequisite to increased industry involvement, it
appears to be a powerful stimulant.

Summary

The failure of current fisheries management arrang<.-
ments to solve overcapacity and overexploitiition prob-
lems i» receiving increasing worldwide attention in h<>th
the academic literature and popular press. I're»sure is
heing placed on governments to implement p<>licies that
redress thc failures ot'current management an angement»,
and rights-based regimes such as ITQs are seen by many
as a possible policy solution. EIowever, the premature
and ill-considered introduction of ITQs an je<>pardize
the acceptability and potential usefulness of' ITQs;i» ii
fisheries management tool. Ironically, the greatest threiii
to ITQ» is not the existence of scientific and manage.
ment vested interests but ru»hed ITQ implementation.

Before ITQs are introduced into a fishery, a disp;i»-
»ionate and einpirical analysis of the timing and magi>i.
tude of potential benefits and costs should be undertaken.
Without such analysi», passion � rather than t;ict-- is
likely to remain the pervasive force in ITQ debates. The
underlying premise of thi» paper is that re»olutioii <>I
current fisheries mismanagement problems does not ic
quire greater willpo>ver on the part of government» i«
make the hard fisheries management decision». Nor i» ii
likely that ITQs or bigger and better input-c<>ntrol pr<>-
grams contain solutions to mismanagement. The deci
sion-making role of government bureaucracie» in the
harvesting sector i»»ubstantial, and prob;ibly unequale<l
in comparison to other sector» in most industrialized
economics. Unlortunately, public sector management h;i»
resulted in unfocused and costly scientific re»earch. iii-
flated management costs, economic waste. overcxph>i-
tation, and social disruption. Public»ectr>r mana *enient
of fisheries may be the problem, not the»oluiion.

Cost recovery. devolution of managemcm re»pon»i-
bilities, and significant involvement by inc ustry and other
user group» in management decision making are avenue»
worth exploring as replacements to the current command
and-control institutional framework. A eris< could bc
made that the management of Commonwealth fisherics
in Australia i» moving quickly in this dir cti<>n.
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Unraveling Rent Losses in Modern Fisheries:
Production, Market, or Regulatory Inefficienciesf

JAMES E. WII.,I'.N AND FRANCES R. HOMANS

AI>sir<><-r.� The H.S. Gordon paradigm b;is;i long and prominent intellectual history and is certainly on» oi
the most important and often cited arti<.les in natural resource economics. However. modern fisheries h;ive
evolved in important way» beyond those envisioned by Gordon when he wrote hi» paper on rent dissipatioii in
1954. The most important impetus for change was the extension in !urisdiction in 1976, which gave coastal
nations the legitimacy to exercise control over har>esting and other aspects of fisheries management by cr» at-
ing exclusive economic zones  EEZs!. The creation of EE/s resulted in the establishment of new reguiat >ry
structures in most fisheries, converting formerly open-access commons into regulated open-  or closed-! access
tisberies. Regulatory structures have had dramatic iinpacts on the evolution of technology, on inarkets. and on
other aspects of the bioeconomics of modeni fisheries. Recent adoptions of sy»tems based on property nglits.
such as individual transferable quotas  ITQ»!, give ns some insights into the types of impacts and the sources oi
rent losses that have emerged out of modern regulated fisheries. In particular, a surprising outcome from the
adoption of ITQ» in several fisheries has been that significant post-ITQ gains have emerged not from cosi
savings  as the G>ordon paradigm would predict!, but from revenues arising as fishers and processors were ir<;ed
up froin the tight season, gear, and area restrictions of old regulatory regimes. Whether this first wave;>f g;>in>
on the marketing side will bc followed by additional cost s;ivings I'rom input reduction and consolidation is an
open question, but it is evident that the regulations adopted after 1976 affected the inarket as much as or perb.ip»
even morc 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 policics principally aimed at prcvcnting
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 policics de-
signed to achieve economically efficient, or rent-maxi-
mizing, outcomes  Scott 1955; 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 thi» shiit.
First, the laws governing flisheries 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 19116; Hilboru and
Walters 1992!. Finally, fisheries managers increasingly
face pressure from the industry over the iinancial conse-
quences of regulatory changes in day-to-day manage-
ment decisions. All these conditions necessitate the joint

consideration of economic and biologic'il I;« tors in i<>r-
mulating fisheries management policy.

Given the»rowing importance of rent as;i partial ili
dicator of the success of the management process, onc
would expect that the concept of rent would h<ive h»eii
rei'ined and its measurement made more precise over the
2 decades since the I'ormation of exclusi<< econ<iinic
zones  EEZs!. This has not happened. If onc were to;tsh
economists to define economic rents, one v <iuld end up
with a manageably small number of relatively close de i'i-
nitions focusing on economic surplus. But ii iine were t<>
ask how to measure or I'orecast rents in fisheries, one
would end up with many conflicting suggcstioiis.

This paper discusses rent generation in modern I'ish-
eries, with the aim of illuminating how potential rent
from management changes might be forecast. '['he next
section summarizes the intellectual origins»if the ciin-
cept nf rent and the role played by the dominant paradigni
developed by H. Gordon in 1954. The section that follow,
examines some modifications to the basic G<>rdon para-
digm that incorporate features of today's fisheries, <in<I
the implications of these modiflcations for unravelin�
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 r;itii>nalized.

Rents and the Gordon Paradigm

The literature in fisheries 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. Thi»
theme has roots in a paper hy Gordon  ! 954!, Gordon
compared an ordinary enterprise such as fanning � -where
a legal owner directs the application of inputs to hi» land
and extracts a payinent 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 i» no proprietor or owner ol' the seabed and
fisheries resources. The implication of thi» ab»ence of
ownership  or absence of property rights! is twofold.
First, there i» no entrepreneur present to direct the appli-
cation of effort in a manner that yields 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 ahsence of well-
defined property rights in fisheries is the source of the
problem because without an owner to extract surplus
 rents!, to<i many fishers enter and ultimately drive the
harvest and biomass down to a level below what would
be sustained if ownership rights to the»eabed could be
claimed and exercised.

This simple paradigm has been important to fisheries
policy in several respects. First, hy bringing attention to
the rent losses inherent in open-access resource use, the
paradigm brought economic efficiency and other»ocial
objectives into explicit consideration in the policy pro-
cess. Second, by hypothesizing a rent dissipation mecha-
nism, the Gordon model provides a conceptual »tructure
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 �954! open-access paradigm has been unf'ortu-
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-

'Cf. Turvey and Wiseman �958!, p. 77, which summarizes de-
bates about fisheries policy ai a 1956 symposium sponsored hy
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 effects of fishing on stock
numbers was that the reproductive capacity of fish wa» very,
very high. Statistics»uppnrtcd ihc view that the size nf a fish
population was not related io the number of potential »pawner».
The effect of fishing was noi on spawning hu< on average age."

plify his model, Gordon abstracted from four importarn
features of fisherie». First, he basically ignored the con
nections between economic rents, harve»t», i<nd biology
His basic inodel linked rents and fishing effort but fai!ed
to include the feedback between effort and  <ita! harve»t»
and biology. This omission was purposeful, because hc
did not believe that I'ishing could have more than a ncg
ligible effect on populations.' In hindsight, Gordon un-
derestimated the strength of his own proc e»s: the tremen-
dous response of fishing capacity to rents that occurred
in the 1950s and 1960s drove several import;int fi»herie»
to collapse.

The link between rents and entry, harvest». and popu-
lation dynamics was eventually made by Sniith �968 i
In terms of impact on management philosophy, Smith' »
extension was too late; by then, another paradigm.
Hardin's "tragedy of the coinmons," had beconie the domi-
nant model in resource management literature  Hardiii
1968!. Hardin looked at the same process. but instead ol
focusing, as Gordon did, on the cause  individual incen-
tives under open access!, he focused on th< effect» on
the resource it»elf. While Hardin's tragedy inetaphoi
proved a popular device  or drawing attention to resource
degradation, it did little to illuminate solutions because
it implied that degradation was inevitable and in«xorahlc.

A second»implification that Gordon employed wa»
the assuinption that effort is unidimensional. This, to<»
had serious consequences for policy development in thc
late 1960». In particular, the first limited entry program»
were guided by an intellectual characterizatioii of the rent
dissipation problem as literally "too many boat» cha»in
too few fish.' As a result of thi» simple view, early man-
agement programs aiined directly at limitin< boats. These
programs were quickly found to be ineffi ctive as fisher.
increased ves»el capacity by altering other inputs  Wilcii
1988!. These problems might have been avoided if econo-
mists had developed a more general depici.ion of the open-
access rent dissipation process in a multiple input »ci-
t�1�ll.

The third abstraction Gordon employed was that the
industry is assumed io operate in a completely open-
access institutional setting, with no regulatory»tructure
or other constraint» on behavior. While thi» wa» prob-
ably an accurate depiction of most fisheries in the ! 950».
it certainly was not atter 1976, when coastal nations ex-
tended their resource jurisdictions to 200 mi!e»  
0 km!.
Economists have not responded to this ncw setting hy
adopting model structures that incorporate regu!ati<in»
in a meaningful way  »ee Wilen [1985] for a mi>del ot';i
regulated open-access fishery that incorporaics both in-
dustry and regulatory behavior!. As is di scu»sed he!<iv<.
one cannot really predict how a fishery will evolve with-
out a good understanding of the interrelationships between
biology. fishing technology, regulations, aiid market»
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 Homans [19931 provides an integrated model of indus-
try and regulatory behavior and market interrelation-
ships!.

Finally, Gordon'» fourth abstraction was that there i»
no feedback between entry, harvesting, and the market;
thus, prices can be assumed given and independent of
the open-access rent dissipation process. This wa» a natu-
ral assumption and one that allowed a simple analytical
depiction of the procc»». However, in retrospect this a»-
sumption has led to an almo»t single-minded depiction
of the open-access rent dissipation process a» one of ex-
cess inputs, whose primary effects are to increase thc
costs of exploitation. Little attention has been given to
the possibility that open-access processes might also al'-
fcct product quality and the market side of thc ledger.
This is not to say that economists completely ignored
the impact of open access on markets and vice versa. An
early and particularly thorough analysi» of open-access
behavior is contained in Crutchfield and Zellner �962!,
who developed an empirical model of price dcterrnina-
tion in the Pacific halibut  Hippog l<>L»«x »terr<>le@i.< ! fish-
ery. Their model mainly focuses on price detern>ination
within the production period, and does ru>t link thi» 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, a» 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»ee-
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 lish-
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. Thi» 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

be induced by the very nature of the regu<atory»tructur<.
that ha» evolved. a po»sibility the Gordon paradigm did
not allow. When one considers a more realistic depiction
of modern fisheries. which includes some of thc factor:.
Gordon ignored, the issue ol' identifying inc1ficiencic.
becomes considerably more complicated, involving tech-
nology, markets, regulatory structure, and industry entr!
and exit dynamics. 'I'his complexity is illustrated in rhc
case studies section ol' this paper.

An Evolutionary Vie~
of Fisheries Institutions

The world ha» changed considerably since H.  >ordon',
»eminal paper in 1954, which described the proces» oi
rent dissipation in a pure, open-access fli!,hery. Since thc
extension of marine resource jurisdiction in 1976, virtu
ally all coastal nirtion» have had the ability it not ih<
resolve, to avoid thc waste inherent in open accc!<». As i [
turns out, the evolution toward rationalized»ysiem» ha»
been slow. Most I'i»heries today are neither Gordon's pure
open access nor anything approaching Scott'» �955! sole
owner ideal. Rather, a hybridized system has evol>ed
that i» best defined a» "regulated open ac "ess ' <>r "regu-
lated re»trictcd acce»s." By this, we mean that most ! i»h.
eries retain biologically determined effort re»triction»
within an open-acce»s framework or, in siime ca»e»,
within limited entry programs. Thus, the inlierent incen-
tive» are basically a» Gordon described thein;ilthough
their impacts are generally stifled and moditicd by re >u-
lations.

If one looks at either the regulatory hi»n>ry ol' indi-
vidual fisheries or at a large cross-section time-»eric» of
many different fisheries. an evolutionary pr<>ces» i» ap-
parent. In particular, most fisheries exploitation begins
under pure, open-access conditions. Often. a fishery can
remain in thi» situation for a long time becau»e 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 becau»e;i market
develops and increases revenues or because input~ in-
crease as technology changes � rents rise, new ve»»els
enter, harvests increase, and the biomas<, may be endan-
gered. When this happens, if interested parties can over-
come the transaction costs necessary to agree to stop
overexploiting the resource, a regime shift occurs <ind
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 thi» phase,
access i» 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 iafcty

Regulatory systems may use a variety ot potential in-
struments such as gear rcstrictioni, size and sex restric-
tion» on harvests, and area and season closures. Often,
fisheries in this» age start out employing biologically
motivated restrictions such as closing the seaion during
spawning periods or establishing minimum sizei. As renti
emerge, 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 lait
for a very long time because there are an intinite number
of way» for regulators to react to and mitigate growing
effort when technology i» flexible. Often, manageri 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  Anr>t>lot>ornrr
fitnbriri!, and Alaska king crab �'ar<rtithode> < «»ir»< hrtti-
cus! fisheries. In other casei, the regulatory structure»e-
lects from among a suite of instruments, iucceisively
tightening one, then switching to another. For cx;unple,
managers may shorten the season, then increase inini-
mum mesh size or legally allowable size, then shorten
seasons again. and so on. Most of the world'i I'iihcriei
currently operate under a regulated, open-acceis regime.

Beginning in the 1960s, a modified versii>n of the
above institution emerged that might be called regulated
restricted access. In regulated restricted-access systems.
a limited-entry system overlay» the types ol controls used
in the regulated open-access system. There are inany
prominent examples ol 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 flexihle technol-
ogy is, these systems may or may not be elTective, and
they may last a long time without significantly eroding
regulatory control. For example, Alaska's limited entry
for salmon  Oneorhynehus spp.! has been in place for 20
years, and high license values attest to the cxiitence 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 systein in both their halibut and»;iblefish I'iili-
eries in 1980. By the early 1990s, however, the length <>I
season I or both ol' t hese fisheries contracted I roin I month
to I week even with limited entry and higher allowable
catches. In these cases, rapid technological «liange caused
individual fishing capacity to grow, even ihough thcie
were fewer vessel». Hence, regulated restiicted-acc«ii
1'isheries ultimately 1'ace erosion, in which caie regulii-
tors and fisheri may look to other opti<>ni.

The most recent option in this chain of initituti<>n;il
evolution has been a system based on prope<iy righii,
notably ITQ»  Neher et al. 1989!. This type ot' syiiciii
ha» become a viable option in many fisher>c» previ<>uily
managed hy traditional methods. Unlike any <>I' the pi c-
viously defined»ysiems, which only contr<>l the iymp-
toms ol' open-acccsi behavior, property-righti syitemi
fundamentally tackle the cause of the probleni by altci-
ing ba»ic incentive structures. These systeins;ippe;ir i<>
be costly to iet up and involve considerable uncertain-
ties for existing participants and � equally important
for the existing management structure. It siicce»itiil,
however, these»y»tems have the potential to end moit
problems associated with the rent dissipation proceii
described by Gordon �954! because they addre»» tll<i
problem rather than its symptoms.

Unraveling Rents in Madern
Fisheries Systems

If it i» true that most modern fisheries are iiot a» simple
as Gordon depicted them, what are their characteriitici
and how do they alter hi» lundamental predictioni'
Iiirst, as argued previously, the nature of the regulati>ry
structure critically affects the way rents are gener<i cd.
For example, gear restrictions, size restrictions, seaion
lengthi, and many other biologically motivated re ul;i-
t ion» affect rent potential directly as constrainti on iiiput
choicei and fishing practices. In addition, theie regul<i
tions affect the rent generation process indirectly becatiie
they at'I'ect iuhsequent rent-seeking b<thavior. For ci-
ample, season length restrictions have a direct effect h!
shortening time on the grounds; but they also have;in
indirect effect by causing fishers to build veisel» with
higher quick-response capacity that will operate effec-
tively in a derby setting.

Second, the regulatory structure is not it;itic; it intei-
acts with the industry and is responsive to inveitment, tech-
nological change, and so on. For example, in the B.C. hali-
but fishery, v, hen circle hook», fish shakers, and automated
baiting equipment were first adopted. catch rates in-
creased, regulators shortened seasons, flisheri adopted the
new technology at a faster rate, and seasons were shi>rt-
ened again. The significance of this cycle is that technol-
ogy, costs, and regulations are dynamic and cndogenoui.
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A» 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 nn the
part of the industry, as well as the whole evolutionary hi»-
tory of action and reaction between the industry and the
regulatory structure. Third, these interacti»ns 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 vessel prices
are lower than they otherwise would be because fish qual-
ity i» poorer in a derby fishery, and because the final 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, »verca-
pacity is mitigated somewhat because the potential profit
incentive is not as strong as it would be otherwis«. At the
same time, it means that if we attempt to mea»ure rent
losses  or the other side of the coin. thc potentii<l gains
from rationalization! by focusing only on costs, we may
miss a large part of those losses. Thi» observation may
explain what seem» to be happening worldwide in»ev-
eral adoption» of ITQs  Wilen and Hornan» 1992; Homans
1993!. In particular, a» old regulated open-access fish-
eries are freed from the regulatory constraints that have
evolved to stifle effort, the first change i» often new op-
portunities to generate products different from those pr<>-
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 nev, incen-
tives to work together to maximize the value of the catch
by tishing when demand i» high and by developing and
targeting niche» in the market that never exi~ted 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 di»-
sipation.

In the next section, several case studies r«veal some
of the intricacies of rent generation in an expanded fram«-
work that accounts I' or regulations and market effects.
These case studies are drawn from several I'ish«ries re-
cently converted to ITQ program~, and they collectively
point to several conclusions. First. real »ystem» that in-
volve endogeneity and dynamic interactions among the
industry, regulators, technology, biological I'actor», 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»ingl«ran-
dom event in the evolutionary history of the t'i»hery can
detertnine much of the entire subsequent path of rent dis-

sipati»n. Because of the evolutionary nature <if techn»1-
ogy, confinin < one's investigation to technolo<�ics i<n<:
I'ishing practices that exist at a given moment i» likely t<
be a misleading indicator of what might exist under;.
more rational management structure. Carr«nt techn»l
ogy, markets, and regulatory structures should probably
be regarded a» accidents of history rather thaii as an»ut-
come of a rational optimizing plan. For thc m»»t p;irt
trying to forecast future structure» of techn<il<igy, co»t»
price», and market» using current structures requires «au-
tion and caveats. and may, in some case<. h» tutile.

Rent Dissipation and Rent
Generation~ase Studies

British Columbia Halibut

A» di»cu»sed previously, the north Pacific halibut fi»h
ery ha» a long history stretching back ov<er a««entury. It,
history reveal» a pro«c»s in which continued i I1cre'<»e» ill
rent» generated   I ! entry, �! reductions ir, s«axon length,
to S day» in the late !980», and finally �! 1iinited en<I'<
in British Columbia and the recent move to<» ard a rights.
based system in the 1990s.

During thc 1991»eason, Canadian fisher» decided t<
conduct their portion of the fishery under a v;s»el qu»t.i
»ystcm raiher than the usual "fishing derby. ' The Ll.S
fi»hery retained the»bort derby season sy»t«m; hence,
observers had a vivid comparison of oper;itioii» und< I.
alternative incentive»ystems. During the brie!'l.'.S. fi»h
ery opening» in 1991, there were reports that, reater th;u i
50"7n of the catch landed was never iced; dun ng the bi
gest I-day opening  in the first week of May!. about .<
third of the t'i»h were not even gutted. The Briti»h
Columbians, in contra»t, mostly chose to h<il<l their quo
ta» until after the May opening in the USA and bel'<ir<
the final closing date of November. As a r«suit, the Ca
nadians obtained»ignificantly higher prices in the t'ir».
year ot the program. Fi slrermen.< News i Jun«1991! re
ported that ex vessel prices received in late May by 13. 
fi»hers averaged US$1.10 higher than those rec«ived hy
their U.S. counterpart»  who received about US,'I	.70,'
From the first year's data, thi» suggests a price "penaltv"
associated with open-access fisheries and it» regulation.;
of around 40",r:.

Since British Columbia adopted an individual quirt i
system in 1991, there have been dramatic clianges. Al
though it is too carly to tell exactly what is happening t«
fi»hing costs, one»tudy suggests that c<>st» did not de
«line but rather ro»c slightly as fishers took longer trip.,
and readjusted fishing practices  EB Associ.ites 1993!.
The absence of significant reductions in inputs i» due, iri
part, to the fact that quota trades and quota «»ns»lidati<in
have been limited by design during the eaily»tage» oi
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the program. Current restrictions allow limited leases but
prohibit sales for the first few years, with thc intent of
allowing the industry to learn how the system will work
before being freed up to quota trades. Anecdotal evidence
suggests that I'ishers 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 ar«still be-
ing filled by concentrated effort over period» 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 changed from
one producing only frozen fish to one producing mainly
for the fresh-fish market. New and higher-valued inar-
kets have developed for a year-round supply of fish, and
marketers often work with fishers to spread out supply
and avoid short-terin market g>luts. Surprisingly. the mar-
ket is composed of a completely new set of brokers who
are not affiliated with the old derby fishery. Research 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 salm<m. Hence,
when thc individual quota  IQ! 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 I'rom this new
market structure, better quality raw product, and perhaps
more competition among handlers.

New Zealand Groundfish

In the New Zealand fisheries, the evidence 1'or rent
gains from improved marketing is equally startling. An
important case is that of thc snapper  Ch>.vs<>pi>rvs
«uratus!, which is the mainstay of the northern New
Zealand inshore groundfish fishery. This fishery has a
long history of exploitation, much like that ot' the notch
Pacific halibut fishery. In the early part of the century,
steam-powered trawlers caught snapper in vessels over
40 m in length. In the 1920s, Danish seine vessels came
to dominate as gasoline and diesel power replaced steam
vessels. In the 1970s, a new market t'or higher-quality,
frozen, whole snapper opened in Japan. Thi» 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 ntarkcting 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 tri J>led in some ground-
fish fisheries after the introduction of the IT ! system.
This was made possible by a miijor shift in marketed

products away ftx>m mixed batches of sinall, tra<> I
marked fish caught. in compressed seasons <vith lon
taws. More recent changes in technology and practices
favor lou>qinecaught tish, orshort tow, trav I-<aught lish,
selected for size and market characteristics and spre;i<I
over thc whole year. Interestingly, both of these are ev i
dence ol' switches to costlier technologies induced bi
the prospect of the marketing gains made possible hi
the changes in incentive structure. Thus, in c<>ntrast <i>
what most economists would have expected, in this c;ise
unit costs actually rose after a more efficieni regulate>r!
scheme was adopted, but revenue increases more thiiii
compensated to increase profits. An er a»re analysis that
attempted to predict rent gains in this fishery by examin-
ing production cost savings not only would h;ive missc<l
the most significant component of the rent gai ns, but als<>
would have likely assumed that trawl technology would
continue to be the dominant, if not sole, technology.

Australian Southern Bluefin Tuna

The bluelin tuna  Tliuruius m«ccoyii! is an<>ther inter-
esting ITQ case study involving a very valuable 1'ish w>th
high market value in Japan. These tuna have been har
vested for many years in the south Pacil'ic bv fisherics
1'rom Australia, Japan, and other countries. Tuna spend
roughly the first 8 juvenile years in coastal waters i>1'1'
Australia where they slowly migrate countcrch>ckwisc
as they grow. After maturing, tuna enter the high seas
and continue to grow and migrate over lai'gc are, is. Dui-
ing the late 1970s, hi<>logists warned of i<r>pending ox er-
harvests,md recommended a catch reduction. In 1983.
Australia and Japan both agreed to catch reductions. 'I'i>
implement them and R> improve economic retiirns. A us-
tralia implemented an ITQ system in late 198-1, the first
such system in the country.

With the introduction of ITQs, some dramatic changes
occurred in the bluefin tuna fishery. The most importan<
change in fishing practices was geographical movemcni.
With secure rights to specific quantities of tuna, 1'ishers
refrained from fishing small tuna in nearshorc regions
and moved off the continental shelf to target lish at the
eastward edge of their life-cycle migration. where the
fish are larger. Before ITQ», only 13% of the Australian
catch was greater than 1S kg; within 2 years, niore that>
35'7< was of this larger size class. Targeting of  he larger
I'ish was a direct response to more lucrative prices paid
by the Japanese in the sashimi market. Signifie;mtly, av
erage prices rose in real dollars from AUS$988 per met-
ric ton  mt! at the beginning of the program t<! ovei
AVS$2,000 per mt in only 3 years  Geen and Nayar
1988!. Hence, revenues more than doubled, laigely be-
cause fisheries were able to tap new markets that were
unavailable during the open-access phase.
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and exit of excess capital. Variable costs have risen be-
cause fishers now travel at least 2 days to get to the edge
of the shelf, as opposed to the short day trips thai used to
characterize fishing practices. Geen and Navar estimate
that fixed capital investmcnt in the southern bluefin
tuna fishery has been reduced by approximately 25c/r
beyond what would have occurred without the program.
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achieving increasing itnportance in fisheries inanage-
ment. First, rent plays a prominent role as the engine
that drives fisheries into biological overharvesting or
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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! m in-
agemcnt since 19g2 when explicit mechanisms to introduce transferablc property rights were first used in New
Zealand's deep-water fisheries. Pre-dating this, there were individual quota arrangements in the Bluf!' oyster
fishery and the Ellcsmere eel fishery. A «omprehcnsive regime I'or quota management and individual transf:r-
able quota was introduced into New Zealand fisheries law in 19g6.

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 mech;mism. a quota appeal auth<rity rc-
giine to review quotas of individuals, and a me«hanism whereby government bought quota <>n catch reduction
and sold quota on catch increases. The paper further proceeds to examine the incentives that have develcped i'or
fisheries conservation and for efficient fishenes economic use in thc years since I <Jg6. Discussion focuses oii a
range of issues. 'I'hese include the development of claims for aboriginal title, the outcome of the variou> litiga-
tion and government negotiations on this issue, the need for further structural reform in the quota managem«nt
system, and warnings to those who are proceeding to implement similar systems to ensure that policies are ch ar
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 dctcrmined prior to establishing the
management regime, and equally clear rules and policy should be established before introducing quota ieginies
with regard  o the costs to industry and government.
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I have been asked to address this conference t'rom the
perspective of a fisheries manager assessing the valu«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 svstems
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 Ncw 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'» 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 ant , to a lesser extent,
the activity of recreational fishers. First, I brietly focus

on some positive tispects of the quota management sys-
tem in New Zealand.  Branson [1997] expands on these
quite substantially.! The first aspect is that Neu' Zealand's
domestic fishing industry currently spends a<>me US$ t
million on research on the orange roughy  Hopi»ster!»<.<
»tianri «us! fishery. Futther, thc industry has entered int<.
communal contracts lii regulate its own acti< ity for Ihc
purposes of conservation and to ensure there is iio over
fishing in a range ot' subdivided marine areas.

In addition, Nev Zealand scallop fishers presently
contribute several million dollars as the total cost of en.
hancing the Nelson Golden Bay scalliip  Pe< rc>i
>ton«<'eln>tdi«e! fishery, and snapper  Chryv<iplt»'.>
<iurams! fishers voluntarily pay for addition.il enl'or<c-
ment in their I'ishery. Snapper fishers also liay fol lc
search projects studying different effect, ol liarvesting
which will lead to more efficient enforcement and bett«i
management practices for the restoration ol' the t'ishcry.

In rock lobster   J«st<s edtvardsii'! and abah inc  Hodi »»<x
iris! fisheries. fishers pay over US$150,000 per ann»in
t'or enforcement contracts to be carried out by the Crov, n
I doubt that there is anyplace else in the wiirld wher<
fishers voluntarily contribute substantial funds to enforce-
ment agencies. Fvcrywhere else in my expenencc, the<
seem to be doing their best to have such ag>en«ie
underfunded and to ensure that they are unable to con
duct their activities with strong enforcement. presence
In New Zealand's squid  Notorodarux go»l>li! fishery
when the government would not reduce quotas, the in
dustry voluntarily sct its own. There were tivo reason.
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for this voluntary action: lirst. 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 thc most outstanding example of the effec-
tiveness of New Zealand's fisheries regim«on industry
behavior is that fishers voluntarily chose not to increase
the 50,000-metric-t<in  mt! hoki  M«< iurnriu<
n<iv«ezelandi<te! fishery, which would have placed
US$2.5 million directly into fishers' hands through joint
venture arrangemcnts. Instead, I'ishers chose to put the
increase on hold, stating that this action would result in
a greater number of fish of increased quality and size 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 I'or this be-
havior focuses on four elements in our management
scheme.

I. Ownership: With ownership there is a capital value
ascribed to an asset. 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 value 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 merely 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.e., 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 quot;i, as this consti-
tutes stealing from one's mates rather than I'rom the
government. Further, with the increasing promi-
nence of the conservation movement in New 7~aland,
there is a reinforcing elfect 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
it in 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 luturin! tishery prior

to the declaration of the New Zealand exclusive econoini«
zone  EFZ!. However, after the introduction»f the I'.I.'./
in New Zealand waters, there was a dramatic increase in
fishing effort through joint venture arraiigements. In
1982, New /ealand introduced a quota management svs-
tem for nine species. which affected 12 companies. This
was a relatively small m inagement arrangement and the
issues at the time were as follows:

~ Method ol' allocation: Allocation was based or< I
formula of catch processing and capit;il investm«rn
in catching capacity.

~ Tradability ol' quota among companies: While th«
government had approved this arran ement v,ith
itlaxi mum ltoldings of 35 lo for any one company
or individual, the establishment ol'a market and .ic-
companying registry was not initiated, with changes
of ownership heing notified to government result-
ing in cumbersome regulatory administr<ition.

~ Total allowable catch  TAC!: Incre;ises and de-
creases in TACs were not well handl«d at the time:
A proportional arrangement and an arr;mgement I'<ir
keeping a share for competitive cfishing were ei«-
ments of the process in place.

A final issue. not dealt with at the time, was that <it'
rec<ird keeping to ensure that catch and qu<ita allo«;iti<in
were properly accounted for. Nevertheless, for the first 2
or 3 years, thc system worked quite well because ihe
resource was not under any great pressun and the;ir-
rangements that New Zealand companies used to «on-
trol their joint venture partners were adequate to ensure
that overfishing did not occur.

In 1986, a much more comprehensive iiishore stru<.�
ture was instituted. and the inshore and offshore c<imp«-
nents of the fishery were merged. Thi» was.i niuch tri<irl
diff'icult change as the inshore fishery was overciipit;i!-
ized and overfished. Consequently, new legislative mecli-
anisms were introduced to encourage accelitance hv iii-
dustry. This i» the situation many fisheries managers
now face. The New Zealand fishery i: lar e and c<iin-
plex, and has some 160 fisheries areas wit!i quota.

The mechanisms used in New Zealand'~ regime iiie
as follows. The first mechanism, designed io encoura< «
many fishers to accept a change to a quota management
regime, provided the government a means to purch.ise
quota from lishers when a TAC reduction <iccurred and
sell it to them when there were opportunities to incr«<is«
TA  . Thi» was designed to ensure that the t'ishers ha<.l a
secure investment and could see that, in th«event of s«-
vere decreases  which were anticipated at th;it time!, they
would be able to leave the fishery with dignity anil iii-
vest in other areas of the economy. Equally, there v< a.. a
benefit to the Crown, which recognize«. the potential I «r
exponential increas«s to future TAC, enabling it to vali
any recovered stock at a fairly significant return- � a return
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that would have been greater than the cost of the reduc-
tions plus interest. In retrospect, thi» was not a go<i<1 ide;i
as the movements in quota were such that the overn-
ment decided that the risk of the fishery shou! d be borne
by the participants and not by the Crown. Thus. 4 yeari
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 thi» 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 ai
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$4 !
million on thi» program to buy quota from the li»he<y t<i
reduce the TAC to level» that would allow the st»cki t<i
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 wai bycatch.
Fishers complained that it woukl 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. A» a consequence, arrangements were
made f' or a 10% provision for over-catch, for under-catch
being ca<Tied 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 wai 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, t»
whom claims could be made. Beyond the Quota Appeal
Authority, it was possible to go to the courts. The conse-

quencc of the administrative appeal system wai that large
quantitiei of addition;il quota were allocated in the fish-
ery, which resulted in iome reallocation .if the original
cuts, particularly in the snapper fishery.

The governinent alio believed that the quot.> nianage-
ment system would make tishing extremel y pr<if itable. i<i
fishers should pay a rciource rental, which would include
a return to the Crown to recover the costs of nianaiiing tlie
fishery. The legislation supporting this mech;inism w;ii
not as specific as it mi ht have been. The rei»iircc rent.il
was to be set annually and would involve a revolving fund
for incoming management costs. and total allowable
coinmercial catch reductions.

The final eleinent of the 1986 legislation w <i» enforce-
ment. which was to be managed through a liaper trail
that followed the catch of fish on a vessel through tlie
wholesaling proceii to retail or export. Documentation
was made easier by the introduction of a g<iti<ti iincl »cr-
vices tax in New Zciiland, which meant that;ill compa-
niei had to keep trading records. While the paper trail
would form the principal mechanism for i<ivestigatin i
over-catches, it wa» t» be supplemented by;i r;mge ot
other on-the-water and off-the-water observing oper.i-

tions.
The more astute»1' you and those who h;ive visited

New Zealand will have already recognized;i r;mge <:I
fundamental flaws in the way the original statism wai
established and the way that it differed fioin the theory
that was developed by the original quot;i inanagement
system proponents. I will deal with these fit<vs in a mo-
ment. Thc reality is that over 6 years, the 11;<ws in this
system became apparent. Consequently, for the lait 3
years, we have been reexamining the nature;md extent
of our quota manageinent system. The nature of this re-
examination has consisted of a number of expei t review i.
However. this review process has become friiught with
difficulties because of the wider public intereits, the ac-
tive involvement of conservationists, and the need clearly
spelled out by overttment to have input lrom all stakc-
holders prior to final decision making.

Notwithstanding these difficulties, the review ot'New
Zealand's quota management system was absiilutely ci-
sential because of problems arising from the narrowness
of the original established parameters. Areas iif particu-
lar concern were as follows:

~ bycatch issues;
~ the nature ol' 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;;ind
~ the mechanism that would he used to allocate quot<i

in the future, bearing in mind that we had already
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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 iishing arrange-
ments that have developed under the quota m.inageinent
system has become extraordinarily complex. Adding to
thc complexity is the need to track bycatch and over-
catch, which must be counted in descending order. Con-
sequently, quota holders and I ishers are demanding a sim-
pler system for administering quota hoklings. 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 oi penalties in the fisherics,
principally forfeiture.  In this case, I'ort'eiture includes
boats, quota, and other property. including c<ish. used in
the commission of the ofi'ense.! There has been a move
to ensure that forfeiture is either abandoned or is only
used for the most excessive breaches of I'isheries law;
lesser breaches would be dealt with by a ~liding scale of
penalties. The issue i» that the original market established
for quotas did not meet the need» of I'ishers to rapidly
trade quotas or fishing rights to ensure that their catche~
matched their holdings. It is believed that the ACE con-
cept will provide a hetter market for tr;iding I'isheries
rights. However, because ACE is divorced from owner-
ship, an inherent conflict is set up in that ACI. holder~
may not have the long-term intcrcst 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 holder~. When the
government initially allocated rights, it believed it was
establishing a catching right in an area and that it could
modify such rights by passing rules and regulati<>ns I'rom
time to time. However, these rights werc not so readily
modified. The courts ruled that people must be able to
catch their tish in a reasonable manner. as they had done
historically. The Crown therefore had to be extraordi-
narily careful in implementing modifying regulations.
Consequently, the government has come to appreciate
that the rights granted need to bc very clearly defined�
such as what is permitted in the water colunni, seabed
extraction, general fishing areas, and size ot'animals that
can be taken. My advice to anyone who is c<intemplat-
ing a rights-based system i» 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-

sider indigenous title. This could occupy an entire paper
in itself, but suffice it to say that claims relating to c<>ni-
mercial harvesting rights have been sett!cd with Ncw
Zealand's abori< inal people, the Maori. Thc range ol <'<ls-
tomary fishing ri hts that will apply in the >'uture is yct t<>
be fully determined and detined, which must be d<>nc iii
full consultation with the Maori. The next issue to b<'. con-
sidered wits recreational tishing right.;, which are un<ic-
fined and regarded by recreational fishers as a prior>ty
in terms ot' the TAC allocation. Discussioi>s held dui ing
the recent reviews resulted in an outpouring ol an <>r
from anglers at thc suggestion that recre;itional tishini
may he restricted or subject to licensing.

A further right, yet undefined, relates u> conservat ioii
and the interests of those people who u ish to see the
resource preserved in a natural state. Conservation may
be achieved either through marine reserves or through
preservation of large numbers of a populati<>n. While sucli
rights are based on the desire to preserve,m ecosystem,
there is idso the perspective of diver., an<.i t<>urists u h<>
may wish to view these resources in their n<itural si;iic.
Aboriginal, recreational, and conservation rights d<> c<>n-
stitute a threat to the quota management sv stem as it v as
originally established. Each group wishes to claim;i pri-
ority, and recognition of these new rights would af1<.ct
the perpetual nature of thc existing fishing rights and.iny
ongoing share of them. Therefore, it is essential in estab-
lishing quota management systems that a balance be es-
tablished at the st.ut between the I'our claims on right~:
thc aboriginal. the recreational. thc consei vationist, anil
the commercial.

Another principal issue that remained uiiresolved v as
whether there should be a monet;irv return to the
Crown for the allocation of catch rights. Xs mentione<l
earlier, res<>urce rentals did not clarify this matter. 'I'l»s
has led to;i huge clebate on the issue. Ob> iously thc in-
dustry argued strenuously against such a policy, while
conservationists. and to a lesser extent iecreationists,
argued that there should be a fee for >.he <nvironniental
damage incurred while harvesting resources. This Iec
would also assign a value to modification of an ec<>sys-
tem. Lately, the New Zealand government decided that
there wouhi be no resource rentals in the I'orm of;in ac-
cess fee or a return to the   rown. The ahsence ot th»
resource rental». the Cgovernment stated. would create ii
climate for investment in the fishery and improve the
certainty associated with fishing rights. It would <ils<>
ensure that New Zealand was not hampered in term~ of
international competitiveness. If it becomes essential t<>
obtain a return to the Crown rather than apply a charge
to each quota holder, it would be better in the initial all<>-
cation process I'or the Crown to retain a ~mall percent-
age, which it would lease out each year. This meets the
return to the public although it does not meet the criteri;i
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required by con»ervationists for a payment for damage
occasioned to the resource.

The question of a return to the Crown lead» inexora-
bly to the question ol' whether the Crown should charge
users for resource management. From the beginning, it
has been intended that the New Zealand commcrci;il fish-
ing industry should pay the costs of managing the re-
source. This intent generates two question~: Which costs
are associated with management of the resource'! What
role do the commercial fishers or resource users have in
terms of overseeing management co»ts and service»' ?

At this time, the Crown has determined that the com-
mercial fishing industry will he charged on an avoidable
cost basis  there would be no costs if there wa» no c<nn-
mercial industry; thus, industry should pay all c<ist»!. Pro-
vision ha» been made for reasonably generous percentage
deductions to apply to noncomlnercial fishing, especially
recreational and Maori hshing rights, together with an al-
lowance for government policy advice, which i» a cost
that lies with the Crown. In eff'ect, the fi»hing industry
will likely pay attributable costs rather than avoidable costs
although there will inevitably be debate from th» industry
as to which charges really do belong with them.

In association with this problem, an additional decision
has been made that gives industiy 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 i» a desire by government to   I!
ensure independence of action by the particular agencies
to guarantee effective conservation and enforcement, and
�! assure that conflicts of interest are avoided.

The final question I addrc»s i» resource allocation at
the time the system wa» changed from open ac»e»» to
quota management. As explained earlier, New Zealand
bent over backwards to ensure fairness and equity in pro-
viding an allocation to fishers. Thi» accommodation
worked dramatically against management of the system.
For example, the Quota Appeal Authority has, by nature
of its legal requirements, been exceedingly fair. A» a
consequence, additional quota has been issued to inside
fisheries, which took us hack 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. Otherwi»c, 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 appeal». 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-

tcrmincd that there should be no charge, initially, and
that decision was su»t;lined al'ter the most recent revi»u
by the Minister of Fi»heries. A range of fi»heries man-
agement material  Anderson 1986; Johnson <ind Libcc<ip
1982; k. Johnson, Dcp. Agriculture Econoini«» and Fco
nomic», Montana State University, Bozenian, Vlontan;<.
USA, unpubl. ms. ! on resource theory suggests thiit ther<
should be some charge and suggests a rang» «f mech,i-
nisins for tendering chlrges, either in total oi >il pal t, to
provide some return to the state. Again, N»«Z»alan<I
found that it w<luld be»ubject to a range ot ical chal.
lenge» were it to adopt a tcndering mechariism The ten-
dering issue, coupled with the allocation of 20','<> of llew
species to the Maori I isheries Commission a» part of th«
indigenous settlement arrangement, ensured that it wa»
unreasonable for quota to be issued at a cost to the people
who had fishing histories and whose quotas niay bc pro-
portionately reduced to ensure that the Mao>i rc<. eive their
quota under the settlement.

The final item that I refer to i» aquaculture rights, which
fall into the similar area» of conservation. recreational.
and indigenous right». A separate regime exi»t» f<>r allo-
cation of aquaculture rights, or private enh;inccmcni
rights; this will conflict and undermine the status and
validity of'wild fishery rights. Again, it i» essential to �!
cnsurc that there i» a spectium of rights and me»hani»ms
f' or managing them. and �! avoid conflict<, ain<>fig coill-
peting rights or a hierarchy that usurps one»et or the
other. It thi» is not the case, we will see the h»ncfits ol
perpetual ownership unde<Tnined.

Conclusion

I have hrieflv covered a large number of i»»iies in thi<
paper. However, if there is one piece of advice that I have
t'or you, it i» to try to get it as near right as po»sible th»
first time. As manager» or fishers, you will in<a itably be
drawn into trying to introduce a quota manageinent sv»-
tern on a staggered ba» i». This will only create more dif-
I'icultie» and more complexities. If you do seek a staged
introduction, I suggest that you do it on a fi»hery-by-
fishery basis, and make sure that the whole range of'is-
sue» is covered in each fishery, rather than leaving th»
questions and points that I have covered opeii fi>r di»-
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 «h;mge» un-
dermines the very benefits of the system that has been
<.stablished. A» 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 deveh>ping th»
quota management sy»tern in New 7ealand.
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An Industry Perspective on New Zealand's
Experience with ITQs

ANDRI!W R. BRANSON

Absrru< r.� The New Zealand fishing induitry actively participated in planning and supporting governnieiit
implementation of quota management i individual transferable quotas 1ITQsl! for deep-water fisheriei in 19»3
and inshore fisheries in I 986. The 19 � implementation of ITQs enabled delivery of reitructuring assistance ai
well as changes in overt fisheries policy. Mal<>r dispute occurred in I 990 vv ith the «ban<le from direct to propoi-
tional quotas, and other, frequent regulatory and policy changes regarding ITQ management have resulte<l in;>n
over-complex and administratively burdenio>ne system. Legal claims by the indigenous Maori. who challenge»l
the basis of property rights allocaii<>n, resulted in the Maori heing si<»nit'icant holders of ITQ in the coinmerci;il
fishery. Recreational and other useri have no quantifiable property righti although I'isheries I<>vv uphold' their
right to partake in tisheries. Despite prohlemi, the New Zealand industry strongly supports the ITQ man<ig»-
ment system since it facilitates rationalizing individual fishing practice and busineis investment against a i»-
cure property right. Quota holders are strongly motivated toward» collective acta>n with regard to fishen»i
exploration, research, management, and ent'orce>nent, aml management planning <iccasionally includes ill the
user groups. Exan>pie» of each of these etfecti are given. C'urrent debate ii focuied on bringing the remaining
fisheries within the ITQ management syii<nn and rationalizing the ITQ operation. Aquaculture concerns iue
seeking a similar secure property right. The g<ivernment captures economic rent from the t>shery by imposing a
"resource rental" or special tax on quota holdings; this ii opposed by industry as a disincentive to invesi ment,
but industry has expressed willingne»i to pay nu>re;>ctual costi <if reiearch and administration. given a more
efficient, effective, and contestable delivery of services. Allocation nghts policies tor new I'isheries continue to
be a matter of debate at time of writing.

27�

New Zealand implemented individual tradahlc quota
management  ITQs! for its major deep-water fiiheries 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 t'ish-
eries policy based upon historical experience ot'hoth open-
access and limited-entry fisheries management re itnes.

Many procedural detail» covering the implementation
of ITQi have already been described by Fall»on i 1993!.
Sissenwine and Mace �992! have also described the way
in which the implementation of output control» hy way
of quota management did not reduce the incidence of
existing input controls on fisheries. They also deicribed
some of the additional administrative and record-keep-
ing burdens placed upon industry and government «s a
result of ITQs. Some years later �994!, not all fiiheries
are yet managed by ITQs. and most fisheries still experi-
ence a range of both input and output control».

The purpose of this short address i» to summarize some
problems and benetits 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 discuss»ed by other speakers from New Zealand  e.g.,
P. Major; ITQ forum/discussion panel session hy J. Mace
and G. Clement!.

Adoption of ITQs required a considerable change of

culture bv New Zealand'» I'ishing industry An abandon-
ment ol competitive li»hing � where the first and appar-
ently best ti»her can achieve the highest c;itch at the cx
pen»e of his peers required a good deal of thou >ht befor»
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 coinmitment among fishers and businesipeople ii
one outcome.

Thc next obvious and major problem wai to find a
Iccipe acceptable to all concerned by which the initi;il
quota allocation might be made. A» with any <ither all»-
cation <if property righti, thi» issue was difficult, conten-
tious, and hard t'ought by respective interests. Initial quota
allocationi were made in 1983 for a range»f fiih ipeciei
taken in deep water. Allocations at this time v ere based
upon such criteria ai catch history and measurei ot' in-
vestment and commitment to and dependence on th»
t'ishery. Sub»equent allocations in 1986 ior iemainin<
deep-v ater and inshore species followed more I'orm;il
procedures specified in revised legislation and v ere baicd
upon established and demonstrated catch hiitoriei: quo-
tas were allocated tt> those persons or compani».s who
held fishing permits in the past and had thus demonstrate<i
an effective catch history. No quota allocationi were made
to personi employed within a fisheries organ>zation»r
involved only in processing and subsequent s;ile of fiih
hut who had no historv of actually catching fiih.
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Next in the order of necessary events wai the appeal»
process, by which those who t'elt 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 received not only
to demonstrate inaccuracy in government catch-history
records, but also to show that individual fishers »ould
have had, and should have had, higher historiei had they
not iuffered vessel br«akdown. 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 incrementi
had two effects. I'irst, since quotai were at first based on
weight rather than on percentage, it meant that the total
allowable commercial catch  TACC! that h<id been es-
tablished immediately became in lated to the extent of
successful appeals. Second, where total quotas 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 c;<rry a share
of the proportional quota cuts. Nonethelcsi. the imple-
mentation of ITQs for a range of fisheries was success-
fully achieved. This was an administrative I'eat in itself,
one which supplied a mechanism for restructuring the
industry and, in particular cases. for amending and con-
trolling its overall catch.

A» implemented in 1983 � t t>, the New Z«aland ITQ
system was very much a creature of iti time. It was born
of a concerted push from many people in the fishing in-
dustry to seek a process for effective reitructuring 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 fisheriei from 1977
onward. Nonetheless, in a number of cases the industry
continued to urge that there were too many I'ishers and
too many dollars chasing too few fish. Such debates
fueled the development of ITQ policies and their imple-
mentation during the 1980».

Although the government during the 19 �» demon-
strated no interest whatsoever in supporting buy-ba«k
schemes to acquire and retire tishing vesiel», 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 benetit of ITQ implementa-

tion was the ability to implement proc«siei whereby
ernment might purchase, then retire, excess  weight-
based! I'ishing quota to better achieve a i»ore approi>ri-
ate TACC in each target tishery. Government was satisfi«d
that it might recoup iti investment in thii r«stru»<urin
by instituting a fee or resource rental charged againil quota
ownership. Industry supported and end<>rsed this prt>-
cess � though it was later to regret supporting th» o>»r-
ail resource rental concept.

At the same tin>e that inshore fishcriei were exp«ri-
encing quota cuts, the deep-water tisheriei were exp;ind-
ing and developing following the declaration of th» 200-
nautical-mile exclusive economic zone  I'.FZ! in 1979.
For the lait several years, all fisheries within New 7«;<-
land'» management jurisdiction have been own«d <ind
exploited by way of ITQ held by New Zealand buiineii«i
and citizens. Fishing by foreign-licensed v»sseli u»d»r
government-to-government arrangements diminiih»d
and ceased. Fishing by foreign vesseli < an still <><»<ir.
but only under contractual arrangementi with the New
Zealand ITQ holder, cffec ively transfeiring a gr»;iicr
level of business control over New Ze;dan<1's tishin< z<>n»
to those vsithin the t'ishing industry.

The new ITQ management scheme created addition;i!
administration an<I record-keeping requireinents, and iiew
and sever» penalties for breach of the rules. Upon «o»-
viction for an offense it might be possible. i» additi< >ii io
a fine, to lose one's whole catch, fishing gear. and 1'ish-
ing vessel, and to have one's quota confiic<ited. Repeat
olfensei might lead to disqualitication fiom further iii-
volvement in the fishing industry.

The fishing industry and government managei»ent
agencies came to a compromise with respect to some rtil»i
that control catch. Neither a particular TA 'C nor an indi-
vidual quota was totally inviolate, and <in underrun <>r
overrun ot' 10'7n was permissible. This dct'icit or iurpliii
could be carried I'orward into a future quota I'ishing year
Some additional rules sanctioned over-catch hy payment
of' penalty feei to the government or allowed a trad»-<>1'I
of quota in one species for excess catch made in another.

These compromise rules were judged ve<y necessalg
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 ii>-
dustry and led to a good deal of friction with the goy»rn-
ment management agency since the tw<> partiei iiiier-
preted the rules differently for counting catch ag;iinit
quota. Despite I'requent amendment and clarification <>t
these rules and much effort from both sides, the rulei r«-
main very complex. There is still little agreement over aii-
nual quota balances between individual quota managers
from industry and those responsible for administering »<di-
vidual quota balances from within the govermnent ag«ncy.
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On the positive side of the ledger, the ability t«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 governm»nt 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 hsheries policy within New
Zealand � first, to implement ITQ» and, second, to change
and revise many of its rules and regulations � led to an
over-complicated system that is expensive and difl'icult
to administer within both industry and government agen-
cies. The time spent in consultation and in pr»paration
for, or defense of, litigation i» a significant cost that inust
have a prominent place on the problems side of the bal-
ance sheet. Nonetheless, the fishing industry supp»rted
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 tishing 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. I"ish
processors could better plan their staff and distribution
requirements with far more certainty. Those I ishers who
wished to retire I'rom the fishery could do so with dig-

nity upon the sale of their fishing assets, and those wh«
wished to expand their investment had a clear and obvi-
ous route by which to do so. Despite the warts and wnnkles
of the new regime, the fishing industry in New Zealand
became a strong supporter and advocate for qu<>ta man-
agement and for the advantages of ITQs.

The ability t«buy, sell, exchange, and trade quotas
has naturally resulted in some redistribution of fishing
effort; this is most obvious within certain inshore fisher-
ies. Over time. a numb»r ol' fishers have sold their quot;i
and left the fishery for pastures green, and the quota has
shifted somewhat from the hands of fishers  rem»mb»r
that initial allocations were based upon catch liistories
made good! into the hands of new investors or i'ish pn>-
cessors and exporters. Whereas the original fishers may
have had a reasonably consistent fishing pat>.e>v>, exploit-
ing on a regular basis their preferred and establi slied 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 .irrang»-
ments with alternative fishers. Some redistribution of
fishing effort is therel'ore inevitable and brings the po-
tential for gear conflict and spatial conflict am<>ng fish-
ers now employed by those quota holders. T» date, in
the New Zealand fishery scene, such conflicts liav» n<>t

proven malor.
An important effect ol' the quota management systein

was the influence it proved to have upon fishery expl<>-
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 dev»loprnent.
The disincentive was that discovery of new stocl s might
lead to an increase in TACC, which would eithei b» cap-
tured by the government- � which might sell it to the high-
est bidder � or under the proportional quota rel ime, be
distributed among all quota holders in that fishery.

While individual incentives are diminished, th»re i»
considerable positive encouragement for collective
group action. A particularly good example of this ex-
ists in the Orange Roughy 3B Exploratory Ct>mpany.
All fishers holding ITQ in area 3B of the orange roughy
 Hi>pkrxrethus atlanti< ux! fishery have collaborated to
form a company whose shareholding reflect; quota hold-
ing in the fishery. Over the years, they have engaged in a
variety of projects. More of these activities are discussed
by I.T. Clement in the transcript of the ITQ forum  this
volume, p. 281-300!.

A number of other examples of collective acti«i> ainong
quota holders can be seen. In a prominent dredg» scallop
fishery, the government fisheries agency has»perated
an enhancement scheme to catch seed scallops  Perte»
n<>i aezelandir>e! and distribute them to the seabed where
they may be harvested I'or commercial gain. Quota hold-
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er» in this scallop fishery have recently established a com-
pany whose»hareholding is a mirror image ol'quota hold-
ing in the fishery. Thi» company will take over and run,
on a commercial basis, all activities of spat catching and
enhancement. Quota holders in the paua  ' abalone.
H<tliotis iris! fishery are currently investigating the po-
tential to create a paua quota holders company. and they
will explore similar management initiative». Quota hold-
ers in a dredge oyster  Tiostre<t lut<triu! fishery operate a
similar oyster enhancement company with the aim of
mutual  proportional! benefits.

The matter of enforcement and supervision of quotas
ha» required a considerably different emphasi» by the
New Zealand Ministry of Agriculture 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 sub»equent data covering fish
sales, processing, and exports. A comprehen»ive 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 t J<tsus ed-
wardsii!, paua, and snapper  Chrvsophrvsnur<itus! have
each implemented processes to collect fund»»o that they
may commission additional supervision and enforcement
programs.

The New Zealand fishing industry find» 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 f'unding from some of the persons they may
be obliged to supervise. It i» a double irony that any in-
dustry group should actually volunteer to give extra fund»
to government only to discover that the government agen-
cies find it difficult to accept such funds. Indu»try 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.  Event» subsequent to 1<!<� have
seen a move to full "cost recovery' for variou» 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 I'rom be-
ing fish biologists to becoming fish counters, and there
is considerably greater emphasis on stock a»»e»sinent
techniques than in years gone by.

Similar influence ha» been exerted over industry mem-
bers, who clearly now have an increasing incentive for

investment in rc»carch so a» to be assure<I that »tocl a»-
se»sment information, on which decision» on TA : qu<>-
ta» are based, reflect» the reality they»cc in theii d<iily
exploration of the fishery. An increasing number of indi-
vidual companies now employ per»on» with qualitic<i-
tions and experience in fisheries science. and industry
organizations, such as the New Zealand I'ishing Indu»-
try Board, employ in-house stock assessment expert» and
contract with con»ultancies comprising international ex-
perts. An increased participation in and ovs nership of the
products of research to establish optimal and sustain.ible
yields from New Zealand's fisheries is a real cost, in fi-
nancial terms, but offers real benetits to the indu»trv iri
it» future planning for the management arid busine»» ot
fisheries.

Within New Zealand'» inshore rock lob»ter fi»heric»,
several regional groups voluntarily cor<tribiite signific<int
sums of money employing their own fisheries iechni
cian» to supervise onboard catch sampling pr<>gram» <md
ft»her»' logbook»chernes in order to contribute con»i»-
tent data for supporting a better assessmem of their fishe-
riess.

A particular problem occurred for the go> em ment.;ind
potentially for industry, as a result of th» leg <il claim mr<<le
by the indigenou» people of New Zealand  thc Maori!
that fisheries property rights were theirs. guaranteed by
treaty, and that govcrmnent had no right to allocate»uch
property rights to industry or anyone else. Debate» on
this score exhausted considerable effort and cxpen»e. 1 he
claims were settled, establishing for the Maori a cl»;ir
position in thc activity and business ot' fishing while
avoiding wholesale confiscation of property rights t'roin
industry participants.

Recreational and»ubsistence fishers exert »ignif'icant
pressure on a number of fisheries, yet there is to date no
quantifiable property right allocated to thi» category <>l
fishery user. Neither, regrettably, are there <>»curate data
to quantify their catch. While a realistic cap is placed <>ii
industry's ability t<> exploit fisheries by virtue of the e s-
isting quotas, considerable potential still remain» for catch
and effort increase hy noncommercial flshers.

Cooperative management planning group» exist for th»
rock lobster and snapper fisheries; they in>olve indu~
t>y, recreationists, conservationists, and gosernment re-
search and management agencies. These groups are work-
ing well to establish management plans within the overall
context of' ITQ management of commeicial fi»herie».

Fi»hcries management by means of ITQ» ha» brought
some interesting con»cquences for bankei s and the invc»i
ment community. In New Zealand to date, fl»heries legis
lation decrees that ITQ cannot be registered;is <i »ecurit!
by way of mortgage or loan, which creaie» problems f<>r
both sides of any business deal. Since total quota» might
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be reduced or individual quota might be forfeit t'or
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 i» increasing
recognition by the banking community that ITQ leads to
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 I'or 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 thc ma-
jority, if not all, of the economic rent from the t'isheries.
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 it cost-
effective manner with market competition between al-
ternative service providers.

A review of the events aft'ecting ITQ managentent over
the last decade shows that the New Zealand fishing in-
dustry has experienced a major change in culture and
find» itself in a considerably more complex world ol' fish-
eries management than it ever thought likely. Nonethe-
less, the fishing industry is confident in ITQs and the
very real benefits they bring to fisheries conseri'ation, to
industry organization, and to business man;tgcment. 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 strengtli
and value in that it can be defended against at tack or threat
hy various sources. including pollution, reclam,ttion. re
serves, parks, and restrictive fisheries rule.;.

The industry looks forward with enthusiasm to sec
remaining fisheries brought within the same I'I'Q man
agement policy. On the basis of the lessons we have
learned in recent years. the industry shall be closely scru-
tinizing the I'urther legislative amendments proinised for
late in 1994, after which we look for simplil'i«ation ot'
the systetn. some signil'icant rationalization ol'ils admin
istration within government agencies, then a period ol'
stability so that we may t'urther build our busini ss hased
on a secure ITQ.
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The symposium, "Fisheries Management: Global
Trends," comprised paper and poster presentations aiul
panel discussions, many of which appear in thc»c proceed-
ings. Together, these constitute a comprehen»ive 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 are characterized hy immense
biological, geographic, economic, social, political. and
cultural heterogeneity. Yet, amidst this background of tre-
mendous diversity, global trend» are evident. Here we at-
tempt to synthesize the many contribution» to the sympo-
sium and proceeding» to elucidate the statu» and trends
occurring within fisheries, fisheries science. ancl fisheries

management.

The worldwide yield from marine fisheries leveled ot't
during the 1990s, following 4 decades in which landing»
increased by over 300%. The rate of growth in marine
catches has more or less steadily declined to near zero
during this period, with most fishery resources now tully
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 i» prevented.
future yields will decline.

The interconnectedness of thc world's fish-producing
regions is strong, with over one-third of gh>bal produc-
tion exchanged annually through international trade.
Since 1970, there ha» been a dramatic change in the gco-
economic distribution of world fish production. The pro-
portion of the catch produced hy developing countries
now accounts for more than 60% of global landing» and
continues to increase. Much of the catch hy developing

countries is froir> industrial fisheries, but ti>e impor>;in»c
of small-scale fisheries to society, the economy, and hu-
man nutrition cannot be ignored. In fact. nior» of th» I'ish
consumed by the human population i» produc»d by»miill-
scale fisheries than by industrial fisheries. The pere»p-
tion of small-scale fisheries as marginal to the main»trcani
of t'isherie» activity i» erroneou~ and need» to he chiingcd.

Overcapacity i» globally rampant, affecting small-»ciil»
and industrial fisheries in developing and devel<!ped
countries alike. While there is little ptoinise tor incr»ii»-
ing yields, the potential for substantially increasing nei
benefits from I'isheries i» enormous if ov»rcapa«iiy can
be corrected. Harvest costs greatly exceed revenue» fr< un
fishing, leading to an estimated global d»t'i»it that iiiay
be a» high as US$60 billion. About US$300 hillioi> ot'
investment in thc harvesting sector is not earning an»co-
nomic return. Many  if not most! fishei ies tod >y,>r»
stressed economically, whereas they coul<1 produce >»ns
of billions of dollars in rent.

Much of the overcapacity seen todav st»ms froni a
history of open access to fisheries or t'roni a breakd<>«n
of traditional limits to access, further stimulated hy;>»-
tive development and subsidization. Thi» overcapacity
not only leads to the dissipation of potential econoniic
rent but to wasteful and destntctive fishin practice» th;it
ultimately could have irreversible effects. This i» evidenced
in such disparate realms as the Alaskan groundfisl> I'i»h-
ery in which large industrial vessel» compete in ii in;>s-
sive 'race for tish' � engendering potentially avoidable
bycatch and waste- � and in small-scale, tropical, abaci»;>r>i>l
fisheries where the use of poisons and dynamite fishin� i»
spreading.

While overcapacity plagues both industrial and»m;ill-
scale tisheries alike, the nature of appropri;ite solutions i<>
this problem di f1'er». The remoteness of many small-s«ale
fisheries occurring in isolated coastal co>nrnunitie» w h»rc
alternative employment opportunitie. are often lacking
pose~ unique pr<ihlems both in the dove l<iped and de < e l-
oping world. At the other end of the sp»ctrum are the
problems posed by the fleet of abou< 27.�00 high-»oils
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and distant-water fishing vessels. With extended juri»-
diction and development of exclusive economic zone
 EEZ! fisheries by coastal states, the trend toward less
opportunity for these vessels i» apparent. What i» less
clear i» where thi» fishing capacity will be redirected and
what effect it will have.

In the face of stagnating global fish supplies and the
continuing growth in IIeet capacity, the demand for fish-
ery products will continue to grow because of human popu-
lation growth, increases in wealth, and shifts in con»umer
food preferences. One analysis projects an increase in
current global demand for fishery products of at lea»t 3<!%
by the year 2010. A requisite increase 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 t'<ir ap-
proxirnately IS% of the volume and 30% of the v;ilue 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 thc 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 fi»h
are better used for direct human consumption.

Another potential means for increasing world tish 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 ju»t the
"tip of the iceberg" of heretofore largely unaccounted for
sources of mortality, which also include such factor» as
catch underreporting, recreational bycatches, fish killed
following contact with fishing gear, "ghost fishing" of
lost fishing gear, and unrecorded recreational and sub-
»istence catches.

Recreational fisheries are increasingly important, par-
ticularly in developed countries. There is a need to de-
velop new tools for allocating fishery resources betv een
recreational and commercial users. For example, total

allowable catch  TAC!and individual transferable quot;i
 ITQ! management, which are commonly applied to com-
mercial fi»heries, may not be practical for m<i»t recre-
ational fisheries. But when a fish species i» taigeted by
commercial and recreational fisheries, managenient must
find effective way» to regulate both sectors or re»ource
conservation may be sacrificed in the absence of an < I'-
fcctive allocation»cheme.

Trends in Fisheries Science
and Management

Recognition of the ubiquitous nature of the uncertain-
ties that pervade all aspects of fisheries science;ind man-
agement has grown enormously. Concurrently, re»ource
assessments are becoming increasingly sophi»iiciited it>
accounting for uncertainty in the provision of manage-
ment advice. Fvidence indicates that manager» both want
and will use thi» information.

Uncertainty can be reduced, however, with regard t«
long-term management objectives and policy. Regulation
hy pre-agreed management procedures has con»iderable
advantage» over the more common regime of annual quot<i
setting, and a trend of greater emphasis on the I'ormer i»
apparent. Reaching agrccment on long-term policy i» not
an easy task, and it becomes increasingly difficult iis tile
number of parties to i decision multiplies and the het
erogeneitv of their perspectives and circumst;inces in-
creases. This i» illustrated by the difficulty to detme;i
multiannual framework for the Common Fi<heries Policy
 CFP! by Member States of the European Union. In thi»
instance, while there i» agreement on what con»titutes;i
step in the right direction, there is concern about whether
evolution of the CFP is proceeding quickly eiiough to
avert more serious problems in the future.

One method I'or coping with uncertainty that has < ained
prominence is the development and testing <if 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 1>eyond those
that consider only uncertainty in parameter estiinates for
a single model. to examination of alternative single
species models, and even further to examining multiple
model» with varying specifications of stock structure or
species interactions. Unfortunately, the mana< ement ad-
vice provided by different model» i» often qual itativel!
dif'ferent, leading to the result that no management polic!
can be robust t<i all models. Weighting alte<rm<tive hy-
potheses according to their relative plausibi lity ha» been
suggested as an approach for dealing with thi» phenom-
enon.

Scientists are now beginning to recognize and under-
stand large-scale temporal and spatial  decade 1<>ng; over
ocean basins! "regime shifts." These shifts are 1>robablv
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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 ol'
North Atlantic cod stocks, poor ocean survival ot'Pacific
salmon, and coherent variations in small pelagic fish popu-
lations  anchovy, herring! throughout the Pacilic may all
be part of regime shifts. How much fishing influences
these shifts  or if they can be controlled by management!
i» 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 instance~ 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 scientit'ically viable,
and was particularly successful at illuminating the ef-
fects of trawl-induced changes to benthic habitats.

Significant progress in understanding multispecies
fisheries has been made on other fronts. I'or example.
the North Sea multispe«ies modeling effort is thc suc-
cessful outcome of a 15-year series of theoretical 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 ad< ice and will
managers respond'?"

The quantity and quality of scientific infoismation avail-
able tn address fisheries management problems are also
of concern. Unfortunately, in many parts of the world there
is a trend 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 lead to further deterioration of' fishery
databases by increasing incentives to undeiTeport, 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 improveinent 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 I'act, with the net value
of commercial fisheries near zero or negative, it could
be argued that non-monitory values are the most irnpor-
tant. Unfortunately, even less i» known about the social
aspects of fisheries than about the economies.

There is a tendency to encourage members o ' the sea-
food industry, recreational fishing interests, conscrvation-

ists, and other stakeholders to participate in I'isheries nuui-
agement. Many countries, such as Canada, New Zeal;nid.
Australia and Chile, have recently initiated consult, itive
processes that are moving in the direction of U.S. fislicr-
ies management councils, which have been broadly «in-
powered for nearly 20 years. At the same tinie in the USA.
these councils have been subject to numicnius criticisnis.
such as fai ing to adhere to conservation standards;iiid
favoring some user groups over others.

The trend toward broader involvement of stakeh<ild
ers in the fisheries management process is accompanied
by increasing controversy. A causal relationship is not in!-
plied, but it is possible. Controversies;irc fueled by p<>li-
tics, lobbyists, and litigation. The scientific basis for  'ish-
eries management is subjected to greater scrutiny, which
undoubtedly improves the scientific basis for manage-
ment up to a point. However, when alternatii e "scientif ic"
views are posed and argued primarily as a tool to id«ii-
tify flaws that will undermine the management inter< sts
of opposing interest groups, scientific advice, the science
profession. and fisheries management may all suft'er.

The principle of "freedom of fishing" on the high s«;is
and elsewhere has, «ppropriately, been eroding during the
past 50 years. The area of high-seas management zones
has declined as national jurisdictions have been extend<id
During this decade, significant progress has been nsade
in establishing principles for international manageinent
of highly migratory and straddling fish stocks an<i fiir
improving compliance with some high-seas management
measures designed to combat problems caiised by xes-
sel rcflagging. Progress to ensure that prin< iples are put
into practice i» a current urgent challenge. In the f;ie«<if
the lack of international agreement on how t<i resolve
high-seas fisheries issues, there has been a trend t<iw;ird
greater use of unilateral actions.

Within national EEZs, open-access fisheries predomi-
nated most industrial fisheries and fisheries <if develop«d
countries a few decades ago, but most of these fisher«.s,
and certainly most I isheries in the USA, are n< iw subjected
to some form of controlled access. There is an increi<i-
ing trend towards use of individual transfei able quot;i.
 ITQ!, with some countries having embraced this f<irn<
of management wholeheartedly although th< overall in!-
pact of thi» method on worldwide fisheries is still sm;ill
Unfortunately, in the USA, the controversy oi er ITQs hiis
led to a moratorium imposed by Congress.

Where ITQ» have been used, there have been benet'iis
and problems. The view presented about ITQs in New
Zealan<l is extremely positive, whereas the view of ITQs
in Australia and Canada i» mixed. One pixsitive aspect of
ITQs that seems to be exceeding expectations is the im-
provement in market opportunities, quality.;md price of
fish products. On the other hand, initial allocation deci-
sions to implement ITQ» are inherently contr<iversial;inil
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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 pay», e.g., New Zealand, Australia, some Cana-
dian fisheries, and even serious discussions in the  . SA!.
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 al»o 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 i» a positive trend. But
the influence of paying users should not be alloxved to
jeopardize the long-term public interest, which i» not
necessarily the same a» the users' interest.

Small-scale tisheries, particularly in developing coun-
tries, present some special problems, owing to I;iciors
including limited data collection, resource assessmcnt,
and fisheries monitoring and enforcement capabilities.
Management approaches such as gear restrictions, closed
areas or re fugia, and community-based management may
be particularly appropriate, and evidently these forms of

management have a tradition of use in som» are. is. Com
munity-based nianagenient may entail delegating man-
agement responsibility for a geographic area or a sharc
<il the overall allowable catch to a community.'I'hc com-
munity ha» re»ponsibi1 ity for internal allocation <leci»ion»,
monitoring, and enforcement. Allocating quota»h;ires t<i
communities is a hybrid fortn of management combin.
ing elements of community-based and ITQ inethod».
Community development quotas, which have beeii allo
cated to re<note communities in Alaska. are an exampl«

of this appro<ich.

Final Comment on Global Trends

F'i»herie», fisheries»cience, and ti»heries management
are all changing, as i» our experience with, and under
standin< ol', the attendant causes and consequence». f.ur
ther change is inevitable as technology advances, popu-
lations grow, and le»s developed countries strive t<i
achieve the standard of living o1' developed countrie»
These changes are all associated with an ex olution froin
the era when oceans and fisheries resources «ere con
sidered»o vast that they could not be damaged hy man
kind to a future of »u»tainable use, we hope. The chal-
lenge i» to successfully manage the transition to morc
rational fisheries. The status quo is not an opti<>n.
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We organized this Individual Transferable Quota  ITQ!
forum with intention of giving participants in the svm-
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 IO speakers from the morn-
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 Fisheries 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, I ngland
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  NMFS!, Seattle. Members of
the second panel are drawn from the filching industry,
government management agencies, and environmental
groups. The individuals participating are as follows:

George Clement. Director, Clement ht Associaies Lim-
ited, Tauranga, New Zealand

James Joseph, Inter-American Tropical Tiina Comin <s-
sion, La Jolla, Calif'ornia

Doug Hopkins. I..nvironmental Defense Fund, V< w
York

Jim Mace, Seal..ord Products LTD, Nelson, New
Zealand

Stuart Richey, Richey Fishing Co. PTY I TD, Tasni.a>i<i
Bruce Turris, Canadian Department of I-isheries an<I

Oceans, Vancouver, British Columbia

The narrative below is a slightly edi'.ed transcripti< ui
of the Panelist's statements, comments and questi<>ns
from the audience, and the panelist's r sponses. Que:�
tions from the audience are numbered in; eq uence ol their
occurrence. If we were able to determine the speaker' s
identity from the tape recording, the name of the que>,
tioner was included m parentheses.

Rognvaldur Hannesson.� Since I am from Norway. I
will make some comments on what has happened there.
or rather on what has not happened. Some years ago, th»
Norwegian Fisheries Administration became convinced
that ITQs in some fortn was the appropriate way to go iii
fisheries managentent. 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 entr!
to the industry would be raised. Another part of' it w<i
ideology. Privatization of a corn<non resource was an idea
that did not go down well with some people. Oppositi<>n
came mainly from small-scale fishers who feared b<>ing
bought out by large I>shing companies. Also, restructur-
ing of the industry was feared by some. Some region~ <>I
the nation might lose a critical mass of economic activity
and finally be abandoned. Unwillingness to accept what I
think is a necessary step to economic change prevented
support for the move to ITQs. Finally, another factor was
uncertainty whether this would be compati ole with fisher-
ies policy of the Furopean Economic Union, which v'e
have applied for hut have not yet joined.
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Ragnar Aruason.� I would like to mention some ol'
the characteristics of ITQ systems. They work to increase
economic efficiency. Thi» has been the experience in Ice-
land, in New Zealand, and in some fisheries in Australia.
Also, there are reports that experience with ITQs in
Canada has been very good. So on both empirical and
theoretical grounds, ITQs increase efficiency. And we
are not talking about small figures. The total value of thc
world's fisheries is probably about US$70or US$80hil-
lion dollars per year. Based upon rent gains in fisheries
we have studied. it might be possible to 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 countries

Still, we must keep in mind the problems of ITQ fish-
eries. The ITQ»ystem must be well enforced. But many
fisheries around the globe are organized in ways that
make it very difficult to enforce 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 operator», 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. The»e prob-
lems can cause great controversy. Implementation ol'
ITQs implies a reorganization of production relationship»,
which is generally rcsi»ted by the established group». By
the same token, ITQ» imply a redistribution of income
and wealth, they require new talents and new skills. and
they imply a change in the distribution of politic;il power
and even social prestige. Finally, even to the individual
operators, even though they/ITQ» look good on paper,
there is great uncertainty about how they are going to
work. Even if they are successful in creating greater ei'-
ficiency� is the increased income going to be expropri-
ated by the government? So, it i» not a surprise that ITQ
systems are resisted by some portion of the population.

John Pope.� I think that I made clear earlier the im-
portance of getting your industry members on hoard. This
means that you have to develop a means of communi-
cating with industry. One thing that struck mc coming
out of our own debate is that fishers actually see the world
differently than economists or I'isheries scientists or ad-
ministrators. You may need to recognize that. I could tell
a little story about the captain of one of our research ships.
"I 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 your»elf what

your objectives are. In some fisheries it » em~ that cc<>-
nomic efficiency i» not necessarily the objective. Fi>r
example. in Newfoundland the population cxi»t» mo»tly
to fish; there i» not much of any other reason for bciiig
there. If you implemented an ITQ system there, it se< ln»
to mc pretty unlikely to cnd up in the hands ot' guy» I'i»h-
ing in little boats out ol'out-port». Yet they are thc rca~<>n
you have a population left in Newfoundland. So y<>u hiive
to decide what do you want of your population in gen-
eral. Because i»»eem» to me that all rent get» di»»ipated
in the end; its just a question of where you e»iahlish your
boundarv. Now, a dilemma I always give to cconomi»t»
i» a situation, like Newfoundland, where you have loi»
of little boats and where they dissipate the rent on build-
ing lots of boat» locally. Or in comparisor, you can have
a big industry with ITQ», lots or profits, ver rich fi»h-
ers, and the r«nt all »pent on wine, women and»nng
Now. Lee Anderson ha» a reason why that »ituation i»
hetter. I don't under»tand it, but he may give you an ex-

planation later.
Bruce Rettig. � The next speaker, Lee Ander»on, lta»

played two important roles recently. He <h;ur» the Mid-
Atlantic Fisherie» Management Council and he wa» in.
»trumental in the development of the first ITQ system
under the Magnuson Fisheries Conservation an<i Man-
agement Act. Lee also undertook a task for the Nati<>niil
Marine I'isherie» Service, visiting with people in every
region ot' the country, trying to design what might be key
elements of ITQ» in various fisheries.

I,ee Anderson.� I' ll address John P ape V quesi.ioii
first. I don't believe that the ITQs neces»arilv go to the
biggest firms. They go to the more efficient folk», an<I
those are the one» that can harvest efficienily. People with
low opportunity cost of labor could end up w ith the ITQ».
It could go either way. It is incorrect to saJ that ITQ»
alway» go to the larger industrial fisheries.

I want to address the question posed by our convenor»:
What is the most important aspect or consequence of ITQ
management'> I would say, "Do it right from the start.
but be prepared to change if you have to." Do it right iii
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 ri< ht. Who can own it? Pertnanence, tran»
ferability, what are the types of regulation u»ed in corn
bination with the ITQ? What kinds of exception» do vou
have, »uch a» Ragnar Arnason mentioned  in Iceland there
i» a use-it-or-lose-it rule!. Are you going to use taxe» ic
collect rent'! If you want the property right in order i<
get the advantages that it brings, you shou d h;ive as cle;ui
and clear a property right as is possible.

Theory can tell how to design [property right»] fron
the start. This is what we did in the surf clam fishery. Foi
example, if you want to have a tax system, »ei it up froir
the start. Do not leave a lot of uncertainty out there. be
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cause that will tend to lessen the advantages. Ragnar
mentioned that Iceland did not have a perfect »! item from
the start but that they altered the system over time. I agree
that you can learn from experience under the ITQ sy»-
tern over time, but at the same time you may not be as
lucky as Iceland wai that the changes went in the right
direction. I would mention that the new IFQ iystem for
halibut and sablefish in Alaska is not a perfect system
from the start. The limits on transferability betivccn fleets
do weaken the potential for gains from the system. It
will be interesting to see what changes occur iis the sy»-
tern moves along.

The second thing that you need to do right I'rom the
beginning is the implementation of the system. Barry
Kaufmann talked about this very eloquently earlier in
the program. I 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. Wc learned
I'rom the surf clam system that it i» a lot harder to imple-
ment than you might think. You nccd to try to iinticipate
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 ha» recently dis-
tributed a report on the surf clam system. I recommend
that the audience look» at that report if it is interested
about the detail» and problems of implementation. Look
at the problems of monitoring and enforcement; fix the
problems if they are really significant.

Bruce Rettlg.� Before going on to our lait 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 Provmce 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
hrcs followed the progress of IQ systems in Canada for a
long time.

James Wilen.� What is the most »igniticant conse-
quence of ITQs? I want to take a big picture view. To me
the most significant aspect of these systems ii that they
harness the power of rents. There is some nice»ymme-
try here. In traditional fishery management iystemi-
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 individuali
to make conscious, foresightful, conservation-minded,
rational decisions about how to u»e the fisheries. To me,
the differences in the role of rent in the two systems i»
astounding and is the major difference between the two.
In deciding whether it is worth shifting from an open-
accesi system to an ITQ system, a common mistake i» to
think that the fishery will stay about the same it'ive don' t

do something about it. That's false. Ii. will always g«1
worse. Thc pressure of rents is building in tiiherie». Popu-
lation growth drives prices up. and pat«ntial renti iire
alway» growing in traditional fisheries. S<> prohlemi iire
bound to gct worie in the future. When thinking;ih<iui
whether it ii worth absorbing the tran!>action costi and
overcoming the inertia of open acce»s, we >11u»t thi<lk
about what thc system is going to be like a fcw y«airs
from now.

I want to give a quick example of how dynamic the
system is. In 1980, the British Columbia h;ilibut fishery
was tishing over a period of about a month and;i halt'
Because the government was worried ab<>ut cxceiiive
entry, they implemented a limited entry system. Th;ii iv-
stricted the number of vessels to 43S, What happened
over the next 10 years was rather astounding. Th« ti»h-
ers iwitched to circle hooks, which increased their pn>-
ductivity dramatically. A» a result, the regulators had tc
start shutting the season earlier. In response to that, the
tishers installed automatic baiting equipnicnt and <>ilier
things to increase their fishing power. As a result ot' that.
the regulators had to crank down the season lengtli even
more. The I iihery was hacked into a 5-d iy season in I qqfl.
even with a limited entry program in place. So, thcie
»ystems are vulnerable and dynamic. There is alwayi tlii «
force behind them which is exacerbating the man;igc-
ment problem. Those of you who are in management
should be thinking about thi». Things are not goin ~ to
get better.

You want to think about what is coming out ot' the
systems where ITQs have been adopted. In the New
Zealand snapper fishery ITQs are leasing tor;ii inuch ai
NZ$6,5000 per metric ton  mt!. That is =qual to US$2.>:�
per pound. Groundfish fisheries olf the USA are making
about 30 centi per pound. So the ITO system hai Ihe
power to generate great rents. While many i>f our I'iih«r-
ies are not earning rents, the fishery is «sientially v:iluc-
less.

Bruce Rettig.� Thank you, Jim. Now it ii time t<> i ake
»otr>e questions from the audience.

Question ¹1  Ray Hilborn!.� My que»ti<m ii directed
to both Lee Anderson and Jim Wilen. Lec said th;it he
expects the catch per unit effort to increase in fishcri«i
under ITQi. while.firn says that the catch per effort will
decrease as fisheri try to maximize the >ialu«ot' the qiu>ta
they own. My experience is consistert with the hit<«r,
However, in cases where a fish stock i» declining hef< rc
the managers implement an ITQ, the stock should in-
crease. You have to be very, very careful in how y.>u
measure catch and effort in an ITQ fishery.

Lee Anderson.� Yes, I agree.
Question ¹2  Steve Pennoyer!.� L=e, you are right

that we have a lot of "bells and whisi.les" on our ITQ
system in Alaska. This is in part due to tl ie fact that Aliiil a
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i» somewhat like Newfoundland, in that in many of our
coastal communities people have little else t» d». The
question is forArna»on. You mentioned this morning that
you have geographical allocation of individual I'ishing
quotas, and you have a process, I think, by which com-
munitie» vote on transfers of quota. Could you explain a
little more about how the Icelandic community relations
program works'?

Ragnar Arnason.� There are geographical reitri«-
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 . II' the municipalities ob-
ject to thi» transfer, it is up to the Minister of Fisheries to
decide. It turns out in Iceland that very few tran»1'ers are
blocked by the municipalities and the Ministry. Soinc-
what unexpectedly, there has been very little geographic
reallocation of the permanent quotas.

Question ¹3.� I have a question concerning the ef-
fects of ITQ systems on catch information. We have ex-
perience in Australia where, after the implcmentiition of
ITQs in the South East fishery, the «< tu«? catch I'or or-
ange roughy  one of the most significant »peciei in that
fishery! was estimated to be somewhere between two
and three times the repvrted catch. As someone involved
in stock assessment, that i» of concern to me. My second
comment relates to the costs of the system. The increased
cost in terms of administration, surveillance, and rc»carch
sometimes engendered by these systems i» particularly a
problem in Australia where we have a number ot' rela-
tively small and low-valued stocks. The cost of the imple-
mentation is more or less independent ol' 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, I wonder if there have been an> serious
analyse~ 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 ¹4.� Several of the panelists have men-
tioned the component of enforcement in ITQ»y»temi.
Ragnar noted this morning that there i» 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 inward»
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 ol the IQ
systems. So the fee currently covered one-third of that.

Question ¹5.� 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 i»

ineasured by weight. There are also obsei veri and lan<l-
ings controls in 1'»reign countries where < ur fishing ves-
sel» might actually take their catches. We also have ii
iecondary measure. Wc monitor the output of fish pro-
cessing factories and compare these output» with the rc"
ported inputs.

Question ¹6  Franci» Chri»ty!.� Clearly there sh<>u1 <l
be accc»i control for thi» microphone! I suggest an;iuc-
tion system. I am intere»ted in the panel's rciponse t<> ii
question concerning extraction ol'econoinic rents. Thii
is a matter ol some concern herc in the LJn>ted State»
regarding rcvi»ion ol the Magnuson Act. I v«>uld like u>
hear the views regarding whether rents should be cx
tractcd, and il'»o, at v hat level. Should it be sufficient io
cover the cost of research, or research and enlorcement'
Should it cover a buy-back program or;>omething like
that? Or. at die other extreme, should the entire rent bc
extracted. Also, it would be interesting to hciir v,hat th<.'
paneli»t» have to say about the system for extracting
rent � should this be a user fce, a tax, a r»y;ilty on the
catch, or an auction inechanisms'? Should >her< be a prop
erty tax on the property right? What other kinds of mechii-
nism» might be available for extracting those rents'? What
would be thc consequences of that extraction of renti »ii
the fishery'? These questions should probably be the topic
of another conference. but it would be nice t» get !»ui
reactions on thi». Thank you.

Rognvaldur Hannesson.� First, I can understand the
argument for letting rents remain in the industry. That ii
simply to make the iy»tern more entrenched, and to;ii
iure the participation of the industry in rnan<igcinent »l
thc fi»heriei. After all, I think the main benefit of the
ITQ»ystem i» that the process becomes induiiry-didvcn.
instead of heing driven by public offici«I».!><nd we <ill
know what that »ystein has resulted in. A» I emphasiz<d
in my talk this morning, I tend to favor the extraction»I
rents for two reasons. First, I think that thc»c resource»
ihould be regarded a» being owned by the people living
in the district of these resources. Secondly, the extrac
tion of rents supports the legitimacy of the»yitein. There
is no doubt that in Iceland, for exampl<i, rcii»<ance ic
this system ha» developed because people hase seen thai
»omc chosen few have been given assets for free, a»set»
they have later been able to sell. That does n»t go d<i<vn
well with the general public. I think that the legitimacy
of such systems could be enhanced by rent extracti<>n,

There arc various methods for doing thi». One is t<i lei
some portion of the quotas disappear each year, »o thai
people will have to huy them back in crder t» stay in
husines» at the same level. As far as I can sec, thii would
amount to a neutral tax on rents.

Lee Anderson.� I would disagree with Rognvaklur»n
collection ol' rents for two reasons. One. il' y»u»ay thc
system creating rents drives people to do the nght thing.
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and then you turn around and have the government «ol-
lect the rents, you take away the incentives to do the thing»
that you want. Thi» lead to a principle � agent problem. I
would be very careful. I would say cost recovery. based
on a tax of fish landings might be useful.

Question ¹7.� I note a problem that we are likely to
face in European waters. That i» 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 i» also owned
by other European-flag boats. I wouldn't care to do that
unless you could introduce the system on a Furopean
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 ¹8.� Yes, my question deals with the initial
allocation when you tirst 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 capacitv. What
would the panelists recommend for future allocation
schemes'? In particular, what method» 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 i» 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 work» fairly well. So
the question boils down to the allocation of wealth and
income associated with quota ownership. There y<ni have
to look at the particular situation. What i» acceptable to
the population at large? From my own viewpoint, I 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 qu<>-
tas will get most of the rents generated.

Question¹9 Jim Easley!. I have a two-part coinment.
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 bc true in
other parts of the world. My question i» whether ITQ»
can be effective for those stock» that have significant
recreational sectors. My second que»tion is whether panel
members have considered how to include the recreational
sector in the initial allocation.

Lee Anderson.� The short answer i» that you can set
up a percentage of the annual quota to go to the cornmer-

cial and recreational sectors. Then you have both seel<>i
quotas go up and down with the total all<>wable <.;uch
 TAC!. The recreati<>nal sector could continiie to be r«< n-
lated with bag limits and other regultition». The»oiii-
mercial sector could be reguhited within it» share ot <he
quota.

Andrew Branson.� In the New Zealand»napper I'ish-
cry, we have a rebuilding program, wl;ich Ray Hilhorn
alluded to earlier. Il' you were to close the fishery I'<n a
large number of years, you could get: om«thing lik«a
l0% increase in biomass. The problem i» that if. whilst
you are doing that. you don't restrict the recreation;il
catch, then the recreational sector will continue to «»-
pand. In 10 years time, when the commercial indu»tn
reopens, all the rebuild will be allocaied to the i«<.r»-
ational catch.

Question ¹10.� I have a question coricen>ing the <lun-
ger of aggregation of quotas under an I'I'Q»ystem. Th.it
danger would seem to be particularly severe v here v< u
have quotas allocated to a mixture of established in<lu»-
try and disadvantaged coinmunities. Has there been e>.�
perienc«with ITQ» in such a mixed system, and if s<>, »
there an effective and acceptable method to avoid th«
problem' >

Jim Wllen.� The issue of aggregation <ind cons<>1-
dation is a complicated one, and I don't think that you
can predict whether there is a tendency to;iggregate < r
not. I think that actually fisheries are toe complicat«<l t<>
figure out whether consolidation will bea real concer>
or not. If it is, you can put on aggregation cap» as i» d<>n«
in a number of fisheries. Another thing <vas done in th<>
Briti»h 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 ! <>ii
watch the system until it settles down. Ragnar talked
about asset markets I'or ITQs. They are i olatile becau»<.
at the beginning investors are trying to forecast some-
thing that no one ha» 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 befor you let it o.
Then if it looks like there will be an undesirable degre»
of consolidation. you can put caps on it. Also, this gi< e.
the participants some experience in figuring out how thc
ITQ markets will equilibrate. If, during the trial period.
you allow people to lease quotas, you can figure out from
the lease market what i» likely to happen to the a»»el
market. This could be very important because at the b«-
ginning the market will be very uncertain and it will h»
unclear what level of asset price is likely t<> occur, or
what forces are likely to cause consolidation and chang«»
in industry structure.

Question ¹11  Jake Rice!.� First, I w;mt to mak«;in
observation ba»ed upon the past I'ew comment». It sound l»
like fisherie» 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
IQs for which we are getting rather cavalier answers.
The question I want to pose i» whether there 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 u» have to deal with i» not
how such a system would work in good times, hut rather
how such a system would react to a crisis. Watching any
other commodity market faced with a poor crop progn<>-
sis you see money flow out of the market very quickly.
Will a similar thing happen in these IQ systems. The fir»t
time we get a pessimistic stock forecast, and wc need
money for enforcement and the research most, v'ill the
capital flee elsewhere'? This will make the system wor»e
rather than better when the crisis hits.

Rognvaldur Hannesson.� I 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 ti»hing industry is primarily targeted towards
producing products to be sold in highly competitive mar-
kets and creating income for it» participants. To the ex-
tent that you try to realize a social objective at the ex-
pense of the economic viability of the fishing mdu»try,
you are making your industry less competitive in the in-
ternational market for fish products. By einpha»izing
social goals and social policies we might be getting the
industry trapped in poverty, an e»calating circle of pov-
erty. This doesn't let people compete in international
market» with their products. It would be more sensible
to let the industry operate along lines of economic ef1'i-
ciency. It would be better to produce an economic sur-
plus, which could be invested in other indu»trie» for the
benefit of the people in areas dependent upon fisheries.

Question tit12  Pope!.� It is quite interesting to com-
pare Iceland and Newfoundland. They have similar»orts
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 It»hing. That i» the one
concern I have. Yes, it will produce a viable industry, but
will it be their sons that will go fishing? It remind» 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 now7

Bruce Rettig.� All right, thank you for y<>ur 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

mixed species fisheries, and they arc integrated. Mo»i
t'ish plants own their own boats and produce at least 60~ii
of their own inputs, So we have institutional quotas. W<
don't really care what boat produces the fish and v hai
boat doesn' t. We also have small-scale fleet independeni.
operators, both industrial and artisanal boat». So we nee< I
to have quotas in several categories � institutional quo
tas for the integrated operations and vessel quiita» 1'oi.
the small, independent vessels. We have mors difficulty
controlling the operations of the small ie»»el» than the
integrated operations. From the integratec opcrati<in», wc
have information flowing continuously on the flshing trip.
One additional, problematic point. It i» my e»timate thai
we used to have 30 � 35% overcapacity in our fishing fleet,
and 30-3S'/< overcapacity for processing fish me;il in
Chile. Recently, an unusually high price ol' lish meal iii
relati<in»hip to soybean meal prevailed until the end o
1993. Thi» encouraged investment. Add the fact that ther<.
is a surplus of fi»hing boats in the world, and we»ud-
denly had fiihing boats of 1,200 mt capacity searchin,
for sardine» and anchoveta. These boats are not particu-
larly efficient. I would estimate that in»orne,uea» w<.
have no less than 50'!< excess harvest capacity. Anothe
factor i» that in San Antonio, in the center ol Chile, w<.
have an investment in capacity to process 1'ish me;il ol
about 1,000 mt pcr hour. But there is no fi»h to be pro-
cessed at thi» time. So we are in a crunch in the»in;ill-
»cale fishcrie», where we would like to control capaciti.
We have such great overcapacity that the rc»i»tance t<i
change is very great and we have had difficulty geitini
the industry to f<illow our lead on this. Theie are the f<ic-
tors that are particularly important to us.

In other countries, I think you also have integrated
operations. You canruit talk about just lishing boat» ii
though they are the only factor in the exp. oitation of fiih.
You have a large system and intrastructure which i» also
over-»caled. This makes the estimates of economic wa»te
 that Francis Christy has made! much smaller than it
might seem.

Andrew Branson.� I just want to tell a»hots and simple
story. This predates the quota management system in Nev,
Zealand. But it led me and others involved in negotiatioii
over the systein to»ee thc possible ITQ benefits. I 1 <x cur~
in the very far south of New Zealand, 47' sooth latitude,
well into the "roaring forties," in the Foui eaux Strait oy»-
ter fishery. Rough water occurs there, and the I'ishery take»
place in winter when there are high waves and cold wmd..
There is a fleet of 24 boats, all in the 70-1'oot class. The >
are dredging for oysters in depths of anywhere I'rom 1 1 i!
to I SO feet. There i» a total quota, with coinpetitive catcl .
of 115,�00 sacks each season. The scene i»»et one diirx
and itormy morning. It is half past four in the middle»f
winter. The tv enty-three boats are all lined up again»t th-
whati', lights on, engines running, the crews onboard Th.
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wind i» 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»hall we stay".
All of the sudden the boat at the cnd of the wharf' line casts
off his lines and he head» for sea. Within 2 minutes the
other 22 do the same. They have a rotten day ut »ea;md
burn a lot of fuel and break a lot of things and don't catch
much. One morning exactly thi» 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 tunied
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 other»
had a miserable day, didn't catch much, and burned a lot
of fuel.

Anyway, the fishers began to think about the»e sort»
of things. In this fleet the very best boat» were catching
about twice the amount of the worst boat. But most boat»
were catching in the neighborhood of about 4 und one-
half to 5 thousand sack» each. They suddenly hud a bright
idea. If you divide the quota of 115,000 sack» hy 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 IQ»? The Minister
said. "Yes, for one year, without precedent, by way ol'
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 bout had its
lights on, its engines on, its crew aboard. That sort of
management has continued in that fishery ever»ince then.
That experience was discussed at length among the in-
dustry as they planned and discussed and prepared I'or
the change in culture for ITQ». The 23 boat» can now
plan their fishery. They plan when to go to seu. If it i» a
rude morning they don't have to go because no one i»
going to beat them to their catch. They have 5,0 N sacks
to catch when they want and where they want. Ray
Hilborn is right, the CPUF. is not indicative of the status
of the stock because they go where they get the hest oys-
ters, not necessarily where they get the most oy»ter». But
they can plan their investment and their fi»hin 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 vou
can plan your distribution. The processing factorie» 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 wa» a good lesson. It tell» me that in the
pre-ITQ, as much as in the ITQ system, the m<>st impor-
tant tactor was ability to plan your own destiny; to plan
your own business and to generate these funny things
that economists call efficiency und rents.

Phil Major.� What Andrew didn't tell vou wa» rhiit
there was a lot ol' money in that fisher i, an<1 that it c<>l-
lapsed, and that all the people are busy !vorking tog«ther
to restore that fishery. They are doing a 1<!t ol' re»«arch.
That is what happens when a fishery decline» like th;it.
You gct a community effort designed to reinforce «h<it
they have already achieved.

I want to elaborate on what I said in my addre»» ibis
morning. First. you have to understand there are tv>o

competing philosophies here in terms cf pn!pcrty right»
and other mechani»m» for managing fish«ries. You hu,e
the traditional wuy of regulating public aroperty and you
have private fisheries. You have an inter ve«iion arrange-
ment with input control», and a non-intervcnrion arralig«-
ment with ITQ». You have a prescriptive arrangcmcnt
without ITQs, and you have an ability to choose with
ITQs. That i» the fact that Andrew was de»«ribing in th»
oyster fishery. The ability of people to choo»» ho<r to
run their affairs, Isn't it amazing that we»till think v»
can tell people how to run their own af:air».

Second. because of this differential philosophy, prop-
erty rights in one guise or other are equally suitabl« f<>r
indigenous fisheries; they are suitable I'or high sea».

Third, who is going to man;ige fisheries in the future".
I see here in this room this cozy arrant!ement in which
there i» a group of fishery management people. a niup
of fishers, u group of academic people. There may he
some indigcnou» fi»hers, but very little environmeiit;<I-
ists. Let me tell you this. World fisheries are f	1 /r. over-
fished. This is appalling. It is partly be«au»c of the co, y
arrangement between fishery managers and fishers. Ther»
is vacuum here, and it will not be filled by 1'ishery mu!i-
agers unless we seize some new initiative, lt i» going I<!
be filled hy conservation managers. They are coming
down the road and they will seize control from you. Arid
you will face a series of draconian fish:ry management
measures. You have already seen this with the high se,i»
driftnet fishery. New Zealand was one of the principle
advocates of that. I was all for rational fishery ma«rig!�
ment. I didn't think we needed a comp'.etc moratoriui«.
But the Minister of Fisheries said, "Th;<nks for yoiir u!.l-
vice, but we don't really need it." It had be«ome, due:<>
the conservation movement, a moral dilemma. You have
seen that with turtles; and you have sees it in a different
way with marine mammals. The reality is that con»crv.i-
tion group» � these are people that have clainis to tlic
property right � are going to grab the high moral gr»un J.
They have every reason to do this, particularly when y< >«
look at the waste and gross overcapitalizution in world
fisheries. So we have got to make up our mind» what v e
are going to do. If you do not grasp the opportunitie»
that are here. the conservation groups w ill. And they wi I 1
impose a range of controls on you that you t'ind t<> b«
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 d;unage 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 thc 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 leave 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 earlier 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 to
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 iinposed 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 Kaufrnann.
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. I
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 i» 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-

I'ect< they will say n<>. If you ask if they want to go bii»k
to input controls, there is no doubt about it, they do noi
want to go back.

This social policy question is a wild one tor me. Tak»
the Newfoundland situation and examin what you has«
done there. Basically, you hacl input controls. You h «l
massive expenditures for fisheries biology. It has done litt!c
for the I ishers. You had massive expenditures on f>sheri< s
management. It not clear to me who ha<, benefited other
than bureaucrats. What has been the outcome of all thi, '!
Basically, they have closed the entire east co;ist. So il you
are concerned about ITQs and social coniiidcrations. wh;u
about input controls and social planning! It is not «l»;ir
that it has gotten you anything but grief.

Martin Exel.� The main points I would like to m ik»
concerning ITQ implementation are four in number. First.
take time, and get industry support. Second. change the
framework; gct bureaucrats out of managcinent and g»l
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 the><.
from the very first.

Bruce Rettig.� Thank you very muc a M;irtin. V'ould
people asking questions I'rom the audierice please queu»
up at the microphones.

Question¹13  J. Hastie!.� My question» in the cori-
text of trawl fishery off' the U.S. west coast of the USA.
a fishery that is typified by vessels of le<,s than 75 feet in
length and where a high degree of observer»overage s
not anticipated. The fishery pursues a number of differ-
ent assemblages with a variety of specie,', of which some
are currently under quotas and some are noi, and the r;i-
tin ot' species in thc catch can vary quite a bii from trip io
trip. Do you see potential for applying an ITQ system to
fisheries such as this without an observer pri>grain.> II
so, could you suggest what measures ne d t<> be stresseil
in designing the system.

Phil Major.� The answer is quite simply, "Yes." lii
your race for fish, people are not bothering about wh;it
they are catching, what the mix of species is or what-
ever. They just want to get oui there and catch as inuch
as they can, now. As noted by Andrew Branson, on<.»
you issue individual quotas, people will be< in to figuie
out better ways of getting more value for their catch, ln
our oyster fishery, I'or example, fisher< began figunn«
out how to get the best oysters instead of the most oys-
ters. You actually put time into people hand» to thinl
about these issues, and they will start working out ho ~
to differentiate between the difI'erent bycatch species. W»
have seen thi» all in New Zealand. People say "Oh, w»
can't work out the bycatch, give us more quota." Thev
are after the rent. So we stand hard on it and say w»
aren't going lo give it to you. The tish are iiot as much
together as the fishers would have yoii believe. I wiis
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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 tern-
perature gear. They have been able to eliminate all the
bycatch that they had previously experienced. Also, I
don't think you should assume that they are going to
continue trawling once they have ITQ». They are going
to seek ways to use that resource more effectively to make
more money. As another consequence of that, ihey 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 ¹14.� One of the important consequences
of the catastrophe in the Atlantic groundfi»h lishery is
that people start looking around for scapegoats. It would
seem that partially impleinented ITQ» are bein held up
as a scapegoat in that particular catastrophe. I am won-
dering in the case I heard from Iceland and New Zealand,
where we heard that in the initial evolution of ITQ» there
was a mix of effort and quotas in place. about the rheto-
ric we hear out of the Department of Fi»heries and Oceans
in Canada now being that we should have an ITQ sy»-
tern and input controls to go with it. So there could he
catch limits per trip together with a seasonal I'I'Q. This
seems to be at cross-purposes. In the case of Iceland and
New Zealand, does it seem that that mix of re ulations
is fea»ible? And, if not, how can we persuade our adtnin-
istrators and scientists in particular how to do ITQ»'?

Andrew Branson.� One of the papers I alluded to
earlier, authored by Mike Sissenwine, took a look at the
New Zealand situation. It said something similar. that in
the evolution of ITQ» 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 ol reasons, in
a variety of fisheries in different places and different
times, they still have reasons for other kind» ol' control,
of collective discipline about fishing. Such things rc» 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 wa» 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 i» scope for a
mix of quota management and a whole raft of other con-
trols, if the industry wants it. If they see that i» rational,
they will accept it and they will do it.

Question ¹15.� In New Zealand the law i» pretty
settled that the quota share is a property right in perpetu-

ity and if it i» ever revoked it is compensable hy the gov-
ernment. In Australia and the United States. the positioii
of the government is that the quota shares are revo«able
harvest privileges, and therefore arguably n<it compens-
able by the government if the regime i» revoke«I.

My question i», "Where governmen:s hold that thc
quota share is;i revocable privilege, dies ihi» jeop<ii-
dize. and to what degree, the economic l>encfits deiive J
from ITQ programs' ?"

Phil Major.� Well, I cannot answer for the Unite:I
States, but I think that once you allocate property right,.
it doesn't matter what your legislation s;iys <ibont nio Ji-
t'ying them or taking them away. You vzill l'ind it ver?.
very hard to revoke them. That is why I say that yo.i
need to think very carefully about it bef<>rc alloc;itin
the quota shares. In New Zealand we now I now that a
catch history will convert into property rights. We werc
issuing permits to harvest in a fishery with the stipul i-
tion that the permit v ould not establish <i right to a «ate»
history. The courts did not agree with us. It i» very dilfi-
cult to go back.

Question ¹16  Jay G inter!.� I have a question for Mr
Major. In hi» presentation, he spoke of the policy � dehv-
ery split and the "corporatization of delivery." I wante<l
to know whether he could expand on that. D<ie» this mcaii
contracting for administration'>

Phil Major.� Yes, it does imply contracting. The ide.i
i» to create an org;mization responsible for the I'unction»
of administration, enl'orcement, and research, which <s
separate from government. Why we call i t "corporatized '
rather than "privatized" is that it may be a liody that is
owned by govermnent but will have directors from thc
industry and other interest groups appoirited. So it is .si>i t
of a half-way house. Once it is corporatized. it cou ld ten-
der out or contract those services, and it would als<i b.
responsible to the Minister of I isheries for the rang« <it
decisions that it makes. My colleagues herc lrorn indu»-
try would probably argue that that is not an optimal situ-
ation; they would rather see those function~ privatized,
although there would have to be an effor: t<i include rep-
resentative» of' other interests group», includin?
recreationi»ts, conservationists, and the Maori. An<I 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 privatize<l mana er
would operate.

Andrew Bran»on,� My colleague from the New Zea-
land government ha» stolen my thunder. Iie i» dead right.
From the industry viewpoint, we are in a 'u»cr pay»';<nd
so "user say»" regime. We are not interested in de;ilml
with monopolies, whether they be compani«» I'rom Ar-
kansas or government-owned enterprises. Wci don't can.
who does the job so long as it is done effectively, effi-
ciently, and economically. We think that we should bul



290 IT@ FORUM

the»ervices of administration, to the extent that we can,
where the services are provided best. I quite unclerstand
that the government will retain their own policy unit, and
if they do they can pay for that. But where we arc»pend-
ing our money in the future, we should get hest value for
money. We don't really mind who»upplics the service.

Question ¹17  Nina Mollct! � I have both a comment
and a question for Phil Major. The coinrnent is about
corporations and companies. I think we have a little dit'-
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 /ealand or
Iceland. We have fishers in Alaska, for example. who
are concerned about investments in tishi ng goin ~ to com-
panie» who have not been fishers but who have been
chicken farmers or soup manu 'acturers. I think this i» a
real concern, and I share the concern that this di»tribu-
tion question has not been fully addressed. The question
regards cnvironinental concerns. In the North Pacific
Fishery Management Council meetings, there have heen
quite a few environmental groups who have come for-
ward with ideas for somehow rewarding 'clean" t'ishers
when we go to an ITQ system in Alaska. People who
have been fishing fast and furiously should not ncce»-
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 ITQ», in due course
you will eventually get rid of most of the lawyers, be-
cause you will be doing things I'or yourself and you won' t
have other people trying to manipulate your property t'or
you. The issue about the sharing of the resource i» a veil
valid one. When we took this issue to the government in
the first instance, and proposed the ITQ regime, they
looked at it and said, "My God, thc people that will ben-
efit from this are the people who have been out there
raping the resource. This doesn't seem quite right." Thi»
is what the conservationists have been saying, that there
ought to be a charge for this program. But once eve>p-
one was in agreement regarding the direction to proceed,
politicians really did not question that any further. And I
think that it is quite legitimate to ask how you allocate
these rights out. As I said earlier, if for the sake of efti-
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 i» 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 i ncentives
for them to act in a different way.

Question ¹1II.� -I am curious about the que»tion ol
high-grading. I wonder how that has been dc alt with b,
the various countrie». Is there a mechani»m in place t<>
prevent that frmn becoming a big problem" .It seem» that
once an ITQ is in place, the high-grading could hecollic
a big issue bccau»e it is»o wasteful.

Andrew Branson.� Yes, there is a legitimate quc»tion
regarding high-grading. The ti»hers will target the better
lish and shape their»ea»on to obtain the better market puce.
but I understand that that is not what you are talking ah<>ui.
In my comment~ this morning, I tried to ir,dicate that ther.
were at least three fisheries in which high- rading <vii»
contributing very»igniticantly to oversight and cnf<>r<.e-
ment i»»ue». In one of those fisheries, there are accu»;i-
tion» of high-grading and denials of high-grad>ng. 'I'hi»
occurs in a fisheiy in which recreational interests and c<><t>-
mercial interests contlict. The industry has pr<>vided lund»
for an observer corps and for various overflight» of <hc
fishery to establish daily positions of the fishing an<i «>
demonstrate the extent to which it does or doc>» not occu r.
A lot of indu»try di»ciplinc is t iking place. We think that
the claims of high-grading are very excec»ive and th;it u c
will demonstrate exactly what takes place.

Question ¹19  Alain Laurec! � I wonder if I an> the
official uneasy observer of thi» very interesting»y<np<i
sium. Because listening to this discussion ot' ITQs, I;iiii
just wondering whether the passion, talent, <ind enthus<
asm of some»ucce»» story teller could t>ecome countei-
productive. You appear to be very hard-selling about thi»
management tool. I wonder whether there are two r>»k»
following your di»cussion. First, the Iong-tcr<n ohjecti vc»
must be defined by politicians. One could won<lcr
whether maximizing the rent is the objective for the poli
ticians. I notice that in the European fishcrie», t'oi pei.-
fectly acceptable reasons, people try to maximize job»;it
sea in»pecific areas in, for example, the next 10 ycari.
This is a legitimate choice. Second, we are also ch<>o»-
ing for the fishers. We seem quite convinced that fisher»
need to be included more actively in the pn>ce»s of maii-
agement, but as pointed out by one of the speakers, maybe
they would choose something else besides ITQs for their
fishery. Also, I w<nild like to quote the social issue. I can
promise you that just indicating that the free market for
individual fi»hing rights is the optimal approach, if put
forward in Europe, it will be terribly counterproductive.
A number of people are so scared about the unregulatc:d
market that if they have to choose between the unregu-
lated free market and the bureaucrat, they will disc<>vcr
the beauty of bureaucrats. Just check what i» happening
in eastern Europe. This has to be considered seriously.
This is why I would urge you to consider, at least for the
scientists, what part could be played by thc public au-
thorities for regulating the market for individual right».
Thi» has to be part of the debate.
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Phil Major.� I think that the European Cominon Fish-
eries Policy i» one of the great travesties ol' f'isherie» in
our time. Frankly, the situation you have at pr«sent 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 thc coun-
tries involved in the common policy and worked v,ith
the industries there you might actually lind that you come
up with some solutions from a free market pcrsp«ctivc,
Sure, it is a political choice a» to how you us« the rent.
And it is a choice as to whether you use the rent to create
jobs or to let rent flow through to some other coinponcnt
of your economy where it will produce other oods and
services. Ycs, maybe there has to be a pha»e-out. 13ut
Laurec points out a problem with bureaucrats. 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. Thc reality i» that the free
market will su>i>ri»e you; it doesn't do what you think it
will do. But u»ually it does better if given the opportu-
nity. That is the risk you have to take.

Question At20  Chri»ty!.� I would like to t'ollow up
on what Mr. Laurec said. This is supposed to be a global
conference, but if you look around you will »ee that only
half the globe is here. If you try to apply an ITQ»ystcm
in the state ol' 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 sy»-
tems arc perfect in developed countrie» where you have
limited landing spots, and where you arc not dciiling with
tropical fisheries where you have large range of species
that come out of fishery. But hov 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 i» 'It's dil'ferent in
Asia; it's different somewhere else." The pre»ident of
Boeing said that they ban those three words becau»e once
you accept that you are different, you close your mind to
the solutions. If I go to an engineering meeting, and I »ay
"we' re different," I 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 I can tell you that it will work if people
apply their minds to finding the right range of »olutions.
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: l5 PM

Panel 2

Richard Marasco, Chair

Those of you involved in development of limited <i«-
cess systems are;iware that fairness and equity heciirnc
the most active issues. So in the interests <if f;time»s, I
want to start from the south and go north in this ses»ion.

Jim Mace.� I have thrown away my notes, hecaiis<. I
wa» going to talk about the benefits of ITQ sy»tern» fiir
operators of companies like mine in the t'i»hery. I thiiik.
the previou» New Zealand speakers have covered thiit
quite well. If I were to continue along that linc. it might
sound too much like preaching.

When I wa» preparing to come up here some of us
discussed, half tlippantly, whether it via» really in i>,ir
hest interests to talk about ITQs in this part of the w<>rl<l,
Because having a well managed and profitable fishe y
in this part of thc world might not be ir. the intere»t <>t ii
small country like New Zealand that is trying to sell 'ip;-
cies like hoki, which is inextricably linke<l to the l >>-
tunes of pollock in the whitefi»h marke.. Having k>ok«<l
around here, I would say that the answer is that wc shou Id
all work on these issues together. We ai.e all working in
the same indu»try around the world. S;>mething th;it i»
very striking to me in Seattle i» to see that thc fish that i»
on the menu of first-class restaurants is largely halibut
from Canada, fresh ITQ-caught halibut. Th<. fish si>ld n
the fish and chips stores is largely pullec out of cold»t<>r
age. t'ish that was caught in one of the q aick opening» <!I'
a fcw month» past. The message there is tliat under;.in
open-access system the incentive is simply to gct as mii< h
into the cold storage as possible and then gei it out again
as quickly a» po»sible. All th;it does is drive down tlli.'
prices. In New Zealand, we have the luxury of planning
our catch carefully, »o 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 Iob u cll,
we would raise the earnings to all peopl= in thc businc»»
by iinproving the impression of fish in the market. It <»
clearly in the interest of New Zealand indu»try to c<iinc
up here and encourage you to get away from a man;igc-
ment system with the very shoto' operational sea»ons yoii
have at present.

I wanted to make a very brief point about the pursuit
of social objective». Perhaps because New Zealand is a
small country we can afford to be a bit glib about thi~,
but you need to think very carefully when you try to ii»e
fisheries policy to achieve social objeciives. Our farni-
ers in New Zealand would see their incomes as heing
depressed due to the European Community's common
agricultural policy. So if you are going to have soci;il
objectives, you need to think about the effect» they are
going to have � often they are not what you expect.
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The last point i» with respect to the government tak-
ing a portion or all of the rents on fisherie». We have
been through that debate very inten»ively in the last few
months. I am pleased to say that the outcome ot' that de-
bate has been reasonably satisfactory from our viewpoint.
The government has decided they v ill take from the in-
dustry each year an amount of money that i» suft'icient to
cover the cost of management and research and enforce-
ment of the fisheries, but will not be taking a portion of
the rent» above that. From iny 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 wa» 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 wa» taking more and more
of thc rent from the people that were successful and our
economy went backwards quickly. We have»pent 10
years reversing that. As people are earning more rent»,
in whatever business, they are growing our ccon<nny. In
my company last year we created 300 jobs. That was
through a mixture of retained earnings and debt. I-lad v'e
not had the retained earnings because they were appro-
priated by the government, then we would have created
a lot t'ewer job», So froin my viewpoint, the message is
very clear: If you take rents, you must be aware that y<>u
are taking money that would have been used in .rowing
the business and adding value.

George Clement.� In New Zealand it i» like living
in a laboratory. We have all kind» ot' experts and econo-
mists coming through. Qne came through the other day
who was definitely against ITQ». His thoughts were as
he walked through the airport "If ITQ» were the answer,
it must have been a silly question." He left tv,o 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 hack
10 years. We' ve tried all these management techniques
in New Zealand and they did not work. I'm not »aying
the ITQ» are the only way to go, and I am not »ay i ng that
they are perfect. We have spent most of the past ten years
trying to improve it. But it is the hest that anyone has
come up with, and it work». And the reason that it works
is it works for the fish. We have heard about managing
people and managing profits, and that's I'ine. But that is
all political stuff, and the fish don't have vote». 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. ITQ» 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~/n reduction from the earlier catches. Those stock» are
rebuilding. We have our detractors. We have had some

very healthy debates with groups from thc con»ervatioii
movement. Some of those groups you have here; one i»
Greenpeace. There have been strong debatei from <hei.
view that we should have ecosystem management. I an>
happy to say that there has been an inten»ive dialog over
the past few month». and that served to make them un-
derstand that in a multispecies fishery I kc <iur» w< ar<.
dealing with multi»pecies management and it is w<irk-
ing, We have significantly less bycatch and di»card prob-
lems without the competitive race to catch fi»h. It v:a
heartening to the industry to have one of the  ~recnpc;<cl.
repre»entativcs to stand up and say they sulipoi.t ITQ».
The conservation thing should not be overlooked.

The kcy to success is private property rights. No <in<.
respects government property. You have to ivc control
to the people who can control those rights We rcall
moved on to the second generation of inaniigement i»-
»ues, which i» self-reliance.  Showing slide <>n <>verhcad
screen! Here i» the picture of a fish, I ha> en't »een nu<ny
of these at this ci>nterence so I though> I would»lnn>,
you what they look like. This is an orange roughy, a ver i
important species to our fishery. There wa»;i great dciil
of concern amongst the quota holders that the rc»ourc..
did not look as robu»t a» we had hoped. We were n<it
getting enough information from the»cient>»t», »iinpl,
because the didn't have enough resources. Wc have coin-
hined the quota holders to form a comp;iny < impos»ihl ..
to do in a non-ITQ system! to undertake a r;uigc ot' tech-
niques aimed at exploratory I'ishing, fisaeric» rcse;irch.
and tisheric» management.

What have wc achieved'> In the last 4 years we»pent
over $5 million in stock assessment, extra data coll«c-
tion, population modeling, stock»truct>.re analysis: w ..
just surveyed thc m <!or productive area., u»ing side»ca>i
sonar to do an inventory of the habitat, like mapping th
farm. We developed collectively, sharing the expens<;m< 1
the risk», exploratory fishing, seabed miipping. and»ui-
veying new»tock». We brought in experti»e I'rom th.
University ot Washington and other companies and coun-
trie». We also operate a management systeni where w.
have seven areas within the exi»ting area and have clo»eel
one area because the 1'i»hing in that area is t<io high.

So the, system does work; it is not per'ect. but it «om-
bines people cooperatively. If you have any doubts abou<
ITQ», there i» no better system devised, in our view.

Doug Hopkins.� I'irst, I do not represent the entir ~
environmental c<nnmunity by any means. The environ-
mental community has a range of positions on the»ub-
ject of ITQs. and I think you have already seen the envi-
ronmental community becoming engaged in this i»»il<.
They are becoming engaged at a level o> the debate th;it
they have not been engaged in before. But there i»»n.
point on which there is consensus in the eni ironrncnta1
community regardin ~ ITQs, and that is that we want t >
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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 ITQ». There is a
lot of skepticism that ITQ management will lead to c<>n-
servation benefits. For example, and these are i»sue» that
have come up today, we are conccrncd 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 u»cr fcc» fr<>m
the fishing industry. Will an ITQ system work in any
complicated fishery in the USA without changing that'?
Probably not. We want to»ee any management »chcme,
including ITQs, lead to a reduction in bycatch. There;ire
reasons why bycatch may or may not be reduced under
ITQ». We are concerned about that. The list goc» on:
High-grading, cheating, potential for windfall profit~
flowing to entities that are not viewed very I'avorahly by
the environmental community right now. There i» also
the possibility of social and comnnmity disn<ption. There
is the possibility that ITQ management may lead to a
rash of takings claims when councils try to reduce TAG»
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 u»ing public dollars, i» not an approach that would
be supported by the conservation community.

What needs to happen in this country in the view of
many of u» in the conservation community i» that the
NMFS needs to change its role from an uncritical cheer
leader for ITQ» to a role as provider of inl'or>nation to
council» 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;ippropri-
ate for ITQ management, «nd the guidelines would he
for designing ITQ schemes so that they maximize con-
servation benefit». ITQs seem to bc a good idea to maiiy
people in this room. In theory and in practice there are
many positive signs about the value of ITQs in I'isheries

management. But in thi» country, a major, highly public
failure of an ITQ management program will not be
brushed off by the consetvation community, by C'ongre»s,
or by many fishers. A high-profile failure like that could
put this fishery tnanagement 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 he wary of the problem of theory versus reality. Fi-
nally, the Environmental Defense Fund ha» proposed that

Gongres» create a pilot study to allow the eiitire US A «>
watch and learn froin a limited number of I'I'Q man;<g;�
ment programs here in the USA. During thi» pilot »tudv,
while there i» an intense focus on a liinited number >I'
fisheries which would include some fisheries th;it;irc
already being managed by ITQs and some additional I'i»h-
erie», there would be a moratorium on ITQ» n!an;ig '-
ment for other I'i»heries.

Richard Marasco.� The bycatch issue ha»»urine< d
a lot during the»e»sion of the past sever il days. Our tie «
speaker wa» included in the panel to shed»omc light < n
how bycatch is being addressed in the tun;i fishery.

James, Joseph.� I was just taken by the c<>mrnent <h.it
Doug Hopkins just made, indicating that the non-g<>n-
ernment organizations are becoming much more act«c
in fisheries, and some earlier comments th;ii unle»'< wc
did a better job, they may be in the driver's»cat. Gi< cn
the state ot some of our fisheries and the w ay they;ii<.'
managed, maybe that is not such a bad dea

The world i» bee<>ming increasingly morc crowdc<l,
Within thc professional lives of some c>f this audience.
there will be I 0 billion people on the ear h. There will bc
more deinands on all of our resources, wiitcr, l;md, <in<I
I'ish. In order to utilize fish in the future there are going
to be more limitations on access to fish. I'i»hers ar« i<-
ing to he more involved in managing lish I think. <in<i
there are going to bc more responsibilitie»;ind require-
ments for fishers who want to harvest re»ource». I w<>ul<1
imagine that in the near future most boais fi»hing on thc
high seas are going to be carrying observers to collec<
information not only for monitoring tl e c,itch but t'< r
scientific purposes. Qbservers and GPS system» and iiu-
tomated video systems will be used to monitor what i»
going on ves»el» to ensure that compliarce i» kept in <n-
der with management requirement. IQs tire going to bc;i
big part of that.

I want to talk about IQs from a different per»pectiv<.'.
rather than IQ» for target species, IQs for bycatch. IQ»
for bycatch have some benefits. It puts in the hand~ ot
fishers their own destiny, as an earlier speaker»aid. II
there i» a limit to what they can take as a bycatch, thc,
are going to find innovative ways to minimize their
bycatch and to maximize their catch. They v, ill devel<>p
gear modificati<>n» to ensure that they target »uccesst'ull
and avoid bycatch species. They will de velop stratc< ic
for time iu>d area locations to fish that will minimiz<.
bycatch. I think that this kind of approacti ha» a potent>al
lor helping. Obviou»ly it is not the answer I'or bycatch in
all fisheries. And bycatch is going to be ihc i»sue, in niy
opinion. that controls high seas fisheries over the next
I 0 years.

I want to mention the approach that ha.s bccn taken iri
the tuna fishery in the eastern Pacific ocean with respect
to bycatch. As many of you know, in that I'i»hery there
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has been a very large bycatch of marine mamnial». The
fishers use the mammal» to target the yellowfin tuna.
Originally in this fishery, the mortality was very high, in
the neighborhood of 200,000 animal» 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 government» actually
adopted what the staff ot' the <irganization I work for rec-
ommended � that there be some mechanisin established
to limit the bycatch of dolphin. It took 3 years to con-
vince the governments that this idea had merit,;ind then
it became difficult to determine just how to impl«ment
it. Again, the staN'» opinion wa» to assign individual lim-
its to vessels.

The rationale was that if overall limits on inortality
were set, there would be a race to take a» inuch tuna as
possible before the fishing wa» stopped. If limit» were
assigned to vessels individually, then the vessel captain
himself would search for ways to reduce the mortality of
dolphins. Indeed, thi» worked very succes»fully. In the
first year of the program, dolphin mortality  which wa»
already reduced to a low level! was reduced by more
than a third. Dolphin mortality i» continuing to o dov, n
under thi» 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 tishing for tuna any
further. I think this kind of concept can be applied to
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 strategic» for gear
modification, time/area strata, etc. But the program has
worked beyond the wildest expectation» of those who
put it in place. A target was set for 1999 of less than
5,000 animal». That target wa» reached and surpa»sed in
the first year of the program. In the second year it will be
surpas»ed again.

Bill Robinson.� It seems like there i» not a whole lot
to say after a day of speakers covering thc entire spec-
trum ol issues. I will ju»t make a couple of observations.
I did have an opportunity to help develop the "nuts and
bolts" implementation of the southern bluefin tuna qu<ita
system in southern Australia, working under a common-
wealth form of government. And then I have had the
opportunity to develop a license limitation and ITQ sys-
tem here on the west coast of the United States.

The I'act that you need the full participation of the fish-
ing industry in developing the system cannot be over-
emphasized. Regardless of what form of govermnent or
what authorities you are operating under, you ar«doomed
to failure if you do not have the support of the fishers.

So, thi» is the number one requirement. Rcganling th«
southern bluctin tuna fishery, I recall M;irtin Ex«i'» e;ir-
licr description ot' the government's consultation witli
the industry. I would note that under the Australian t'onii
of government they had an advantage go.n< into thc pi«-
cess � the government set certain standards and pri<>r<-
ties. There were three of these: 1'irst, the gov«rnment said
there will be ITQ»; second, the objective of using ITQ
is to move towards c««nomic efficiency; third, the bii»i
for initial allocation of the ITQs would b rc< ognit i<i<i <it
the commitment of tuna fisher» to the fishery. Then th
consultations with industry began. How to m«et the thrc«
standards wa» worked out in a series of m««ting». Th«r
was certainly an advantage to have the parameter» <.s-
tablished. Also, an advantage to that proces» was ttrai
once an acceptable agreement was reached with the iii-
dustry, it could he»wit'tly implemented. S wift impleiii«ii-
tation ot the sy»teni precludes the possibilitv of a nuni-
ber ol' problems that we have lieen running into herc»
developing a limited-access system on thc P;icific c«,isi.

ln responding to a comment made by Doug Hopkiii ~ ..
our»ystem here in the United States i» dit'fer«nt. It ii
more of a "bottom up" system of management. The I i«-
partment of Commerce and the National Marine Fi»hei-
ies Service have general oversight of Iisliery mana< «-
ment activities, but thc charge for developing poli«i in
ft»he<y management plans resides in eight regional fisli-
ery management councils. Those council» do not have
the benefit of the kind of guidance that the Australian
government pr«vided in terms of what the ha»ic p;ir;-
meters would b«, and then developing a sysiem to mc«i
those parameters. The council must struggle with the job
of developing their <iwn goals, This leads us to man;igc
ment by the lowest common denomin" tor. And th<it i»
reflected in the I'act that to get a decision out of the cour-
cil you have to satisfy a majority of voting member» I«
get that you often have to come up with goals that;ir«
conflicting or you have to compromise each g<ial to <: t
acccptailce.

In the ITQ system we are developing now there:irc
three important factors in getting accept<inc« am«ni
members «1 the industry. The first is initial allocatioii.
We have had a number of new entrants to the sablet'i»li
longline fishery during the development period of ihc
ITQ system. The council i» struggling ivith h«w to;ul.
equately rec»gnize those new entrants and to recognize
the historical participants. Windfall gain i» another c<>ii-
cern � that the initial allocation will result in windi'all
gains to a number <>f fishers. I find that a little ironic
since we recently implemented a fully transferable li-
cense limitation program and there has been substanti;il
influx of vessels during the limited per<nit period in the
fishery. From the agency perspective, oi at 1«a»t my pe.-
spective, the windfall gains are not a great c<>ncern. Ii
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appears to me that the ITQ system generates capital in
the industry, and this provides the capital basi» for ratio-
nalization. In many cases, thi» precludes con»ideration
of a taxpayer-funded buy-back system.

The other point I have is that in thc term ITQ, the 'Q'
means quota. But there are many other way» tn skin the
cat. '»><'e could have transferable units of fishing effort,
fishing days, harvest capacity units, transferable li»hing
pot licenses, numbers of hook». There is also the option
of choosing "none of the above." In a multispccles fish-
ery like the Pacific coast groundfish fishery � v ith some
gO diff'erent species, of which 15 or so are major target
species � it i» very difficult to take the plunge. There may
be forms of management that lead up to « I'ull-blown
ITQ program and provide a kind of evolution. The Pa-
cific groundfi»h 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 he expanded to become weekly. From
there we added monthly trip limits to add tlexibifity 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 qua»i-IQ program which
is now under consideration by the council. Thc idea i» 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 benefit» ol'
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 comf<>rtable
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. It i» also a pleasure to sec
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 $I'> X! 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

thing» that change when you go to ITQ,'i, but perhaps tne
most important is the attitude of all the people involv d
in the pro< ram � the manager», the fish<:r», the.scieniisi»,
the enforcement off'icers, the buyers of' the product. tne
market. The attitude towards how they dn their bu»inc»»
changes considerably. and the result in my experience >»
that there is a net benefit to going to individual quot<is.
There is a change in the way of thinking about fi»h>ng,
Thc change i» from volume io value. The fi»her» new
think about how to gct the most for the fi»li they c;itch.
Fnforcement is important now to the ir>du»try. Before it
wa» import«nt only if they got caughi. It is importiiiit
now because it af'fccts them. If' there is cheating. it ri «lly
affects their share of the allocation. Iri thc halibut «nd
sablefish fisheries I am involved with, the quota»h;irc-
holders pay I'or enforcement, l 00% of ii.. A» «n example,
in halibut the industry used tn pay a total of $4,t! >O pcr
year. Last year they paid just under $ I million f<>r the
year. A lot of that went for enf'orcemenh

The industry'» concern for conservaiion ha» ch;ingcil
considerably. Under limited access they were not so con-
cerned about conservation. Now they are not just fishing
for today, they are fishing for the future. The asset value
of their quota woulil fall if the fish stock falls. Th<:! are
interested in protecting the value of that asset, especially
in sablefish where they pay for all the science anil r:�
search budget. The expenditure on research w ill be greiit«r
this year than it has ever been, because the industry ha»
contributed to the effort and is asking fcr more scienl itic
work, and they are involved in the science. They want t<>
have a comt'nrt level, or confidence in the siience that i»
being done. That is not questioning the competenci >I'
our scientists; it is just a matter that, with the limitcil
budgets we had, not enough science <vas being doni.
Their attitude toward» planning has changed. Short-term
planning is now secondary to long-term planning. Safety
was brought up earlier by Barry Kaufrnann. This i»;il-
way» a major issue, even in open-access fishing. It i»
just that the economic incentives don't necessarily pro-
mote safety under open access. The economic» don't al-
ways promote safety with ITQs either. On the March 1
opening of our halibut fishery, f00 boats rush out there
because the market price is the best they will experience
all year. Everyone wants to get $4.50 or '3$>.OO per poun J.
So»ome boats are willing to go out there and take
chances. The difference now is that we d<m't have 4$0
boats going out taking chances. They have «choice.

Regarding cost recovery, the industry now pays will-
ingly because they realize the benefits of doing that. I heir
attitudes toward» each other have changed. Vv'e now h«> c
many fishers who share information about where the hest
fishing spots are. Their attitude towards government h;i»
changed; they don't hate us as much anymoie.'I'here is ii
level of cooperation that is refreshing to sce. I.ast, hui
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definitely not least, is their attitude toward» the 1'uture.
With ITQs, the future is viewed as very good. Thi» i»
reflected in the price of quota and the way the fishery is
run. In the non-ITQ flsheries, generally we are running
around trying to fix thing» all the time and wondering
where we are going to be tomorrow.

Stuart Rlchey.� 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 underlyinf> reason
for the introduction of ITQs was to rationalize the fleet
and to remove at least 50'/c of the effort. This v, as to be
done without any additional adjustment proces». In my
view, this made the implementation and allocation very
difficult for the industry to accept. The social and ec<>-
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 io
ITQs. The ITQ system was introduced into a fishery that
had been managed by limited entry since 1986>. 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 thai would he the ba-
sis of any future allocation of ITQs. A lot of' money
changed hands after that on the basi» that people were
buying a stake in the fishery.

However, to complicate the allocation proces» a little
more, we had three distinct sectors in the South East trav I
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 1'reely
transferable between the sectors. So when wc came io
allocation, the allocation was deemed to he 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 boat».
To adjust, the industry had to undergo an internal read-
justment. The problems in the alh>cation process were
exacerbated by large reduction in the orange roughy TAC
at the same time. Also a zero TAC was set for thc eastern
gemfish fishery. These two species had been major tar-
get species in the southeastern fishery.

A» a result of problems in the allocation process and
the stated objectives ol'removing at least 50'ir of the el'-
fort in the industry, fishers themselves became totally
fragmented; one fisher was pitted against another as each

sought to obtain a viable allocation. Thi» xtended to the
industry organization, the Southeast Trawl I'ishing lii
dustry Association, which had previously represent«1
fishers and had been a successful lobbying organization
on their behalf. As a result of the divisive niiture ol'allo
cation, this org>anization was forced to agree io avoid all
discussion of' allocation issues. It took an other 2 years i<
resolve the incquitie» that were inherent in the initial al
location. It al»o involved»everal adjustineni» to qu<>t;i
holders' allocation». These adju»tment», as B;<rry
Kaufmann described earlier, involved a ievicw by A<is
tralian Fisheries Management Authority of the initial i>i
location process and a legal challenge in the 1'ederal court
of Australia, which deemed that the original allocatic>r
1'ormula was statistically flawed. A numbei' of refinemcnt.
were added after introduction of the management phu:
hy the management i«lvisory committee. During the pe
riod of changing these allocations, permanent iran»fcr
ability of the quota» was»uspended, wtich meant thai
operators were prevented from restructui ing their hold
ing» io make a viable operation, and the non viable op
erators could noi »ell out to leave the fishery.

So, aside from thc uncertainty and insrability, we h;«:
a process that was poorly implement d;ind poorly
planned. with many unresolved issues hei'ore the plar
was put into place. One of these problems w;i» the is»u<
of bycatch. Another issue that slipped up o a u» cornpletc ly
unexpectedly was the Australian capital gains tax ~ys
tern, which impose<1 a tax on anyone who swapped. »old
or traded quota. This has been a major hindr;ince in ti y
ing to restructure the fishery «nd get the ITQ»ysteir
working. The uncertainties brought about hy the unre
solved issues initiated a period of great instability in thc
tishery and disillusionment on the part af n>any ot ih<
operators and a lack of confidence in the future ol ih<
lishery and of' the benefits of ITQ management itscll
Also. in thi» period I'inancial institutions wine reluct;ini
to lend money on quota or to accept ITQ as security giver
the severe variations to the allocations.

So, in my view, the lessons tobe learn d from all thi.
to anyone contemplating the introduction ol ITQs is thai
ITQs should not be the sole method emploved to r;itio
nalize the fishery, if the rationalization is to the exteni
required in the South East trawl fishery. Also. if the ITQ .
are to be introduced to a fishery that i» under some four
of limited entry or some form of input ccntrol, that con
trol should continue to be the currency in the i'ishery iir«
the basi» of any future allocation within ihe fishery. Th<
allocation method must be statistically, constitutionally
and legally sound, as proved not to be the ca»e in south
east Australia. Not a lot of people will agree with me or
this, but in a multispecies fishery consider;<tion shoul<.
be given to allocating only the target species. The is»uc.,
of bycatch have not yet been fully re»olved. Before any



plan is introduced, the method of any future allocation
of additional species should be decided betore 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»cientists
attempt to use in setting the TACs.

Given all the problems discussed up to now. the»urvi-
vor» 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 thc
benefits of ITQ management. which is heing 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 ¹21  Ray Hilborn!.� Most ITQ fishei.ies 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. Doe» anyone know of a case where the fishery has
in some sense collapsed after introduction of IQs and a
number of people have gone technically bankrupt'? If »o,
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 iittitude of
the government is important here. The attitude in New
Zealand is one of self-reliance. The ITQ i» a private prop-
erty; it is a risk they have to take and they are on their
own. I 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 hi»
banker. Where there was restructuring in New Zealand,
where we have reduced TAC» after introduction of IQs,
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 hest e»ti-
mates of what the likely scenarios would be with respect
to ITQ adjustments. We factored in the likely reduction»
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 ha» a tew 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 depend» upon

how that fishery plays in the political landscape. In so>tie
cases, there has been a lot of political intervention whethei
or not there are IQs, and in others, like the abalone fish-
ery on the west coa~t. there were IQ» and it has been shut
down. There wa» no political intervention <>r attempt at
compensation. The buyers of those quotas lost.

Question ¹22  John Gauvinl.� For Stuart Richev 1
have a question on capital gains taxes and how they;it'-
 ect share trades. A» I understand it, in thi» ci>untry an
ITQ transfer is considered a zero-based capital gain. and
when a per»on»elis one, they will pay on the full;is-
»es»ed gain. Was the problem in Australia that people
did not know they were going to pay a capital gain~ tax'?
I» that what disrupted the market? I am also curious about
the level of assessment in Australia compared t<> here
where the maximum tax rate would be about 2	%.

Stuart Richey.� I have a fair amount ol experience
with this, a» I have been helping to prepare;i submi»siiin
to the Australian taxation office seeking to get "roll-in cr
relief' for the industry from capital gains tax. In our «<ise
the capital gains tax rate i» about 33~/<>. As»uming yi>u
werc 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, thi» i» still deemed to be a sale of an asset. In the
case of earlier entrants in the fishery, the base value:>f
the asset i» only about $20, so almost the entire value i>f
the trade i» a capital gain. To make it worse, wc are nio<-
ing to a system of statutory fishing rights, where each
unit of quota i» a statutory right on its own. So. il' yi>u
hold 300,000 pound» of quota, you actually have 300.000
separate assets. If you are rest< ucturing your quota holiJ-
ing» you are restructuring hundreds of thousand» i>!' as-
sets. That has brought major quota trading to a halt ai tlie
moment.

Question ¹23  Incan Huppert!.� I am interested in tlie
interaction of the bycatch problem and the IQs. so I am
directing my question particularly to Jim Joseph and Jii»
Mace. I understand that the bycatch of the <k>lphins went
down very quickly in the tuna fishery, an<1 I am inter-
ested in how that happens. How were the fishers able. i<>
reduce their take of dolphins with IQs'? For Jim Miice I
am interested in whether there are multispecies byc;itc h
problems in the trawl fishery in New Zealand, whether
the IQs either exacerbate or ameliorate the problem, i<id
what the mechanism» are for dealing with bycatch.'

Jim Joseph.� Basically, it was a result of the fisher: '
will to reduce the bycatch. The way they did it wiis lo
modify some of their fishing practices, ".o be mi>re c<ir<>-
ful in the "back-down" procedure, which is;i way of let-
ting the dolphins out of the net without letting the tuna
out. It takes a longer time to do that. One ot the impor-
tant things they did was to actually pass up opportunities
to catch ycllowfin tuna when they calculate that ther<> is
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a large probability of taking large numbers ol' dolphin.
Very large schools of dolphin which carry large hodie»
of tuna with them were passed up. On many occasion»
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 i» to put theinselve» 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 i»
a wide variety of methods they used, and it is virtually
impossible to predict what fishers will do if given re-
»ponsihility for their actions. My point is that w«return
a lot of the responsibility to them and they will find way»
to reduce the mortality whether it is in a dolphin type
»ituation or whether it i» in a multispecie» fishery.

Jlm 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 ha» 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
wa» free feed to be had. Within 2 years the bycatch went
up to 800 animals a year. We have now reduced that by
more than 90 percent to 60 animals a year. We had»imi-
lar resul s with our sea lion catch, and that has basically
been due to the development of fishing practices.

With respect to ftnfi»h bycatch in the multispecies trav I
fishery,  here have been a number of developments, ba-
sically a matter of changing fishing patterns. One of thc
most common is to change fishing time or depth or the
way the fishing gear is»et, so that you are more likely to
take your target species and less likely to catch the
bycatch species. There has, of course, been»omc 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-
lems. I think you have to look at the alternatives and see
whether the problem will be better or worse under ITQ».
I think that the program in New Zealand ha» 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 ITQ» need
to be kept available. There needs to be a variety of ef-

forts to create incentives over and above the inc«ntive»
that are created naturally through ITQ»chemes for fish-
ers to be innovative a» quickly as possible to reduce
bycatch. In addition to direct incentives to innovate anil
requirements for use of certain kinds of te.hn<>logy. thiit
also may involve preferences in either reduced limita-
tion» on transfer or preferences in actual time at sea <ir
even in initial allocations for the more se'.ective fishin

method».
Question 0'24  Paul MacGregor!.� One oi' the vex-

ing problems we have in the north Pacific i» discard».
Discards of prohibited species which are required hy law
and discards of target species that are required by law,
but there is also a large component of economic tlis-
cards- � di»cards that arc too small or not the right siz«
and shape. Thi» i» becoming a highly visibl«public is-
sue. The folks in the sector of the fishery that I repre»ent
attribute a large part of this discard probleni to the race
lor t'i»h and the l act that people don't have an oppo<tu-
nity to slow down their processing operation» in a w;iy
to utilize fish that arc odd size or something like that I
would like to know t'r<un any of the panelist» who have
experience with ITQ,»ystems whether th» sy»tern help»
the fishers address that particular issue.

Bruce Turris.� By itself, no, but it provide» you with
a tool hy which you can address other issues. In our hali-
but fishery we had a»ignilicant. rockfi»h dis«ard prob-
lem. We still have a rockfi»h discard problem. This is
partly due to vessel size and pa<aly due to shelf life. A»
you are probably well aware, rockfish dor.'t keep as v'c ll
as the halibut, but the mortality rate on the rockf<sh is
basically 100'7<» So, before we had discard of rockfish, if
they are not being used as bait. That still I'<appen» if fish-
ers are on a long trip, but they have been given a 20'7r
bycatch allowance by weight, So now we can quantity
the bycatch, whereas under a competitive fishery you
could never do that. So it has provided a vehicle. Fisher»
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 »ell"
ing the fish. If they bring in anything more than the iil-
lowable retention, the government gets il.

Jim Joseph.� I want to make a couple ol' 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 othei
two modes, called "school fishing" and "log fishing,'
yield small tuna that are sexually immature and of »ub-
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optimal size in terms of yield per recruit. School fi»hing
and log fishing involve a reduction of 30c/< 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 ti»hing on
dolphins entirely, the IATTC member government»
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 fishin-
on the larger fish, to eliminate the problem ot' growth
over fishing, and to minimize the bycatch of other fish.

Question ¹25  Phil Major!.� I want to address a nurn-
ber of comments by Doug Hopkins. First, I want to make
a correction. at the risk of sounding like an evangelist.
ITQ» are a philosophy, not a tool. Really, what we arc
dealing with herc i» a conflict between a controlled or
directed ec<momy and a free market. As you iu>ted be-
fore, you can have other sorts of management tool» along
with ITQs, which i» 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 ITQ». Bring all the
people you want. We may even be able to»ub»idize 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 i» don't pn>crastinate.
CJet on with the implementation of your ITQs now.

The last point is in the form of a question. If conserva-
tionists really think that they are better at managing the
resource, they have concerns about the way the resource
is managed, they want hetter balance in the ccosy»tern
or they have social distribution concerns, why don't they
support the implementation of ITQs? Then they can gct
in there and purchase them, and not fish them or redis-
tribute them. This puts conservationists, or other people,
who have other objectives, in thc 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 wildernes» areas. In fa«t, it
seems that I myself have contributed to buying some of
the Amazonian rainforest. It seems that this i» one way
that conservationists can really get into active fisheries
management, and I wonder whether or not thi» i» 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-

cies that don't make a lot of sense to inost people in thi»
country, and yet are made year after ! ear because a I'ev
people cnd up with a disproportionate ainount ol' politi-
cal clout. There i» a real fear that a large-scale con»«r-
sion of fishery manageinent to ITQ systems will leasl to
a»imilar disproportionate amount ol political cl<>ui, If
the theory and evidence that ITQs le«d to morc c<in cr-
vation-oriented stewardship by quota holder» is <vr >ng
or is wrong in some cases, then it will '>e very difficult to
un Jo the system that is in place, even if onc can get around
the more limited concern about 5th amendment <aking»
claims under our constitution.

The latter point � "Why don't conservation group»
support ITQ» and then buy up quota is quickly a» p>»-
sible'." � I should have mentioned earlier that the prenii»e
on which any environmental group w<>uld considel' »llp-
porting an ITQ»y»tern is that, first ind forcm<>»t, thc
TACs are set conservatively with a»ub»tantial degree of
cushion built into them and that they are protectiv< of
entire ecosystem». Hence, the ITQ systein >s»irnpl! u»e<l
to assure that the TAC is not exceedec.. If the TAC i»»et
properly, there should be no need to buy and retire ITQ,

Question ¹26  Lee Anderson!.� I h ivc a qucsti<>ii «<>n-
cerning the effect of ITQs on the crew share»ystem. We
all know that share systems are designed t<> di»tiibute
risk, and that the actual percentage:et in any fi»hery
depends upon the capital-to-labor ratio and the fish puce.
But with ITQ», the capital � labor rati i can change;iiid
the fish price can change. I will report that there h;i» 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 I'i»hei ie»
have experienced a change in the share rate.

Bruce Turrls.� Ye», in all three of the IQ fisheri<i» I
have been involved with there have been change» in the
ratio of crew share to boat share. There has been a r«duc-
tion in the crew»hare settlement, but this is not acro»»
the board. There are some cases in which there i» no
change at «II; in about half the halibut industry there vva»
no change. In the half where there is quota leasing. the
lea»e payment i» figured into the crew settlement, caus-
ing a reduction in the crew's share. Al >o, there ha» been
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 ha» miide no differ-
ence whatsoever. The share on the quota owned by the
vessel remains the same. On quota that is leased, the c<i»t
of the lease i» deducted first, and then the «rew sh;ir<; i.
calculated on the normal basis.

Question ¹27  Fllen Pikitch!.� My question i» di-
rected to Doug Hopkins. The issue i. the relati<>nship
between ITQ systems and conservation. I want to m;<ke
my own oh»ervations on that, and theri ask you again to
address the position that Environmental Defense Fund
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has taken that we should have a few selected te»t» 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 nature 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 M;ijor i»
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 t'ishery,
with the enterprise allocation system, adopt the»quare
mesh codends voluntarily. Those are known to reduce
the catch of undersized fish; it made economic scn»e as
well as conservation sense. There are other examples that
have been given here. As a biologist who i» primarily
concerned with the conservation a»pect», I know that
there are instances in which conservation can be com-
promised. But I think we can identify those condition»
and, instead of having a moratorium in ITQ system, fol-
low your other suggestion and set some standard» up front
and insist that any new management measure put in place
i» at least as good as the existing management measures.

Doug Hopkins.� A decision by this country to con-
vert any fisheries to ITQ management i» a long-term
decision that needs to be endorsed by thc broader com-
munity, most of which is not represented here. Many ol
them would probably have a hard time understanding
much of the discussion that went on here today. That
community need» to be involved and brought in. 'I'here
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 I
made are not the word "moratorium" but the word» "go
slow" and "guidelines and criteria." h 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
NMFS unless they are given some breathing room. It
takes so long to get through the allocation battle» in any
ITQ program that calling for a "time out" shouldn't be
threatening to anyone who i» supportive of ITQs. For
those opposing ITQs, the moratorium proposed by En-
vironmental Defense Fund would appear inadequate.

Question ¹28  Arni Thomson!.� I just want to give a
few brief comments based on the speakers I have heard
over the last 3 day». 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 Kaut inann and Philip Major have noted that
we should not delay in setting up ITQ programs, but that
we should get it right the first time. George Clement ha»

noted that the USA is the world's center of capitali»ni.
but we are a decade behind in fisheries management. Phil
Major ha» noted that the traditional fisherie» manag<e-
ment i» a trave»ty for thc fish. Finally, I note that there !»
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 re»ourcc»
and is steadfa»t in blocking any meaningf'ul analysis ol'
ITQs in the North Pacil'ic Fishery Management f ouncil
in favor of promoting the race for fish an<1 the devel<>i>-
ment of an anachronistic license limitation pn>gram.

Question ¹29.� I have a question for James Jo»eph
about the incidental mortality of dolphins. If ii ha» gone
down so lov, why are some countries still »upporting
the embargo of tuna" .Do they think that the»ystem i»
not working properly.

Jim Joseph.� Well, I didn't think I would be asked
about embar< oes here. I just came from Venezuela where
I was deluged by questions because they arc;m embar-
goed country. What the question is referring t<> is thc 1988
amendment to the Marine Mammal Protection Act, which
calls for embargoes of imports from countric» thai don' t
conform to some standards set by the United States anil
which the USA requires of their own fleet. I mu»t adniit
that the U.S. policy i» kind of a moving tiirget. It »eem»
that every time a nation meets the standard that the USA
requires, the standard i» changed and the < ountries con-
tinue to be embargoed. At one time, ther= were 25 n;i-
tions embargoed by the USA, primary etnh;il'g<!< s '111<f
secondary emhargoe», because there was r.ot confi!rmity
on the part of producer countries with U.S. Iaw. Dolphin
mortality is very low now, As I said, it v>a» 3,600 ani-
mal» in 1993. That poses no threat wha soever to the
dolphin population». v hich number 9.5 m: llion animiils,
The mortality represents .04 percent of the p<!pulati<>n.
But, nevertheless, the USA has these standard» 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 tho»e particii-
lar requirement», and so the embargo i» sustained. In my
opinion, the USA need» to reevaluate its policy with I'c-
spect to marine mammals in the eastern Pacific ocean.
Some of you won't like what I have to say, hut the USA
has a double standard with respect to how it i.reats ma-
rine mammals. On the one hand. the new proposed m;1-
rine mammal legislation will permit U.S. fisher» in I.'.S.
waters to continue fishing on marine n aminal» even
though those mammals are threatened or endangered.
Whereas it will prohibit nations fishing on the high se;is
beyond the jurisdiction of the United Staie» <in popula-
tion» that are not endangered or threatened from fi»hin .
I think that has raises problems for many other nation»
and raise» the kind of question that was just asked.
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The paneli»ts who participated in the ensuing dis«us-
sion are as follows:

Dayton Lee Alverson, Natural Resource» Con»ultant»,
Seattle, Washington

Bart Eaton, Trident Corporation, Seattle. Wa»hington
Richard Gutting, National Fisheries Institute, Wash-

ington, D.C.

Joseph Sullivan, Mundt, MacGregor, Happel, I'al-
concr, Zulauf & Hall, Seattle, Washington

Ed Wolfe.� We have an extremely well qualified and
diverse set of panelists here today. They will b» address-
ing the following questions: What is the higg»st pri>b-
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 v a» addres»ed
by almost every speaker in some degree this morning.
Wc heard persistently about the issue of overcapitaliza-
tion; we heard about lack of inlormation 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. I think the solu-
tion that I like the best, because it just seemed the easiest
to me, was to turn the fishery over to the foreigners, be-
cause you can manage them any way that you avant and
the political ramifications of putting them out ol' busi-
ness or setting a quota i» not going to be debated to any
degree at all. You' ve got them where you want then>.
That being unlikely, I think maybe a fair analysi» of these
opinions will be subjective in character.

I have the feeling that the biggest problem in terms ol'
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 commit ted to, and
everybody has committed to conservation ever since the
[Conference on the] Law of the Sca. There i» a tremen-
dous amount of literature on how to behave and what the

objectives are, hut none of u» seems t>i he getting th»rc
very effectively. Wc have heard that ther» is undue I><>-
litical pressure on the part of the fishin > industry. <ind
that may have occurred and still may be oc«un ing, but il
»till come back to the basic view that ihc respon»ihility
is vested in national entities or international entiti»» and
that they are over-»en»itive to such pt>litical pre»sur»».
The fault lies ther», and there is where it needs t<> he
resolved. I.ack of political will, I think, i» driven hy the
fact that we have gotten into such ar, overcapit;iliz»d
position that disenl'ranchising a significant sector ol' th»
population is just not an easy task for a politician ti> tace
up t<1.

Beyond the over«apitalization issue and thc prohl»in»
it has generated, I would certainly look at .i numb»i »I'
other factor»  in no order of priority!. I ir»t. inability i<>
effectively inonitor fisheries in many ar a» <>f the v orl>l.
resulting I think in under-logging of catch  the so-called
"black fish, gray fish"! and all the problem» associ;it»d
with those who take advantage of the system. Second. I
think there i» a lack of data, certainly on ertiiin stock» in
terms ol management. I do not consider thi» to be a»ig-
nificant I'actor in terms of mismanagement. But I thinl
there i» certainly a need for better data on;i number i>t'
our stock», Third, the inability to establish in the mind»
ot' the user group» that there is an advanta e t<> takin.
short-term lo»ses in order to achieve the longer term g;iin
»eem» to be a tremendous obstacle in achieving conser-
vation goal». Many users don't see them. elv< s;i» the ul.
timate benefactor ol'the management proc»»», doubt thc
fact that we are going to be able to rebuild th» stock, anil
finally that if we do they will be the re:ipi»nt. I thinh
some manner of more effecti vely demonstrati ng that w hai
you'rc trying to do v«ill lead to more st;ible, e»ononii<.
viability for users is important. I suppose th;it v ith the
collapse of the cod fishery in Newfoundland that m»»-
»age probably has gained significant importance in thiit
part ot' the world.

Bart Ilaton.� I can tell you that I haveri't learned any-
thing today that goes against what Oscar Dy»on told mc
the tirst day I got on a boat. He said "Son, the tisherman
that knows when to sell his boat, that's thc one who mak»»
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the most money." I'd also have to say that every time
I'm with tisheries 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 thc first to articulate the basic dilference between
philosophy and religion. Basically, philosophy is b;ised
on reason, and religion is biu»ed on faith. It always»ccms
to me when I am in a room of fisheries mana»ers that
there are a lot more preachers than thcrc are philoso-
phers. We really see that in the North Pacil'ic.

To talk about fisheries problems in 5 minute», you al-
most have to talk in bumper-sticker-style sentence» 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 I 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 >aid eco-
nomic probability. This was talked about earlier, hut this
really creates problems in an industry that tries to cope
with fishery management as they try to do what they call
"rent seeking" � trying to get ahead of management. It
is especially a problem in distinguishing between what I
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 environment. I will try to link that problem
with economic development model»: When you don' t
know where you' re at, you can develop some false pre-
mises in your development models. I think it's vc>y im-
portant that we be aware of that because it is true that the
amount we can extract from the ocean is less than»ome
of its parts. A» long as we delude ourselves by building
these separate model», 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, constructi<m 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 [»ic] to build two do-
mestic fleets. Or you have to extort capital investment
on the beach if you want some concessions on the high

»eas. But people in industry at the time are making logi-
cal decisions based on that time and place. How to solvt
it" .Really. I don't know how to solve it, but I know;<n>
fisherics management should be coordinated with invest.
ment tax policy and with development policy. The»e
»hould he coordinated because otherwise they are goin '.
to be at mixed purpo»e» continually. That s what »eein»
to put everything out ot' balance. In our case. very rarely
do fisheries manager» even know what program» are in
existence for industry. or how they work, or what the
iinpl ications arc going to be on a decision that they make.
So if there i» one solution I can recommend, it is coordi-
nation of national police» so you' re headed towards the
»aine goal

Dick Gutting.� The question that we got w.<» whai i»
"the" biggest problem'. What i» the single big est pr<>h-
lem that is preventing»u»tainability > Like Lee, I come t<>
the same conclusions. It is the simple fact that we as hu-
man beings profoundly disagree with each other over the
objecti ves of lishery management and why wc <ire»pen l
ing all of this money»tudying fish and going> through hear
ing processe». I think thi» political problem, it' you will,
accounts l'or the decision loops that we»aw Je»cribcd
thi» morning and the paralysis in decision making. Th<.
evidence of this political problem is all too apparent lt'
you look at thc way the initial allocation of individu;il
fishing quota evolves, you will see the political probleni
in spades. You wi]1»ee the disagreement over <>bjective,
in the discussion of community development quotas. The
notion that somehow fisheries should be involved in»o
cial en.ineering and»ocial reform. You will »ee this in
thc course of day-to-day technical attacks on fi»hcric»
biologists and in the need for more scien'e,;<nd in the
kind of discussions about risks that we have had here.

I think that v e are also beginning to see thi» political
probletn in the evolution of ocean use planning or zon-
ing. The emergence ol' sanctuaries in ocean;irea man-
agement, which is replacing the resource management
mechanism that we are all familiar with. The fact ol' the
matter is that states and local governments and inteni i-
tional agencies are beginning to set aside large areas <>f
thc ocean as sanctuaries. The root problem of all of thi»
i» a profound disagreement on what we want our fisher-
ies to produce, on what the objective of management is.

I have to commend the scientists thi» morning. There
were rccognitions in passing that this was a probleni.
You heard phra»e» like "Fishery management i» all about
managing people. not resources." We he'ird reference»
to political decisions and economic and social issues. Bui
I have to say that I am disappointed in the scientific com-
munity, because it seems to separate itself from the p<>-
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 politi-
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cal problem. I think we have a great opportunity to learn
more about the nature of thi» problem. We have had IS
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 analysi», a scientific»tudy of why
things worked some places and didn't work in other
places. We like to study fish and not study human be-
ing». I think we need to gct on with the task and addres»
the political question head on. We do»o indirectly every
day in fishery management council». Congress is touch-
ing on it a little bit, but from a scientific»tandpoint, I
think there is a great opportunity to learn over the hi»t 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 stock» on a»ustainable level. What wc
are not prepared politically to do, with the current man-
agernent structure, i» 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 i» not strong
enough, it doesn't have the tool». I think we need to think
about rebuilding stocks and whether our fishery man-
agernent 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 i»
talking about, would that be helpful. Is it po»»ible, Dick?

Dick Ciutting.� Yes, we fund it every day with a lot
of political pain. I think the industry would he 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 trshery management pro-
cess. Here, obviously, I am not in all new territory. I 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 specitic management
problems, such as overcapitalization and more sophi»ti-
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. I think the

tension stem» from the diversity of interests and v.due»
that seek to be addressed in dealing with what we rnor<
and more consider to be a unitary resource complex The
allocation of wealth, as Francis Christy mentioned, i» a
political process to which values are b.ought and n<>r I'ron>
which the values are derived.

At the international level, I think the developing na
tion» are hungry I'or capital, they' re seeking at both l<><»d
and national lcvcl» to bootstrap their economies. they'rc
making an economic transition from agricultural rm<l
agrarian-based»ociety that no longer supports their popll-
lation to a more urban and io some extent industrial ap
proach. Con»equently, their national ind local in«en< i ve»
are maybe to maximize their short-ters> yiekls rather thari
longer-tenn»u»rained yield. We see social dyniimi«» ir>
the international sphere that include protection ot «cr-
tain»oci il sectors or that place high value <>n c;ipturing
control over certain types of highly xalued re»our«e».
which lead to subsidies for industry . ectors that may he
either fully or even overcapitalized. C!n the I I.S. nati<>nal
level, I think the tension might be most clearly denson-
»trated by the fact that we have eight regional council.,
that are applying a single sct of nation;d»tandard», I think.
if it were intended that the standards bc;ipplied «on»i»-
tently on a national basis, we would hase one council.
No, we prefer to have this tension between what «e on-
sider a national policy and a reflection of local in<ere»t»,
local dynamics.

We have tensions within the national »t <ndard»; I think
the Magnuson Act national standards tell u» th;it "<>pti-
rnum yield" is maximum sustained yield modified by
appropriate economic, social, and env ironmental fact<>r».
These arc often preceded as qualifiers that allow <rs to
take into account local impacts of significance in the pro-
cess of looking at what should be a nati<>nal, maxiruuiri
sustained yield. National standard number four says thai
there should be no discrimination between states, but how
does one balance that against the incorp<>ration of <vhar
are often local concerns in the economic. social, anil en-
vironmental area'. The tension, I think, has been evident
throughout some very contentious North Pacific t'i»hery
management decisions, such as the inshore/off»hore al-
location of pollock quotas, which involved a»tat«-ol'
the-art battle betv een experts, bolstering both sides with
science being used essentially to drive what wa» m<>rc a
political conflict. It brings to mind something thai I f<>und
at the council meeting last week. This i» a quote I'rom
the man to my right  Lee Alverson!: "The human dimen-
sion in resource exploitation and management ha» be-
come increasingly pervasive, and the u»e of facts and
statistics in the public influence game ha» become an an
to which science seemingly takes a back seat."

This political tension can be summarized as attempt.
ing to manage a natural resource in the hest interest ol
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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 thi» tension has played itself 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. I 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 benet'it 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 i», 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. I 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 i» 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

importance because of what I will call a nostalgia for the
artisanal as opposed for an actual artisanal value. In other
word» we are seeking to apply what we would consider
to be subsistence values � such as "waste not, w ant not"
or "keep what you catch" � in a context where from a
market or econoinic 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, I have one recommendation in connection to the
process. We need to recognize that politics is part and
parcel ol' the process; it is foundational to ihc ability to
resolve political tension and will often be foundation;il
to the ability to implement an appropriate management
regime. That leads us to a recommendation that we enter
into and encourage dialo ue between the significant play-
ers on either side of these tensions before we bring the
issue of contest to the fishery management sphere. 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 manageinent implica-
tions of a decision, when the concern is actually thc p<i-
litical ramifications ol' the decision. I think there have
been some success stories when that has been done. I
think the herring bycatch issue and the Bering Sea trawl
fishery is in s<nne respects a model for what I am sug-
gesting. There is an opportunity for the fleet and the at-
fected, or believed to be affected, fishers to get together
and talk through these issues in advance of the issue be-
ing dealt with at the management level. A framework on
which there is some consensus will lead to eft'icient 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, «as to bc
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 flshenes, most of our prob-
lems are local although we are dealing with them in a
global arena with markets and we are fishing an>und the
world. It all gets down to our regional areas, where wc
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 v ill invite the
audience to ask us any questions that you may have.

Getting hack 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 Ll.S.�
Canada salmon issue, but if not I think that it is a pretty
good example where there appears to be a ! ack 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 thi» problem for political reasons. Lee
and I were involved in this process back in the mid- and
early 1980». We got a treaty, and the treaty has been go-
ing along and we have been putting Band-Aids on this
treaty for a number of years. If you read the papers, you
will know that there are major problems out there right
now. I think for this issue to bc rcsolvcd, 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 ccttain 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 lish, but I'or a number ol'
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 bc ungodly of
me to take sides in this because I might have to switch
citizenship. I would just say I do think it is an issue 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-off» 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 ba»ic statutes of
conservation as written under Law of the Sea Treaty, hut
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 Anal
signing, having been there � we knew that thi» 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

ha» to do with how we deal with fisheries in <>ur c<>uiitry.
and I v ill relate that to internation».l issues. Ther<> are
,substantive problems that we deal with <>n a daily basis
in fisheries. Obviously, there are legal problem~, scien-
tific problems, and policy problems that we deal with on
a daily basis. But the people that I am lo<>king at ar<>und
the room � scientists and lawyers and policy people�
would all agree with me, I think, that these very impor
tant scientific issues that are taught here and in <>thei
schools and the policy issues, they all come <lown t<>
politics. That may sound terrible, and I don't even I'eel
comfortable to say it, but I think it is a reality <vh«n I
look back and I think about the international issues that
some of us have been involved in: the salmon is»ue, th»
driftnet issue, the tuna issue in the South Pacific, iincl
shrimp issues in Mexico. These are international is»ucs.
They all came down to regional pre»sure» and regionalI
interests. That is how they were resolved, with national
assistance moving it forward.

Dick CIutting.� � I think Bill Burke said something thai
we shouldn't lose sight of, because h='» dead right. '»t>'<.
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 long. People are g<>in
to move into that vacuum." Bill talkecl about coast;il state
expansion beyond 200 miles � unil iteralism. Theie is
another unilateralism going on to try to I'ill that s acuum.
and that i» using market power, using trade sancti<>n»,
using the strength of your import market to force othei
government agencies to do something out there in that
vacuum. The fact is we are running out <>f t'ish, thc de-
mand is going up, that vacuum is becoming more and
morc serious. and we have to deal with it. I think res<>l v-
ing it at the international level is by far the biggest chal-
lenge that we have, and has got to be the focal poiiu of
our effort~ right now.

Ed Wolfe.� My final point before we move onto q ues-
tions would be just to pose a question to you. 1» the prob-
lem we are talking about, the resource pn>blem, an eco-
nomic problem or is it a scientific pre>blern or is it both'
From our perspective in the Pacific Northwest it i» <i re-
gional problem in that there are just too many boais, and
I think this is an international problem also- � there tire
too many boats in the fishery. We need to limit the num-
ber of vessels that are operating. I think our scientist~
have done a very good job of managing the»cience. I:or
the most part, our stocks in this part of the world <ir<
sound and probably as healthy, if not healthier than <>n>
other stock» in the world. And we are proud of that.,! o I
would promote limiting the number of ve»sel». That >vill
go a long way towards resolving many ol' the problems
that we have in the Pacific Northwest, hopefully through
some sort of comprehensive ration».lization program,
whatever that may be. But I think it w dl have some limi-
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tations on vessel» within our fishery in this part ol' the
world, and it is a regional problem, yet it i» an interna-
tional problem and it effects everybody in other li»her-
ies around the world.

Lee Alverson.� I would just like to make one tinal
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 i» 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 present;ition. We
would be happy to entertain and attempt to answer ques-
tions from the audience.

Question ¹l.� 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 wa» $124
billion dollars. So this in essence shows overcapitaliza-
tion. Beyond that, there i» an estimate of the economic
rent that i» being dissipated of $30 billion. So you have
an estimate maybe on the order of $60 billion dollar» a
year being wasted gh>bally because of overcapitaliza-
tion.

Now I would like to take thi» opportunity to address
another point. I found the discussion thi» afternoon to be
very refreshing. I think we are talking about the question
of political will. This morning I tried to point out the
reason we don't have the management is because we
haven't made the political decisions. It i» not »o 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-acce»s con-
dition, thi» can only be done by arbitrary mean». 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; thi» 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 mca»ure.

However, once those decisions have been made, then

the role of government and the role of scienti»t change
con»iderably. Then you have created, on one hand, a re<il
demand f<ir a lot of the information because scientific
informati<»i can be u»ed. At the moment, the scientific
information to some extent is useless. You can come up
with the bc»t models, but if you can't make the decisions
to manage the 1'ishery to control access, it i» <if no real
value to mankind. It may be of value to the fi»h. but it is
of no real value to mankind. Once you hase e»tablished
a real system sshere property rights exist instead of th»
open access condition, then that information will appre-
ciate very greatly in value. I am reminde<l of the»itua-
tion in the northern Au»tralian pr iwn fishery where they
e»tablished a license limit scheme, and the fi»hers found
it in their own interest to postpone their harve»t t<> catch
the larger prawns rather than racing becau<e they had an
exclusive right. They;ilso found it in thei< be»t interest
io employ their own scientists to tell them wheii t<i inove
from one stock to another stock. What I am getting at i»
I think there are two phases. The first phas i» the politi-
cal decision that ha» to he made to distribute tlie wealth
through some sort ol' closed-access system. Once tha<
decision i» made and the property rights are crc;ited. then
the allocation decisions are made automatically through

the market place.
Dick  'uttlng.� Thank you. I have to complain here

All of us have been reading reports about the ITV» and,
belore that, limited entry. We are well aware <if the grand
scheme and the beauty of the concept. What I;im ap-
pealing for i» a little understanding that the initial allo.
cation of quotas i» not just a mere problem that one ha»
to work through and the whole system comes into plav.
That initial allocation of resources is why we are spend-
ing 10 or 15 years trying to work out the»y»tern. If you
believe in these»ysterns. a» academics, if you really think
that we will optimize our beneflts, then my appeal to
you is help us get through that initial de<,ision. That i»
the killer decision. That is where the bottleneck is. Th;<i
i» where I don't quite 1'rankly see the professional aca
demic focus. How do you get 100 people oi 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 re. ult <>f partici-
pating in the process. I don't like holes in my hack. Plea»e
give u» some insight. Ciive us some real xaniples th;ii
we can point to and»ay, "See they did ii here <ir they
didn't do it there."

Bart Eaton.� I ju»t wanted to address overcapital-
ization. I don't think that overcapitalization i»;i prob-
lem. The capital i» going away. The bankruptcy judge»
are taking it away every day. The fishing power i» stay-
ing. We are going to have a much lower capitalized tleet
here in 3 or 4 years. but we are still going t«have the
same amount nf power.



CHANGING I.ISHERY POI.ICY

Joe Sullivan.� One of the points I would like to make
echoes the same themes that we have been hearing. One
of the difficulties I see is that we have a fisheries inan-
agement process that develop» our policy  in the United
States context anyhow! and provides that policy t<> the
management administration and then asks thein to imple-
ment it. We are asking that process to address the fir»t
phase of quota allocation. That i» a political i»sue. In iny
mind it is questionable whether it should even be ad-
dressed within the fishery management policy develop-
ment process, whether it i» efficient to do»<>, or maybe
that process should take place outside of the context ol'
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 ¹2  Bert Allsopp!.� Sorry to intrude, but I
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  !cean, I' ve
seen the stock» collapse. I have worked with the United
Nations Food and Agricultural  !rganization. and I have
seen the advice being transferred about thin< s that you
advocate and that have failed. I have seen pl ices like
Iceland tenaciously hold to the management principle»
without any interruptions or political accommodation
from various parts of the count<y, locally or otherwise.
and they have succeeded. I have worked in countries
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 stock» 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 manage-
ment of their tuna stocks, Seychelles holding to their
management, and the Maldives, and so forth.

You lack the political will. The academic» have been
unable to intluence 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 worhl taught the devel-
oping world anything about tisheries management." Thi»
morning you have had the issue presented by Daniel
Pauley, indicating very clearly, lucidly, that in tiict 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 discard», etc., which do not end up heing I'ood for
people. To the question addressed by the panel "What is

tlte biggest problem in world I'isheries sustainabilitv'."
my answer i» greed. Thank you.

Dick C'utting.� � I think that there's plenty ot' greed
out there, but I also think that we ask our I'isherie» t<i d<>
many dit'ferent things. It may not be a m;major issue in the
Pacific Northwest, hut I assure you in the C<ulf of Mexico
and along the South Atlantic, trying to balance recre-
ation opportunity with food, you can all it greed i I' > ou
will. Still, we' re asking our fisheries to produce b<>th >.c«-
reation and food. That's a two-edged demand whicr> i»
often inconsistent because one demand» cl'I'iciency .md
the other demand» inefficiency. We demand that our I i»h-
eries provide employinent at the same tinie we dern.ind
that they provide food, and again, there;ire the»e con-
flicts. I think that 'greed" has a nice ring to it, but I think
that it's a little more complicated than that.

I.ee Alverson.--I'd like to jump in and comment ~u»t
a little on the greed issue, because I think that it'»;«cry
ea»y thing to say. and everybody raises their hancl .ind
you get thc audience to clap. Fact: Greed prohablv exi»t»
in all sectors ot' »ociety, whether it's fishcrie», whelher
it'» indu»try, whether it's academia. A lot of rich people
are sitting on top of good contracts tc be con»ultiiiit. t<i
high-level exploiters. Society has to develop the b<>und-
aries in which people can operate, and those <irc the
boundaries that control greed. And in fisheries, it greed
is out of line, the social stnictures ard in»titu ional;ir-
rangements need to be refurbished.

Joe Sullivan.� -I'd like to respond hy saying tliat I
think that there is indeed an appropri ite role I'or ilcillle-
mici ins in the pr<>cess. But I guess what I »ee i» <hat
currently the step in the process in which academicians
are typically brought in may be inappropriate. The p<>int
that I was trying to make in my init:al pre»cntatioii is
that I think that there are certain basic political tcn»i<>n»
that will condition how an analysis is undertaken a<id
what types ol recommendations wi I stem froin that
analysis. Political issues of a federalism sort determine
whether you hiive a certain amount of local contr<>l, lo-
cal employment, local economic development given a
priority, or whether you emphasize national «fficicncy,
Those decisions, I think, really are value choices that
need to be made a» part of the political pi»ice»s: to a»h a
scientist to assign relative weight to tto»e values I think
ask» them to do something that they' re not well equipped
to do. But when you get to the point where»ome <>I' the
basic premises have been addressed and x< here so>no ol'
the basic priorities have been established. I think it mal e»
perfect sense in the context of negotiatin I a re»i>luii<>n
between conflicting user groups to bring in people w ith
academic expertise who can measur. value, establi»h
value, can show how value can be traded or >naxin>ized
in that process. I think that can be of I!reat a»sist;inc» in
resolving some ot' the second-level ten»i<ins iissociiited
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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 tishery 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 w;is 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. I think all of us in the process
think we' re 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 rnanage-
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, I want to help Ellen v here I
can. To begin, I didn't hear any statements that I thought
were implying that the academic institutions or the aca-
demicians did not have a significant role. I think thc 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.

Question ¹3  Brian Pierce!.� I am speaking trom a
non-acaderuic background, if you like. Firstly, worldwide
when I' ve traveled around, I have yet to meet anybo<ly
that doesn't support wise stewardship of fish r<>sources.
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 society and for
its resource, I tend to lose. I' ve heard from Dick that v c
should do some research on that, and I agree it's a really
interesting series of experiments that are oui 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 m;ikc a fev,
thousand dollars 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 y<>ur life t<>
t'isheries, and I' ve been in this game for .!5 years, you
tend to think that we' re damn important. You l<>rget that
we' re a very small percentage of the GNP. I think you'vc
heard some of the panelists suggest that maybe within
the fishery community, because of the self-interest,
whether we' re an elected official sitting in the rniddle of
a fishing community, or someone in that comniunity 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. I think
that was the suggestion on salmon, and I thirik that it
applies in other areas as well. How one elevates deci-
sions out of the fishing community, when th» fishing
community isn't always too pleased that that occurs, is a
difficult question. I think a lot has to do with what Lee
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 wor<l oui, as best
you can, to a broader constituency is the only answer I
can think of. I think the environmental community in th«
last 2 or 3 years has begun to serve that function; how-
ever, like any other special interest group, the> have aii
interest which I 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 thai. you can perform.

Question ¹4. � It's not really a question, bur, frankly
speaking, coming from Europe, I must indic;ite that I
don't feel very easy in the discussion we had ihe second
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half of this afternoon. First point: If this is w<irld fisher-
ies, I do not recognize myself in ii world debate, frankly
speaking. I don't have the feeling that the tlucstion i» to
be for or against ITQs. It seems to me a very American
debate now. I don't want to enter thi» 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,;ind I
am very scared hy thi» 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 iippear. maybe
it's also because the parts have not been clearly ilefined
between the scientist and the politici in. It we are;il I ol
us within democracies, or most of us, f the political will
doesn't exist. it's maybe because the debate was not iir-
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. I th.inl
Dan Huppert and Ellen Pikitch for invii.ing us,;ind I thank
you for heing attentive this afternoon. Cblood <Iay.
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Clarence Pautzke.� Two questions have been given
to our panelists: How should we manage fisheriei given
the change in ocean environment'.> And how should we
regulate artificial enhancement programs for long-term
sustainability'? I put those together into the qu»stion:
When we' ve managed all the stock» down to their low-
est sustainability, will the aquaculturist be there to bail
us out? I think we have five good paneliski here who
have been through varied backgrounds and experiences
as far as different fisheries. The first one is Suzanne

Iudicel1o.
Suzanne ludicello.� Good afternoon. The lirst 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 P«li»y Act,
the proponents of such facilities would have more pre-
dictability on alternatives and consequences and c«iis in
their operations. The public would have more inf«rma-
tion on consequences to the environment and human
health; and the decision makers woukl be hetter informed
in terms of other environmental consequencei 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 I
would like to use my time to respond to it. How should

we manage fisheries < iven a changing o e rn environ-
ment'! I think the second part of that question i» what ii
most important. There'i kind of a fatalist;iiiuinpti«ii
there: "given a changing ocean environment." It bringi
to mind the saying thar you can't »ee the for»it I'«r th»
trees. And if the practice of not seeing the foreit I'or the
trees has brought us t««ur present state of affairi in the
Northwest logging industry, then our inability io.iee th»
ocean t'or the fish, because we see tish a» a product, I
would suggest has hr«ught us to the present state ol';if'-
fairi in our global I'iiherics management. S«. what d«
we need t«do to reci>gnize that second clem»nt in the
equ;ition, recognizing a changing ocean <>nviionment?
How is thc ocean changing'? Global climaie change hai
brought about phenomena I'rom coral bleaching I« iea-
level rise to pollution. We' ve heard about it in th» con-
text of aquaculture facilities and in the context of salrn«ii
habitat. It has been pr»di»ted that hy the year 20 I 0. three-
t'ourth» of the population of the United Statei will live
within I hour's drive from the coast. What ii tliat goin
to do t«alter the phyiic;il capacity of the oc»aii'? 'I rani-
portation of alien species, they come in ball;ist water
tanks, they come in the bottom of vessel», they'>e moved
from ocean to ocean, ocean to river, river to lake. to in-
land places. What today i» a zebra mussel probl»m in the
Great Lakes in the United States may tomorr«v. b», wh«
knows. one of these shrimp-horne diseases that might b»
transported. Further, hycatch and incident;il c;itch in di-
rected lisheries. I'in.illy and probably mcst iinp«rtani,
every single one of these human-caused chan< es in the
ocean environment ii driven hy the most imp«rtant hu-
man consideration to thc ocean, and that is p«pulati«n

growth.
So, all of thoie are human-caused changei. but only

one of those things ii »ven susceptible to solutions that
can be derived from fisheries management. S« then w»
get back to the I'irst part of the question: Hirw should we
manage fisheries? Well, given that whole list < t threati,
it's a pretty dismal picture. You' re talking ab«ut the tini-
est portion of the equation, where you' re man;iging hu-
man behavior in one particular activity, but y<>u've g«t
all this other human activity over which fi»herv manag-
ers have little if' any control. So what do w» <lo' 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. I et's not forget
the human clement of the system. not just those who make
their living from catching fish, but those who at'I'ect 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 "blue-ies" be-
cause we deal with the ocean!, but the greenies and the
environmentalists are who arc causing you all these prob-
lems. Well, why don't you bring us into thc 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 pei>pie
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, vou 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 cat-
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, I was
made to read the dialogues of Plato. I do not reinember
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 I look at the decline of so
many stocks of fish all over the world, I sit back and
want t<> manage for sustainability. You have to introduce

the concept of threshold limits. In other u <>rds, thc p< p<<-
lation size below which you never go. And again. in or-
der to do so, you need to be able tc assess the st<>«k
Then of course, you have this quest on <>f what is the
upper limit of the harvest level. Well, again, I kn<>w <hat
you can calculate many yield»; I do not think there;ire
overestimates until you mix it with populiiti<>n g<>ncti«~.
which is happening these days.

Furthermore, I have never had much sympathy I'or
people talking about too large a spav<ning biom<iss, or
overescapement of salmon. As we are;ill getting to knoiv
more about the behavior of these animals, v e can se<>
that large, excessive escapements of a large sp;iwning
biomass has a function. It might be to fi I ou< ni«hes ivhi«h
are lacking. However, aside from thi», there are lo!«�
term changes and they can come rather abruptly, as witn-
essedd in the late l940s, when the salmon populations
on both sides of the North Pacific Ocean dc«lined. It «alii«
too quickly for the industry to adjusi�and it cause<.l,.<
drastic economic restructuring of the industry. Nov� I d<>
think that wc are on the verge of being able to pre<>ict
some of these long-term changes, using indicators like
earth surface temperature anomalies, the atmospheric
circulation index. and the ea>xh rotation velocity index.
They have all shown close relationstiip» to long-term
changes in the abundance of salmon, herrin< . pollock.
and even marine mammals. Stability, or sustainability in
the future in the capture fishing industry v ill. to;i l.ugc
extent, hinge on the extent [management  can make p> e-
dictions based on these recommended s1 udics in this are<i.

Now, you have the second question How should <x e
regulate the I'ishing enhancement programs? We are t< >ld
not to be piirochial, hut let me say that;it Ic;ist in Alasl. i.
the justification I'or nonprofit hatcheries was to bufl'er
the low years, to fill out the valleys. And ot course there
are simple I'allacies here. You don't build a large hatch-
ery or construction without using it every pear. Se«<>n<l,
although there may be some advantages in thc freshwa-
ter stage, in the long run the production 1' rom these hatch-
eries has shown a tendency to t'ollow the production l1u<:-
tuation of the wild stocks. What probabl y happens is their
initial gain achieved during the freshwater stage is I< st
by predation, accumulation of predation at time of releaie
of fry that have been hand-fed up to this point. Of cour.c
there is another side, and that is the loss of genetic <livcr-
sity. which in the Northern Hemisphere I'ias been acquin>«l
during thc last 12,000 � I S,000 years, sin«e the last gl.i-
cier period. It's easy to say that we must «onserve < c-
neti«diversity; it's much more difficult to sce how it «<in
be done. In a large-scale hatchery operati<m. it's ve<>
difficult to maintain your genetic diversity, Sustain<<hie
harvest i» ultimately linked to increased knowledge, illid
I'd like to submit that the knowledge has to c<>me fr<>m
directed questions. I:ventually these directed questi<nis
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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 v ho i»
now from British Columbia, but who al»o 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»ec-
ond question. Five minutes isn't a lot of time, and I don' t
know much about the first question. I don't know much
about aquaculture, »o I' ll take thi» 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 thein 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 ot'people
in this room have contributed to the really rich li»herie»
literature in backwards-looking types of a»»e»»ment
methods. Forecasting is a mathematical discipline, and
not enough of u», and I include myself in thi» group, pay
enough attention to forecasting as a tool. We' re going to
have to do a lot more forecasting a» 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 shitt. a gradient,
whatever. So forecasting i» one thing we really need to
deal with seriously.

Another important thing we need to consider i» 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 u»e 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 i»
necessary, there's an awful lot of institutional inertia that
makes fisheries management systems respond way too
slowly to the need for change. And we have to deal with
that institutional inertia effectively. This is something
different than the lack of political will. It's the real reluc-
tance we have to respond quickly to changes. And that' »
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

more valuable than large amounts of amorphou» data ol
questionable reliability. Fisheries in general and ecosy»-
tern-oriented research i» notorious for collecting verv
large but inconclusive data sets. We have to cure our-
selves of that very attractive fallacy if we' re going t<i
manage fisheries in a changing environment. I firmly
believe, and we can discuss this later, that exon if yoii
choose less than the ideal thing to measur», rucasuring .i
few thing» well is better than measuring, m;iny thing»
poorly. Also under data. I' ll touch on the infatuation th;it
I per»onally have with clatabased, rather than model-ba»ed
ways to analyze forecasts. But I couldn't cover th;it topic
in 5 minutes here.

Regarding diagno»ties, I believe we have»omethmg
to learn from medicine. Medicine for hundred» ol year»
had a pretty good track record; long before it understoo<1
the full pathology of a disease. Important diseases ha<I
symptoms that could be recognized and there were treat-
ments that could be applied for the benefit of the patient.
Thi» is not a perfect model for fisheries management,
but it's a tool we don't u»e. There's a paper ihat I wa»
very impressed with by   hris Hopkins on the Bareni»
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 int'orrnatioii
in time to react to it. I have more faith in ihat, is <i guide
to management in a changing environment than much <il
the work done on the huge Barents Sea ecosystem mod-
eling activity that's going on. And I think that there'»
lot» ol opportunitie» to look for diagnostics of change
and react to them, without having to do a t'ul1 e co»ystem
system study before v,e get into the issue ol' managing
the ecosystem.

Less � sometime», il' not always, we will h;ive to u»e
less to manage tisherie» in a changing enviromnent. Anil
finally. we need to deal with effects of our management.
I think Keith Sain»bury i» the only person who mentioned
thi» in the last two day»: The fact that after wc've done
everything else right and prescribe a reaction. the fishers
react to our reaction. That's a tractable problem; wc
should be studying how that thing that we m;mage, the
fishing tleet, responds to our management initiatives. It' »
called implementation uncertainty; we can do»omething
with it. Now. if we combine these five points, it tell» «»
how we should manage fisheries in the future. We should
fiddle with them. Thank you.

Don McCaughran.� Let me answer the second que»-
tion tirst, because that's rather easy for me to <inswcr,
How should we regulate artificial enhancement program»
for long-term»u»tainability'! Well, I would say, "care-
fully." We' ve heard that this afternoon; there'» good evi-
dence for that. And the other answer, and probably the
more important one i» to talk to someliodv like Ole
Mathi»en. because I don't know a thing about it. So I
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will concentrate on the tirst question, which I know a
little bit more about, and that's how wc 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, I don't think a lot about forecasting. and the older I
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 ot'
uncertainty. Now, we' re supposed to talk globally, hut I
would like to talk about Pacific halibut because there' »
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-year cycle in re-
cruitment. Roughly, 1945 was a peak, and 19f>5 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? I» thi» 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
stock». The environment has a huge effect on halibut
stocks. Now we saw that 20-year cycle in rectuitment:
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 hiomasses
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 environinent going on. We can't foreca»t, 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 ground» when
they' re ready to settle out. There might be»ome 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 g-year-old» 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 estiinciies
over time of spawning biomass, and that will lluctuiitc.
with the environment � so you don't care about ihe en-
vironment, you just have to get a good c stirnate. Anil
then you take a consistent proportion of that in your fi»h
ery every year. There's two tricks then. The first trtcl, i»
getting consistent biomass estimates; the other trick i»
what proportion should that be'? How do we tigur« ihat
out'? The only tool» we have available, and we all use
them, and most ol'you are familiar with this, are mc>dels
We build computer models, we build elaborate siiriula-
tions with all sorts of strategies. And we do a lot of' c<iin-
puter simulation, and you choose different exploit i<i<>n
rates and you see what happens under a lot of differ«ni
scenarios. And you try to protect yourself. But what <I<>
you protect ourselves from? That's the third que»ti<in.
Well, what we' ve decided to do is say we' re going io
protect the»pawning biomass. We don't want it to drt>p
below a certain value. And so we choo»e a strategy, in
other word» an exploitation rate, that in the long <erin,
using simulation, will not cause the spawning level to
drop below some historical level. That's one appn>ach.
and it's the approac:h we' ve done.

What we' re really saying here � and this applies t<i;i
lot of other species besides halibut � is the environm«iii
is going to change; it's going to change your fish stock».
So you have to develop a method in whiih you don' I
have to rely on forecasting. You have to estimate wliat
you' ve got and take a certain proportion. Anil then you
have to think a great deal about what th;it proporti<in
should he, and you have to think a gre;it deal;>bout h<>w
good a biomass estimate you can get. I think that kind <it'
a strategy is probably better than trying to develop soiiie
hypothetical forecasting where the uncertainty i» v«ry
great. Not to say there isn't a lot of uncertainty here, hui
you can remove a lot of the uncertainty i n terms of cau»c»
and so forth by just operating with what yoii've got. Tlie
problem be<.ome» what those exploitation rates should
be, and of course that requires a lot of modeling and v ou
just hope that it works. How do you km>w if it works?
Well, if your estimates look like what the fi»hers are tell-
ing you. if they look like the survey work that you' re
running at the same time, if things are kin<1 of «on»ist«iii
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 tenn, ii
works. And in Pacific halibut, it seems to w«rk. So, that' s
one way we' ve thought in managing fi»h with changing
environment. We' ve tried to avoid the foreccisti ng. We' c e
tried to do»omething that works today, and back thi» up
with a tremendous iunount of computer simulation» and
modeling and so forth in choosing exploitation rate». I
know I was kind ot' parochial in terms of talking about
halibut, but it's a nice species to talk about h«cause we' v e
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managed it for a long time, and it does occur in both
oceans.

Clarence Pautzke.� I saved Mare 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»vho 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 problem», then it's the
people out there who are actually fishing on the stocks
who have to tie up their boats. Mare Miller'» experience
and background are in the social sciences. He i» the so-
cial scientist who is on our Scientific and Statistical Com-
mittee; in fact, he's the only one we' ve ever had in the
North Pacific.

Mare Miller.� It's my pleasure to be here. Let me s»y
at the outset that at the University of Washin ton, the
Schools of Fisheries and of Marine Affairs have a joint
Program in Fishery Management, and we' re refor>nist in
our view. We' re trying to encourage students to under-
stand the management side as well as the science»ide.
and essentially we»ee hshes behaving in the constraint of
the ocean, and people behaving in the constraint of some-
thing of what you might call society or institution»,

I 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 I look at the first question.
Well, I'm going to amend that question to 1'it my disci-
plines  I'm a cultural anthropologist!, and I'm ning to
substitute for "ocean environment" � the con»traint on
fish � to "institutional, or ethical environment"- � and
that's the constraint on what it i» 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 Nino i» an example of
that, and global warming i» 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 a» real  thi» i» 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, I 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 subsi»-
tence people!, it turns out that wc know very little about
how people are committed to those different activities.
Or we don't even know how people move in and out of

fishing a» an occupation or as a way of life. 'I'he "puhlii
element" ha» to do u ith diverse social rnovi ments an>.l
special interest group» who 1'eel, increasingly, that the!
have a direct connection to what we call ft»hcr! re»our««»,
via an emotional tie. And then we' ve got thi "mana e.
ment" element here at the federal, state, and traditional
sectors, and it turns out that from a sociological point o',
view. these people are definitely a part of the»y stem unde i
inquiry. So health ot' a system, viability i>f a 1ishery»vs.
tern, ha» to do not just with the habits and behavior» iit
fishers, but with how they communicate or do iiot
communicate with their management sector aiid the othe
public element constituencies.

Let me talk just a little bit about values hei e, .md hov
values drive thi» whole thing. Thi» is a wiill kiiown state.
ment of Aldo Leopold in 1949: "A thing is right when it
tend» to preserve the integrity, stability, and beauty of
the biotic community. It is wrong when it tends other-
wise." You can equally well apply that to the ecology ol
humans. And you can decide for yourselve», 'What i,
social integrity'? What is social beauty'? What is so«iiil
stability' ?" Expanding the notions of values over the la»i
100 years, we' ve had what's sort of called .in "experi-
ment in conservation." I think that it's important fi>r u
to realize that conservation is a double-edged ethic. I re-
fer to the extra«tive conservation associated with the
"wise u»e" thinking of Gifford I'inchot, anil I contra»t
that with the aesthetic conservation of .fohn Muir. I' ve
identified two executive agencies here: the I'orest Ser-
vice and the Park Service, to illustrate dil'Ierent I'und.i-
mental orientation» toward the relationship between hu-
mankind and nature. Importantly, both of these can h»
and are succe»sful, and they are both improvements ovci
the alternative, which is sort of a laissez faire, cavahcr
u»e of resources. Sort of I'rom a clearcutting, "do a» you
will," to the extractive or aesthetic vari.ant» 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 i>1-
I'ers one vari;ition of what sustainable development «iin
be if it's not oxymoronic in the first place. That's not
exactly my favorite formulation. Bob Fran«i» and I, i >
fact, prefer thi» one by Gregory Bate»on from his I'abu-
lous article, "On Steps to the Ecology of 1>1ind." Gre-
gory Bate»on takes his proposition and the» identific»
carefully, each word in it. Essentially, it's the same»i>it
ol' ideal. In the last years in different re'ource manage-
ment setting». different practitioners an<i scienti»ts have
called for a new kind of an order. a new kind of a par;i-
digm. Daniel Botkin articulates that there'» a differen««
between nev management and the old maiiagement. I
think that it's important for people in fisheri«» in a»en»c
to not refuse to»ee the "Iorest" for the fish. There's been
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a dramatic change in how forests have been managed,
wildernesses have been managed, parks have been man-
aged over the last 2S 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, I would be calling for a new
fisheries in the pattern of a ncw forestry. Here's one varia-
tion, from Wilderness Erperien<e recently: "Fcosystem
management i» 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 set<in, ecosys-
tem inanagement emerged in this way: it'» 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»ay what i» the status
quo? What is the orthodoxy'? Consider that to be single-
species management. Essentially, ecosystem manage-
ment is asking a larger question. That given, I 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. It turns
out that you have to be conversant about all thrcc of these
acts if one i» to do a responsible job in fisheries manage-
ment alone. Yet I know too inany people who know one
of these acts well and have never seen first-hand thc other
two.

You can discuss sort of an institutional ecology of laws;
these laws do reflect, in legal text, a reflection i!f the val-
ues of society. Notice that they have slightly different ob-
jectives across the three Acts. Optimum yield. fi»hery 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 condition», 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'» a bet-
ter question. In the other two instances, it's an adjustment
from a single-species approach to one»hovving concern
for people and for environmental and ecoliigical at-
tributes. All three of those in a 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 are managed for dif'I'erent objectives. And»o you
could manage, from some people's point of view, a forest
as a failed park, and a park as a failed wilderne»».

The best I can d<i then, is argue that ecosy»tcm man-
agement i» an adaptive departure from the staiu» quo. It
ask» a broader and more responsible que»<ion than Ihe
orthodox doctrine it displaces. It's a process of stewaril-
ship in which goals are problematic. I3y that, the> are
emerging through the process of repre.,en<<itive govcrn-
inent. Thank you.

Clarence Pautzkc.� I.irst I'in going t<> tiirn to the iiu-
dience to see if anything here has stimulated you io ask
»ome questions. I know that I'm very interested in h<iw
inany people out here have had to actually shut do»< n;i
whole industry � I know one of the panelist» here h;<s ��
and whether they were willing to go on very scant <la<;I,
or indicators of the fishery, or did they alway » want morc
data as they»weated the decision on what to say on ivh;it
the stocks »vere going to yield for the next year.

Question ¹lf Ray Hilborn!.� All right, thc title of ilii»
»ymposium i» "Global Trends." and one trend that h;i»n't
been discussed much � Mare Miller probably came;is
close as anyone � i» what one might call th»: Animiil
Rights Movement. We' ve already seen whale fishcri,s
pretty well ruled out as a commercial proposition for the
future. I have a su»picion that b]uefin tuna, and some oi'
the larger ti»hes, <nay be corning up next. I wa» wondci-
ing if any of the panelists want to comment on how thcv
see thi» changing socioeconomic trend in ti rni» of' I'i»ii-
eries management ".

Suzanne Iudicello.� Well. first of all, iieither I n ~r
the organization that I represent would char,icterize iiur-
selves as Animal Rights representatives. I think in terui»
of Mare's spectrum � with Pinchot on the right and Muir
on the left � we are somewhere more <owiird the Muir
side. but we' re not to the John Muir end of the»pectnii n.
I think that the way you have to account t'iir the public
opinion on the Animal Rights side i» to tiy io talk .ii
folks about conservation. There's a difference, I thinh,
between conservation and protectionism. between ii
choice about values that say» we can find a sustainahl»:
use � that means we can use ocean creatures and sv»-
tern» I'or the future and for the present � which is dif'I'cr
ent from a point ol' view that says, "I'm not going to eat
fish. I'm not going to eat veal. I'm not goiiig to vvear,i
leather belt. I 'm not going to wear leather sh<>cs.' Ther»os
a whole range of opinions, and various gioup» fall iii
variou» points on a spectrum.

With regard Io the bluefin, I think the blucfin has det i-
nitely become a po»ter child species. It is a charismatic
megafauna. It's the closest thing that w«have in the fish
world to a whale. Maybe sharks will be the next 'I'e;i-
tured" »pecies. if you will. But I think the gr<iups that are
using these image» of the apex predators Io iry to ci
people interested in I'ish are doing so, not io»t<ip fisher-
ies on them, but to engage people in the vvholc di»cus-
sion of fishery management. There are nc "hug-ii-halibui"
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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 math»matical
issues of fishery management, not to mention the eco-
nomics and sociology of it, is not easy. It's not as sim-
plistic as "Save the Whales." So, you' re going to see in
the coming months and years more creative ways to try
to engage folk» in the kinds of issues you' ve been talk-
ing about � we' ve been talking about � for the past couple
of days.

Question ¹2  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. Il' society, in
its infinite wisdom, chooses not to allow certain organ-
isms to be harvested, so be it. It is our job;is 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. I 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 believe 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 I 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 seal», 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 coni-

promising at any time. And oftentimes as managers. «e
sort of assume that reasonable people togethei will c<nric
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 »is<.'s
element of the environinent. If you go to other cuftur»i.
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. S» these arc
I'undarnental orientations that need to b» explored for
mally, rather than anticipated or presumed away.

Question ¹3  Doug Butterworth!.� Two questions:
First, I'm very disappointed that Don McCaughran isn' i
fighting with Ray Hilborn any longer, so I'in < oing t<>
try to give him someone else to fight with. Basically, I' vc
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. Thc
question I want you to fight with me about w;is, I gei the
impression, looking at what you put up there, that you' re
underexploiting your resource, and I want to kiiow, "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 ol diagnostics and he gave the medical analogy. I' n>
not very happy with that because I'm perfectly happy
with dock>rs having had a very large sample size to d»-
velop their diagnostics. I'm not sure in I'isheries we d<
have a large enough sample size to be confident aln>ui
diagnostics to use them in that way yet.

Don McCaughran.� Well, one might lo<>l at the bot-
tom line for Pacific Halibut. The fishery start»d in ab<>ui
1883 or something like that, and it's been managed un-
der a group that's been put up to manage it since 1933
and by God, we' ve still got a few halibut;<round. S<>
maybe it's not bad. The International Pacif'ic Halihui
Commission has always been conservative. except I'or
one point in it's history, and that point was;i bad poin<
because there was this concept called maximum sustain-
able yield. Way back when, people thought that was i
good thing to test, so let's push the halibut y ield to tesi
the MSY principle, and that was actively don» by the
Commission, but it happened to coincide v>ith the;id-
vent of the foreign fleets arriving in the North Pacific
and beating the hell out of halibut with by< atch. Both
things coincided and the stocks collapsed. That was ihc.
dark side of the Halibut Commission'.'; rniinag>emeni.
Since then and before then too, we' ve always been very,
very conservative. The bottom line is we still have h;ili-
but, so maybe we should be conservativ».

Jake Rice.� I 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, an<I
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that was a convenient shorthand. I will s;iy that as we
move to more ecosystem management, what w»'re en-
countering is the need for some management tools. II'
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 hunch ol'
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 I
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, I
think it's worth paying attention to. I could be wrong,
but I wouldn't want to ignore it. Nor would I 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, wc 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 hack 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 ¹4  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 m«, there are
three separate goals there. How are we combining those' ?

Or are we going ui manage for a separate «ne? I gu«ss
I'd like to hear the panel "s thoughts on that

Suzanne ludicello.� I' ll take a shcrt whack herc I
think when Mare Miller was talking about l<ioking at the
system � and a lot of people have talked about ecosys-
tems over the last 2 days � we may look ai the Halibut
Commission as a successful experiment in;i sustainable
fishery. That i», there are persons catching halibut, rnak-
ing money to some extent, and it's been «<in < on I'<u <i
nuinber of years. Whether the Bering Sea and Gulf ol'
Alaska ecosystem has been sustained in terins of its <h-
versity and integrity is another question. I d<m't think
any of us has sought to answer that yei. In terms ol th<'
whole system question, we still regulate and m;inage and
consider certain types of bycatch not ex en iis bycatch. It
isn't even listed in the list of prohibited dis< ard spe«ies.
There are a lot of organisms that come up in nets, lbr
example, that are just discounted entirely. There's ri<i
regulatory regime, there's no accounting for i hem, there' s
no measuring for them, they' re just trash. W»ll,
somebody's jellyball or trash fish may bc f<io<l or nuti i-
ent to someone else. I think that we' re just;it the begin.
ning of trying to understand that. There has been the d»-
velopment of a conservation biology on the terrestrial
side, and I think on the marine side, we' re still not ther»
yet. We' re just beginning.

Question ¹5  Ellen Pikitch!.� I want to explore tli«
medical analogy. I think that in a way it's a good on«.
One of the things that you' ve been asked to address is
the sustainability question. I think one ol' the observ;i-
tions that I have is that we have seen "failures" in fish»r!
management where we have not sustainably manage<l
resources. We thought that we failed because we didn' i
know enough and that if we just collected more dat.i.
then we would know more and that wouldn't happen. [
think we' re coming to the realization that w«can collect
all the data we want. and there are lots of thing» outsid»
of our control that will cause fisheries to not fare well
for certain periods of time. I think there's a grov<ing
awareness ol' the level of uncertainty in fisheries and in
fisheries management, but I'm not sur«we'v«yet «rn
braced the fact that stocks not prospering, will be a cori
tinuing fact of life, and that all the knowledge in the worhl.
and all the management techniques in th» <vorld aren' i
going to prevent those things from happening. I think
that there's a large element of that, although it's a s«ry
complicated story, in the Northern cod case.

And here's where I'd like to expand a bit «n the medi
cal analogy. When you' re trying to live a liealthy 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;i good do -
tor, uses the latest techniques, and may or not diagnos»
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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 treatment.
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. I gues» that I just
wanted to elaborate a little bil on those thoughts and say
maybe we should be looking more at fisheries manage-
ment that way. I like Jake's suggestion.

Clarence Pautzke.� I would respond, and maybe
Mare wants to respond. One of the problems with a pa-
tient with cancer i» 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 new s,
and so we procrastinate as the stocks get worse possibly,
until they get to that slippery slope. when then it's lime
to move to the Pacific coast.

Question ¹6  Loh Lee Low!.� Well I thought I had a
friendly panel, so I gathered some guts to corn« up here
and say a few word». The main theme here i»: 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 talk» here have been fo-
cused on the technical anil science side, maybe that's not
a problem. It's basically managing with the best avail-
able sources ol information and with accountability�
accountability in the sense that the process ha» to be veiy,
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 sit on 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 procc»s which
is actually taking place in the North American fisheries
management process. We may eventually gel lo the point
where we' ll be all managing these fisheries with infor-
mation, with accountability, and with responsibility.

Question ¹7.� I sometimes get the I'eeling that the
scientists in this era become more or less paralyzed hy
the idea that all the data they have are uncertain. There' s
just so much uncertainty everywhere. As a scientist, I

would also highlight the things we are quite certain about:
that i», the number of stocks in the world which;ire over-
exploited. We are quite sure that the cause i» thai th«
fleets are too large, there's an overcapacity. II we usc the
fleets, we can use some of the issues that Jake was bring-
ing up, like less fishing, [whichl gives you more inerti;i
in the system because. you have more year cia»se» around.
more biomas», so you can respond much inori efl iciently
to the developments in the system. I think actually th;it
we know a lot about the effects of fishing on fish stocl ».
and we can use that information in order io irnpr<>v«
management. We shouldn't hide ourselves behind oui
uncertainty about everything.

Clarence Pautzke.� But then I don't thinl we should
hide ourselves behind the premise that it'» large fleet.
that are causing all the problems. I think that the manag-
ers have the tool» thev need, at least under the Magnu»oil
Act, to control the amount of catch out there. r«gardle».
of how big the fleets are. It's a matter of whether they
u»e those tools that are available to them to shut down .i
large fleet in the face of the political realitie»?

Mare Miller.� I don't think it's a good ill«a to get tori
romantic about the medical analogy here. beciiuse in,i
sense it illustrates the opportunity for a problem of hu-
bri». What happens in health care is we have people who
are technically very well trained, keen on technology;mr I
science. with a poor understanding in fact of their pii-
tients. And we' ve had problems with people v ho have
assumed � doctors in particular � that lil'e i» necessarilJ
good and should be sustained at any cost. And huniaii
constituencies are iirguing for different cndirrg». And so
the lessiin here I think is for managers in»cience, iis w« lk
to take more»criou»ly the variation in the cultural orien-
tation ot' their constituencies and to examine that.

Question ¹7  Jim Beckett!.� Yes, I think we' ve
touched upon it a «nuple of times and I think actu;illy
Doug Buttenvorth raised it when he sugge»tcd that hali-
but had been underutilized. I think we have to accept
that we are going to underutilize the resources becau»,
we' re going to have lo be cautious and we' re going t i
have to be flexibl. And that means we cannot push the
resources to the maximum. And I would s.iy with th«
involvement that Jake and I have had on the Atlantic fi»h-
ery in Canada, we just cannot try and push. We thought
we were being conservative and going at thc F�, level.
It has been quite apparent that because ot' tlie way lh;il
the fishery's been undertaken and the data that wc'v«
had, we' ve not been very conservative. So we just hive
to accept that we cannot get that last piece ot' fish out ol
the ocean. And that is how we' re going lo be sustain-

able. Thank you.
Clarence Pautzke.� Can I ask one question ol you

before you leave? I assume there wasn't a «atastroplu«
drop in the stock» hack there that just happened ovei-
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night. What signal» or diagnostics did you see and why
did the scientific community or thc managers not react
quickly enough".

Jim Beckett.� Let'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. Wc
appear to have lost 600,000 metric tons of spatvning fish

over the space ol' a few months. We do not know v, herc
they went or what happened. But we 3o seem to have
had a pretty dramatic effect that actually did precipitate
this. It certainly overcame the political inertia in a hun y.

Clarence Pautzke.� I call that cat istrophic. I w'.int
to thank our panel very much for being with us. Thaiik
vou.
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