
DISCARDING PRACTICES
AND UNOBSERVED FISHING MORTALITY

IN MARINE FISHERIES; AN UPDATE

Dr, Dayton L, Alverson, Natural Resources Consultants, Inc.
From A Report Prepared Far:

National Marine Fisheries Service, Aprrl 29, t 998

Washington

June, 1998



DISCARDING PRACTICES

AND UNOBSERVED FISHING MORTALITY

IN MARINE FISHERIES: AN UPDATE

5|ephanie Cast.r

Dr. Dayton L. Alverson, Natural Resources Consultants, Inc.
Fram A Report Prepared For:

National Marine Fisheries Service, April 29, 1998

Washington

Jvne, 1998

WSG 9846



A Washington Sea Grant Program Publication

This report is published in pari by Grant CNA76RG0119, Project A/PC.5, from
the Notional Oceanic and Atmospheric Administration to Washington Sea
Grant Program, University of Washington. The views expressed herein are
those of the author s! and do not necessarily reflect the views of NOAA or any
of its subagencies.

WSG 98-06

June, 1998

Washington Sea Gra~t Program
Office of tvtarine Environmental and Resource Programs

University af Washington

Additional copies of this publication are available for $12,50 each plus state
sales tax, shipping and handling, For information and ordering contact:

Washington Sea Grant Program, Publications Office
3716 Brooklyn Avenue N.E.

Seattle, WA 98105-6716
206-543.0555, fax 206-685-0380

sgpubsOu.washington.edu

Washington Sea Grant Progrom web site: http: //www.wsg.washington.edu



CONTENTS

introduction .

Defining Bycatach ,6

Problems of Bycatch and Discarding .

.9

.10

.12

....12

Bycatch Discards in the United States ...
Regional Profiles
U.S. Bycatch Overview

14

. 14

. 19

Documentation of Bycatch, Discards, 8 Other Unobserved Fishing Mortality 30

Summary and Observations............ ,32

References. .34

Exhibits........... .40

Estimates of Global Discards....................

Potential Errors in Discard Rates.

The Possibilities of Double Counting
Overview of Global Discard Levels in 1988-1990 and 1994-1995 ...

The Evolution of Bycatch Policy and Management Strategies.
Policy Evolution

Bycatch Management.
International Legislation of Suitable Gears and Areas.
Time/Area Closures.

Establishment of Discard Quotas.

Technological Solutions.
Full Use Strategies.
Establishing Authorized Discard Rates.
Marine Parks,

Incorporating Bycatch into Catch Quotas.
Prohibited Species.
Incentive Based Bycatch Reduction.
Decrease Quotas/Catch Levels for Target Species,.

23

23

25

25

25

26

26

27

27

28

28

28

28

28



Exhibit I

Exhibit 2

Exhibit 3

41

,.42

Exhibit 4

Exhibit 5

Exhibit 8

Exhibit 9,

Exhibit 10

Exhibit 11

Take and mortality of sea turtles in the Hawaii longline fishery  CL = confidence
level; NR = none recorded!..

Annual takes of sea turtles and albatross, Values estimated by applying observer
program results to the whole fishery .

Preliminary Estimates of total bycatch for selected species in the Gulf offshore
shrimp fishery, 1993.

Average shrimp trawl catch per hour in the Gulf of Mexico .

Average shrimp trawl catch per hour in the South Atlantic

Average hourly shrimp trawl catch by season in the Gulf of Mexico and the South
Atlantic �����,.

Percent average hourly shrimp trawl catch by area and depth

Comparison of five different methods for estimating red snapper bycatch in the Gulf
of Mexico.

Red snapper mortality estimates average. 1984-1993.,
Proportion of target fisheries with some quantitative information on bycatch .........,.....
Marine recreational catch and discards, in numbers, by species and areas along the
East Coast of the U.S..

Fate of haddock entering cod-end.
Schematic drawing of trawl with covered cod-end .
Fish escape from cod-end into surrounding cover

Divers removing cover from cod-end.,

Cover held under tension fore and aft to maintain its cylindrical form ...................,.....,.

Transfer of fish into cage........,...,......................................,....,..�.�.......,...,..................

Mortalities of fish escaping from fishing gears ..............

Groundfish bycatch trends in the northern shrimp fishery. Percent bycatch of catch
 total all areas! .

Target and bycatch species catches  metric! tons retained, discarded and unaccounted
for by fishery in the Bering Sea/Aleutian Islands..

Discard of all species by gear and target species from the Ruritania Country
worksheet from hypothetical FAO Area 99 .

Fxhibit 12
52

Exhibit 13
53

Exhibit 14
54

55

56

Exhibit 1S

Exhibit 16

Exhibit 17
57

58Exhibit 18

Exhibit 19
59

60

61

Exhibit 20

Exhibit 21

Exhibit 22
62

64

65

66

67

68

69

70

Exhibit 23

F.xhibit 24

Exhibit 25

Exhibit 26

Exhibit 27

Exhibit 28

Exhibit 29

F.xhibit 30
72

Exhibit 31
73

Exhibit 32
75

Appendix 76

FAO fishery statistical areas.

Discard weight*by major world region.,

Estimated bycaich and discards from world shrimp fisheries derived from reported
bycatch levels and estimated amount of bycatch retained.
Summary of target species. bycaich and unaccounted discard estimates by nation.............
Estiinates of discards in fisheries in Japan �994!..
Tanner crab catch rate  kg~mt! in the yellowfin sole fishery in Quarter 3, 1996, by 1
degree longitude and 0,5 degree latitude blocks..

Drop and slide test mortality rates.
Estimated total crab catch  numbers of crab! from 1993 bairdi Tanner crab fishery
based upon 901 random pot samplings taken on catcher processors during the fishery ......�50

Estimated total crab catch  numbers of crab! from the 1993 Bristol Bay red king crab
fishery based upon SS8 random pot samplings taken on catcher processors during the
fishery 51



Foreword

This is a book about bycatch, and I don't think there is any more important topic today
related to fisheries, Bycatch is a concern of international proportions that affects every major
fishing nation and threatens the sustainability of our priceless living marine resources, Bycatch-
the unintended catch of both fisheries and protected species � raises conservation, economic,
social and ethical concerns that cannot be ignored as we enter the 21st century. It is one of the
most important issues behind the United Nations' declaration of 1998 as "The Year of the
Ocean," a global effort intended to involve governments, businesses, organizations and
individuals in promoting public awareness and understanding of the oceans' vital role in all our
lives.

In the United States, responsibility for protecting and managing the nation's ocean fisheries
falls to the National Oceanic and Atmospheric Administration, NOAA. Two NOAA
organizations, the National Marine Fisheries Service and the National Sea Grant College
Program, conduct or sponsor the kinds of research and fishing industry assistance that have
already begun to miniinize bycatch and help build healthy, productive fisheries.

The information in this book, Discarding Practices and Unobserved Fishing Mortality in
Man'ne Fisheries: An Update, was developed by Dr, Dayton Lee Alverson for the National
Marine Fisheries Service as part of the agency's commitment to sound bycatch management. We
extend our thanks to our partner, Washington Sea Grant Program at the University of
Washington, for making this vital information available through its bycatch reduction report
series.

Rolland A. Schmitten
PiOAA Assistant Administrator for Fisheries
Silver Spring, Maryland
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jrttrodtiction

In "A Global Assessment of Fisheries Bycatch and Discards"  FAO Fisheries Technical
Paper 339!, Alverson et al. �994! published the first comprehensive study regarding discards in
world fisheries, including a global estiinate, They suggested as a "best guess" that close to 27
million metric tons  mmt! of fish and shellfish were being returned to the world's oceans annually
�988-1990!. The highest levels of discards were estimated for the Northwest Pacific and
Northeast Atlantic Oceans  Exhibits 1 and 2!. Further, the study revealed the highest discard rates
were generally associated with tropical shrimp fisheries.

During the process of formulating the regional and global estimates, the authors were
careful to note that the potential errors involved in making such estimates were enormous in light
of the availability and quality of published data for many regions of the world. The authors were
aware that the estimates would generate considerable repercussions in conservation organizations
as well as in fisheries manageinent circles. Nevertheless, they considered it important that the
possible magnitude of the bycatch/discarding problem and its potential impact on managing the
world's living marine resources be exposed and that this source of mortality be taken into account
in the management of the ocean's fisheries.

In publishing 'A Global Assessment of Fisheries Bycatch and Discards," Alverson et al.
�994! urged that global and regional discard estimates be used as a provisional "best guess" of
the potential magnitude of the fisheries discard problem in the world's oceans. It was hoped that
the report would serve as a catalyst to stimulate additional studies designed to better understand
unobserved fishing mortality resulting from discarding practices, Fortunately, over the past
several years the literature on bycatch and discards has improved, and a great deal more is known
now than at the end of the last decade.

The extension of the literature on discarding has been greatly enhanced by the works of
Andrew and Pepperel �992!, Alverson �995!, Hall �995, 1996!, Kennelly �995!,
NOAA/NMFS �995!, and papers presented at national and international workshops held in the
U.S., Canada, and elsewhere  see Alverson and Hughes, 1996! as well as at the Technical
Consultations on the Reduction of Wastage in Fisheries held by the UN Food and Drug
Adnunistration  FAO! in Tokyo, Japan, in October-November 1996. More recently the National
Oceanic and Atmospheric Administration  NOAA! published a draft national bycatch plan
outlining the state of knowledge on, as well as goals and objectives for dealing with, discard
problems in the United States  NOAA/NMFS, 1997!. Studies involving unobserved fishing
mortality have been the subject of considerable effort in Europe and Japan by a number of
authors � Soldal et al, �991, 1996!, Lehmann and Sangster �994!, Main and Sangster �988,
1990, 1991!, Sangster and Lehmann �993!, Sangster et al, �996!, Suuronen et al. �995a,b!,
Chopin and Arimoto �995!, Chopin et al. �996!, Lowry et al. �996!.

This publication evaluates the more recent bycatch and discard literature  since 1992! and
updates the FAO findings reported by Alverson et al. �994!. It also considers nomenclature,
reviews and provides updates for national and international discard estimates based on more
recent literature, considers recent information concerned with unobserved fishing mortality,
discusses the further evolution of bycatch policy and management, with special references to
developments in the United States, and comments on bycatch documentation,



Defining Bycatch

Alverson et al. �994! observed that "bycatch has and continues to mean different things to
different investigators." In an effort to standardize its national and international usage,
McCaughran �992! suggested that bycatch be defined as "discarded catch plus incidental catch"
the latter being defined as the retained catch of non-target species. Hall �996! found this
definition "confusing" because it lumped together a waste product with an additional source of
income to the fishery, Thus, Hall recommended that bycatch be hmited solely to discards.
Scientists at the Technical Consultations on Reduction of Wastage in Fisheries  FAO, 1996!

. noted that "the term bycatch has been used in scientific and popular literature for more than half a
century and has been subject to a variety of interpretations, some of which are overlapping or
contradictory. They stated that bycatch can best be used as a generic term applying to that part of
the catch made up of non-target species or species assemblages. When dealing with specific
fisheries management terms, they felt it was better to provide a more precise operational
definition. They suggested avoiding use of the term bycatch when dealing with the managerial
consequences of discarding. They concluded that the issue can be more adequately and clearly
discussed using the following terms;

1. Total Catch � the quantity taken by the fishing gear that reaches the deck of the
fishing vessel.

2. Discards � the portion thrown away at sea  for one reason or another!.
3. Landed Catch or Retained Catch � that which is brought on shore; the latter can

be divided into target catch and incidental catch.

Hall �996! adds to this list other bycatch definitions:
Capture � Everything that is caught and retained in the net  or other type of gear!.

2. Release � That portion of the capture that is returned to the sea alive and in a
condition such that it may be expected to survive.

3. Collateral Mortality � Mortality to individuals that were not actually captured
 kiHed when passing through the meshes of a net, never in the net but killed by
action of the gear, dropped off of a hook but died later, stolen by a bird or fish,
etc.!.

4. Lost-Gear Mortality � Mortality caused by fishing gear after it is lost to the
fishers,

To this list the South Pacific Commission  Bailey et al., 1996! puts its own spin on bycatch
terminology:

l. Bycatch Any catch of species  fish, shark, marine mammal, turtles, seabird,
etc.,! other than the target species. Incidental catch can be regarded as
synonymous. For example, bluefin tuna  Thunnus rhynnus! are taken incidentally
by some longline vessels fishing in the Western Tropical Pacific Ocean, even
though they are a valued part of the catch; in this report they have been included
as part of the bycatch as they are not the normal target species.

2. Total Catch � Sum of target catch and bycatch.

3. Discards � The portion of the total catch that is discarded  at sea!. This includes
discards of target species  tuna! and bycatch discards.

In 1995, an Intertiational Council for the Exploration of the Sea  ICES! working group
noted that bycatch should be considered a component of fishing mortality and be incorporated
into a comprehensive list of fishing mortalities. NOA~FS, on the other hand, has defined
 preliminary! bycatch as including discards, retained non-targeted species, and other sources of
unobserved fishing mortality. This definition is at odds with a 1995 NOAA report to Congress



which equated bycatch with incidental catch and takes a slightly different tack than the ICES
terminology, which encompasses bycatch and discarding as a subset of unobserved fishing
mortality, The broadening of the NMFS definition, however, appears to have the objective of
using a bycatch definition that elevates unobserved fishing mortality to an important area of
investigation'that is needed for rational management of the nation's living marine resources.

In this regard, NMFS recognizes that mortality associated with fishing involves a broader
range of deaths than those imposed as a result of the retained catch. Several authors have, in
recent years, noted that the mortalities associated with fishing activities may be much greater than
suggested by landing reports  Alverson et al., 1994; ICES, 1995; Alverson and Hughes, 1996!.
These mortalities are currently the subject of considerable international research. The Magnuson-
Stevens Act of the U.S. Congress, however, takes a much more restrictive view of bycatch,
defining it as "fish harvested in a fishery, but are not sold or kept for personal use."

Regardless of the various attempts to clarify the term, it would seem that bycatch will
continue to be used in a vernacular sense and the best we can hope for is that authors dealing with
bycatch will provide clear operational definitions and distinguish between discards and retained
catch. In this report, bycatch is regarded as catch of any species or size and sex of a species not
targeted  which may be an individual species or a species complex! and discard as that portion of
the bycatch that is returned to the sea alive or dead. Discards that may occur on land and are not
reported are not included in this definition but need to be considered as a component of
unreported fishing mortality.



ProbIerns of Bycatch ancI Discarding

The reasons for discarding have been reviewed by nuinerous authors, including Alverson et
al. �994!, Murawski  l 993!, Pikitch �991!. NOAA/NMFS �997!, and many others. Bycatch
from a physical viewpoint is a product of fish behavior and distribution that results in a mixture
of species occupying the ocean space subject to a fishery or fisheries. The fact that no fishing gear
is perfectly selective in terms of the species, sizes, or sex retained results in a mixture of species,
sizes, and sexes captured.

Reasons for discarding part of the catch, for the most part, can be consolidated under
economic or regulatory issues. Econoinic discards include the vast majority of bycatch that is
unwanted by the fishermen because the catch includes sizes or species unacceptable to the
fisher's usual buyers. Regulatory discarding involves the return of species that are prohibited for
a particular fishery or all fisheries to retain. The species caught may be below legal size or in
excess of established bycatch or catch quotas. In some instances a species may be discarded
because it has been aHocated to another fishery,

The significance of the discard will depend on what biological, ecological, or socio-
economic factors are at issue. NOAA/NMFS �997! has classified the nature of discards into four
categories, as follows: �! population status, �! socio-economic, �! ecological, and �! public
concerns. These factors most frequently form the bases of regulatory actions taken by
management agencies.

In some fisheries the species in the discards are of special concern because they contribute
to and/or aggravate over-fishing problems, involve the target species of other highly regulated
fisheries  e.g., Pacific halibut caught in the bottom trawl and crab pot fisheries off Alaska!, or are
protected species. Discarding mortality may also have a significant impact on a non-target species
and the associated inarine ecosystem. For example, young red snapper  Lujianus campechanus!
taken in large quantities as bycatch in the Gulf of Mexico shrimp trawl fishery suffer a heavy
discard mortality. Discarding is estimated to be the single largest component of fishing mortality
imposed on the red snapper stock.

Discardin practices make it difficult to calculate total fishing mortality because the
discards are usually unreported, and even when they are reported most often the size and age
information needed for stock assessment is lacking. Regardless, for some species the discard
component of the catch may constitute a significant portion of the fishing mortality being
imposed on a stock. Myers et al. �997! attribute a large part of the error in estimating the
mortality of the northern cod in Canada to unreported discards, Finally, discards impose
mortalities on a great variety of non-target species for which little or no data are available on the
impacted populations and their ecosystems,

There are, of course, a number of socio-economic problems, frequently related to allocation,
that underlie the sharp debates concerning discarding. These problems can involve the issue of
waste of natural resources, conflicts between various user groups regarding the impact on the
resource or resources they exploit or, in the case of certain sea life  marine mammals, birds,
turtles, etc.!, the reduction in the sizes of populations that are of special concern to the public.



Estimates of Global Discards

Alverson et al. �994! estiinated an annual discard level of 27 mmt for the period 1988
through 1990. Further, using minimum and maximum observations, they estimated a global range
between 19.9 mmt and 39.5 mmt. The largest potential error in these estiinates was expected ta
arise from the sparse information about the discarding practices in the tropical shrimp fisheries.
Very high rates of bycatch were known to occur in these fisheries, but the level of discarding was
generally not clear.

As a result of discussions and papers presented at the FAO Technical Consultations meeting
in Tokyo  FAO, 1996!, the group recognized that "several factors cauld have contributed to an
over-estimate of discards in some FAO statistical areas." These included �! the level of bycatch
retention in tropical shrimp fisheries, �! application of questionable discard rates to fisheries for
which discard information was tnissing, particularly to fisheries in different regions, and �!
application of discard rates to some marine fish landings that contain components taken in other
fisheries, mainly tropical shrimp fisheries, Factors that may have led to over-estimates in the
Alverson et al. �994! Global Bycatch Report are reviewed here,

8 catch Retention Levels in Tro icalShrim Fisheries

Alverson et al. �994! estimated that the world's shrimp fisheries generated over 9.5 mmt of
discards  Exhibit 3!. A significant portion of these discards occurred in tropical shrimp fisheries,
which are prevalent in the Northwest Pacific, West Central Pacific, Western Indian, and the West
Central Atlantic. The very high discard rates for these regions were a functian of the high bycatch
rates reported for tropical shrimp fisheries and the presumed small retention of bycatch species.

Since 1994 several authors have reviewed discards reported for the Northwest Pacific Ocean
and Asian waters  Zhou and Ye, 1997; Harris, 1997; Chee, 1997; Matsuoka, 1997!. These authors
generally found that the bycatch rates and estimates of total regional bycatch reported by
Alverson et al. �994! were compatible with published inaterial they reviewed far the regions
under study, but that estimates of discards as applied to fisheries in 1994 and 1995 were too high
based on regional information in the scientific literature and discussions with local fishers and
fisheries managers. All of these authors noted significant increases in the retention of "trash fish"
caught by shrimp and fish trawlers. This trend has been fostered by the rapid growth of
aquaculture in Southeast Asia since the late 1980s and the corresponding need for animal protein
for fish food.

Chee �997! notes, for example, that in Malaysia all bycatch caught by shrimp trawl fishers
is sold, mainly ta aquaculture projects in nearby fishing villages. She further notes that all finfish
caught in trawls are presently landed since there are ready markets for the bycatch. Besides being
sold for reduction ta fish meal, certain species of fish are usual! y selected for processing as food.
Traditionally, croakers are salted and dried, Since the early 1980s mullids have been used for
making barbecued fish and snacks. Mantid shrimps and shovel-nosed lobsters, which used to be
discarded, are now collected and sold either whole or as fillets. Many other former trash species
like the synodontids and bulleye are now collected and processed into fish balls, fish cakes, and
surimi products. Similar utilization of bycatch species has been reported in Thailand
 Suwanrangsi, 1988! and other Southeast Asian countries. Small-sized cephalopods are processed
and marketed in many forms  Nambiar, 1995!.

Zhou and Ye �997! note a similar pattern of increased retention of bycatch  trash fish! in
the Northwest Pacific Ocean. In examining bycatch in the inshore fisheries of China, they report,
"...besides the target species above the legal size, a big portion consist of various low value small
fish and juveniles of commercial species. Particularly in the summer seasan from May to August
it reaches up to 80% in soine locations. Although these catches are of low market value they were
not discarded because of the relatively law overall catch of fishermen. All fish are retained to sell
at local markets. The boom of prawn farming in recent years has provided a market for such low
valued species."

Finally, Harris �997! paints out a number of difficulties with using a 95% discard rate for
shrimp trawling in the West Central Pacific  as done by Alverson et al., 1994! and references a
number of papers that suggest the discard rate is, at least presently, much lower. Harris notes, "In
the West Central Pacific there is a wide range of discarding practices, from 95% of the bycatch in



Australia  Pender et al�1992! to nearly none in Indonesia except for the Arafura Sea  Unar and
Naarnin, 1984!. The term "trash" in Australia is usually used for bycatch that was trashed
 discarded!; however, in most of the West Central Pacific the tertn trash is used for smail fish of
little value with a component of juveniles of highly valued  commercial! fish  Hayase and
Meemeshul, 1987!. Hams �997! notes that a variable cotnponent of trash fish is landed and used
in fish meal, raw in aquaculture, or to feed ducks,

In reviewing these papers, it would appear that the discard levels associated with Asian
tropical shrimp fisheries may have been over-estimated by Alverson et al, �994!, and certainly
discard levels in Asian shrimp fisheries have declined substantially during this decade.
Unfortunately, many of the observations regarding discarding are of a qualitative nature, making
it difficult to establish national or regional revisions to earlier estimates. The overall discard
decline in recent years will be evaluated in more detail after considering other potential sources of
error in Alverson et al.'s �994! estimates and changes in discarding practices that have occurred
in the past half decade.

Potential Errors in Di card Rates

Participants in the Technical Consultations on Reduction in Waste in Fisheries  FAO, 1997!
expressed concern over the application of bycatch rates to fisheries for which local data were
missing. Areas of particular concern included the Central Western Pacific, both coasts of Africa,
and the Northwestern Pacific Ocean.

Guetra �996! identifies two papers for the Eastern Central Atlantic which provide
information on shrimp fisheries of Northwest Africa. In one paper discards are analyzed for two
seasons, cold  Deceinber to May! and warm  June to Noveinber!. In this evaluation of fisheries
off the Eastern Central Atlantic, discard rates range from 1.26  discard/retained catch volume! for
the cold season to 1.91 for the warm season. The weighted mean rate for the two periods was
1,58. In a second study, involving Spanish freezer trawlers fishing shrimp off the Mauritanian
Coast, the data on discards were compared for two depth strata, shallow and deep. Discard levels
for the shallow stratum.were 6,1 times the retained catch, whereas those for the deep stratum were
about one-third as high �.36!, These discard rates are well within the range used for shrimp
fisheries off the Eastern Central Atlantic by Alverson et al. �994 ! and by the World Wildlife
Fund �997! in their report entitled "Subsidies and Depletion in World Fisheries." The studies,
however, provide no additional discard rates for other types of fisheries that would help to verify
or revise earlier estimates of discards for this area.

Japp �997!, on the other hand, in evaluating discarding in the Southeast Atlantic region as
of 1995, estimates an overall discard level of 132,282 mt  Exhibit 4!, about half that reported by
Alverson et al. �994!. This estimate was largely based on the author's knowledge of the fisheries
and literature for the region. Japp �997! notes that the differences may well be associated with a
significant decline in the catch of horse mackerel and other pelagic species. It is also possible the
earlier discard ratios used for this area may have been high, but the region still suffers from a lack
of observer-reported discard rates.

Very few observations of discard or bycatch rates were found by Alverson et al. �994! for
the intensely fished Northwestern Pacific region. Thus bycatch and discard estimates for that
region were largely developed from discard rates noted in adjacent FAO statistical regions.
Matsuoka �997! provides new data for Japanese fisheries derived from local literature
 Exhibit 5!. Frotn this study, Matsuoka estimated 730,565 mt of discards. The estimate assumed
that the discard-to-retained ratio for 10 marine fisheries was zero. These fisheries included
Japanese pole and line fishing for skipjack, stick-held dip-netting for saury, mackerel angling,
squid jigging, shellfish collection, seaweed collection, using large and medium surrounding nets
for species other than tunas, purse seining and use of large set nets for salmon, and small trawl for
shellfish. Thus, for fisheries making up 56'7o of the Japanese landings, discards were assumed to
be zero. Finally, the author assumed that 13 fisheries inaking up about 15.5% of the total
Japanese landings would have discard rates comparable to the average for fisheries having
reported discard data.

Although the likelihood of zero discards in some, or perhaps all, of the fisheries designated
in this category is unlikely, Matsuoka's work constitutes an important contribution to a region of
the world that remained highly uncertain in Alverson et al.'s �994! report. To these observations
Tokai �993! adds discard rates in small shrimp trawls in the Seto Inland Sea. Tokai reports
discards rates for flounders in this fishery of 242,000 per boat/per year �50 boats!, or about

10



133.1 x 106 individuals per year, suggesting high discard rates in this fishery. Observations by
Russian, Chinese, and Japanese scientists would help to clarify the magnitude of discarding in the
Northeastern Pacific area.

Harris �997! provides an excellent review of the central Western Pacific Ocean, pointing
out bycatch and discard estimation problems in the region, He notes that "it is unclear how the
estimates of discards in Alverson et al, 1994 make allowances for the artisan and small scale
fishing activities," In this region of the world such fisheries often make up a significant portion of
the catch of many species; thus the application of rates from more temperate-water fisheries may
!ead to over-estimations of the bycatch and discard levels. Harris �997!, in particular, points out
potential over-estimates that may be associated with redfish and crabs. The problem that authors
have is, as pointed out by Harris, "what to do when data does not exist?" Of course, this is the
root problem in many regions of the world. Harris concludes this observation by noting "in the
search for global estimates, more quantitative values are needed to complete the picture. At the
regional and country level though, estimates of discards such as those for redfishes and crabs
appear excessive." This may well be true, but for many other regions in the world, the data
necessary to make the needed adjustments are missing.

Perhaps the most interesting new contribution to information on the discard rates is that
produced by the South Pacific Commission on Bycatch and Discards in Western Pacific Tuna
Fisheries  Bailey et al., 1996!. For the purse seine fishery these authors report discards, based on
observer reports, ranging from 0.33% to 0.77% of the total catch for school sets. The discard level
for purse-seine and log sets was considerably higher, being 3% to 7.3 % of the total catch. The
most common discard species observed in the seine and log-set fisheries were amberjack  Seriola
ri voliana!, mackerel scad  Decaprerus macarellus!, rainbow runner  Elagatis bipinnulara!,
drummer  Kyphosus cineranscens!, mahi mahi  Corypaena hippurus!, and ocean trigger fish
 Canthi dermis macularus!. The complex of species discarded in the Western Tropical Pacific
Ocean is very similar to that reported for the Eastern Tropical Pacific Ocean by Hall �995!.

The seine discard rates reported by Bailey et al. �996! for western pelagic fish were much
lower than those observed in the Eastern Tropical Pacific Ocean, but observer data were available
for only a very small percentage of the fleet effort  <1 k!. Unfortunately, observer data on
longline discards were not readily available, and thus rates for this fishery were not presented. In
general, it would appear that discard levels for the Western Tropical Pacific Ocean tuna fisheries
may be lower than those reported by Alverson et al. �994!. This conclusion may, however.
reflect the low observer sampling, as it has been noted that the Western Tropical Pacific seine
fishery relies much more on log sets �7% to 45%! than the Eastern Tropical Pacific fishery,
where log sets were 10% to 20% of seine sets before implementation of the dolphin safe policy
 Martin Hall, personal communication, 1997!.

The documentation and verification of discarding practices in the world's tuna fisheries,
nevertheless, remains unclear, with conflicting or disparate values emerging from different areas
of the world, The relatively high values for the closely monitored tuna fisheries in the Eastern
Tropical Pacific Ocean and the lower discard rates in the Southwestern Pacific have been noted.
These may, of course, reflect real geographic and operational differences. They may also reflect
the, quality of observations available. Observations in Africa, for example, suggest high discard
rates in European Union tuna fisheries in the region. According to a report on the World Wildlife
Endangered Seas Campaign  World Wildlife Fund, 1997!, "in Madagascar, Malagasy fishermen
working on European tuna vessels noted that as much as six tons of immature fish were being
caught and discarded daily � several times more than the tuna catch itself."

Hoey �995a,b! provides an excellent summary of discarding in pelagic longline fisheries in
the western Central Atlantic and Northwest Atlantic regions, For six areas along the U.S. East
Coast, discard levels ranged from 26,8% to 64% of the total catch or 36% to 178% of the landed
catch, by weight. Major discard species included sharks, dolphin fish, lancet fish, small tunas,
under-sized target species, and fish damaged as the result of whales, sharks, etc. These discard
rates included fish presuined to be dead and animals that were discarded alive. Discard levels
increased in the more northern fisheries. The high-seas pelagic longline discard rates were, for the
most part, higher than those noted by Alverson et al, �994!.  See below for details of Hoey's
�995 a! summary.!
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The Po sibilities of Double Countin

Harris �997! notes the possibility of double counting, particularly when part of the fishery
catch is reported as unidentified marine species. This is most likely to occur in the shrimp trawl
fishery and other trawl fisheries in the tropics. This observation is undoubtedly true, as the FAO
fisheries statistics do not differentiate as to which fisheries contributed to the miscellaneous
marine fish category. The application af a discard rate to this statistical group will result in an
over-estimate of discards, particularly in tropical regions of the world,

Overview of lobal Discard Levels in 1988-1990 and 1994-1995

The data reviewed at the Tokyo Technical Consultations on Reduction of Wastage in
Fisheries suggest that Alverson et al. �994! may have applied rates to some fisheries, particularly
in the tropics, that resulted in over-estimates. The main reasons for the over-estimations could
include poor data on discard rates in tropical fisheries, lack of observations in several FAO
regions, and the possibility of double counting. Nevertheless, there is no reason to believe that the
global discard level for the late 1980s and 1990s did not fall well within the range suggested by
Alverson et al. �994!. Although there is good evidence to suggest that some rates used to
calculate discard levels for this period led to over-estimation, other factors also could have
contributed to under-estimation, e.g., lack of information on discards from recreational fisheries,
artisanal, and subsistence fisheries, under-reporting in log books, and illegal fishing  FAO, 1997!.

Data examined for the 1994-1995 period suggest that a significant reduction in global
discards has occurred during the early part of this decade �990s!. The major factors contributing
to this decline include

1. A decline in the level of fishing for some species having relatively high discard
rates.

2. Time/area closures.

3. New and inore selective harvesting and utilization technologies,
4. Greater utilization for human consumption and as feed for aquaculture and

livestock,

5. Prohibition on discarding by some countries.
6. A more progressive attitude by fishery managers, user groups, and society toward

. the need to resolve problems resulting from discarding.

Kennelly �997! and Duthie �997! present updated information for the Northwest Atlantic
while Newton �997! provides similar information for the Northeast Pacific. In both locations, the
discard levels are reported to have declined. In the Northeast Pacific the decline appears to be the
result of a shift in the species complex harvested and lower catches of flounders, which have
relatively high discard rates; in the Northwest Atlantic the decline is due to a significant reduction
in landings of groundfish species and new laws and technological developments, Smith �997a,b!
also notes a smaller discard volume in the Northwest Atlantic and suggests that this may be due
to a decline in the catch of some species having high discard rates.



In the view of the FAO Technical Consultation group  FAO, 1996!, the magnitude of the
decline has not been quantified for all regions but may involve several million tons for the
Northwest Pacific, Central West Pacific, and the East and West Indian Ocean, Further, a
reduction in discards of approximately 1.5 million tons from those estimated by Alverson et al.
�994! was noted for the Northeast, Northwest, and Southeast Atlantic regions.

Finally, the FAO Consultations group noted that "these declines in discards were
encouraging particularly where they have resulted in a reduction in fishing mortalities of target
and incidentally caught species, as well as non-target species." However, it was noted that
"examination of the magnitude of total discards can miss catches of special concern that are
associated with particular fishing gears and locations. The occurrence of aniinals, such as reptiles,
mammals and birds is often incidental or rare, but over an entire fishery their numbers can be
significant."



Bycatch Discards in the United States

Alverson et al. �994! made no effort to provide a detailed analysis of discarding patterns in
the United States or other individual countries; however, case studies were made of the Bering
Sea and the Northeast and Northwest Atlantic regions. Since the early 1990s information on
discards in various areas of the U.S, has slowly improved as a result of the growing number of
observer programs and increased efforts to examine other data sources. In particular, there has
been a significant effort to assess the state of discarding better in the Gulf of Mexico and off the
South Atlantic states.

Nevertheless, efforts to improve the information base on discard rates in the U.S. have been
spotty. With the exception of the Alaskan groundfish and crab fisheries and a few fisheries in the
New England region, there are few details of discards and their impact on target and non-target
species. A forthcoming publication by NMFS  NOAA/NMFS, 1997! contains an impressive
detailing of the current state of knowledge of bycatch/discards in U.S. fisheries, as well as a
prioritizing of federal programs and actions for the nation. However, in scanning the regional
bycatch literature it quickly becomes apparent that, other than the comprehensive Alaska observer
program, the quality of discard information has not substantially improved since the U.S.
endorsed a number of international agreements and incorporated them into U.S. policy. It is
hoped that the emergence of the NMFS National Bycatch Plan will foster increased efforts to take
the first and most important step � that is, to determine the extent and potential impacts of
discarding on target and non-target species in U.S, fisheries,

Since the early 1990s several in-depth studies have been published on discarding practices
in U.S. fisheries. The most impressive is that by Queirolo et al. �995! entitled "Bycatch,
Utilization, and Discards in the Commercial Groundfish Fisheries of the Gulf of Alaska, Eastern
Bering Sea, and Aleutian Islands." Other important works include "Estimates of Finfish Bycatch
in the South Atlantic Shrimp Fishery"  Peuser, 1996!; "Summary of Gulf of Mexico and South
Atlantic Shriinp Fisheries"  NOAA /NMFS, 1995!; "Bycatch and its Reduction in the Gulf of
Mexico and South Atlantic Shrimp Fisheries,"  Branstetter, 1997!; and "Pelagic Longline
Fisheries in the Northeast Atlantic"  Hoey, 1995a!, These studies, along with a number of
fishery-specific observations, form the basis of new information on regional bycatch in U.S.
fisheries.

Alaska

Queirolo et al. �995! outlined the basic reasons for discarding in the Alaskan groundfish
fisheries, noting that groundfish are discarded because �! the directed fishery for a given species,
say species A, may be closed  because of quota or other restrictions!, forcing all other fisheries
that catch species A as bycatch to discard it; �! individual fish in a catch are too small or too
large for mechanical processors or of the wrong sex  e.g., males in the rock sole roe fishery!; �!
vessel operators seek to change the species composition of their total catch for the reporting
week, preventing the vessel from being considered a participant in a particular fishery for that
week and, as such, subject to different, possibly more stringent, prohibited-species rate standards
set by the North Pacific Fishery Management Council  NPFMC!; �! a lack of handling or
processing capacity aboard the vessel; and �! a market limitation on the utilization or retention of
certain species.

Based on an analysis of weekly product reports, it is estimated that about 15% of the total
catch  landings plus discards! was discarded in 1995. This value is close to the 14% noted by
Alverson et al. �994! for the late 1980s and 1990s. Queirolo et al. �995! noted that "the ainounts
returned to the sea as offal  a utilization issue! by vessels processing at sea, were nearly four
times as great as the estimated weight of discards." The total quantity of discards in the Bering
Sea/Aleutian Islands was reported as 294,739 mt, or about 15% of the total reported catch,
whereas discards in the Gulf of Alaska were 53,310 mt, or 22% of the total catch. The higher
discard level in the Gulf of Alaska is a function of the more diversified nature of the groundfish
fishery of the region, which has a higher percentage of non-pollock fisheries.
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Although a number of efforts have been made in the management of Alaska's fisheries to
reduce discard levels, particularly for prohibited species, the overall discard rate in the region's
groundfish fisheries has remained about the same since 1991. Rather complete records  see
Queirolo et al,, 1995! are available for 1992 through 1994 which allow examination of the discard
rates by fishing fleets. These data show that the discard rates for trawl fisheries are slightly lower
than those for line fisheries  not considering prohibited species!. If discards of halibut and salmon
are taken into account, then the line fishery discard rate is considerably higher �4% for trawl
fisheries versus 22% for line fisheries in the Bering Sea/Aleutian Islands in 1992, for example!.

Queiroio et al. �995! also provide a number of matrices that show catch and discards for
the years 1990 through 1994 organized by fishery  gear type! versus stock or species impacted
 see examples in Exhibits 6 and 7!. This format allows the reader to examine the spectrum of
species caught by any one gear type and to evaluate the general ecological impacts of the gear in
question. Separate tables are also provided that detail catches by gear type for the various
prohibited species  halibut, crab, herring, and salmon!.

The detail available on discarding in the Alaskan groundfish fishery perinits evaluation of
the data for various periods of the year and statistical areas. The current observer prograin in
Alaska constitutes one of the most comprehensive bycatch/discard documentation activities in the
world, and, as a result, there is a great deal of information on the discard rates for longline, trawl,
and pot gear, as well as on the spectrum of species impacted by each type of gear. This allows
tiine/area evaluations of individual sectors of the groundfish industry. Natural Resources
Consultants, for example, has recently examined discard rates  kg/mt! for halibut, king crab, and
Tanner crab in the Bering Sea yellowfin sole, rock sole, and flathead sole fisheries for each
quarter of the year, These data have been graphed for the statistical areas of the Bering Sea
 Exhibit 8! and have proved helpful in examining management options.

Discard rates in the crab fisheries, however, have not received the attention and public
scrutiny given the trawl fisheries. Alverson and Hughes �996! note that "significant discards of
under-sized and female crabs occur in the directed crab pot fisheries of the region." The mortality
rate for crabs discarded from pot fishing remains questionable, but recent studies undertaken by a
Canadian scientist  Anon, 1995! suggest it is probably very high  Exhibit 9!, in contrast to the
low discard rates suggested by Stevens �995!. The Canadian test, however, was based on
relatively few animals.

The discarding rates in the king crab and Tanner crab  Chionoeceres bairdi! fisheries are
very high. In these fisheries, discards make up about 76% and 82% of the catch numbers.
Depending on the discard mortality rates, the potential exists to impose a significant mortality on
recruitment. A report by United Catcher Boats  UCB, 1995! to NPFMC on crab bycatch and
management notes that, "based upon 901 random pot samplings during the 1993 C. bai rdi season,
the directed C, bairdi crab fishery is estimated to have captured 17,620,654 crabs with just over
five million crab �8%! retained as legal sized male C, bai rdi and the balance were discarded"
 Exhibit 10!.

The UCB �995! report also noted that "based upon 558 random pot hauls during the 1993
Bristol Bay red king crab fishery, the 1993 directed Bristol Bay red king crab fishery is estimated
to have captured 11,513,059 crab. Of this total about 2.0 million legal male red king crab and 2.2
million legal male C, bairdi crab were retained, or 36A% of the catch." The remainder were
discarded  see Exhibit 11!.

In summary, the Alaskan area has a relatively good database on discards for the groundfish
fisheries with the exception of the region's halibut line fishery, for which no observer data are
available  NOAA/NMFS, 1997!. This seems rather surprising in that the body of discard
information on the other groundfish fisheries was, to a large extent, driven by the discards of
halibut reported in other Alaskan fisheries. An improving, but sporadic observer program is
collecting data on the crab fisheries within the area of federal jurisdiction, but comprehensive
annual reports of discarding practices in the crab fisheries are not generally available. As for other
fisheries of the region, almost no information is available concerning discarding in the extensive
salmon, shrimp, scallop, herring, or other fisheries within waters under State of Alaska
jurisdiction.

The Pacific Coast States  California, Oregon, and Washington!
With the exception of data on salmon and data from a few research cruises, very little

information is available regarding the extent of discarding in the marine fisheries off the
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contiguous Pacific states. Joint studies conducted by NMFS and the United States Bureau of
Commercial Fisheries in the early 1970s provide some indication of discard levels in the pink
shrimp trawl fishery  High et al., 1969!, and work done aboard research vessels  Pikitch and
Bergh, 1988; Pitkitch, 1991! on discarding practices in the trawl groundfish fisheries. However,
no comprehensive review exists that details bycatch/discard probletns of the region.

Somewhat more data are available regarding discarding of salmon in the West Coast trawl
fisheries and for the directed salmon fisheries of the region, Erickson and Pikitch �994! note that
7,761 king salmon were taken and discarded by trawlers working off the coast of northern Oregon
and Washington during 1987. This constituted about 1.4% of the 1987 commercial ocean
landings of chinook. In respect to trawl fisheries, the Pacific whiting fishery has always had a
small salmon bycatch/discard, Annual salmon discard rates in the joint-venture whiting fisheries
ranged from 0.045 to 0.392 salmon per metric ton of whiting caught, A considerable amount of
research has been conducted on the discarding of under-sized salmon in the ocean troll and sport
fisheries, leading to a variety of mortality estimates. On the basis of studies using a variety of
lures and bait types, Jensen �958! estimated a discard mortality of 4% for the sport fishery.

Regardless of these findings, the Pacific Fishery Management Council  PFMC!, Oregon
Department of Fish and Wildlife  ODFAW!, and Washington Department of Fish and Wildlife
 WDFAW! adopted a mortality rate for sport and commercial salmon fisheries of 30%, a number
derived using the Delphi method. This mortality rate was subsequently lowered to 26% when
barbless hooks were required in these fisheries. In the past several years, field experiments
conducted by Natural Resources Consultants �994! have led to somewhat lower  preliminary!
mortality rates for salmon discarded from sport fishing gear �% for coho and 10.2% for
chinook!.

A current program under way in Oregon may soon improve our knowledge of discarding in
the ocean trawl fishery of the region and help to quantify discard levels in Oregon's trawl fishery
as well as those in Northern California and Southern Washington. The Oregon Trawl
Commission, with state and federal support, is currently placing observers on board trawl vessels
and attempting to cover 10% of the trawl sets. This program will be supplemented with a 20%
coverage of vessels using enhanced log books. The study intends to collect detailed observer data
on at least 2,500 hauls. To date, i~formation has been logged on 1,200 hauls, and although no
peer reviewed reports from this study have surfaced, Oregon has produced preliminary data
which suggest discards constitute as much as 47% of the landings  Oregon Department of Fish
and Wildlife, 1997!.

Hawaii and the %'esterri Pacific

Few published documents appear to be available on the bycatch and discarding practices in
the Hawaiian Islands and the Western Pacific. The observations on the pelagic tuna fisheries in
the Western Pacific noted in the section entitled "Estimates of Global Discards" are relevant to
the Hawaiian Island tuna fisheries. Bycatch and discarding practices in and around Hawaii are
also not well documented for many of the local small-scale fisheries. Nevertheless, there has been
a long-term concern in the region regarding the bycatch of monk seal and, in particular, deaths
associated with marine debris. Further, discard mortalities involving turtles and seabirds are of
concern to local fish and wildlife managers.

According to NMFS  NOAA/NMFS, 1997! there is substantial concern about the status of
all sea turtle populations of the region, In 1994, NMFS concluded that "the Hawaiian based
pelagic longline fishery adversely impacts, but does not jeopardize, sea turtle populations"
 NOAA/NMFS, 1994!. However, limits have been set on the incidental take and mortalities for
turtle species indigenous to the region. The take and mortality of sea turtles in the Hawaiian
longline fishery are shown in Exhibit 12. Note that for some species the number of deaths
exceeds that authorized,

There is also a substantial catch and discard of sharks in the Hawaiian longline fishery, and
it has been estimated that between 70,000 and 155,000 sharks were taken annually between 1991
and 1995. By far the largest portion of the catch is made up of blue shark, most of which are
discarded at sea. Of the 68% of sharks that are caught and discarded, observers indicate that about
80% are alive at release, The long-term survival of these discards is unknown, however. Although
some information is available on catch and discarding of sharks in the domestic line fishery,
relatively little information exists on the biological status of the shark species caught and their
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actual volume and on the impact of discard mortality on the shark populations  NOAA/NMFS,
1997!,

Several thousand albatross are also reported taken in the Western Pacific longline fishery
 Exhibit 13!. This problem is considered very serious by wildlife biologists, who feel that the
blackfooted albatross cannot sustain the levels of take reported for the 1994 � 1995 period, Finally,
soine questions have been raised regarding the discard of small lobsters in the local pot lobster
fishery. This situation has been temporarily addressed by regulations that require smaller lobsters
to be landed and considered part of the available quota.

For a large spectrum of inshore coinmercial and recreational fisheries of the region, almost
nothing is known regarding bycatch and discard levels.

The Northeast Region
Fisheries have long played an important economic and political role in the Northeast region,

Major fisheries off the Northeast coast of the U,S, have included pelagic fisheries for herring and
menhaden, shell fisheries for clams, oysters, shrimp, and lobsters, and fisheries for a diversity of
groundfish species harvested largely with otter trawls. Bycatch and discarding problems are well
documented for a number of the groundfish fisheries. Bycatch of some species has obviously
contributed to the over-fishing problems that have plagued the region in recent years.

Takes of marine mammals and sea turtles have also caused problems in some of the region's
fisheries  NOAA/NMFS, 1997!. Bottom-tending gillnets fishing for groundfish species in the
Gulf. of Maine and Southern New England entangle harbor porpoise in numbers reported to be of
concern to the long-term viability of this species. Discard mortalities of harbor porpoise in these
fisheries are above the "potential biological removal," and bycatch mitigation is mandated. In the
Gulf of Maine, gillnet fisheries are also known to entangle whales, at times the endangered right
whale, as well as a variety of birds, harbor porpoise, and bottle nosed dolphins, Because of high
public interest, a number of fisheries in the region are being monitored to assess their impact on
local sea life.

Although the total magnitude of discarding in the region currently is probably not great
relative to that in some other areas off the U.S. and in other regions of the world, discards of some
finfish and shellfish are reported to constitute a significant portion of catches. Factors that have
contributed to high discard rates include excessive fishing mortality, which drove down the size
of the exploitable populations and subsequently reduced many of the fisheries to harvesting
younger and smaller recruits. Targeting these sinall fish with an inappropriate mesh size resulted
in very high discard rates for some species  NOAA/NMFS, 1997!.

Alverson et al. �994! discuss in soine detail the bycatch discard problems that have
impacted fisheries in the Northwest Atlantic. The authors noted the discard problems in
commercial scallop, lobster, groundfish, and pelagic fisheries as well as in recreational fisheries.
During the late 1980s and early 1990s, the highest overall discard rates were recorded in the
witch and yellowtail flounder fisheries, whereas the mackerel, tuna, and skate trawl fisheries had
the lowest recorded discard rates. The economic and biological consequences of discarding
yellowfin sole are reported to be significant and have led to a substantial loss of potential fisheries
income due to mortality of younger pre-recruits  ages 1 � 3!. Discards, for exainple, accounted far
a large component of the fishing-related mortality for these age groups  NOAA/NMFS, 1997!.

More recent information from the Northeast region suggests that the level of discarding has
declined during the past several years as a result of reductions in groundfish fishing effort,
increases in the regulated inesh size, and introduction of a 5% bycatch inaximum for fisheries not
targeting groundfish. as well as closures of three prime fishing areas and improved enforcement.
This is, of course, a fallout from the sharp decline in the abundance of some target species,
although the decline may have also been influenced by the introduction of new technology and
operational procedures.

The Southeast United States and the Gulf of Mexico
Bycatch issues have been highlighted in the Gulf of Mexico and along the southeastern

Atlantic seaboard for almost three decades. The incidental capture of sea turtles during shrimping
operations and the mortalities imposed on their populations became a major issue during the early
1970s and continue to be under the scrutiny of inany environmental groups. As a result of various
NMFS and state research programs, a considerable amount of data has been collected on the
diversity and quantities of discards of bycatch in the shrimp fisheries during the 1970s and 1980s,
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some of which was the result of at-sea research efforts to document the incidental take of sea
turtles  Blomo and Nichols, 1974; Chittenden and McEachran, 1975: Drummond, 1976; Pavella,
1977; Warren, 1981; Pellegrin et al., 1981; Bryan, et a1�1982, Guillory and Hutton, 1982;
Nichols et al., 1987, 1990; NOAA/NMFS, 1995!.

Preliminary estimates of bycatch of selected species in the Gulf of Mexico offshore shrimp
fishery have been produced by NMFS  NOAA/NMFS, 1995!, using a somewhat complicated
process which includes multiplying catch-per-unit-effort and effort data for selected species in a
given cell  e.g., area, depth zone, or season! and aggregating the data from the total cells in the
region. Exhibit 14 shows the estimated bycatch for six species of finfish. For Atlantic croaker and
longspine porgy, the bycatch numbers are in the billions. The total bycatch for these six species is
estimated at 600 million lbs. However, this estimate is only for the six dominant bycatch species
out of 1,356 organisms reported taken as bycatch in the Gulf of Mexico.

During recent years, an extensive bycatch-characterization program has been carried out in
the Gulf of Mexico and along the South Atlantic coast. NOAA's 1995 report to Congress,
"Cooperative Research Program Addressing Finfish Bycatch in the Gulf of Mexico and South
Atlantic Shrimp Fisheries"  NOAA/NMFS, 1995! provides valuable information on the
complexity and potential magnitude of discarding in these regions  see also Graham, 1995!. For
example, an average shrimp haul of I hour in the Gulf will yield a catch of 60 lbs coinprised of
1,356 organisms. Of the 60 lbs caught, only 16, by weight, will be shrimp, and the remainder will
be made up of finfish, crustaceans, and a variety of other invertebrates. A similar diversity is
reported off the southeast Atlantic coast, with a single I-hour tow averaging 64 Ibs comprised of
1,214 organisms made up of 29% shrimp and 71% finfish and other sea life  Exhibits 15 and 16!.
Although the two areas have much in common in regard to bycatch characteristics, they also have
some notable differences. According to NOAA's report to Congress  NO/iW'NINES, 1995!, the
top 10 species taken in Gulf shrimp trawls constitute only 53% of the landed catch weight,
whereas the top 10 species taken in South Atlantic trawls make up 74% of the landed weight. The
difference is due largely to the large catch of cannon-ball jelly fish in the South Atlantic region.

Important species of finfish bycatch  by number or vo1ume! taken in the Gulf include the
longspine porgy, Atlantic croaker, inshore lizard fish, and Gulf butterfish, The major bycatch
species taken along the South Atlantic seaboard include the longspine porgy, Atlantic croaker,
and a variety of shellfish. Interestingly, the finfish-to-shrimp ratio has reportedly changed rather
sharply during the 1970s to 1994 time period. Nichols  NOAA/NMFS, 1995!, for example,
reports that during this period the finfish-to-shrimp ratio declined from about 10: I to 4:1, The
reason for the shift seems to be changes in fishing gear and technology and the declining
abundance of many bycatch species, particularly sciaenids. Average hourly shrimp trawl catches
by season are shown in Exhibit 17, and the average percentage of hourly shrimp trawl catch, by
area and depth, in Exhibit 18,

NMFS  NOAA/NMFS, 1995! reports finfish-to-shrimp ratios for the Gulf and South
Atlantic ranging from 2;3 to 4: I; however, the overall ratio for shrimp catch retained to bycatch
species  in weight! is somewhat greater than 5: I for both regions. The bycatch-characterization
program constitutes a major step forward in understanding the nature of bycatch in the Gulf and
South Atlantic regions. However, the data summarized for the region do not differentiate between
discards and bycatch, thus making it difficult to characterize use and potential mortality patterns.
Researchers have paid special attention to the bycatch of red snapper  Lutjanas campechaniis! in
the Gulf and, by using various estimating procedures, have tracked red snapper bycatch levels
taken in the trawl shrimp fishery. These data suggest bycatch levels ranging from about 18
million to 69 million fish during the years 1972 to 1993  Exhibit 19!. The data have been further
refined in terms of bycatch by year classes, allowing the instantaneous calculation'of mortality
rates for various age classes  Exhibit 20!. The results of these analyses show that shrimp trawl
discard of red snapper is the largest single source of tnortality for the 0 and I-year-old age groups,
It is not certain, however, if this tnortality excludes natural mortality.

Overall, the directed fishery for red snapper in the Gulf of Mexico is the largest single
component of mortality due to fishing affecting the population status of the stock. However, when
combined with the discard mortalities resulting from the high bycatch of juveniles in the shrimp
trawl fishery, fishing mortality is sufficiently high to ensure that the rebuilding goals for red
snapper set by the Gulf Council would not be met without some controls on both components of
fishing mortality. Bycatch of juvenile red snapper, primarily 0 and I year old, is undoubtedly the
major source of mortality for these age classes. Goodyear �995! estimates that the cumulative
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bycatch mortality for 0 and 1-year olds due to the shrimp trawl fisheries is between 1,9 and 2.5
for the period 1982 to 1992, This conclusion depends on an assumed natural mortality of 0.5 for
the survivors in the age 0 group and 0,3 for the age 1 group. It is possible that the natural
mortality for these age groups could be much higher and, if so, would significantly reduce the
estimate of bycatch fishing mortality. Estimates of the total number of juvenile red snapper taken
by the trawl fishery between 1972 and 1994 are 16 to 65 million fish per year. The need for
managing discard mortality caused by the trawl fishery and how to do it is the subject of
considerable debate in the Southwest.

Peuser �996! has reviewed bycatch data for the South Atlantic shrimp fishery and
estimated the total bycatch for some species, areas, years, and types of fishing vessels, These data
suggest annual bycatch ranging into the millions, depending on the species and year. In general,
Atlantic croaker  Micropogonias undulatus! and spot  Leiostomus xanthurus! were the dominant
bycatch species taken in most of the areas fished and seasons of the year. Nevertheless, weakfish
 Cynoscion regalis! were noted as being quite abundant by weight for the North Carolina boat
fishery during the summer and fall af 1993 and were second in dominance in the Florida offshore
area for the winter of 1994. Bycatch was noted as largely made up of fish in age groups 0 and 1.

U.S. Bycatch Overview
Since the onset of the 1990s a number of bycatch/discard characterization programs have

been initiated in the U.S. using partial observer coverage of selected fleet elements. As a result,
considerable improvement has occurred in the documentation of levels and quantities of discards.
The most comprehensive of these programs is the documentation of discarding practices in the
Northeast Pacific in the Exclusive Economic Zone  EEZ! off Alaska. A significant irnprovernent
has also occurred in the characterization of bycatch in the Gulf of Mexico and along the southeast
coast of the U.S. Observer programs are also being conducted off the northeast coast, as well as
along the coasts of Oregon and Washington.

This progress is encouraging, However, it is important to note that in all areas coverage is
limited to selected fisheries of high public concern and that for most regions of the U.S. the
proportion of target fisheries with soine quantitative information on bycatch is very low  Exhibit
21!. John Witzig  personal communicatioil, 1996! nates that for the U.S. overall, some
information on bycatch is available for only 40% of the target fisheries and that on a regional
basis bycatch information is highly variable.

There are no published estimates of the total discard level for the complex of fisheries
operating within the EEZ or coastal fisheries within any region of the U,S. However, estimates
have been inade for the total bycatch of finfish within the Gulf of Mexico offshore shrimp fishery
�72,232 mt! for 1994 and discards in the allocated groundfish line and trawl fisheries of the
Bering Sea and Gulf of Alaska for the years 1991 to 1994, The amount of the latter discards has
ranged froin about 295,000 mt to 315,000 mt and 43,000 mt to 60,000 mt, respectively
 NOAA/NMFS, 1995; Queirolo et al., 1995!. Since the estiinates are limited to target species
harvested in the U.S. EEZ and do not include other fisheries in these two regions, the actual
bycatch and discard levels for the fisheries complex of the region can be expected to be
significantly greater.

In general, discard levels in the U,S, have declined over the past several years. Some of this
reduction can be attributed to the introduction of new technology and management measures. The
greater part, however, appears to reflect declines in stocks of exploited species, increased
retention of species or sizes of fish previously discarded, and/or declines in the abundance of non-
target species.

Alverson et al. �994! noted that relatively high discard rates were known to occur in many
of the U. S. recreational fisheries. Reports and scientific publications dealing with recreational
discards in the U. S. were not found. However, catch and discards, in numbers, by species and
areas along the East Coast have been inade available by NMFS/NOAA  Exhibit 22; Witzig,
personal communication, 1997!. These data indicate that the number of discards in recreational
fisheries along the Atlantic seaboard ainounts to 52%-60% of the retained catch.

Unaccounted Fishin Mortalit

Unobserved fishing mortality has become an increasingly important area of research and
concern in the field of fishery science and management over the past decade. Although NMFS
defines bycatch to include unobserved fishing inortality, most fishery scientists include 'discard
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mortality as a subset of unobserved fishing mortality  Chopin et al., in press; Alverson and
Hughes, 1996; ICES, 1995; FAO, 1996!. The difference in operational definitions may constitute
a terminology problein, but the scientists studying this issue recognize unobserved mortalities
resulting from fishing operations as being an important unknown that needs to be quantified in
order to carry out management objectives effectively.

For most fisheries, fishing mortality has been frequently calculated as the landed biomass
 catch! divided by the estimated exploitable biomass. In instances where the mortality of pre-
recruits is known, these values are also incorporated into management yield inodels. The ability
to take into account total deaths imposed on a particular species from all fishing sources has
evolved only in the last decade and within a few regions of the world. This is where research and
observer programs have been able to document the discard mortalities in the mix of fisheries that
operate in a particular region.

Deaths from fishing activities other than catches are known to occur. The ICES study group
on unaccounted fishing mortality in fisheries has characterized fishing mortality as the aggregate
of catch mortalities, including discards, illegal fishing, and misreporting. Under this definition,
unaccounted fishing mortality includes fish that escape after being captured and subsequently die,
fish that avoid fishing gear yet die because of stress and injury, deaths due to dropoff from nets or
fish hooks, and deaths that occur as a result of entanglement in ghost fishing gear, Finally, the

. group notes that added to this list are fish that ultimately die as a result of habitat degradation
resulting from fishing activities  ICES, 1995!.

This complicated list of potential sources of fishing mortality has been characterized by the
following formula:

F =  FcL+FRL+FsL!+Fa+Fo+Fo+FA+Fs+Fo+FgF�
where

F = Sum of all direct and indirect fishing inortalities
FcL = Commercial landing mortalities
FR�� - Recreational landing mortalities
FsL = Subsistence landing mortalities
Fa = Illegal and misreported landing mortalities
Fo = Discard mortality
Fo = Dropoff mortality
FA � � Mortality resulting frotn fish that avoid gear but die from stress or incurred

injuries

F~ = Mortality resulting from fish contacting and escaping gear but which
subsequently die

FG = Mortality resulting from fish that are caught and die in ghost fishing gear
F~ = Mortality resulting from predation on fish escaping from or stressed by fishing

gear that would otherwise live,

F�= Mortality imposed on fish as the result of habitat degradation.

The important implications of the formula are that each variable constitutes a potential
mortality rate and that they are additive and for the most part independent of each other.
Over the past decade there has been a major effort to increase the level of understanding
regarding bycatch/discard mortalities, which addresses one element of unobserved fishing
mortality. To date very little is documented regarding deaths resulting from the array of other
potential mortality factors associated with fisheries, including under-reporting and illegal fishing.
Further, there is a major concern on the part of many scientists that the landing records in the U.S.
and many parts of the worM are incomplete. The importance of the different elements of
unobserved fishing inortality is likely to vary from area to area and fishery to fishery. In recent
years, European and Japanese scientists have undertaken a number of experiments to quantify the
level of mortality sustained by fish passing through the webbing of active fishing gear  FE!.
These experiments have been designed to extend our knowledge of mortalities of fish passing
through purse seines, trawls, and Danish seines  ICES, 1995!.
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Norwegian researchers  Soldal et al., 1996! have recently summarized work on mortalities
associated with fish escaping through trawls or other types of active fishing gear. These
experiments have largely involved the detachment of covered codends and the survival of fish
escaping from net cages or retained in net cages set on the seabed. A principal conclusion of this
summary is that "it is also important to be aware of the extent of such mortality in connection
with the deveLopment of more selective fishing gear. Every modification in the selection
mechanism of a gear can affect incidental catch mortality rates. In the future, we will have to
ensure not only that gear becomes more selective, but also that the fish that it releases survive to
be fished in the future." Much of the concern by some scientists that increasing the mesh sizes in
trawls will not lead to a reasonable survival of released species of ground fish seems to have been
rejected based on experiments conducted by Norwegian, Scottish, and other European scientists.

In reviews of the various Norwegian and other studies undertaken on unobserved fishing
mortality, the evidence strongly suggests that gadoid species withstand the effects of fishing gear
better than pelagic species such as herring and mackerel  Soldal et al., 1996!. The results with
gadoid species such as cod  Gadus morhua!, haddock  Melanogrammus aeglefinus!, saithe
 Pollachius virens!, and whiting  Merlangus merlangus! were quite encouraging. Of these
species, cod had the highest survival rate when passing through trawl webbing, virtually 100%,
irrespective of whether the fish were sorted through ineshes or metal grids. Further, virtually all
the cod and about 95% of the haddock that escaped from a Danish trawl at the surface appeared to
survive, Survival rates of 100% have been deinonstraied for 1-year-old cod, haddock, and whiting
rejected by a shrimp trawl equipped with a Nordrnore Grate  Frost, 1996!.

The relative resilience of the gadoids escaping from trawls was noted in Scottish
experiments using bottom trawls with a 145-mm mesh codend. In those trials, more than 90% of
the saithe and whiting survived, and up to 85% of the haddock. On the other hand, herring sorted
out of pelagic trawls in the Northern Baltic in 1992 did not fare so well. After a 30-minute haul
the cage which had been mounted on the outside of the codend was closed, detached from the
trawl, and anchored at depths from 7 to 17 m for 1-1/2 to 9 days  Soldal etal., 1996!. Most of the
herring died. The authors suggest that most of the mortalities were caused not by the fish passing
through the trawl meshes but by skin injuries and exhaustion that occur in the trawl extension and
the codend.

Results of experiments undertaken in Iceland using shrimp trawls have shown that the
survival rates of northern shrimp  Pandalus borealis! sorted out through the ineshes at trawl
depth are high and independent of the shape of the tneshes  Soldal et al., 1996!. On the other
hand, very few of the shrimp discarded from the deck survived. These results indicated that the
survival rates for shrimp discarded during commercial fisheries were probably less than 10%,
Soldat et al. �996! also noted that additional studies in Iceland showed that discard survival was
independent of the fishing depth, the catch rate, or the temperature at different depths. The results
showed that survival was improved when the shrimp remained on deck only a short time, Less
than 20% of the shritnp survived more than 30 minutes on a dry deck, and about 30% survived on
a wet deck after the same period of exposure. The mortality rate for discarded pelagic species
such as capelin was also very high.

Scottish scientists have provided rather detailed inforination on the fate of haddock escaping
from the codends of trawls  Lowry et al., 1996!, These data  Exhibit 23! suggest a rather high
mortality rate for small and young fish passing through the webbing of trawls, whereas larger fish
seem to have much higher survival rates. The probability of a fish surviving after escaping from a
codend is not strongly dependent on the size of the mesh through which it escaped. The
improvement in the overall survival rate with increasing mesh size is explained by the fact thai
survival rates depend largely on fish size and that more large, robust fish pass through larger
meshes. The increase in survival rates with mesh size is apparently an artifact of the size
distribution of the fish escaping through the meshes.

In an experiment of rather elaborate design  Exhibits 24 to 28!, Lowry et al. �996!
examined the causes of unobserved fishing mortality and concluded that trauma and exhaustion
were major factors. Such studies, although in their infancy, are adding to our understanding of the
fishery-related mortalities that are currently unobserved. Lowry et al. �996! note that haddock
and whiting passing through meshes and subject to active fishing gear are easily damaged by
abrasion and other physical contact. Soine of the situations observed during their experiments
included

abrasive contact before entry into the trawl,
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2,

3.

4,

5.

contact with the netting of the trawl and its codend before escaping,
contact with free objects within the codend, e.g., debris, other fish, jelly fish, etc.,
contact with the netting of the trawl or its codend during escape through a mesh,
contact with the netting of the codend cover  used during the experiment! after
escape from the codend.

Many scientists consider illegal fishing and under-reporting to comprise a significant
portion of the unobserved fishing mortality  ICES, 1995!. In some instances, this includes non-
reporting of catches, under-logging, and fishing with poisons and dynamite. Most information
regarding these illegal fishing activities is anecdotal in character, and quantification of mortalities
of this nature may be very difficult.

Chopin and Arimoto �995! studied the condition of fish escaping from various fishing gear
and concluded that immediate and delayed mortalities can occur and that the high variation in
mortality rates within the same experiments is associated with a lack of information on how fish
condition is affected by various fishing stressors and on the type and severity of physical damage
received. The authors further note that "improving selectivity without reducing damage or stress
during capture and escape may not be the most appropriate way of protecting immature fish,"
Chopin and Arimoto �995! provide an excellent summary of mortalities of fish escaping from
various fishing gear  Exhibit 29!, The data show great variability between types of gear as well as
variability between experiments with the same gear. Olla et al, �997! have recently published an
interesting discussion concerning the effect of simulated trawling on sablefish and walleye
pollock in the Northeast Pacific in which they examine the effect of light, net velocity, towing
duration, and other variables that affect the survival of fish exposed to trawling.



The Evolution of Sycatch Policy and Martagetttent Strategies

As noted by Alverson et al. �994! the concern over bycatch and the mortalities iinposed on
natural resources as a result of discarding practices was largely fostered during the 1980s and
1990s because of the concern of environmental groups about the impacts of fishing on marine
mammals, turtles, sea birds, and other species of special interest to these groups. U.S. bycatch
policy during this period was therefore, to a large extent, guided by legislation concerned with the
protection of marine mammals and threatened or endangered species. Specific issues of concern
included the take of dolphins in the Eastern Tropical Pacific Ocean purse seine fishery, turtles in
the Gulf of Mexico shrimp fishery and other areas of the world, porpoise and sea birds in the
North Pacific high-seas drift-net sahnon fishery, and a variety of marine mammals, birds, and
turtles in the North Pacific drift-net squid fishery, These concerns provided the pivotal arguments
that fostered early legislation and escalated the bycatch issue to national and international levels.

Although the national bycatch policy was, at its onset, largely driven by environinental and
conservation groups, problems of discarding increasingly heightened as various fishery groups
became concerned over the mortalities occurring in fisheries that had the potential to reduce
catches of their target species. These conflicts first involved bycatch taken by foreign fishing
vessels operating off the U.S. coast and later between different elements of the U.S. domestic
fishing fleets. The escalation of bycatch disputes in the Alaskan groundfish fisheries, serious
over-fishing probleins adjacent to the Northeast U,S., and the high levels of bycatch documented
in the Gulf of Mexico shrimp fishery provided the impetus for national legislation dealing with
bycatch in the complex of fisheries being conducted in the U.S. EEZ.

As a result of the growing concern over bycatch, in 1996 the U.S. Congress passed
legislation altering the national standards of the Magnuson Fishery Conservation and
Management Act. A new national standard was added stating, "Conservation and management
measures shall to the extent practicable  a! minimize bycatch, and  b! to the extent bycatch cannot
be avoided, minimize the mortality of such bycatch."

NMFS  NOAA/NMFS, 1997! notes that this standard constitutes the overall guidance and
direction used as the foundation policy in the development of its national bycatch plan,
acknowledging the foundation already established in the Marine Mammal, Endangered Species
and Migratory Bird Acts. As stewards of the nations living marine resources, NMFS accepts a
major responsibility to "lead and coordinate the nation's collaborative effort to reduce bycatch."
In this regard, Dilday �995! notes "...it is generally recognized, however, that the iinpacts of
bycatch on at least some non-target fish and non-fish species is significant, that the costs to
business and industry in addressing bycatch and discards are far from trivial and that the
differences in attitudes and opinion on bycatch and discards result in disagreement and conflict.
Government involvement in fisheries affairs and the bycatch and discard issue, at the national
level, has increased in recent years."

Two recent international agreements have played important roles in shaping bycatch policy
on a global scale, These include the United Nations Agreement for the Conservation and
Management of Straddling Fish Stocks and Highly Migratory Fish Stocks, and the FAO Code of
Conduct for Responsible Fisheries. The principles and obligations of these two U.N. documents
were reviewed at the U.N, FAO Technical Consultations  FAO, 1996!,

The first of these agreements contains a number of obligations new to international fisheries
law, including provisions related to iinpacts on non-target species and discarding. Article 5 of the
U.N. Agreement for the Conservation and Manageinent of Straddling Fish Stocks and Highly
Migratory Fish Stocks  General Principles! requires states to "assess the itnpacts of fishing�.on
target stocks and species belonging to the same ecosystem or dependent upon or associated with
the target stocks," Article 5 g! further requires states to protect biodiversity in the marine
environment. In regard to the impact of fishing on non-target species, Article 5 A contains two
distinct obligations. States are required to

1. minimize...waste, discards and the catch of non-target species, both fish and non-
.fish species, and

2. minimize...impacts on associated or dependent species, in particular endangered
species.



It is clear that the first of these two obligations is to be achieved through adopting
"measures" including the development and use of selective fishing gear and techniques. The
implementation of the second obligation is discussed in Article 6 d!, which notes that "States
shall develop data collection and research programs to assess the impact of fishing on non-target
and associated or dependent species and their environment and adopt plans which are necessary
to ensure the conservation of such species and to protect habitats of special concern " The Article
further states that "where the status of target, non-target, associated or dependent species is of
concern states shall subject such stocks and species to enhanced monitoring in order to review
their status and the efficacy of conservation and management measures,"

In order to implement the requirements related to assessing the impacts of fishing on non-
target species, Article 5 j! of the Agreement mandates that states collect and share "complete and
accurate data concerning fish activities on  inter alia!, vessel position, catch of target and non-
target species and fishing effort....as set out in Annex 1 of the Agreement." Annex 1 of the
Agreement additionally states that "the timely collection, coinpilation, and analysis of data are
fundamental to conservation and management." What types of information are states signatory to
the agreement supposed to collect and analyze?

The specific requirements outlined in Annex 1 of the agreement include:
1. States shall collect data on the total catch in number, nominal weight, or by

species  target and non-target!...and discard statistics, including estimates where
necessary, reported as number or nominal weight by species;

2. States shall establish mechanisms for verifying fisheries data through "scientific
observer programs to monitor catch, effort, catch composition  target and non-
target! and other details of fishing operations; and

3. States shall share data at the regional level through regional organizations and
calls upon the U.N, FAO to collect and disseminate data at the global level.

Regarding the collection of these data, the Agreement obligates flag states to establish
"requirements for recording and timely reporting of...catch of target and non-target species,
requirements for verifying the catch and non-target species through such means as observer
programs, as well as the implementation of inspection schemes, monitoring systems and observer
programs involving observers from both the flag state and other states." The Agreement places
considerable weight on the obligation to collect high-seas fisheries data in relation to the
compliance and enforcement provisions contained in Articles 19 � 23,

The Straddling Stock Agreement, although technically limited to the fisheries involving
straddling and highly migratory stocks, has been negotiated in a manner to implement the U.N.
Convention on the Law of Sea. This is recognized by the FAO Code of Conduct for Responsible
Fisheries, which is intended to apply to all aspects of fisheries. The conservation provisions
contained in the U.N. Agreement are incorporated into the Code, including provisions related to
bycatch, waste and discards, data collection, the use of selective fishing gears and techniques, and
the conservation of non-target species.

Under the Code, issues of bycatch and discards are discussed in considerable detail. Article
6 states, "Where proper selective and environmentally safe fishing gear and practices exist, they
should be recognized and accorded a priority in establishing conservation and management
measures for fisheries." Article 8 further states that "assessment of habitat disturbance are carried
out prior to the introduction on a commercial scale of new fishing gear methods and operations to
an area." The implications for fishing gears that are not habitat compatible are rather harsh.
Article 7.6.4, for example, calls for phasing out fishing gear and practices inconsistent with
responsible fishing while placing attention on the impact of such measures on fishing
communities.

It is important to keep in mind that the bycatch, discard, fisheries selectivity, and other
conservation provisions of the U.N. Code of Conduct and the U.N. Agreement on Straddling
Stock and Highly Migratory Stocks are integral components of the overall package of obligations
and recommendations for effective fisheries conservation and management. A review of these
obligatioris  FAO, 1996! notes that programs to reduce bycatch, waste, and discards in fisheries
should be designed as a component of a comprehensive management regime for the



implementation of the conservation and management measures contained in the two relevant U.N.
FAO documents.

Is any nation living up to these obligations, including the U.S.? See the review by Caddy
�996! entitled "A Checklist For Fisheries Resource Issues Seen From the Perspective of the FAO
Code of Conduct for Responsible Fisheries."

8 tch Mana ement

Prior to bycatch becoming a national and international management issue, the discarding of
large numbers of juveniles of target species was controlled by mesh regulations or area closures,
These practices date back over 100 years  Chopin et al., 1996!. This was particularly true for
fisheries in the North Atlantic, where management became engrossed in maximizing yield per
recruit strategies. Mesh regulations and area closures were also adopted as a "savings" strategy
for small fish in many areas of the worM. With the onset of discarding and bycatch controls as a
way to reduce mortalities associated with marine mammals, birds, turtles, etc., and the growing
socio-economic conflicts between fishing groups, a broad range of management strategies or
techniques began to evolve to deal with bycatch issues, Among others, these include

1. international legislation of suitable gears and areas,
2, time and area closures,

3. establishment of discard quotas,
4. use of new technology and operational modes,
S. full use strategies,
6. establishment of authorized discard rates,

7. marine parks,
8. incorporation of bycatch into catch quotas,
9. prohibited species  prohibition of retention!,
10. incentive-based programs, and
11. decreased quotas for target species,

International Le is'latio of uitable ears and Areas

With the mounting concern of conservation and environmental groups, legislation of
bycatch or perceived bycatch problems has occurred in the U,S. and within the international
community. The most obvious and well-known national legislation is that concerned with marine
mammals and endangered species and the goal of zero-take of dolphins. At the regional level the
action of a number of Southwest Pacific nations to ban high-seas drift netting for pelagic tunas set
in motion an international move to ban the high-seas drift-net fishery for squids in the North
Pacific. This international action provided the impetus for a number of states to take action and
close various drift and gillnet fisheries. The actions taken in the U.S. and by the U.N. escalated
bycatch management to the top levels of government and at times circumvented management
based on the best scientific information available  Burke, 1992!. Regardless, it seems highly
likely that this avenue for controlling highly volatile discard issues will remain an option for
various interested parties  Stuart, 1995!.

Time and Area Closure

Since the onset and application of modern conservation principles, the use of time and area
closures has been employed by fishery managers as a tool to distribute fishing effort, protect
small fish and spawning areas, decrease fishing effort in times and areas where high discard rates
persist, and reduce gear conflicts. The importance of such closures as tools to deal with bycatch
problems has accelerated over the past two decades, This has resulted in areas being closed to
specific gear types during part or even all of the year. No-trawling zones, for example, are now
common in many areas of the world and are designed to prevent competition with small inshore
fisheries, protect nursery areas for certain species, and reduce gear conflicts. This management
tool may have major allocative implications that managers need to address when using this
option. Although this management tool can be an effective means of dealing with some discard
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problems, the underlying variability associated with species distribution and abundance in time
and space limits its utility  Truinble, 1992!.

In Norway, managers have attempted to avoid this problem by surveying certain fishing
grounds and closing them when potential discards reach a given level  Olsen, 1995!.

Kstabli hment of Discard uotas

Bycatch or discard quotas are naw being employed by managers to control discard mortality
in several areas of the world. Bycatch quotas have been employed in the management of the
Alaskan groundfish fisheries  Pautzke, 1995! and in the Eastern Tropical Pacific Ocean tuna
fisheries, where a declining quota has been established for the incidental capture and mortality of
tropical dolphins. In both of these geographic regions, the operative fisheries are given an overall
catch quota for species of selected interest, e.g., salmon, crabs, halibut, and herring in the waters
off Alaska and dolphins in the Eastern Tropical Pacific Ocean. When the allocated quota or
mortality level has been reached by a vessel or a particular fishery, the vessel is eliminated from
the fishery or the region. and the statistical area for which the quota has been established is
closed. Under this management approach, the harvest of the target species may be limited by the
quantity of discards or, in the case of dolphins, the level of mortalities imposed.

Bycatch or discard quotas can serve to regulate the quantity of discarding, However, unless
these quotas are tied to specific tnortality goals, their impact may vary significantly from year to
year, depending on the changing abundance of the target and non-target species coexisting in an
area. If there is a significant increase in the abundance of the bycatch quota species and the quota
remains unchanged, the fisheries subject to the bycatch quota may have a difficult time keeping
the bycatch down and be closed long before achieving the authorized catch of target species. On
the other hand, trip liinits and/or quotas for target species, which are used as tools to manage a
number of the world's fisheries, are often achieved early in the fishing season, resulting in the
fishers shifting to other, under-quota species on the same fishing grounds. The result is frequently
increased bycatch and excessive discarding.

Bycatch or discard quotas may be set at the vessel level or on individual sectors of the
fishing fleet, The incentive ta reduce discard levels may vary, depending on the leve1 and
character of responsibility placed at the vessel level.

Technolo ical Solutions

The use of altered or new technology and changing operational modes have perhaps had the
greatest success in reducing the harvest of non-target species. A classic example is the significant
reduction in the mortalities imposed on dolphins in the Eastern Tropical Pacific Ocean as a resu/t
of altered net designs, operational modes, and attitude of the fishers  Medina, 1994; Warren
1994!, Mortalities in this fishery are reported to have declined from several hundred thousand a
year to several thousand a year, with a significant reduction in mortalities imposed on the dolphin
populations of the region. This reduction did not occur overnight but, in fact, constitutes a major
industry/government effort that extended over the better part of three decades  Natural Research
Council, 1992!.

Other technological developments resulting in sharp reductions in the level of discards and
bycatch mortality include �! developnient of the Nordmore Grate in Norway, which has resulted
in significant reduction in the discard of small fish species in the northern shrimp fisheries in both
the North Atlantic and the North Pacific; �! introduction of turtle-excluder devices  TEDs! in the
Gulf of Mexico and other tropical shrimp fisheries; �! development of selective groundfish
trawls  known as bycatch reduction devices, or BRDs !, largely in Europe  Larsen, 1996! but also
in other regions of the world  McKenna, 1995!; �! use of a variety of scare techniques to reduce
the catch of birds on both floating and bottom-set longlines; �! use of drop lines and breakaway
seams and headropes in giHnets; and �! use of square inesh panels, etc. Some of the mare
important developments are discussed below.

Duthie �997! provides an excellent summary of the introduction of the Nordmore Grate
into the northern shrimp  Pandalus! fisheries of Eastern Canada. Bycatch in the shrimp fisheries
of the region was known to be high, at times exceeding the catch of target species  Alverson et
al., 1994!. Records made by observers allow a detailed account of the reduction in discarding

The Nordmore Grate might be considered a special type of BRD,
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from 1991 through 1994  Exhibit 30!. These data show a decline in the quantity of bycatch from
about 15,3% to 5.6% over a 3-year period. The significance of this trend is even more spectacular
when it is realized that by early 1990 there had been a major decline in the abundance of cod and
other groundfish in the region � species that had been an important component of earlier shrimp
trawl bycatch. The Nordrnore Grate is now employed in Norway, in other areas of Europe, in
Greenland, and off the east and west coasts of the U.S.  Crowley, 1993! and Canada. The
spectacular declines in bycatch in some areas, such as along the east coast of Canada, have been
the result of the increased selectivity of the Nordmore Grate in combination with declines in the
abundance of several target species  Duthie, 1997!,

David Goethel �995!, a fisherman using the Nordmore Grate in the Gulf of Maine  U.S.!,
reports, "phenomenal sorting success noting that the only groundfish that are retained of any
quantity are sub legal American plaice." Schick and Brown �995! compare results for shrimp
nets using the Nordrnore Grate and those using nets without the grate. The authors observe that
the grate's effectiveness in the Gulf of Maine resulted in a 95% loss of finfish while retaining
95% of the shrimp.

The success of TEDs in the Gulf of Mexico is well known  Harrington, 1995; Harrington
and Vendetti, 1995!. Schaf'fer �995! notes that "today there is a 97% exclusion of turtles from
shrimp trawls." The use of TEDs has extended to many other regions of the world and is
perceived as a significant contribution to the conservation of marine turtles.

Making fuller use of the fish captured during fishing has been identified as an important
bycatch reduction mechanism  Alverson et al., 1994; Clucas, 1997; UNDO/FAO, 1995!. In
essence this approach to bycatch reduction is based on the elimination of discards through the use
of non-target or target species that are not being over-fished or the use of currently discarded
species that are not negatively impacting an ecosystem. The great increase in the use of discards
for aquaculture in the shrimp fisheries by some of the southeast Asian nations  during the 1990s!
has resulted in a significant reduction in the quantity of discards, and hence waste, for the region.
On the other hand, the transfer of this discard into aquaculture feed may not have changed the
mortalities being imposed on the target or non-target species involved.

The Report of the FAO Technical Consultations On Reduction of Wastage in Fisheries
 FAO, 1996! states that "the fuller utilization of incidental catches and the consequent decline in
discards does not necessarily indicate an improvemeiit in fishery conservation or the ecological
impact of the fishery. In some cases this may lead to increased pressure on some stocks of species
and to increases in unidentified species reported landings." The growth in landings reported as
"miscellaneous marine fish not elsewhere identified  nei!" suggests that insufficient effort is
being made to monitor the catch composition of these landings."

Programs that demand full utilization of selected species captured have been introduced into
fisheries of the Northeast Pacific and Atlantic and are certain to reduce the levels of what now is
perceived to be waste. It is not at all certain that such regulations lead to better conservation of
the resources, They could potentially lead to more intense harvest of under-sized target species,
collection of less information on the mix of species flowing into meal or aquaculture products,
and increased inortality of some species, There is also the question of whether or not it is better to
discard bycatch destined for meal or animal feeds or to return it to the sea, where much of it
becomes food for fish, shellfish, or other sea life  FAO, 1996; Queirolo et al., 1995!. If discarding
is chosen as the preferable approach, then there is the question of how to disseminate the discard
and in what form  Hall, 1996!.

s bli bin Authorized Discard Rates

In some areas of the world, fishermen are allowed to fish in areas as long as the discard rate
of non-target species remains below a certain authorized level. When the rate exceeds the
authorized level, the fishers must leave the area or are required to use various BRDs. Another
option to this approach has been for government research vessels to survey certain regions and
close them to fishing when the potential discard levels become too high  Olsen, 1995!. In areas
where discard rates are highly variable, it may be difficult to apply closures based on fixed
bycatch rates.



The use of marine parks or protected areas has become an increasingly popular technique to
achieve conservation and ecological management goals. Although the use of such areas usually
involves inuch broader objectives than reduction of bycatch, such closures can contribute to
bycatch reduction by protecting areas where large numbers of juveniles are known to exist.

Inco oratin 8 catch into Catch uotas

NPFMC has required that bycatch or discards be added to the established quota for major
target species, The authorized fishing mortality, established as a quota, takes into account discard
levels. This, of course, requires a monitoring process that can account for bycatch, such as a high
number of observers. This approach is also used in Norway, where the tnanagement system
requires each vessel to register and deduct all catches, including discards, from the quota. In
conjunction with this principle, a prohibition has been introduced against discarding any catches
of protected species. This is in contrast to the Northeasterti Pacific, where it is prohibited to retain
certain selected and protected species.

With the onset of high seas, distant water fisheries off the coast of Alaska and the
subsequent development of U.S, domestic fisheries for groundfish species, groups of fishers in
established and traditional fisheries  halibut, salmon, crab, and herring! of the region became
increasingly concerned over bycatch levels and the mortalities imposed on species of interest to
them. As a result, these species were classified as prohibited and became illegal to retain, first by
the foreign fisheries and later by the developing U. S. groundfish fisheries. Non-retention by
foreign fleets was justified on the basis that the stocks were being fully used by U.S. or Canadian
fisheries  the abstention principle!; non-retention was later iinposed on the groundfish fisheries as
a domestic resource allocation decision,

The establishment of prohibited species for all bui selected target fisheries automatically
created a bycatch problem for the trawl and line groundfish fisheries of the region and escalated
complaints about waste. For some species and fisheries, the discard mortality rate was very high,
and thus non-retention ensured a large waste problem. The discard requirement was, however,
considered justified on the grounds that prohibiting retention would encourage improved
selective-fishing methods and discourage the development of illegal markets.

Incentive-Based 8 catch Reduction

Incentive-based bycatch reduction programs have been supported by fishing groups and
various governments groups, and many feel such programs would be superior to other methods
 Alverson et al., 1994; FAO, 1996; NOAA/NMFS, 1997; Hughes, 1996!. The concept of
incentive-based bycatch reduction would allow gear types, fishing groups, or even individual
fishermen who established verifiable and monitored low discard rates to fish longer or to,be
eligible for a greater share of an established quota, The concept, however, seems to be mired in
operational and legal problems and has not yet met with great success. It is strongly endorsed by
elements of the fishing industry, however. An excellent syntheses of incentive-based solutions is
provided by Hoagland et al. �996!.

Hughes �996! discusses in some detail an incentive-based system. proposed to the NPFMC
titled "Vessel Bycatch Accountability"  VBA!. VBA is proposed as a fisheries management tool
to reduce bycatch while increasing the prospects for achieving the optirnurn yield in target
fisheries. VBA would reward fishermen who achieve low bycatch rates with longer fishing times
and increased catch opportunities. On the other hand, fishers having high bycatch rates would
have shorter seasons and reduced opportunities,

Hughes �996! writes that the concept of VBA is applicable to many fisheries. Hughes'
example for a bottom-trawl cod fishery currently operating in the Bering Sea is shown in the
Appendix,

Decreased uotas/Catch L vel for Tar et ecies

Alverson et al. �994! and others have noted that the high levels of discards in some
fisheries can be associated with the intensity of the fisheries involved. In those instances where



recruitment aver-fishing exists, reductions in the catch levels and fishing mortality of the target
species will lead to reductions in the quantities of discards.



Docvrnentation of Bycatch, Discards, and Other Unobserved Fishing Mortality

The documentation and reporting of bycatch and discarding practices have varied over time
according to the interest of fishery managers and the investigating scientists. In early studies
conducted by European scientists on Northeast Atlantic fisheries, bycatch was often reported only
for species of special economic interest. The bycatch of whiting and haddock, for example, might
be noted in the cod fishery. At times the observation might be confined only to the marketed
bycatch, with no record being kept of discards of under-sized target or non-target species.
Considerable effort was made, however, to document the frequency of under-sized target species
and the quantity discarded. The data were most often recorded in terins of numbers and sizes of
discards and viewed in relationship to the numbers and sizes of the retained catch, that is, as size
frequency information.

With the increased concern over the potential mortalities imposed on marine mammals,
birds, turtles, etc., observers aboard fishing vessels began to collect information on the numbers
of animals taken per set of a particular type of fishing gear  e.g., shackle of gillnet, set of a purse
seine, or trawl set!. These data where then frequency extrapolated to estimate annual mortalities
inflicted on specific species, Such bycatch observations were largely confined to a species or
several species of concern to environmental and conservation groups, Although the observations
rapidly expanded the knowledge of bycatch impacts, nevertheless they were limited in scope.

As observer programs were expanded, more complete records were maintained of bycatch
and discards of all species involved, such as finfish, invertebrates, marine mammals, birds and
turtles. These observations began with the bycatch involved in individual fisheries and have
expanded to include the bycatch and discards involved in a suite of related fisheries. With the
development of required observer programs such as the NMFS groundfish coverage off Alaska
and the Inter-American Tropical Tuna Commission  IATI'C! dolphin coverage in the Eastern
Tropical Pacific Ocean, bycatch databases became increasingly sophisticated, and bycatch of all
finfish, invertebrates  identifiable!, and other sea life began to be documented in some fisheries.

An example of the growing sophistication of bycatch databases is provided by a review of
the IATTC �995! bycatch database, The IATTC bycatch database is a subset of observer data
collected by the observer programs of the IATTC and the Progratna Nacional Para el
Aprovechamiento del Atun y la Proteccion del Delflin  PNAAP!. This subset documents the
amount of discarded catch by species or species groups taken by the international fleet of tuna
purse-seine vessels operating in the eastern Pacific Ocean. At the end of the trip, the completed
data forms and notes are turned in by the observer to the IATTC staff at one of the regional
offices located in the major ports for tuna landings The observer records consist of completed
data forms documenting vessel activity, fishing operations, catch, and biological samples and a
detailed journal describing the vessel's daily activity.

The bycatch database is actually a subset of the IATTC observer database and consists
principally of data froin the marine fauna record  MFR! forms. Initial data editing takes two to
three days in the regional offices, During this time a staff meinber and the observer review the
data forms for each vessel day and purse-seine set for completeness and check the recorded data
for errors. If necessary, corrections are made in consultation with the observer, Once the review is
finished, the records are photocopied, and the original is express mailed to the La Jolla,
California, office of IATTC, Staff members in La Jolla conduct a second review of the data forms
and make any necessary corrections. After this step is cotnpleted, the data on the MFR forms are
entered into a computer using Microsoft's ACCESS database software. Data recorded on
individual sea turtles captured by the set will be entered in the future.

The accuracy of the data entry is not verified because of the cost involved. As the data are
entered into the computer, the data-entry program makes several tests to identify potentially
erroneous data for immediate correction.

The Seattle  U.S.! NMFS discard database is a subset or companion of the database on catch
by gear type, time, species, area, etc,, and has many of the same features incorporated into the
IATTC bycatch database.

With expanding bycatch databases and improved knowledge of some unobserved fishing
inortality factors, researchers have a better opportunity to examine the potential management
consequences of bycatch and other unreported deaths resulting from fishing activities. As a result
the evaluation of the effects of cod line fisheries landings and discards on a population of cod can
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increasingly be addressed in terms of the broader ecological impacts of all fisheries of a region on
the mix of species under exploitation.

In recent years, special attention has been given to the organization of such information and
its presentation in a format that effectively comrnunicates with managers and user groups.
Alverson and Hughes �996! have suggested that landed catch data, discard information, and
estimates of unobserved fishing mortality be organized into a matrix format that would allow
managers to examine the catch, discard levels, and deaths from other factors imposed on a stock
or population by all relevant fisheries of a region  Exhibit 31!,

The proposed matrix format would permit researchers and others to quickly obtain a mental
image of the landed catch, discard quantities and species, and other potential losses due to a
fishery and of the impact of all alternative fisheries imposing discard mortalities. The FAO
Technical Consultation group  FAO, 1996! suggested a siinilar matrix presentation of catch and
discard information at its Tokyo meeting  Exhibit 32!. In this matrix the data would be presented
by species and gear type. Queiroio et al. �995! also present their bycatch results for groundfish
fisheries off Alaska in a similar format.



Sumrrtary and Observations

Discarding has historically been used in the fishery literature to describe the catch of non-
target species and target species that are under-sized or of the wrong sex. In the published
literature, however, it has been used to designate that portion of the catch discarded, the catch of
selected non-target species, and the aggregate catch of all non-target finfish. Although
McCaughran �992! has suggested a firtn set of definitions for various words or phrases used in
bycatch studies, the explosion of bycatch literature over the past decade has led to a variety of
definitions and terms. It is important that authors of bycatch studies be careful to provide
operational definitions of terms used.

Bycatch has escalated to an important management issue because it �! can constitute a
significant component of fishing mortality and requires documentation, �! may contribute to and
aggravate over-fishing, �! often involves the target species of other highly regulated fisheries, �!
may have significant undesirable impacts on a particular non-target species or groups of non-
target species, �! is seen as waste of an important natural resource or �! contributes to socio-
economic conflicts underlying allocation issues. Clearly, knowledge of bycatch levels and their
impacts on fish populations and ecosystems constitutes an essential element in the management
of the ocean's living resources.

Literature reviewed in this study supports the conclusion that discarding has declined
significantly in some regions of the world since the onset of the 1990s. Declines are noted in
particular for the Central Western Pacific, Northwest Pacific, Northwest Atlantic, and perhaps the
Indian Ocean. Major factors contributing to the discard decline in these and other areas include
�! declines in the level of fishing for some species having high discard rates because of stock
depletion, �! time and area closures, �! new and more selective harvesting and utilization
technologies, �! greater utilization of bycatch for human consumption and as feed for
aquaculture and livestock, �! prohibition on discarding by some countries, �! iinposition of no-
discarding rules, and �! a more progressive attitude of fishery managers, user groups, and society
toward the need to resolve problems resulting from discarding, The noted decline in discards can
be considered as encouraging when it results in lowering the fishing mortality of over-exploited
stocks or encourages the use of previously unused species whose populations have not suffered
from excessive bycatch mortality. However, policies prohibiting discarding may not alter the total
mortality due to fishing activities but merely transfer bycatch mortality to landed-catch mortality.

Over the past half decade, monitoring of discardmg practices in U.S. fisheries has increased
substantially. This emphasis, however, has mainly involved large-scale and more important
fisheries, and monitoring of many of the iiation's fisheries is totally absent. For the U.S. as a
whole, less than one-third of the country's fisheries are subject to bycatch monitoring, and for
over two-thirds of the fisheries, no bycatch information is available. The groundfish fisheries off
Alaska have the nation's most intense bycatch monitoring program, covering 100% of vessels
larger than 124 ft and 30% of vessels between 60 ft and 124 ft, Partial observer programs are in
place for some fisheries in all regions of the country. Discard levels have, in all likelihood,
declined in U.S. fisheries, in part because of technological change and new regulations, but also
because of the sharp decline in the abundance of important groundfish stocks  especially
recruitment stock! off the northeast coast of the U.S. and in the population of bycatch species
taken in the Gulf of Mexico shrimp-trawl fishery.

Although discard mortality has become a priority research and management issue during the
1990s, many researchers feel that bycatch is just one element in the larger issue of unobserved
fishing mortality and the larger issue of how to deal with these unknowns in fishery management.
Unobserved fishing mortality has been noted to include illegal fishing, under-reporting and non-
reporting of commercial and recreation fisheries, discard mortality, and other mortalities
associated with fishing, including fish not retained in the fishing gear but dying from the stress
caused by avoidance. Bycatch and discarding policy has continued to evolve at a national and
international level. In the U.S., bycatch policy has become an integral part of Congressional
legislation, and at the international level bycatch has been woven into the U.N. Straddling Stock
Agreement as weIl as the U.N, FAO Code for Responsible Fishing. Both in the U.S. and within
the international community, bycatch policy has significantly increased the obligation to address
conservation problems resulting from discarding or bycatch practices, minimize associated waste,
or significantly improve documentation of bycatch and discarding in the world fisheries,



It is clear that bycatch solutions will vary from fishery to fishery, between regions of the
world, and over time. Managers are currently employing a number of techniques, including
legislative solutions, time/area controls, discard quotas, requiring new technology, full use
strategies, authorized discard rates, marine parks, incorporating discards into the catch quota,
prohibiting retention of certain species, and incentive-based programs. These efforts, used in
various combinations, have resulted in measured declines for some fisheries and in some regions,
but the magnitude, complexity, and scope of the bycatch and unobserved fishing mortality
problem will require priority attention well into the next century. Effective solutions in many
instances await reasonable documentation, characterization of the problem, and the establishment
of sensible ecological objectives.

The bycatch plan proposed by NMFS suggests seven important steps to consider when
addressing bycatch problems. They are �! determine the magnitude of the discard, �! determine
the populations associated with the bycatch discard problem, �! evaluate the effectiveness of
current measures, �! identify alternative mitigation measures, �! evaluate the impacts of the
mitigation measures, �! if necessary, implement alternative measures, and �! if necessary,
monitor and adjust measures. Under almost all plans, bycatch reduction will be incremental.
Finally, the trend in keeping species or sizes of fish that would have been discarded for
aquaculture and other uses begs the question of optimal use as embodied in the U.S. Sustainable
Fisheries Act and the U.N. resolutions related to bycatch. Bycatch is thus not separable from
other central issues in fisheries management  Murawski, personal cornrnunication, 1997!.
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Exhibits



Exhibit l, FAO fishery statistical areas. Source: FAO.
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Exhibit 2. Discard weight* by major world region. Source: NRC bycatch database.

~Includes bycatch landed but unreported by species in industrial fisheries.



Exhibit 3. Estimated bycatch and discards by world shrimp fisheries derived from reported
bycatch levels and estimated amount of bycatch retained. Source: NRC bycatch database.



Exhibit 4. Summary of target species, bycatch, and unaccounted discard estimates by nation.
Note: Table inclusive of all fisheries, gear types and species. Source: Japp �996!.



Exhibit 5, Estimates of discards in fisheries in Japan �994!. Source: T. Matsuoka, 1997.
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Exhibit 6. Total catch of allocated groundfish species and species groups by target fishery and
gear in the Gulf of Alaska, 1994. Source: Queirolo et al. �995!.
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Exhibit 7. Discarded catch of allocated groundflsh species and species groups by target fishery
and gear in the Bering Sea/Aleutian Islands, 1994. Source: Queirolo et al. �995!,
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Exhibit 8. Tanner crab catch rate  kg/mt! in the yellowfin sole fishery in Quarter 3, 1996, by 1'
longitude and 0.5' latitude blocks. Source. Natural Resources Consultants, Inc.



Exhibit 9. Mortality rates during drop and slide test. Source: Anon �995!.
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Exhibit l0. Estimated total crab catch  numbers of crab! from 1993 bairdi Tanner crab fishery
based on 901 random pot samplings taken on catcher processors during the fishery. Source:
Alaska Department of Fish and Game.
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Exhibit l l, Estitnated total crab catch  numbers of crab! from the f993 Bristol Bay red king
crab fishery based on 558 random pot samplings taken on catcher processors during the fishery.
Source: Alaska Department of Fish and Game.
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Exhibit 12. Take and inortality of sea turtles in the Hawaii longline fishery  CL = confidence
level; NR = none recorded!. Source: NOAA/ NMFS �994!.
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Exhibit 13. Annual takes of sea turtles and albatross in the Western Pacific longline fishery.
Values were estimated by applying results of observer programs to the whole fishery. Source:
NOAA/NMFS �997!.
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Exhibit 14, Preliminary estimates of total bycatch for selected species in the Gulf offshore
shrimp fishery, 1993. Source: NOAA/NMFS.



Exhibit 15. Average shrimp trawl catch per hour in the Gulf of Mexico. Source: NOAA/NMFS



Exhibit 16. Average shrimp trawl catch per hour in the South Atlantic. Source: NOAA/NMFS
�995!,



Exhibit l 7. Average hourly shrimp trawl catch by season in the Gulf of Mexico and the South
Atlantic, Source: NOAA/NMFS �995!.

South Atlantic

Gulf of Mexico
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Exhibit 18. Percent average hourly shrimp trawl catch by area and depth. Source: NOAA/NMFS
�995!.



Exhibit 19, Comparison of five different methods for estimating red snapper bycatch in the Gulf
of Mexico. Source: NOAA/NMFS, 1995.
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Exhibit 20. Annual instantaneous red snapper nwrtafity estimate, 19S4 � 1993. Source:
NOAA/NMFS �995!.



Exhibit 21. Proportion of target fisheries with some quantitative information on bycatch.
Source: NOAA/NMFS �995!.
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Exhibit 22. Marine recreational catch and discards, in numbers, by species and areas along the
east coast of the U.S. Source: NOAA/NMFS, personal communication, 1996.
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Exhibit 22, continued... SOUTHEAST ATLANTIC COAST
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Exhibit 23, Fate of haddock entering codend. Source: Lowry et al. �996!.



Exhibit 24. Schematic drawing of trawl with covered cadend. Source: Lowry et al. �996!.
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Exhibit 25. Fish escape from cod-end into surrounding cover. Source: Lowry, et ai. t 996.



Exhibit 26. Divers removing cover from codend. Source: Lowry et aL �996!,
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Exhibit 27 Cover held under tension fore and aft to maintain its cylindrical form. Source:
Lowry et al.  l996!,



Exhibit 28. Transfer of fish into cage. Source: Lowry et al. �996!.



Exhibit 29. Mortalities of fish escaping from various fishing gear. Source: Chopin and Arimoto
  l 995!.

Mortality  %! CommentsFishing Gear Species

Surrounding Scomber sp.

Reference

Lockwood et al., 1983I Simulated purse seine
i experiment

50-90

gear

IFish retrieved at surface Soldal and isaksen,
1993

Se~ne nets 0, <10Cod. haddock

Dunning et al., 1989Seine nets Striped bass 1-1 7

~ Beach seine. Estimated
~ mortality after release
,'due tO StreSS and inlury

Fritz and dohnson,84.7Seine netS Freehwater drVmS
1987

Trawls Striped bass 1-16

Hislop and Hemmings,
1971

Trawis

Wassenberg and Hill,
1989

VariesTrawl Various

' Sangater and Lehman.
' ,1993

Trawls Haddock, whiting 9-27, 10-35

, 'Zaferman and Serebrov,
1989

'Otter trawl. Dead andTrawls Afeianrxtrammus sp.
injured fiah fcund in the

'wake of the trawl,

I Main and Sangster,
1990

14-100Trawls

'Otter trawl

I otter trawl codend

Anonymous, 1993

I Soldal et al., 1991

9-27, 10-35

0, 1-32

21-22 Otter trawl. Non-target catch Stevens. 1990

. Non-target catch. Mortality
',vened depending on moult
condition

Smith snd Howell.21
1987

70

Trawls

Trawls

Trawls

Trawls

Haddock, whiting

Cod. haddock

King and Tanner Crab

Lobster

Beach seine. Mortalities
.'of released fiSh reduced
,through improved
i handling teohniques

Otter trawl. Mortalities
of released fish reduced

, throvgh improved
, handling techniques

Otter trawl and.Danish
seine; 39-100% surface
tagged fish, 12-65%
~surface non-tagged fish,
0-50% bottom tagged fish,
4-32% bottom non-tagged fish

IDiscarded fiSh Study in
shrimp Irawls

. 'Mortality rates depended
:on time on deck but all
'fish did not survive
,20 minutes on deck

Codend mortality.
/Figures quoted from tables.
Large variatipn between
species and years

163-169 dead fish/hr tow

I Otter trawiS. Large
variation in mortality between
cages, species and years



Exhibit 29. continued...

FiShing Gear Species ReferenceMortality  '/o! Comments

hleilson et al., 1989Trawls Atlantic halibut

Suuronen et aL. 199385-90, 75-85 DiamOnd mesh mortality,
sorting gnd mortalny

. C/upea harengusTrawls

DeAlteris and Reifsteck,
1993

Scup, flounder, COd ' 0-50, 0-15, Oner trawlTrawls

McLoughlin et al., 199'I78.88 Boat-operated scallop
dredge. IVlortality from
gear, predadon and disease

Dredges Pecten sp.

10-17

80-100

Caddy, 1973Dredges . P acopecfen sp.

80

1.9 Hay et al., 1986Gillnets and Clupea sp,
entangling nets

Vincent-Lanai et al..
1993

Hooks and Lines Oncorhynchus sp. 12-69

HOOkS and LineS OnocrhynohuS Sp. j 34-52, 40-66 COhO SalmOn, ChinOOk Salmcn Parker et al., 1959

Wydowski et al., 1976No mortalities after 3 days
but measurable stress

Hooks and Lines Safmo sp. r 0

Barwick, 198539, 3-5 Hook swallowed cornHooks and Lines l Rainbow trout
bait, artificial lure

Hooks and Lines l'Cutthroat trout One time hooked mortality,
; multiple hooking

I Angling mortality

Schill et al., 19860.3, 3

Hooks and Lines iTrout Dotson, 19820-8,6

0, 11 ' Clapp and Clarck. 1989

' Schwalme and MaCkay,
1985

Artificiat lures, live baitSma limo uth bassHoaks anCI Linea

Hooks and Lines Anghng mortalityEsox sp.

Hooks and Lines I Chinook salmon 9-32 Troling, small fsih had
higher mortalities

Wertheirner, A., 1988

i Trolling, 34% immediate
mortality and 7'%%d
delayed Illcrtail'ty

Hooks and Lines l Pacific salmon Milne and Ball, 195641

71

Gillnets and Pacific salmon
entangling nets

Gillnets and Pacific salmon
entangling nets

65 65'kr mortaliiy after 48h
compared with 23%,
mortality for longline
Caught lish

, Boat-Operated scallop
' dredge

' CumulatiVe mcrtality Thompson et al., 1971

i in captive lish

i Cumulative mortality Thompsom and Hunter,
due to scale damage and stress 1973

Actual mortality was very
high but attnbuted to
disease

, Catch and release mortality
estimates



Exhibit 30. Groundfish bycatch trends in the northern shrimp fishery. Percent bycatch of catch
 total all areas!. Source: Duthie �996!.
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Exhibit 31. Target species and bycatch species  in metric tons! retained, discarded, and
unaccounted for, by fishery, in the Bering Sea/Aletttian islands. Source: Alverson and Hughes
�996!,



Exhibit 31. Continued..
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Exhibit 32. Discard of all species, by gear and target species, from the Ruritania Country
worksheet for hypothetical FAO Area 99, Source: FAO �996!.
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Appendix

VesselB catchAccountabilit Pro raxn utline from Hu hes j. 9

1. For each vessel  presently about 40 trawlers!, a 3-year rolling average of retained cod catch would be
tabulated from government records of catch and retained bycatch,

2. Each vessel's past 3-year average catch, as a percentage of the next year's total allocated catch  TAC!
for cod, would be determined.  Example: If the vessel's 3-year average retained catch is 4,000 mt
and the 3-year average cod TAC quota is 100,000 mt, the vessel's harvest percentage of next year' s
cod TAC, given a constant cod quota, would be 4%, or 4,000 mt.!

3. The vessel would not receive a 4,000 mt cod quota, but rather would receive a pro-rated share of the
king crab, Tanner crab, and halibut prohibited-species caps, based on government standards for
prohibited-species rates of bycatch, such as two king crabs per 100 mt of cod.

4, The vessel would receive 75% of its allocated prohibited-species account for that year's fishing on
the opening day of the season.

5. Observers would tabulate each vessel's prohibited-species catches weekly, as is presently done,

6. When 75% of each prohibited-species cap is used, the vessel's records would be checked for
accuracy, and any owner complaints evaluated by a review board.

7, The vessel would be aHowed to continue fishing as the records were being reviewed.

8. The vessel would be required to purchase the final 25% of its prohibited-species account, with the
proceeds going to pay for extra program monitoring and review board costs.

9. The vessel would be required to stop fishing when any one prohibited-species cap was reached.

10. A vessel with an available prohibited-species account could continue to fish as long as the cod TAC
was available to the fishery.

11. Any prohibited-species account not used in cod could be used in other fisheries  for example,
f! ounder!.

12. Vessels could pool their prohibited-species accounts and work together to maximize their use of the
VBA program.

13. A new 3-year rolling average would be calculated and the process repeated each year.
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