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PREFACE

The events leading to the organization of the Workshop on the Fate and
Impact of Marine Debris are described in the Executive Summary. In addi-
tion to the Executive Summary, the proceedings of the workshop contains an
introduction, the full text of the papers presented at the three technical
sessions, abstracts of oral presentations, an abstract of a poster session,
and reports of the four Working Groups. All technical papers were reviewed
by one or two referees. Although some papers report research in progress,

the completeness of the records related to marine debris is enhanced by
their inclusion.

In the Appendices are listed the steering group, the agenda of the
workshop, a list of participants, a list of titles of background and
working papers, and a bibliography on entanglement.

As Chairman of the Steering Group of the Workshop on the Fate and
Impact of Marine Debris, the senior editor had the pleasure of working with
individuals representing a wide spectrum of the scientific community:
Officials of state and federal agencies, officials of the Marine Mammal
Commission, Executive Directors of the North Pacific, Pacific and Western
Pacific Fishery Management Councils, representatives of several conserva-
tion groups, and officials of fisheries agencies of the Govermments of
Japan, Republic of Korea, and Republic of China (Taiwan). The success of
the workshop was ensured by the willingness of individuals to contribute
and participate in the various sessions.

Suzanne Montgomery of Washington Communications Service, 150 N.
Muhlenberg Street, Woodstock, Virginia, prepared the Executive Summary.

Special thanks are extended to the University of Hawaii Sea Grant
College Program for their assistance in handling the logistics of the
workshop and aiding in the preparation of the proceedings for publication.

Pacific Sea Grant College Programs contributing funds for the workshop
included the University of Hawaii (NOAA Grant No. NAS8LAA-D-00070), the
University of Alaska (NOAA Grant No. NA82AA-D-00044C), the University of
California (NOAA Grant No. NABOAA-D-00120), and the University of
Washington (NOAA Grant No. NA84AA-D-00011), This proceedings is also a
Bawaii Sea Grant College Program cooperative report, UNIHI-SEAGRANT-CR-
85-04. ‘
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EXECUTIVE SUMMARY

I. INTRODUCTION

For the past decade, concern has been growing among scientists, fish-
ermen, conservationists, and others over the markedly increased volume of
marine debris appareat in the world'e oceans. This form of marine pollu-
tion may be a particularly serious problem in the North Pacific Ocean,
where an abundance of lost or discarded fishing gear and other nonfisheries-
generated material, including cargo nets and plastic packing bands, may be
contributing to the mortality of several marine species, These include
marine mammals, notably northern fur seals and Hawaiian monk seals, marine
turtles, seabirds, and fishes—-organisms which may become entangled with or
ingest man-made debris. This debris may also pPose a potential threat to
buman safety as a result of fouling vessel propulsion aystems.

Many of those concerned have pointed out the need for s more precise
definition of the problem, In 1982 the Marine Mammal Commission asked the
National Marine Fisheries Service (NMFS) to organize a workshop to address
the marine debris issue and provided initial planning funds for that pur-
pose. In December 1983 the Southwest Fisheries Center Homolulu Laboratory,
NMFS5, established a Steering Group to orgenize an intemational workshop to
address the scientific and technical aspects of the marine debris problem
and its impact on marine resources. The Workshop on the Fate and Impact of
Marine Debris took place 26-29 November 1984 at the Ala Moana Americana
Hotel in Honolulu, Hawaii.,

Objectives.--The objectives of the Workshop, as defined by the
Steering Group were to: (1) review the state of knowledge on the fate and
impact of marine debris to determine the axtent of the problem; (2)
identify and make recommendations on possible mitigating actions; and (3)
identify and make recommendations on future research needs. The Steering
Group recognized that active fishing operations, such as the high seas gill
net fisheries in the North Pacific, may also pose a sericus thresat to mar—
ine species, but determined that this problem was beyond the scope of the
planned Workshop. Thus, the Honolulu Workshop was limited to comsideration
of marine debris and its impact on marine species.

Morkshop Organization.--To lay the groundwork for subaequent discus-
sion, the Workshop wae opened with a review of the existing convertions,
laws, and regulations that could provide a legal framework for 'dealing with
the problem of marine debria. Background and experiemce papers on three
aspects of the problem were presented in the technical sessions that
followed. The session topics were: the source and quantification of
marine debris; the impact of debris on marine resources; and the fate of
marine debris in the world's oceans. Because of the broad public interest
in the topic, particularly as regards the entanglement issue, & fourth,
genexal session was held to focus on identification of management needs.

Upon completion of the technical sessions, participants met in four
separate Working Groups to discuss the results of the techrical sessions
and to formulate recommendations on needed actions. At a final plenary
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session, Working Group chairmen summarized the results of these delibera-
tions for consideration by the Workshop participants as a whole.,

Spopsors god Participapts.-—Sponsors of the Workshop included: the
U.S. Fish and Wildlife Service, the Mgrine Mammal Commission, the NMFS, the
North Pacific Fishery Management Council, the Pacific Fishery Management
Council, the Pacific Sea Grant College Programs, and the Western Pacific
Regional Fishery Management Council,

Participants included representatives of these groups slong with
scientists from various disciplines, administrative and management person~
vel from Federal and State offices, and Tepresentatives of the fighing
industry, the academic community, conservation groups, and aquaris.
Although participants were Primarily from the United States, scientists
from the Republic of Korea, Japan, the Republic of China (Taivan), New
Zealand, Canads, the Federal Republic of Germany, and the United Kingdom
were also present.

T1. BACKGROUND

The tendency of marine mammala and other marine species to become
entangled in pieces of fighing or cargo nets, packing bande, and other
debris lost or discarded at sea has been recognized for many years. In the
nid-1960's, the North Pacific Fur Seal Commission noted the increasing
number of northern fur seals in the harvest that were becoming entangled in
material lost or discarded by fishermen and the merchant fleet. Over the
past decade, the four nations party to this convention~-~Canada, Japan, the
United States, and the Soviet Union--have attempted to check this problem
through an educational program directed at the fishing operations in the
Borth Pacific Ocean,

Over this same period, it has become apparent that the problems of
entauglewent are not limited to northern fur seals, but also involved other
marine memmsls species, including the endangered Hawaiian monk seal, sea
lions, bharbor seals, and northeyn elephant seals. Other incidents
involving entanglement of seabirds, marine turtles, and fish have also been
recorded.

Simmltaneously, it has been found that some species, including
¢0dangered species of sea turtles and many species of marine birds, are
ingesting ocean debris, such as plastic bags, small plastic pellets
(believed to be the raw form of material used it molding plastiec products),
and other man-made nateriale,

While many of the incidents of entanglement and ingestion of marine
debris bave been observed in the Worth Pacific Basin, data from other areas
of the world show that the problem is global.

Ia wmoet imstances, the extent of entanglement in and ingestion of
materials by marine species is not known; nor is it clear what impact this
interaction between marine animals and man-made debris may be having on
individual animals or popanlations as 2 whole. There is reason to beliave,
. however, that entanglement of northern fur seals in net fragments, lines,

: ug beads, end other debris may be s significant mortality factor.
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Based on data analysis carried out in preparation for the April 1982 meet-
ing of the North Pacific Pur Seal Commission, a preliminary estimate of the
annual mortality rate due to entanglement at that time was that it was more
than 5 of the population &s a whole. Subsequent analyses indicate that
mortality from entanglement may exceed the original estimate and probably
has ite greatest effect on young animals.

There are aleo questions about the sources of euch debris and what
ultimately happens to it once it enters the marine system. However, it is
increasingly apparent that marine mammgls, seabirds, turtles, and fish are
becoming entangled in or are ingesting man-mede debris lost or discarded in
the oceans,

IIT. SUMMARY OF TECHNICAL SESSIONS

The Workshop program included 29 invited background and working papers
presented during 3 technical sessions. The technical sessions focused on:
Source &nd quantification of marine debris, chaired by Dayton L. Alverson;
impacte of debris on resources, chaired by Douglas G. Chapman; and fate of
marine debris, chaired by James D. Schumacher. A summary of the technical
sessions follows.

8ession I. Source and Quantification of Narine Debris

The purposes of this session were to describe sources of marine debris
and, to the extent possible, indicate the quantity that may exist in the
North Pacific Ocean. The widespread occurrence of debris was well docu-
mented by various papers presented during all three technical sessions of
the Workshop. However, it was clear that accorate estimates of the volume
of debris both entering snd leaving the North Pacific Ocean annually are
lacking.

The nature and magnitude of the major fisheries in the North Pacific
that could be contributing significantly to marine debris were described by
several participants. The high seas gill net fisheries offer a substantial
potential for generating debris due to the large quantity of gear used.
Uchida reported that 170,000 km of gill nets are used by 15 fisheries
annually. The Japanese coastal sardine and herring fisheries represent 72%
of this activity. The trend in use of high seas gill nets is not clear,
but it appears the reduction in Japanese high seas effort since 1958
(Fredin) is compensated for by the increased Taiwanese squid effort since
1970 (Chen).

The trawl fishery is the other major activity in the North Pacific
Ocean with a potential for generating netting debris. While not as large
as the high seas gill net fishery in terms of miles of netting in the
water, the trawl fishery is a significent ¢ffort in the area. Siaoce about
1962, the total trawling effort by all cooutries has been relatively stable
at between 2,000 and 2,500 vessel months per year (Low et al.). This view
wis generally corroborated by Fredin.

Another significant source of debris was suggested in the presentation
by Neilson. Both from land-based and wvater-related activities, the general
population contributes & variety of debris in the form of polystyrene,
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strepping bands, rope, packaging materials of wany types, plastic bags and
sheets, and plastic food utensils,

The quantity of debris in the North Pacific was addressed by four
Papers covering various aspects and geographic areas. Merrell and Neilson
described types and quantities of debris found on beaches in Oregon, south-
west Alaska, and Anchitka Island in the Aleutians. Merrell reported that
travl netting constituted 67 to 85% of the debris by weight on the beaches
studied in Algska. Neilson reported that a synoptic survey of Oregon
beaches yielded 26 toms of material in about 3 1. It was primarily poly-
styrene, plastic food utensils, bags or sheets of plastic, and plastic
bottles. Fishing materials Tepresented a relatively small part of the
total.

Dablberg and Jones reported results of debris observations on the open
ocesn. Prom 2 survey between Hawaii and Kodiak, Alaska, Dahlberg noted
geographic areas of councentration, due presumably to the action of ocean
currents. The typee of material vere similar to those reported by Neilson
in Oregon. BRoth Dahlberg and Jones noted that the amount of debris sighted
vas low, but a paper by Lenarz indicates that the observed densities are
tot inconsistent with mortality rates estimated for northern fur seals.

Session II. Impact of Debris on Resources

The aim of this session was to present the results of observations of
marine debris impacting marine organisms or man, largely at the individual
level. A review of the literature by Wallace included some unpublished
results of research om debris entanglement and debris ingestion. Also

noted were some impacts on humans, including entanglement during underwater
activities and in vesael propellers.

Incidences of entanglement have been monitored most extensively for
northern fur seals, primarily as part of the subadult male harvest. Since
the late 1960's, a record of such observed entanglement has been made for
St. Paul Island in the Pribilofs. More intensive studies have been made in
recent years. The results, while suggestive, provided only an indirect
explanation of the recently observed decline (about 6.5% per year) in fur
seal populstions in the Pribilof Islands. As part of this work, Fowler
developad models which indirectly related the population decline to
entanglement, but more receatly and more directly, in a paper presented in
this session, showed correlations between observad entanglement on land and
changes in the number of Pupe born.

Since Steller sea lions feed also in an area used by fur seals, it is
BOt surprising that these snimals are also observed entangled in netting
and plastic packing bands. Calkins reported om such incidents znd also on
beach surveys that sttempted to determine the proportion of marine debris
on beaches that has potential for entangling animals, Similar observations
were reported on by Stewart and Yochem with respect to several species of
pinnipeds in the Southern California Bight. In general, rates of entangle-
ment in this area were much lower than for the northern species discossed



There are scattered incidences of monk seal entanglement, some in
publishad reports but many in unpublished reports and field notes. Such
reports have been collected and were summarized for the years 1976 to 1984
in & paper presented by Henderson.

Three papers reported on entanglement or ingestion of.na?ine ligter.
primarily plastic bags and pellets., One reported on such Luc%dentl in New
Zealand, one on marine birds around the world, and one orn marine turtles.
While the fact of such plastic ingestion is clear, the actual impact on the
individual animals is much less clear.

In separate papers, High and Carr reported on directed snd incidental
observations of various types of lost gear, e.g., crab pots, longline, and
gill nets, that have continued to "fish" for periods of several years after
becoming derelict. These studies demonstrate that such "ghost” gear will
bave continuing impact on the resources being targeted by the fishery, but
until more is known on the amount and longevity of such lost gear, it is
not possible to quantify the impact at the population level.

Session III, Fate of Marine Debris

The goal of this session was to review the state of knowledge on the
fate of marine debris in the Forth Pacific Ocean, including the Bering Sea.
Two papers were presented on forcing mechsnisms for and behavior of the
genersl circulation, followed by two preeentations that viewed the question
of fate of marine debris from model perspectives.

From presentations by Seckel and Reed, it is evident that our under-
standing and description of gemeral circulation have advanced significantly,
due particularly to the wealth of direct current messurements made during
the past decade. The lack of knovledge of debris behavior with time and the
naturazl variability of the upper ocean, however, preclude predictionm of
debris transport on an individual item basis. Concentrations of debdris,
hovever, were suggested to be most likely in either the Subarctic Conver-
gence Zone or on the west coast of North America from about lat. 40° to 50°N.

Presentations by Galt and Gerrodette focused on model approaches to
the problem of debris. Calt indicated processes vhereby debris would most
likely be concentrated and regions where such processes are active. The
Subarctic Convergence was again noted as 2 region of reduced spreading
tendency. Observations presented by Dahlberg indicated higher comcentrs-
tious of debris asctually existed here. Gerrodette presented a conceptual
model, based on populstion dynamice, wvhich considered marine debris as a
group of various species whose birth and death Tates are poorly quantified.
Critical for this approach is information on how much debris exists and
vhere and when it entered the marinme enviromment. This model was a useful
framework for Working Group IIY discuseions sbout possible mitigating
actions snd for identification of meeds for future research.

IV. SUMMARY OF WORKING GRODP MEETINGS
The reports of the four Working Groups reflect the perspectives from

shich each approached the isaue of marine debris in the world's oceans--itas
origins, its impact on msrine species, its fate in the maripe enviromment,
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and tools for addreasing and managing the problem. Full reports of the
three technical Working Groups and the Working Group on Management Needs

are included in the proceedings of the Workshop. The Working Group
reports are summsrized here,

As became apparent during the final plenary session of the Workshop, a
number of common conclusions and similar recommendations emerged from the
individual Working Groups. For example, the groups sgreed on the need for:
extensive efforts to educate the public on the mariue debris problem;
quantitative data to assess the impact of debris on marine resources; and
increased information to determine the sources and distribution of debris.

Working Group participants agreed that despite insufficient data,
available evidence shows that marine debris now threatens a number of
marine epecies, including marine mammals, seabirde, marine turtles, and
fish, and presents a bazard to vessel operations. Clearly, the problem is
not limited to any group or groups of animals, but can affect commercially

valusble species and endangered and threastened species, as well as human
safety at sea.

At the same time, the groups recognized that marine debris may have
positive benefits for both marine species and mwan, such as a tendency to
concentrate finfish, which should be investigated.

It wes also recogpized that entanglement of nontarget marine animals
io actively fishing gear may pose as great or a4 greater problem than

interactions with marine debris, and it was agreed that this issue should
be addresesed in snother forum.

While the precise impacts on marine populations as a whole are not
known, the Workicg Groups agreed that it was clear that marine debris
negatively affects certain marine species on 4n individual level. These
include the northern fur seal, which is experiencing a population decline,
and the endangered Hawaiian monk sesl. Marine debris also inpacte other
species, including certain seabirds, turtles, and fish resources. Thus,
the Working Groups placed major emphasis on the need for studies to assess
the impsct of marine debris on marine resouvrces. Such studies should be
undertaken in concert with efforts to educate user groupa sand the public on

the marine debris problem and to obtain additional information om its
agurce and extent.

From the common threads woven throughout the four Working Group
Teports, it was clear that education may be the most effective first step
in addressing the marine debris problem. Information pregrans explaining
the problem should be developed for user snd interest groups, including the
fishing industry, the plastics manufacturing industry, the public, merchant
carriers, the military, and appropriate international groups. Buch efforts
could lead to a reduction in the discard of materisl from both shipboard
and land-based sources and could spur development of relatively simple
techniques to reduce the impact of such debris.

- The Working Groups recommended that programs be implemented to apprise
- iavolved industries amnd the public of the extent and iwpacts of marine
~ datris snd the means by vhich these problems might be mitigated. Por



example, the fishing industry should be advised that wentonm discard of
vnwanted gear and net fragments may endanger not only marine wmammals,
birds, and turtlee, but can impact fish resources through “ghost~fishing"
(the tendency of some discarded fishing gear to continue to take fish) and
imperil their vessels by fouling propulsion systems.

To mitigate debris problems, crews of merchant vessels should be
informed that a step as simple as cutting plastic cargo bands before dis-
carding could eliminate entanglement of marine animals. The plastics
manufacturing industry should be advised that disposal of plastic pellets
in their factory effluents is jeopardizing certain species of marine birds
and turtles. Manufacturers of fishing nets and other gear should be advised
of simple measures that could reduce the potential adverse effects of such
naterial on marine species. For example, plastic packing bands could be
stawped with instructions that they be cut before they are discarded.

The Working Groups slso agreed that the general publie should be made
awvare of the marine debris problem and its help solicited in increasing
efforts to clean up beaches and areas where debris may concentrate.

At the same time, the Working Groups agreed that a wechanism is needed
to improve the exchange of ideas, data, and techniques on the marine debris
problem. It was specifically recommended by ome group that the NMFS
designate a person of appropriate stature as program coordinator for the
marine debris problem. The Working Groups concluded that exchange of such
information would be facilitated through a more precise definition of
common terms and the assembly of a catalog or reference collection to aid
in identification of net fragments and other forms of commonly found
debris.

International cooperation was considered essential in addressing the
marine debris issue. Working Group I identified possible sources of addi-
tional information and expertise that might contribute to an increased
understanding of the problem. These sources include the International
North Pacific Fisheries Commission data on net design and usage in the
northeast Pacific region; available data on U.S. fishing activities in
the eastern portion of the North Pacific; and historical observations of
entanglement, particularly involving northern fur seals.

The Working Groups also agreed on the need to obtain more information
from foreign fisheries operating in the U.8. Exclusive Econmomic Zone and
from fishing activities elsewhere in the world, both to pimpoint origins of
marice debria and to determine the extent of the problem. For example, it
was recommended that information on fouling of fishing and recreation
vessels, as well as other waterborne traffic, should be collected in order
to assess the full scope of impacts on marine debris.

Workahop participants identified several steps that could be taken to
help determine the origin of marine debris, such as 3 requirement that sll
fishing nets be marked for identification, both to determine the origin of
the derelict net and the aresa where it was lost. It was suggested that
ocean—going vessels be used as “platforms of opportunity™ to help assess
the quantity snd distribution of debris and that fishing and merchant
vessels should be asked to contribute data on rate and location of gear
loss so that the fate of such debris could be determined.
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The Working Groups slso recommended that efforte be initiated to
investigate means of regulating sizes and types of mesh used in those
sections of mets likely to be lost or replaced at sea. It was proposed
that fishermer be required to install biodegradable (e.g., vegetable fiber)
material in cxitical portions of nets and on fishing pots. Accidental loss
of nets might be reduced through development of charts to identify areas
where snags are known to exist.

It was alao considered important to conduct experiments to study the
fate of lost fishing nets, including where the nets go, how they sre broken
down by natural forces, and how long they may pose a hazard to marine life
and humans.

Workshop participants noted that, while several species and types of
marine snimals are impacted by marine debris, it is not possible to make
generalizations about the problem. Available information suggests that the
northern fur seal is the species most seriously affected by marine debris,
but because of limited data, precise estimates of entanglement-caused
wmortality rates have not been produced. Additional research is needed to
gain a better understanding of the effects of debris on mortherm fur seal
popolation dynamica. At the same time, it will be necessary to address
other potential causes of the ongoing decline in the northern fur seal
population.

It was comcluded that further information is needed to confirm the
level of northern fur seal mortality resulting from entanglement; teo
determine if northern fur seals become entangled in netting of all sizes in
proportion to its frequency; to compare the distribution of netting at sea
and on beaches; and to measure the drag effect on seals entsngled in debrie
and the impact on the animals' ability to forege. Pive specific research
projects were recommended to obtain information in these sreas: radio-
tagging experiments to track entangled seals; placement of marked debris
near rookery islands to determine its fate; additional besch surveys to
document quantity and types of debris; gampling programs to determine

distribution of debris st sea; and comparison on impacts on northern fur
seals with those on other pinnipeds.

Workshop discussions suggested that the marine debris problem today
may parallel the pesticide problem as it emerged in the 1960's. Just as
raptors were the early indicators of widespread pollution by pesticides,
northern fur seals may represent the "tip of the iceberg" as regards marine
debrie. That is, marine debris may be a gemeric and videspread problem,
sud investigations of its impact on other species may indicate similar
patterns and effects. It was felt that, if additional research om northern
fur seals leads to & recognition of a videspread problem, scientists and

managers would be in a better position to sanage marine resources in
general.

V. CONCLUSIONS AND RECOMMENDATIONS

The Workshop considered the information presented during the technical
sessions and concluded that there is ample evidence that debris of both
terrestrial amd shipborne origin are widespresd in the marine smviromment.
While such debris is known to interact with a wide variety of marine
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::mmals, fishes, turtlgs. ?ird§, and invertebrates, in most instances the
¢ nueguences and quantitative impacts of this interaction do not appear to
e well understood. However, substantial qualitative evidence indicates

these interactions are contributi i i
L Uting to increased mortality over th
resulting from natural causes. 7 "

A8 a means of addressing the uncertainties surrounding this problem

while mitigating the known impacts, the Worksho i
e osarin P agreed to the following

Education.--Efforts should be undertaken to 8dvise user and interest
. ETOUpSs ?f the nature and scope of the marine debris problem. Such groups
shou!d Include the fishing sod plastics manufacturing industries, merchant
carriers, the militsary, appropriate international groups, and the public.

Collectjor of informatjon.--Studies should be undertaken to:

A?sess the impact of marine debris on marine resources, including
fish species, northern fur seals, Hawaiian monk seals, seabirds,
and marine turtles.

* Determine the sources and distribution of debris, possibly through
development of 2 sampling methodology.

* Determine the fate of lost gear and debris once it is deposited in
the marine enviromment,

* Develop a means of identifying derelict gear through creation of a
reference collection.

* Obtain wvorldwide data on vessel disablement as a result of
interactions with marine debris,

Additional efforts should be undertaken to: Develop alternmative
wmethods for both fishing and nonfishing sctivities to replace those methods
that contribute significantly to the marine debris problem; identify and
publicize geographic areas where fishing gear is likely to.be snagged and
lost; determine the impact of debris on the seafloor; obtain data on gear
loss of high seas gill net fisheries; establish the neveritg of the d?btil
problem in sreas other than the North Pacific; examine poag:ble po.if;ve
benefitas of debris; determine impacts of ingestion of de?tll by ne?bzrdc
and turtles and other marine organisms; and expsnd ex@st;ng stranding
networks for marine mammals, birds, snd turtles, and incorporate examina~
tions for evidence of interactions with debris.

Mitigation.—~Two major efforts are recommended:

* Regulate disposal of material that cam result in high negative
impact on resources; and

* Investigate use of biodegradable materiale in gear construction
and the recycling of net materials.
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Additionally, it is recommended that efforts be made to regulate use
of gear that has a major impact on resources and to emcourage surveys and
¢lean up of beaches vhere interactions between marine species and debris
is likely to occur.






INTRODUCTION
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LEGAL AUTHORITIES PERTINENT TO ENTANGLEMENT BY MARINE DEBRIS

Michael Gosliner
Office of Gemeral Counsel, ROAA
Washington, D.C. 20230

ARSTRACT

A variety of statutes and treaties are potentially
applicable to marine debris, although no law specifically
addresses this problem. These laws may be separated into fowr
categories: pollution control laws such as the London DPumping
Convention or the Ocean Dumping Act, wildlife laws such as the
Endangered Species Act or the Marine Mammal Protection Act,
fisheries laws such as the Magnuson Fishery Conservationm and
Management Act, and pollution abatement laws such as the Super-
fund Legislation. All of these authorities are analyzed and the
enforcement difficulties are considered. Alternstive enforce-
ment mechanisms are examined, including gear marking, a bounty
system on discarded fishing gear, and an expanded observer
program. Where possible, the statutes are examined to determine
what types of research would be most useful in filling the infor-
mation gaps which inhibit effective utilization or enforcement.

ISSUE

The Marine Mammal Commission (Cormission), in a letter dated
18 November 1983, requested that the National Oceanic and Atmospheric
Administration (NOAA) identify and evaluate all domestic and internstional
authorities which may be useful in preventing the dumping of fishing gear
and other debris which may be responsible for the entanglement of marine
mammals. The Commission further requested that any suthority be identified
wvhich might be used to facilitate the recovery of gear fragments and other
discarded materisl already in the sea. In making its request, the Commis-
sion voiced its concern for the seriousuess of the entanglement problem,
particularly with respect to the North Pacific fur seal snd the Hawaiian
monk seal.

SUMMARY AND CONCLUSION

Although the extent of the entenglement problem is unknown, it has
been hypothesized that the numbers of fish, marine mammals, and seabirds
killed or injured by discarded fishing gear and other debris are substan-
tial., Several pollution control statutes snd treaties which prohibit or
limit the dumping of debris into the oceans may be useful in curbing the

In R. 8. Shomura and N. 0. Yoshida (editors), Proceedings of the Workshop ou the Fate aud Impact
of Marine Dgbris, 26-29 Bovamber 1984, Bonolulu, Hawaii. U.5. Dep. Cowmar., WOAA Tech. Mems.
rS, NOAA-TH-MMFS-SWPC-34. 19835,
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disposal of net fragments and other material. Wildlife statues currently
prohibit the unpermitted taking of numerous species and may be useful in
reducing the entanglement of birde, fish, marine wammale, and sea turtles.

The Magnuson Fishery Conservation and Manggement Act {Magnuson Act),
which regulates fishing within 200 miles of the United States, may also be
used to probibit the disposal of fishing gear at sea and the entanglement
of wildlife. However, for any of these laws to be enforceable the origi-
nator of the debris must be identified. Simce the disposal of debris
generally occurs in remote locations, idemtification of violators is
usually difficult, Alternative methods of enforcement, including more
extensive marking of gear, the institution of =2 bounty on net fragments,
or the exparsion of the observer network should be investigated.

Even if no additional fishing debris iz ever lost or disposed of,
that currently in the oceans may continue to present a hazard to fish,
wildlife, and navigation. Fishing nets are highly persistent and may
resain suspended in the water column indefinitely. Provisions of the
Federal Water Pollution Conmtrol Act and the Comprehensive Envirommental
Response, Compensation, and Liability Act arguably provide authority for

the clesn up of debris within the 200-mile, U.S exclusive economic zZone
(Exz).

BACEGROUND

Recently a merked decline in the fur seal populations of the Pribilof
and other North Pacific islands has been observed. In 1980, the species
population was estimated to be 1.74 million seals. Current estimates place
the population at sbout 1.2 milliom seals (North Pacific Pur Seal Commission

1984). The decline estimates for the Pribilof Island population is between
5 and BX per yesr,

Although it is known that fur seals do become entangled ir fishing
gear and other debris, mortality rates of entangled seals sre unknown.
Bowever, it is likely that nany of the seals which become entangled in
discarded fishing gear or other debris cammot free themselves and ulti-
mately die from strangulation, starvation, or infection. Fowler (1982) has
bhypothesized that 51 or more of the fur seal population may die annually
from entanglement and that this mortality may be a primary cauee of the
observed decline in fur sesl numbers.

In additicn to seals, other marime mammals, including whales, may be
prone to entanglement. Sea turtles have also been cited as potential_
entanglement victims. The mortality of seabirds due to entanglement in
fishing gear haes beer estimated to be several hundred thousand per year.

Lost or discarded fishing gesr also continuves to capture fish as it
drifts at sea. This untended activity is referred to as ghost fishing and
affects commercial and unexploited species of fishes as well as marine
mawmals, birds, and turtles. Concern has also been expressed that drifting
gear poses a safety threat to vessels. Some entanglement pf vessel propul-
sion systems has been reported.
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DISCUSSIOR
Statutes and Treaties

Host statutes and treaties that are pertinent to the problem of the
disposal of fishing gear at sea aud the resvltant entanglement take one of
two tacks. The London Dumping Convention {(Convention), the MARPOL Proto-
col, the Marine Protection, Research, and Sanctuaries Act of 1972 ({MPRSA),
the Federal Water Pollution Control Act (FWPCA), and the Resources Conser-
vation and Recovery Act of 1976 (RCRA) seek to prevent the disposal of
harmful substances in the oceans. Wildlife statutes, such as the Marine
Mawmal Protection Act (MMPA), the Fur Seal Act, the Endangered Species Act
(ES5A), and the Migratory Bird Treat Act (MBTA) generally prohibit, with
certain exceptions, the capturing or killing of species subject to their
provisions. This second category of laws does not prevent the discard of
debris, except as may be specifically probibited by regulatior if & take is
reasonably certain to result. Rather, it imposes sanctions only after a
protected animal is actually ensnared.

A third type of statute, which contains components of each of those
previously mentiomed, is the Magnuson Act. This statute requires the con-
servation and management of United States fisheries., Regulations issued
pursuant to the Magnuson Act specify when and how fish may be taken.
Regulationa currently prohibit foreign fishing interests from intentionally
discarding fishing gear.

Lastly, there are laws which provide mechanisms to sbate existing
pollution problems. Provisions of the FWPCA and the Comprehensive Environ-
mental Response, Compensation, end Liability Act (CERCLA) authorize the
clean up of certain substances. These statutes and treaties are discussed
individually and in detail below.

Pollution Control Laws ,

Pollution control lawe regulate what substances way legally be
released into the oceans and specify the circumstances upder which those
Telesses may be made, The Federal statutes which address ocean dmping are
administered primarily by the Eavirommental Protection Agency (EPA), The
focus of much of EPA's suthority is the control of hazardous substances,
particularly toxic chemicals. Therefore, EPA regulations are often
designed to address those msterials rather than the persistent objects
vhich may be responsible for entanglements. If the various definitions of
hszardous substances contained in pollution control statutes can be con-
strued to include discarded fishing gear, clean up authority may exiat.
Statutes which authorize the clean up of hazardous wastee are diacussed in
a later sectionm.

! 1 1h: _1-X ~1-
gud_oth 4 ondon ping nyent i 26 _U.S.T. §2403.--The Conven-
tion to which the United States is a party, prohibits the dumping of
certain wastes or other matter at sea. 'Dumping” under the Convention
includes "any deliberate disposal at sea of wastes or other metter from
vessels...” but does pot inciude "the disposal at sea of wvastes or other
sstter incideatal to, or derived from, the normal operations of vessels..."
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unless the vessel is operating for the purpose of disposing or treating
such matter {Art. ILI, §1). Under thie definmition, some of the debris

responsible for entanglements may be covered by the Conventien, but other
debris asy not be.

Clearly, debris that is genmerated on land end taken to sea for the
express purpose of dumping is within the coverage of the Convention. How-
ever, dummping, for the purposes of the Convention, orly includes deliberate
disposal. Any accidental loss of debris is not governed. More important
in the context of entanglements is the exception for the disposal of matter
incidental to the normal operation of vessels. Fet discards which are
generated in the course of fishing operations may be considered to fit that
exception. The countervalllng argument to this interpretation is that
while the generation of net fragments may be incidental to fishing opera-
tions, the intentional disposal of this debris does not consatitute the
normal operation of a fishing vessel.

The Convention requires the issuance of & permit before most materials
can be dumped, but prohibits, except in emergency situations, the dumping
of wastes or other matter listed in Annex I to the Conmvention. Included in
Anuex I are "persistent plastics and other persistent synthetic materials,
for exsmple, netting and rxopes, which may float or remain in suspension in
the sea in such a mammer as to interfere materially with fishing, naviga-
tion or other legitimate uses of the sea" (Annex I, §4).

Generally, the types of materials involved in entanglements are
included ia Annex I. If one assumes that the disposal of this debris
constitutes dumping under the Convention's definition, the applicability of
the Convention hinges upon how one defines the phrase "legitimate uses of
the sea.” A strong argument can be made that the utilization of the oceans
to ensure healthy populations of marine mammals and other marine fauna is a
legitimate use of the sea which is materially interfered with when casting
off netting and other debris.

As discussed below, the MPRSA, which implements the Couvention, when
strictly construed, may not prohibit the domestic dumping of refuse, but
nay marely prohibit transport for the purpose of dumping. HNevertheless,
regulations issued pursuant to the MPRSA seem to implement the strictures
of the Conventiomn.

Applicability of the Convention to the disposal of fishing gear may
prove helpful in alleviating the entanglement problem. Japan ratified the
treaty in 1980, joining other sizable fishing nations such as the U.S.5.RK.,
People's Republic of China, the United States, Canada, and Poland as con—
tracting parties. 4mong the principal exploiters of the North Pacific
fisheries only the Republic of Korea has not joined the Convention. Even
though the Convention addresses the problem on an internmational scale, it
is not a panacea. Since the generatiom of a significant portiom of the
entangling debris takes place at sea, enforcement is difficult, if not
imposeible. It is not knowe precisely how other party natioms have
implemented the Convention domestically. A research effort is being
undertaken to ascertain the specific foreign 11!1 th‘t may be applicable
to th. entanglement problem.
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Protocol of 1978 relating to the Internationgl Conmvention for the
Prevention of Pollution from Shipe, 1973 (MARPOL Protocol).—-The MARPOL
Protocol seeks to counter most forms of pollution gZenerated by ghips,
including that from oil, toxic substances, sewage, and garbage. The MARPOL
Protocol, unlike the Conventiom, covers the accidental disposal of matter
incidental to normal vessel operatioms. One important exception to the
applicability of the MARPOL Protocol, however, is provided by its defini~-
tion of "discharge." This term does not include "dumping within the mean~
ing of the [Convention].” Therefore, if it is determined that a category
of debris falls within the parameters of the Convention, its discard is mot
governed by the MARPOL Protocol.

Annex V to the MARPOL Protocol, one of three optional annexes and not
yet in force, regulates the disposal of garbage at sea from ships. In gen—
eral, the disposal of "all plastics, including but not limited to synthetic
ropes, synthetic fishing nets, and plastic garbage bags is prohibited." An
exception is made though, for the "the accidental loss of synthetic fishing
nets or synthetic material incidentsl to the repair of such nets, provided
that all reasonable precautions have been taken to prevent such loss.”
Although these accidental losses of nets are exempted from the general
prohibitions of Annmex V, its applicability to much of the debris that is
responsible for entanglements is clearer than that of the Convention,

Entered into force in October 1983, the MARPOL Protocol comsists of
far fewer parties than the Convention. Of the major North Pacific fishing
nations, Japan, People's Republic of China, the U,.5.8.R., and the United
States have ratified or acceded to the MARPOL Protocol. Japan is the only
one of these nations to adopt the optional annexes {including Annex V), but
acceded to the MARPOL Protocol with a reservation. The optiongl annexes
are not now in force. They shall enter into force ouly after they have
been gdopted by at least 15 nations vhose fleets jointly constitute 507 of
the gross tomnage of the world'e shipping.

As with similar attempts to prohibit the dumping of inert substances
in the oceans, the MARPOL Protocol would be virtually unenforceable. To be
covered, not only would net fragments have to be identifishle to a particuo-
lar vessel, but it would have to show that the loss of the gear was not

accidental or that ressonable precautions to prevent the loss were not
taken.

The Act to Prevent Pollution from Ships (Act) (33 U.S.C. $1901), domes-
tically implements the MARPOL Protocol. Under the Act it ie a violation
for any vessel, while in the navigable waters of the United States, and for
a United States vessel anywhere, to act in violation of the MARPOL Protocol
Or regulations issued pursuant to the Act (33 U.S.C. §1907). Since the
United States has not yet adopted optional Anmex V, its prohibitions are
not included in the Act,

ine P i R d San ries Act of 1972 (MPRSA
(33 U,5.C, $1401).--The MPRSA, which implements the Convention, primarily
addresses ocean dumping by regulating the domestic transportation of wastes
or other debris for the purposes of dumping and by prohibiting the act of
dmping within the U.5. territorial sea and contiguous zone (out to 12
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miles) if the material has been transported from outside the United States.
The usefulness of this statute to address entanglement problems resulting
from foreign fishing is limited, however, since most foreign fishing opera-
tions occur beyond the contiguous zone.

The MPRSA provides that except in those instances in which a permit
has been issved, no person shall tranaport from the United Statee, and no
vessel registered in the United States shall transport from any location,
any material for the purpose of dumping it into ocesn waters (33 U.S.C.
§1411(a)). In taking this tack, the U.S. Congress failed to prohibit expli-
citly the dmping of debris but clearly probibited traneportation for this
purpose. Net fragments are, in gemeral, mot purposefully transported for
disposal. The intent to dispose of fishing gear usually does not develop
until it bresks at sea, after it has already been transported. Thus, the
MPRSA appears, on its face, to be inapplicable to gear discarded from
domestic fishing vessela or to debris from other vessel claases.

The legislative history, however, expresses a congressional intent to
prohibit the actual dumping of debris, not merely its transportation for
the purpose of dumping. The purpose of the legislation, as explained in
the Senate report accompanying the 1972 MPRSA, was to ban "the transporta-
tion for dumping and dumping beyond the territorial jurisdiction of the
United States of...waste material unless authorized by a permit" (emphasis
added) (8. Rept. 451, 92d Cong., 24 Sess., reprinted in [1972] U.S. Code
Cong. & Ad. News 4234, 4234), Elsewhere in the U,S. Senate report, how
ever, the purpose of the Act vas declared "to be the regulation of the
transportation of materisl for dumpiung into the oceans...” (Id. at 4243).

The seeming incomsistency smong the statutory language and the two
expressions of legislative intent is clarified in the section by section
apalysis of the Senate report. That analysis provides that the prohibition
of certain actions under the Act “on the jurisdictional basis of regulating
transportation is an appropriate assertion of sovereignty of the United
States without breaching the inherent issues of internationsl maritime law"
(Id. at 4245)., Although the high seas are open to all natiors and no
nation may validly subject any part of them to their sovereignty, the right
to regulate commerce proceeding from the ports of a coumtry imcluding that
engaged in by foreign vessels, is well recognized in internationsl law.
Thus, Congress concluded that "[a]eserting jurisdiction to regulate trans-
portation by persons subject to the jurisdiction of the United States for
the purpose of dumping in the oceans (whether they be high seas or not)
sttains the ssme objective se a direct probibition of dumping without doing
violence to principles of international law" {Id. at 4246),

That Congress intended to prohibit the dumping of material as well as
transportation for the purpose of dumping is also eununciated in the legis-
lative history of the 1974 amendments to the MPRSA. The Senate report set
out the purpose of the swendments: "to mske [the MPRSA] fully consonmant
with the treaty responsibilities of the United States under the Convention
on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter™ (8. Rept. 726, 93d Cong., 24 Sess., reprinted in U.8. Code Comg. &
Ad. Bews 2792, 2792). This tresty, discussed in greltu' detail above,
requires its signatories to prohibit the "dumping™ of certain, designated
saterisls, including synthetic nsats and ropes, not merely the transporta-
‘tiom for the purpose of dumping.
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Congress has made it clear that its purpose im enacting the MPRSA and
amendments was to prohibit the dumping of waste materials in the oceans,
absent the necessary permit. In fact, such a prohibition is mandated by
U.8, treaty obligations pursuant to the Convention. However, the drafters
chose to sidestep the potential international ramifications of placing a
blanket restriction on dumping im the high seas. Rather, Congress saw fit
to invoke its power under the Commerce Clause (U.S. Comst. Art. I, §8,

Cl. 3) and address the problem of warine pollution by restricting the
transportation of wastes for the purpose of dumping. Most likely, Congress
never envisioned a situation where material counld be dumped st sea without
being transported for that purpose. Lumsdaine (1976), in discussing the
coverage of the MPRSA, states that the Act should be broadly interpreted to
include this apparent omission.

Broadly comstruing the requirement of the Act that the traneporting be
purposeful may remedy also this apparent omission. When they head to sea,
fishermen know that gear will occasionally be lost or broken., If they
intentionally dispose of broken nets and the like, it is conceivable that
the purposefulness of the transporting may be inferred. In the absence of
& statutory construction to cover the act of dumping rather than tranapor-
tatiou for that purpose, the material purportedly responsible for numerous
entanglements is not subject to regulatiom under the MPRSA.

Assuming that the MPRSA prohibition section is interpreted as being
applicable only to the transportation of material for the purpose of dump-
ing and not the act of dumping, the prohibitions of the Convention may have
been elsevhere incorporated into the Act. Although the strictures of the
Convention which prohibit the dumping of persistent synthetic materials at
sea are absent from the prohibition section of the MPRSA, they have been
incorperated into the dumping permit section. The statute (33 U.S.C.
$1412(a)) reads:

“The Administrator [of EPA] shall establish and spply criteria
for reviewing and evaluating such permit applications.... Yo the
extent that he may do 80 without relaxing the requirements of
this subchapter, the Administrator, in establishing or revising
such criteria, ghall apply the stindards and criteria binding
upon the United States under the Convention, including its
Annexes,”

The EPA general counsel's office has interpreted the inclusion of the
Convention criteria in this section as limiting them to permit review.
Others have suggested that mention of the standards and criteris of the
Convention has the effect of incorporating the totality of its provisions
into the MPRSA, When viewed in the coutext of EPA's own regulations, the
latter is probably the better interpretation.

The purpose and scope of EPA regulations which implement the MPRSA, as
stated at 40 C.F.R. $220.1, include the establishment of “procedures and
criteria for the issusnce of permits by the RPA pursuant to section 102 of
- the Act." However, the same section of the regulations reiterates the

prohibitions section of the Act, bringing them within the scope of the
permit regulations. 1In discussing the relationship between the MPRSA and
insternational agreements, the regulations (40 C.F.R. §220.1(b)) state:
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¥In gccordance with section 102(a) of the Act, the regulations
apd criteria included in this Subchapter...apply the standards
and criteria binding upon the United States upnder the [Convention)

to the extent that application of such standards and criteria do
not relax the requirements of the Act."

8ince the prohibitions of the MPRSA have been incorporated into the afore-
zentioned subchapter, the standards of the Convention, including those
regarding dumping without 2 permit, are probably applicable to the extent
that they parallel or strengthen the Act. Section 108 of the MPRSA autho-
Tized the Administrator of EPA to issue such a regulationm.]

If it is determined that the MPRSA ia applicable to the discard of
gear by domestic fishermen anywhere and foreign fishermen within the 12-
i contiguous zone, any such discard would require a dumpiung permit.
dmong those substances for which permits will mot be approved are "persis-
tent inert synthetic or natural materials which may float or remain in
suspension in the ocean in such s manner that they may interfere materially
with fishing, navigation, or other legitimate uses of the ocean™ (40 C.F.R.
§227.5). So interpreted, these regulations, in line with the restrictions
contsined in Annex I of the Convention, would prohibit demping of synthetic
net fragments or similar material.

The MPRSA was enacted before the estsblishment of the United States’'
200-mile EEZ, At the time of passage, the MPRSA prohibited dumping of
material transported from outside the United States into waters then syb-
ject to U.8. jurismdiction, 12 miles from shore. In light of statements in
the legislative history which express an intent to prohibit dumping within
all cosstal waters under U.S5. jurisdiction, it seems consistent with the
purposas of the MPRSA to extend its prohibitions and permit requirements to
the bounds of the EEZ. An extemsion of MPRSA jurisdiction would have little
effect on the activities of foreign fishermen, since they are already
prohibited from discarding gear into the EEZ by the Magnuson Act, jpfra.

In summary, the MPRSA may be disparately interpreted. A blanket
probibition on the dumping of nondegradable fishing debris nay be read into
its prohibition section, particularly when viewed in light of statements in
the legislative history. Bven if the prohibition section is construed as
applicable only to the transportation for tha purpose of dumping, the
prohibitions on dumping inert materisls countained in the Comvention may
have been incorporated into the MPRSA via its permit section and the EPA
regulations.

Fed Water Polluti A CA) (33 U.S.C, §1251).~=Section
311(b) (1) of the FWPCA (33 U.S.C. §1321(b) (1)) establishes the United
States policy that

8ection 108 (33 U.8.C. §1418) provides that, “in carrying out the
‘vespomsibilities and authority conferred by this subchapter, the Adminis-
trator [of EPA], the Secretary [of the Army], sand the Secretary of the
department in which the Coast Cuard is operating are suthorized to issue
. .. tuch regulations s they deem sppropriate.” SR
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"there should be no discharges of oil or hazardous substances
into or upon the navigable waters of the United States, adjoining
shorelines, or into or upon waters of the comtiguous zone, or in
connection with activities under the Quter Continental Shelf
Lands Act or the Deepwater Port Act of 1974, or which may affect
natural resources belonging to, appertaining to, or under the
exclusive management authority of the United States (including
resources under the Fishery Conservation and Management Act of
1976) .7

The defirition of "discharge™ given in section 311(a)(2) of the FWPCA
(33 U.5.C. §1321(a)(2)) includes all dumping and other types of disposal
that would apply to the act of discarding net fragments and other, related
refuse, However, the definition of "hazardous substances" must be stretched
if net fragments and other entangling debris are to be included within the
coverage of this Act (33 U.S.C. §1321(b)(2)).

"'Hazardous substances', which are designated by the Environ-
mental Protection Agency, are those elements or compounds which,
when discharged in any quantity...present am imminent and sub-
stantial danger to the public health or welfare, including, but

not limited to, fish, shellfish, wildlife, shorelines and beaches."

If the entanglement problem is of the suspected magnitude, there is little
question that the disposal of netting and plastics presents an imminent and
substantial danger to fish and wildlife. What is problematical in applying
the FWPCA to the entanglement situation is whether the debris in question
can be classified as either an element or a compound. The List of Hazard-
ous Substauces found at 40 C.F.R. Table 116.4A and prepared pureuant to
Section 311 of the FWPCA, enumerates over 300 substances. All of thase
substances are toxic chemicals. Althoogh it im conceivable that a creative
interpretation of the hazardous substances definition could be used to
include netting and debris, the toxicity of the chemicals currently desig-
nated as being hazardous evidences a narrower interpretation of this phrase
by the EPA, the agency responsible for the enforcement of the Act.

Resources Conmervationp and Recovery Act of 1976 (RCRA) (42 U.s.C,

$6901) ,~—The RCRA regulates the disposal of solid wastes to promote the pro-
tection of health and the enviromment. Solid wastes controlled by this
statute include discarded solid or liquid material from industrial, commer-
cial, mining, and agricultural operations. Discarded fishing gear probably
is a solid waste under RCRA since it is generated in the course of commer-
cial activities.

Some 20lid wastes are further classified as "hazardous wastesg" if they
"pose a substantial present or potential hazard to human heglth or the
enviromeent where improperly treated, stored, transported, or disposed
of..." because of their "quantity, concentration, or physical, chemical, or
infectious characteristica™ (42 U.8.C. $6903(5)). The EPA is required to
promulgate a list of hazardous wastes taking into account the substances'
toxicity, persistence, and degradability in nature, potential for accumula-
tion in tissue, and other related factors such as flammability, corrosive-
ness, and other hazardous characteristics™ (42 U.S.C, §6921). A 1ist of
designated hazardous wastes appears at 50 C.F.R. $261.30 et geq. Similar
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to the FWPCA list of hazardous substances, this list is dominated by toxic
chemicals. Other hazardous wastes may be designated under 50 C.F.R. $§261.20
&t seq. if they exhibit ignitability, corrosivity, resctivity, or toxicity.
Net fragments exhibit nome of these characteristics. Similar to most other
pollution control statutes, the existing regulatory scheme is primarily
designed to control toxic and reactive chemicals, not inert substances such
a8 lost or discarded fishing gear or other debris.

Changes in the EPA regulatione may be appropriate to accommodate the
listing of net fragments and other synthetic materials. Under RCRA these
materials may fit the definition of a hazardous waste because of their
quantity, concentration and physical properties. Although no materisls
have been designated by EPA as hazardons wastes based upon their persie-
tence or slow rate of degradation, these are considerations expressly
enmerated in the Act,

Designation of some fishing gear as hazardous substances may be help-
ful in curtsiling entanglements. Generators of hazardous wastes must keep
accurate records which identify the quantities of hazardous waste generated
and the disposition of those wastes. However, other requirements under
RCRA for hamdling hazardous wastes may prove to be overly burdensome and
insppropriate to the control of fishing debris. Records must be kept of
all hazardous wastes tramsported, including their sources and delivery
points. Facilities which store, treat, or dispose of hazardous wastes must
be licensed and keep records of the dispositions of those wastes.

Whether fishing debris is characterized as hazardous waste or not,
some potential benefits of RCRA may apply to the entanglement situation.
The Act {42 U.8.C. $6973(a)) provides that:

"Upon receipt of evidence that the handling, storage, treatment,
transportation or disposal of any solid waste or hazardous waste
may present an isminent and substantial endangerment to health or
the enviromgent, the Administrator [of EPA] may bring amit on
bekalf of the United Stztes...to immediately restrain any person
contributing te such [activitiesl....”

Fioes may be levied upon violators who fail to comply with these
restraints. Bioce uet fragments and other fishing debris are sglid wastes
(and potentially hazardous wastes) and their disposal would likely result
in the endangerment of the enviromment, injunctive relief may be applicable
to the discard of these meaterials. Yo seek an injunmction, however, the
prospective violator munst be identifisble.

Wildlife Laws

Wildlife atatutes prohibit the taking of designated species abment a
permit. A “take" is variously defined in the statutes, but always includes
the killing of the protected animal. Tskes can also be caused indirectly,
- through habitat destruction (Palils v. Hawaii Department of Land and Natp-
‘22l Resoutces, 639 F.2d4 495 (9th Cir. 1981)). It is unlikely that takings
by antsaglements in gear that has been intentionslly discarded would ever
be sothorized in a permit issued by a wildlife agency since such a take

', 'would Be swoidable iv most iustsnces.
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In general, no violation of these laws octurs until am animal is in
fact taken. The mere discard of debris does not, except in extreme circum~
stances, constitute a violation of wildlife law. Without some mechanism
for identifying the owners of gear responsible for entanglement, enforce-
ment of these provisions is virtvally impossible.

If it can be shown with reasonable certainty that anm action is likely
to result in a take, that action can be prohibited irrespective of whether
it actually results in a taking. Under this interpretation, the Fieh and
Wildlife Service has prohibited waterborne activities in designated manatee
protection areas (50 C.F.R. §17.100), Similarly, the discarding of marine
debris could be regulated under wildlife statutes if areas can be identi-
fied in which the discard is reasonably certain to take protected species.

Marine Magmal Protectionm Act (MMPA) (16 U.S.C. §1361).—-Section 102 of

the MMPA, 16 U.S.C. §1372, sets out probibitions on the taking of marine
manmals, It is generally unlawful for any persom or vessel subject to the
jurisdiction of the United States to tske any marine mammal on the high
seas or within areas subject to the jurisdiction of the United States.
Included in the definition of a "take" is the capture or killing of marinme
mgmmals. Permits for the taking of marine mammzls may be issved under a
variety of circumstances, including those takings which are incidentsl to
commercial fishing operations. Disposal of netting or other gear at sea,
however, is not integral to commercial fishing, and it is highly unlikely
that an incidental taking permit would ever be issued which would encompass
such conduct.

Incidental taking permits may not be issued under any circumstances
for species which have been designated as depleted. Among marine mammals
designated as being depleted are those species listed as endangered or
threatened under the ESA., Since the Hawaiian monk seal and several species
of great whales which inhabit North Pacific waters have been listed as
endangered under the ESA, the narrover bases for issuing permits for
depleted marine marmals is particularly germasne to this discussion.

The North Pscific fur seal is currently excluded from management under
the MMPA when the substantive terms of the MMPA contravene the Interim
Convention for the Conservation of the North Pacific Fur Seal, B U,.S5.T.

§2283, or the Fur Seal Act (Internatiopal Furd for Animsl Relfare v.
Baldrige, No. 84~1838 (D.D.C., 28 Jume 1984)). However, should the parties

to the fur seal convention let that agreement lapse, it is probable that
management of the fur seal would come under the gegis of the MMPA,

A petition to list the fur seal as a threatened species under the
ESA is nov under considerationm., If management were pursuant to the MMPA
and the fur seal were listed under the ESA, the greater protection given a
deplated species under the MMPA would apply. Takings would only be allowed
for scientific research, and no incidental taking would be pernissible,

The extent of whale entanglement is unknown, but that it is possible
- bas been demonstrated in the North Atlantic. Thirty-five humpback whales
became entangled in nets of the capelin fishery in the Labrador Sea during
;::i; Of these, all but four were released alive (International Wildlife
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Fur Seal Act (16 U,3.C, §1151).-~The Fur Seal Act makes it unlawful
for any person or vessel subject to the jurisdiction of the United States
to engage in the taking of fur meals in the North Pacific Ocean except as
provided for in the act or its regulations. The pPrimary exceptions to the
taking prohibition is the controlled commercial harvest conducted pursuant
to the Fur Sesl Treaty and the provision for subsistence taking by Indianes,
Alents, and Egkimos. Any capture or killing of a North Pacific fur seal by
entanglement in fishing gear or other debris is likely to be a violation of
the Fur Seal Act.

Endangered Species Act (BSA) (16 U.5.C. §1531 -~~Under the ESA it is
generally unlawful for smy persom subject to the juriediction of the United
States to take any endangered species within the territorial sea of the
United States or on the high seas. A similar prohibition on the taking of
threatened species is contained in 50 C.F.R. §227.71. More extensive than
its definition under the MMPA, the term “"take,” when used in the context of
the EEA, includes killing, trapping, harming, or capturing.

Under certain circumstances it is permissible to take endangered or
threatened wildlife. The 1982 smendments to the ESA incorporated proce-
dures vhereby the incidental take of endangered species may be allowed (16
U.8.C. §1539(a)(1)(B)). It is possible that an incidental take permit
could be issued to cover entanglement in accidentally lost fishing gear.
However, this exception is probably not applicable to entanglement in
debris that has been intentionally disposed of since an allowable taking
must be incidental to an otherwise lawful activity. If disposal of nets at
sea is considered to be & violation of one or more of the aforementioned
pollution control laws, a permit could not be issued.

Twvo further limitatioms on the use of ESA incidental taking permits
should be moted. As currently written, the ESA provides for the issugnce
of such permits only for takes which occur within a state or the terri-
torial sea of the United States. (These pernmits may be issved only for
takes which are othervise prohibited by 16 U.5.C. $1538(a)(1)(B).) Permits
which allow for incidental takes by entanglement or other mesns could not
be issued for takes which occur beyond the territorial sea. Second, per-
mits could not be issved for the incidental take of endangered or threat-
ened marine mammasls. Under 16 U.5,C. §1543 any more restrictive, con-
flicting provision of the MMPA takes precedence over the ESA, S8ince all
listed marine mawmals are deemed to be depleted under the MMPA, only per~
uits for scientific research may be issued for those species.

8imilar to incidental take permite, the incidental taking of threat-
ened gpecies pursvant to 50 C.F.R. $117.72(e) is probably inapplicable to
eutanglements resulting from discarded gear. Incidental taking of threat-
ened species is allowsble only during fishing or scientific research activ-
ities. The prohibited disposal of gear cannot rightly be considered a
fishing activity. _

As previously mentioned, some whale species and the Hawaiisn monk
Sezl, all of which are endangered, may be suscaptible to entanglement.
Although primarily tropical, some species 6f endsngered or threatened sea
turtles may 2180 be subject to entanglesent. Wot presently on the endan-
twl und threstened species list, the Worth Pacific fur meal is under
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Migratory Bird Treaty Act (MBTA) (16 U,S.C. §701).-=The United States
has entered into four separate treaties (with Canada, Mexico, Japan, and
the U.S.S5.R.) to protect migratory bird species.? The MBTA provides the
domestic framework for satisfying the international obligations of the
United States derived from these treaties. Among the protections afforded
by the MBTA is a prohibition on the unpermitted capture or killing of
migratory birds.

In applying the MBTA to the case of an unintentional poisoning of
American widgeons, the court in United States v. Corbin Farm Service {444
F. Supp. 510, 529 (D. Calif. 1978)), held that "it is clear that Congress
intended to make the unlawful killing of even one bird an offense.” The
court determined that nc showing of intent was required to obtain a comvic-
tion for the killinmgs: 'the guilty act alone [was] sufficient to make out
the crime"™ (Id. at 536). Even though the accused committed no willful wviola-
tion, they were "in a position to prevent [the killings] with no more care
than society might reasonably expect and no more exertion than it might
reasonably exact from one who asemmed his responsibilities" (Id.at 535-536,
citing Morissette v. United States, 342 U.S. 246, 256). The court also
noted that "penalties commonly are relatively emall, and comviction does no
grave damage to an offender’s reputation" (Id. at 536).

Parallel to the sitvation in Corbin Farm, entanglement of migratory
birds should be actionable without a showing of intent. The potential
penalties in the two instances are identical and to refrain from the disg-
card of fishing gear is in no way an onerous or unreasonable burden.

The list of migratory birds enumerated at 30 C.F.R. §10.13 includes
several species that may be subject to entanglement. Examples of suscep-
tible species are: several duck species, most shorebirds, grebes, gulls,
jaegers, cormorants, murres, pelicans, and terns.

Ostensibly applicable to the problem of seabird entanglement, the MBTA
may be limited in scope. A 1980 Department of Interior solicitor's opinion
concludes that the taking prohibitions of the MBTA do not apply to U.S.
citizens in foreign countries. A subsequent solicitor's opinion addresses
the extraterritorisl applicability of the MBTA in the fishing context.

"[Elven if the incidentsl take of migratory birds by...Japauese
fishermen constituted a violation of the Japanese Treaty and the
META, prosecutions by the United States could be brought only if
the viclations occurred in the U.S. territorial waters.”

2Convention for the Protection of Migratory Birds, 16 August 1916,
United States-Canada, 39 Statute 1702; Comvention for the Protection of
Migratory Birds and Game Mawmals, 7 February 1936, United States—Mexico,
50 Statute 1311; Convention for the Protection of Migratory Birds and
Birds in Danger of Extinctiom, and Their Enviromment, with Amnex, 14 March
1972, United States~Japsn, 25 U.5.T. 3329; Convesntion Concerning the
Conservation of Migratory Birde and Their Enviromment, 19 November 1976,
United States-U.5.8.R., 29 V.S8.T. 4647,
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In the solicitor's viev, the MBTA prohibitions apply to foreigners only
within the U.S. 3-mile limit. ¥f this is the case, prosecutions under the
MBTA would not be suitable mechanism for preventing the majority of bird
entanglemente by foreign fishermen.?

In light of Uunited States v. Mitchell (553 F. 2d 996 (5th Cir. 1977)),
it is nearly certain that the MBTA taking sanctions are inapplicable within
foreign jurisdictions, Applicability of the MBTA to takings by U.S. citi~
zens on the high seas, hovever, is more likely., To limit the statute's
applicability to U.S. territory would leave open a large immunity for
violations by U.S. citizens on the high seas. Therefore, the MBTA may be
useful in deterring some entanglements caused by domestic fishermen.

Fisheries Law

F ns i pd ent Act ason Act) (16 U.S.C.
§1801) .--Primary smong the purposes of the Magnugon Act is the conservationm
and management of the fishery resources found off the cossts of the United
States. As one nesns of fulfilling that purpose, Congresm has restricted
foreign fishing within the 200-mile EEZ. Foreign fishermen are required to
obtain permits before fishing in the EEZ. Permits imsued under the Magnuson
Act may contain sppropriate conditioms or restrictions which are related to
fishery conservation and mansgement. One restriction Placed upon foreign
fishing, codified at 50 C.F.R, $611.16, directly addresses the disposal of
fishing gear:

“Except in cases of emergency...or as specifically authorized...no
fishing vessel may intentionally place into the fishery conserva-
tion zone [200-mile limit] any article, including abandoned fishing
gear, which may:

*(1) Interfere with fishing or obstruct fishing gear or vessels;
or

“(2) Cause damage to any fishery resonrce or marine mammal.™

Furthermore, vessels which encounter any abandoned article are required to

report the nature and location of the article immediately to the Coast
Guard.

Although the foreign fishing regulations specifically prohibit the
intentional disposal of gear, no counterpart regulations exist for domestic
fishermen. The Magonuson Act provides for the development of fishery manage-
ment plana (FMP's) vhich sffect foreign and domestic fishing, All FMP's
~ shall contsin conservation and mansgement measures which are appropriate to
the fishery being regulated. It is not clear whether conservation and

% contrasting view was expressed in a 1975 solicitor's opinion dealing
with the applicability of the 1972 Migratory Bird Treaty with Japan to gill
nst fishing operations. Citing s section of the treaty which obligates the
paxties to pr_uenf damage to birds from pollution of the seas, the opinion

concludes that this JSocus "wuld appear to negate sny intent to ignore
i ities on the high seas.” - '
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management measures may be included in an FMP

p§071de protection to marine mapmalsg or birds. However, entanglements of

wildlife are only ome as
life pect of the problem created by the disposal at
of f;ahlng gear, There is little doubt that the dumping of gezr and de;:;s
:ay e regula?ed.under the Megnuson Act if the prohibition is directed
owards alleviating the problems of ghost fishing or vessel entanglement.

if their purpose is solely to

Currently, a proposal to amend all existing FMP's to prohibit the dis~
p?sal of gear at ses by domestic and foreign fishermen is under considera-
tion by the National Marine Fisheries Service.

Pollution Abatement

Fis?ing gear and other debris which are currently adrift in the oceans
may continue indefinitely to present s hazard to fish, wildlife, and navi-
gation owing to their inert nature. Two ststutes administered by the EPA
could make funds available for the clean up of debris if the problem were
shown to be severe emough. Similar to other statutes which control pollu-
tants, these laws principally are tailored to the recovery of hazardous
substances, particularly toxic wastes. However, a literal reading of the
statutes indicates that the clear up of digcarded fishing gear or other
debris way be funded under these acts,

Com ensive Envirommentg) Respon nsation, and Liabjility &
{CERCLA) (42 0.8.C, $§9601).--Pursuant to CERCLA (42 U,8.C, $9604(a))
authority is given for the clear up of certain hazardous waste sites:

"Whenever (A) any hazardous substance is released or there is a
substantial threat of such a release into the enviromment, or (B}
there is a release or substantial threat of a release into the
environment of any pollutant or contamizant which may present an
imminent and substantial danger to the public heslth or welfare,
the President is authorized to act, consistent with the national
contingency plan, to remove...such hazardous substance,
pollutant, or contaminant....”

Clean up of these sites may be accomplished using monies of the CERCLA
trust fund, iz some instances, even when the violator is not identifiable.

A "hazardous substance" for the purposes of CERCLA includes any hazard-
ous waste identified under RCRA, those hazardous substances listed under the
FWPCA, or any other substance designated pursuant to CERCLA. Af di?cus-ed
previously, it is conceivable that net fragments may fit the criteria for
designation as hazardous under ECRA or the FWPCA, although they are not
currently listed. Under CERCLA, EFA may designate as hazardous those sub-
stances which, “when released into the environnenE nay preueﬂt subatantial
danger to the public health or welfare or the emviromment... {42 UV.5.C.
$9602(a)). What comstitutes the public welfare is not delineated under
CERCLA. Guidsnce regarding the meaning of this phrase may be glganed from Y
the FWPCA. In that act, the “public health or welfare og th? United States
includes, but is not limited to, "fish, shellfish, and ?11d11fe and.the )
shorelines and beaches...” (33 U.S.C. $§1321(d)). If this standard is appli~
cable to CERCLA, it is clear that the public welfare wou}d be imperiled by
entanglement of fish or wildlife, and that EPA could designate net fragments

- as 8 hazardous substance.
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If discarded fishing gear were to be designated as hazardous, the fact
that it had been relessed into the emviromment would allow the President to
provide remedial actions. For the purposes of CERCLA, "enviromment"
includes the territorial seas, the contiguous zone, and the 200-mile EEZ.

"Pollutant or contaminant" is defined in 42 U.S.C. §9604(b). The
phrase includes, but is not limited to any "substance..., which after
release into the enviromment and uwpon exposure, ingestion, inhalation, or
assimilation into any organiem either directly from the enviromment or
indirectly by imgestion through food chaine, will or nay reasonably be
anticipated to cause death, disease, behavior abnormalities, cancer...or
phyeical deformations, in such organisms...." Although fishing debris may
cause the death of organisme, it is not the result of ingestion, inhala-
tion, assimilation, or mere exposure. However, the defimition of pollutant
or contaainant is not necessarily limited to substances which are harmful
to organisma in one of these four ways. The EPA could, if it thought the
situation severe emough, probably designate net fragments and other debris
as pollutante or contaminants. If the debris were determined to be a
pollutant or contaminant, the disposal must present an imminent or substan~
tisl danger to the public heslth or welfare. Assuming that the FWPCA
definition of public welfare is applicable to CERCLA, such a dauger is
probably engendered by fishing debris.

The final requirement under CERCLA which limits the authority to clean
up hazardous scbstances, pollutsnts, or contaminants is that the actions
must be consistent with the natiomal contingency plam (NCP), The NCP sets
Up 8 system whereby priorities for taking remedial actions for releases are
set. JAmong the criteria to be considered in ranking releases based upon
the relative risk or danger to public health or welfare of the enviromment
are: the populatioun at risk, the hazard potential of the substancee, the
potential for contamination of drinking water supplies, the potential for
the destruction of sensitive ecosystems, and other appropriate factors (42
U.5.C. §9605). A detailed description of the hazardous waste site ranking
system appears at 40 C.F.R. part 300, Appendix A, At present, 538 sites
have been listed aund ramked.

For the clean up of discarded fishing gear to be effectuated using the
funds available under CERCLA, it must be shown that the scope of the
sutanglement problem is extensive enough to warrant a priority ranking. To
accomplish this, the identification of a site where the problem is particu-
larly acute ia probably necessary. It is unlikely that any single release
would be significant in itself. To be a problem worthy of CERCLA clean up
attention, an aves of limited size where debris is particularly concen-
trated or harmful to the enviromment would probably have to be identified.
It should be noted, however, that CERCLA (42 U.S.C. $9604(d)(4)) provides
that: .

"Where two or more noncomtigmous facilities are reasomably

related oc the basis of geography, or on the basis of the threat,

or potential threat to the public heslth or welfare or the

‘suvironment, the President may, in his discretion, treat these
.velated facilities as one for the purposes of this section.”
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Although clean up may be effectuated without determining the generator
of the wastes, a system for identifying the sources of discarded gear may
prove helpful in the context of CERCLA, If the polluters were known,
funding for the clean up could be recovered from them. In that event,
adherence to the priority system for hazardous waste esites would be less
strict., Additionally, CERCLA allows for the assessment of damages against
the generator for injury to, destruction of, or loss of natural resources
resulting from the release of a hazardous substance.

Federal Water Pollution Control Act (FWPCA) (33 U,5.C, $§1251).—=In

addition to possible clean up under CERCLA, clean up is also possible under
the FWPCA if net fragments are determined to be hazardous substances for
its purposes. If a gubstance is discharged upon the waters of the United
States, including those of the EEZ, "the President is authorized to act to
Temove or arrange for [its] removal...unlees he determines such removal
will be done properly by the owner or operator of the vessel..." (33 U.S.C.
$1321(¢)(1)). Since most often the owner or operator of the vessel is
unknown, the Government could undertake the clean up of fishing debris.

Enforcement Considerations
Existing Legielation

Typically, pollution and wildlife laws are ineffectual with regard to
entanglements. Even thonugh thousands of illegal takes may occer annually,
it is virtually impoassible to identify the offenders. Net fragments may
remain suspended in ocean waters indefinitely, entangling fish and wildlife
for years, allowing violations to be far removed temporally and spatially
from the take.

Pollution control laws are likewise generally unenforceable. Assming
that the disposal of net fragments is a violation of these laws, the
incidents take place in distant snd diverse sreas at sea and mostly out of
the view of observers. BEven if the origin of a net fragment is determined,
@t would etill be difficult to prove that it was dumped and not merely lost
in the course of fishing activities. A similar problem exists in enforcing
the regulations issued under the Magnuson Act. To be a violation, gear
wust have been intentionally discarded.

A further impediment to markedly reducing entarglements is worthy of
note. The statutes considered herein, even if functioning at peak effi-
ciency, are applicable only to those persons and vessels subject to United
States jurisdiction. There is no unmilateral action that the United States
can take which would address the disposal of gear by foreigners outside the
200-mile limit,

Alternative Enforcement Mechanisems
Without a workable enforcement scheme, existing mechanisme for con—
trolling the disposal of gear or emtanglements are mere paper tigers.

Four alternative enforcement schemes sre presented below.

Gear marking.--It hae been suggested that a more extensive marking of
fishing gear bde required. Yu this way violators will be much more readily
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identifiable. The cost involved in such a program may be prohibitive,
though, since markings would have to be detailed enough to distinguish a
large number of fishermen and numerous emough to allow identificationm of
small net fragments.

Another consideration to be weighed before instituting a marking
system, is what type of activity is the regulation seeking to preclude.
Although it is true that all lost gear is equally liable to ensnare fish or
wildlife, is it reasomnable to punish those who accidentally lose or break
equipment? If the purpose behind a marking system is to prosecute those
who intentionally dispose of gear, a showing of that intention is required
in addition to merely identifying the origin of the gear. Marking alone
will pot provide such a showing. If marking is to be used to identify all
persons unlucky enough to have entangled a protected animal in lost gear,
close scrutiny should be given to the reasonableness of requiring fishermer
to recover any portion of accidentally lost gear.

Bounty system.-—Another proposed mechanism to alleviate the entangle~
ment problem is the institution of a bounty system for lost, abandoned, or
discarded fishing gear. Theoretically, fishermen would be paid for turning
in pieces of nets that they may otherwise discard at sea. A bounty, however,
would only be effective against entanglement in gear that is intentionally
discarded or recoverable when lost. It is not known what percentage of
entanglements occur in these categories of fragments.

Economic factors must be well evaluated in designing a bounty system.
The reward for turning in used nets would have to be high enough to provide
an incentive for turning in gear that would otherwise be discarded at sea,
but low enough to make the program affordable. Checks would also have to
be designed which would foil those who may seek a reward for turning in
old, retired nets that may already have been disposed of properly. Reports
indicate that trawlers often recover fragments in their mnets. A bounty
system may be useful in encouraging these fishermen to bring in this debris
rather than rereleasing it into the ocean waters.

There exists a persistent rumor that Korea has implemented a bounty
system on nets. When asked about this, a Korean fisheries official was
unaware of the existence of any such system. If a Korean bounty program
does exist it may be helpful as a model for the design of a United States
system.

Expanded observer network.--At present, observers are only placed on
foreign fishing vessels. Even though the Magnuson Act prohibits the
discard of gear by foreign fishermen, some violations probably occur.
Stricter enforcement of existing regulations may alleviate some entangle-
ments. The observer network could also be expanded to include domestic
fishing vesgels. Although the authority for placing observers on domestic
veasels is uncertain, the decision in Balelo v. Baldrige 724 F. 24 753 (9th
Cir. 1984) would seem to permit it.

Citizen suits and rewards.--Enforcement of most of the statutes that
may be applicable to the entanglement situations is difficult at best.
Those responsible for enforcement often cannot cover the expansive area
over which violations might occur. In some instances agencies utilize
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identifiable. The cost involved in such a program may be prohibitive,
though, since markings would have to be detailed enough to distinguish a
large number of fisbermen and nmerous enough to allow identification of
small net fragmentas.

Another consideration to be weighed before inatituting a rarking
system, is what type of activity is the regulation seeking to preclude.
Although it is true that all lost gear is equally liable to emsnare fish or
wildlife, is it reasonable to punish those who accidentally lose or break
equipment? If the purpose behind a marking system is to prosecute those
vho intentiomally dispose of gear, a showing of that intenmtion is required
in addition to merely identifying the origin of the gear. Marking alone
vill not provide such a showing. If marking is to be used to identify all
persons unlucky enough to have entangled a protected animsl in lost gear,
close scrutiny should be given to the reasonableness of requiring fighermen
to recover any portion of accidentally lost gear.

doynty system.--Another proposed mechanism to alleviate the entangle—
ment problem is the institution of a bounty system for lost, abandoned, or
discarded fishing gear. Theoretically, fishermen wounld be paid for turning
in pieces of nets that they may otherwise discard at sea. A bounty, however,
wuld only be effective against entanglement in gear that is intentionally
discarded or recoverable when lost. It is not kmown what percentage of
entanglements occur in these categories of fragments.

Economic factors must be well evaluated in designing a bounty system.
The reward for turning in used mets would have to be high enough to provide
sn incentive for turning in gear that would othervise be discarded at sea,
but low encugh to make the program affordable. Checks would also have to
be designed which would foil those who may gseek a reward for turning in
0ld, retired nets that may slready have been disposed of properly. Reports
indicste that trawlers often recover fragments in their nets. A bounty

system may be useful in encouraging these fishermen to bring in this dedbria
rather than rereleasing it into the ocean waters.

There exists a persistent rumor that Eorea has implemented a bounty
system on nets. When asked about this, a Koresn fisheries official was
unavare of the existence of any such system. If a Xorean bounty program

does exist it may be helpful as a model for the design of a United States
I’It.o

nd k.~At present, observers are only placed on
foreign fishing vessels. Even though the Magpuson Act prohibits the
discard of gear by foreign fishermen, some violations probably occur.
Stricter enforcement of existing regulations may allevigte same entangle—
wents. The observer netvork could also be expanded to include domestic
fishing vessels. Although the acthority for placing observers on domestic

vessels is uncertain, the decision in Balelo v. Bgldrige 724 F. 24 753 (9th
Cir. 1984) would seem to permit it. '

-

+—Enforcement of most of the statutes that

: may be applicable to the entanglement sitoations is difficult at best.

- Fhots rasponsible for enforcememt oftem canmot cover the expansive ares
o *ich wiolations might occur. In some instances agencies ntilize

T R IO
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th:se limited resources to counter more immediate threats to human health
:n welfaxe. Two-ways-og increasing the enforcement effort regarding these
avs are by allowing citizens to commence legal actions or by providing an

lnc?ntive to those who provide information that is used in enforcement
actions.

Citizen suits are provided for by the MPRSA (33 U.S.C. §1415(g)).
Under that mection, attorney's fees may be awarded in appropriate cases.
One such case where a citizen plaintiff prevailed and was awarded fees is
Save One Sound Fisheries v. Calloway (429 F. supp. 1136 (D.R.I. 1977)).

T?e court there states, "[t]he possibility of such fees serves as an incen-
tive for private parties to enforce provisions of the various statutes
deem?d too important to be left to the limited enforcement resources of the
Justice Department" (1d. at 1139). Citizen enforcement is generally diffi-
cult, however, in view of the problems in gathering evidence and sucress—
fully prosecuting this type of lawsuit.

Providing rewards to those who furnish information which lezds to
successful prosecotions is another way of obtaining publie participation in
e?forcqnent. The U.S5. Bouse of Representatives version of the MPRSA pro-
vided that a portion of a levied fine would be paid to any individual who
provided information leading to the conviction. The Senate apparently did
not approve of the notion of federally subeidized informants and did not
adopt the proviegion (Weinstein-Bacal 1978).

It should be noted that the effectiveness of rewards for information
is doubtful. The ESA allows for such rewards but that provision is seldom,
if ever, invoked.
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THE TYPES AND ESTIMATED AMOUNTS OF FISH NET
DEPLOYED IN TEE NORTH PACIFIC

Richard N, Uchida
Southwest Figheries Center Honolulu Laboratory
National Marine Fisheries Service, NOAA
Honolulu, Hawaii 96812

ABSTRACT

This report reviews the major net fisheries of the North
Pacific and provides crude estimates of the azmount of net gear
available to the various coastal and high seas fisheries. Speci-
fications of gill uets, purse seines, trawls, set nets, haul
seines, and lift nets, vhen available, are provided, together with
the nvmber of units of nets and vessels operating in the fish-
eries. First-cut estimates indicate that there are about 170,000
km of gill net, 2,000 km of purse seine, 5,500 km of trawl net,
and 8,900 km of miscel laneous nmet gear available to the various
Forth Pacific net fisheries.

INTRODUCTIONR

The modern fishing industry has developed primarily as a result of three
technological revolutions—-mechanization, echo sounding, and development of
synthetic fibers (Kristjonssor 1959).

The advent of synthetic fibers brought about a major revolution ia the
fishing industry, Nylon, the first of the synthetic fibers to be devel-
oped, had wide applications in fishing nets. Made from polyhexamethylene
adipamide, nylon, and other amides such as perlon and rilsan all possessed
excellent characteristics for constructing the ideal fish net (Arzano 1959;
Lonsdale 1959).

Rets made from nylon and all other synthetic fibers, eventuslly lose
strength in use; however, they do not rot. It is this nondegradable quality
that makes nylon nets so highly attractive to the fishing industry as well
a8 a wenace when they become a compoment of the marine debris.

This report reviews the major net fisheries of the North Pacific {Fig.
1} and makes an attempt at providing some measure of the amount of netting
used in coastal and high seass fisheries. It is by no means an exhaustive
reviev and excludes many of the minor net fisheries opersting alomng coastal
areas of North Pacific rim countries. Reviews of the net fisheries are
gear-oriented; however, because there are many areas of overlap in gear
types for any given species, the net gear that contributes most heavily to

In . 8. Shommrs sad K. 0. Yoshids (editors), Proceedings of the Vorkshop on the Fate and Iwpact
of Mariss Dabris, 26-2% November 1984, Bonolula, Hawaii. 0.8, Dep. Commer., WOAA Tech. Nemo.
NS, ROLA-TH-NNFS-SWTC-354. 1993,
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harvesting the species will be the one emphasized. When available, the
gear specifications, as well as the number of vessels operating, and the
number of units fished per vessel are provided. Scientific names of
species mentioned in this report are given in tables either in the text or
appendix.

Although this report describes "typical" gear, it should be obvious to
the reader that fishing gear, like fishing methods, are different through-
out the world. Differences in the gear used, even for catching the same
species and io the same fisheries, exist because fishermen tend to adapt or
modify gear based on their experience, knowledge of the fish's habitat and
behavior patterns, and cultural practices.

NET CHARACTERISTICS

Netting, which is basically constructed of yarms or threads to form
meshes, can be fabricated by machine or by hand in any size desirable, in
vhatever type and size of twine, and can be either knotted or knotless.

Before synthetic fibers came into general use, most twine used to
fabricate webbing came from matural fibers such as cotton, linen, hemp,
manila, and sisal. Synthetic fibers first sppeared in Japanese gill nets
and in portions of surrounding nets in 1949 with the introduction of nylon
webbing. 1In 1951, vinylon (polyviayl alcobol) was used in surround nets
and later vinylidene was used in large set nets (Japan Chemical Fibres
Association (JCFA) 1971). The production of synthetic fiber fishing nets
increased annually, and by 1956 it surpassed production of nets made of
natural fibers. By 1957, synthetic fiber nets accounted for 70% of the
production, and by 1964, 1007 of all netting material made in Japan.

Additioval synthetic fibers such as vinyl chloride, polyethylene,
polyester, and polypropylene were introduced subsequently for fishing neta
that required specific properties. The downward trend in the productiom of
natural fiber nets and the upward trend in the production of synthetic
fiber nets in Japan in 1960-68 are illustrated in Table 1; the percentage
of the various types of nets made of the different synthetic materials is
given in Table 2.

Table 1,--Fishing net production in Japan (Japan Chemical Fibres Asso~
ciation 1971). (Source: Ministry of International Trade and Industry,
Japan.)

Hatersl Systhetic Ireakdowm by fiber
fider fiber
Grauwd  nats nste Pelyviayl Folyvinyl Poly- PFoly-

Tasr total total totsl Polymmide slcohol  Vinylidene chloride Tolywster sthylesa propylese
%0 10,59 2,344 8,152 1,63 3,1% e s 7 ”

1%1 11,293 2,006 9,289 4,134 3,57 718 My 167 b3

1%2 11,732 1,04 10,38 4,7% &, 040 509 36 187 %o

1% 12,%35 1,06t 11,98 &,976 2,38 (L] [ Als w7 L1}
1%4 14,415 14 11,360 6,874 1,9 BAS e 359 1,5% 186
1%5 16,213 587 13,6469 4,944 3,348 8 Fo) ) AN 1,715 17
1%4 17,173 400 15,373 9,554 1,314 BAk 208 581 1,591 T2
19%7 18,763 1 10,384 10,103 1,813 849 1 407 1,569 150

1%4 13,91 6 18,447 Y 3,667 1,01 a7 b1 Y 1,507 87
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Table 2. —Utilization ratio of synthetic materials for fishing nets
in Japaz (1) (Japan Chemical Fibres Association 1971).

Set Puree Gill Lift Laver Culture Other

nets geines Trawl nets nets  nets nets neta Total
Yolyamide 4 27 7 43 - 4 2 I3 100
Polyvinyl aleohol 12 17 3 5 5 35 9 9 100
Vinylidene B0 k| 5 5 - —_— 5 2 100
Polyvinylehloride 69 5 & - — - 9 13 100
Polygster 20 72 4 2 - - 1 1 100
Yolyathylene 10 10 &6 2 6 9 ? 10 100
Tolypropylene - - -_— 92 _— - 7 1 100

Synthetic materials used for net naking are selected for certain
characteristics. Por example, polyamide is ideal for salmon and trout gill
nets and sardine and tuna purse seines, whereas polyvinyl alcohol webbing
is used for horse mackerel, mackerel, and tuns purse seines.

Kot sll nets are pure, that is, the webbing may be of mixed twine, for

exsaple, fibers of nylon may de mixed with polyvinyl chloride. There are
more than 10 different mixtures which may consist of up to four different
synthetic materials.

The size of netting yarn follows the internationally accepted tex
system, which is the weight in grams of 1,000 n of single yarn (von Brandt
and Klast 1971). For heavy twisted yarn and for all plaited yarna, the
Rtex' mumber is used. This is defined as the weight in grams of 1,000 m of
total netting varn. Fishermen in the United States, Canada, and Great
Britain, however, have been reluctant to use this system. Instead, they
rely on the number system which is a carryover from the old cotton twine
designation (McNeely and Walsh 1980). RExcellent detajled discusesions on
types sud uses of twine and netting for commercial fishing, on methods used
to asnufacture netting, and on net design may be found in Nomura and
Yamazaki (1975) and McNeely and Walsh (1980),

Yarne come in different degrees of twist: soft, medium, hard, and
extra hard. For bottom trawls, mediumm-laid yarn is used. The netting yara
should combine high, wet-knot breaking strength at the smallest ‘possible
tvine diameter, be highly resistant to abrasion, have relatively high
extensibility under all fishing conditions, have good elasticity for with-
standing the shock of a sudden heavy load, and have no knot slippage or

knot inversion. Thos, plaited netting is highly preferred for bottom trawl
(von Brendt and Klust 1971).

Bets always have scme degree of hydraulic resistance, that is, during
towing, drsgging, pursing, and hauling, there is some friction of the

. 'Reference to trade nemes does not imply endorsement by the National
 ¥arine Fisheries Service, NOAA, DR o
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netting as it passes through water. Because the efficiency of the net as a
fishing gear depends primarily on its shape in the water, clear knowledge
and understanding of the net's resistance due to the ase of the different
fibers, twine size, mesh size, knot type, and angle of attack are required.
The hydraulic resistance of the net is also directly proportional to the
area of the net; thus, if the net area increases "n" times, B0 will the
resistence (Nomura and Yamazaki 1975).

Deformation of the net, whiech can decrease its fishing efficiency, can
occur even in weak current. Experiments in Japan have demonstrated that
deformation of set nets can occur in currents 2s weak as 0.25 knot. As the
current speed increases, the floats along the gpper edge of the net are
pulled downward into the water, and under strong currents the whole net is
flattened and forced to the bottom. As net tension increases further, the

vwhole net simply drifts away if not anchored properly (Nomura and Yamazaki
1975).

When a net is towed, for example, during trawling, it tends to take a
form of minimum resistance, that is, the height at the head of the net
decreases with increasing speed; however, after a certain ship speed, the
net becomes stabilized at a comstant height (Nomura and Yamazaki 1975).

In the sections that follow, a variety of gear is deacribed. Some of
the gear descriptions were obtained from the Food and Agriculture Organiza-
tion of the United Natioms (FAOQ) (1965), Explanations and definitions from
the FAQ catalogue are too detailed and lengthy to reproduce; therefore,
only a few of the basic end important terms are defined here.

¢ Preservatives used are: 0 = nope used; T = tarred; C = barked,
cutched, or tanned; Cu = copper; and R = resin.

o Tpper and lower edges refer to the number of meshes along the top
and bottom of each panel, respectively.

¢  Depth is the nunber of meshes down the side of each panel.

o “Baiting rate" is a system of specifying the points, bars, and
neshes cut.

Abbreviations used are:

Man. manils M. medium
Bis. sisal 5. soft
Comb. combination rope Pa. fathoms
S.W.R. steel wire rope B grams
Gal. galvanized kg kilograms
Swiv, svivel ] meters
Spher. spherical diom. diameter
Lan. Ply. laminated plywood P point (side knot)
. hard lay (of twines n. mesh
b. bar

‘or lines)
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The following definitions are from Klust (1973), Nomura and Yamazaki
(1975), and McHeely and Walsh (1980),

Dreast line.--Vertical ropes which connect at each end to the footrope
and headrope. Breast lines are attached to side panels of trawl gear and
to the ends of purse seines and gill nets,

k, bag.-~These terms refer to the heavy web section of purse
seines into which fish sare concentrated by sequentially strapping sboard

sections of the bunt to dry up the fish before they are scooped aboard in a
large scoop called a brail,

Cod end, bag, sack, fish bag.--These terms are uged to describe the
beavy mesh in the aftermost sections of trawl gear vhere fish accumulate
during the fishing operstion. Some larger vessels drag the entire cod end
up an inclined ramp at the stern of the vessel, and smaller vessels are

Fequired to split the catch into smaller amounts that can be brought aboard
iz increments wp to 3 tons per hoist.

Extensibility.~~The couplex physical properties of netting that undergo
changes in dimension in the form of elongation or extension due to applica-
tion of a tensile foree. The complexity results from several factors which
include but are not restricted to the amount of elongation immediately after
applying & breaking load, resction of the yarn to a gradually increasing
load, resction under sustained load over long durations, reaction of yarn to

Tepeated loading and unloading, total or permanent elongation, and energy
absorption.

Zgg;;g2g,_lg;ﬂligg*_g;g!ngling,~-A lower section of the net to which
weights (lead or chains) sre normally attached. The term "groundline" is
sometimes also used in describing the low leg of bridles ueed to pull a
trawl through the water. 4 footrope provides downward thrust to oppose
upward thrust of the float liue to fscilitate opening of the net in fishing
operations.

Hapging ratio.--Defined as L/W, i.e., the relationship between the
length (L) of the rope along which the webbing (W) is hung and the
stretched length of the webbing. Por example, 628 m of stretched webbing
hung on 440 m of rope will produce s banging ratio of L/W = 440/628 = 0.7].

Hapg-in.——-An expression also quite commonly used and defined as (W-L)/W.
ige.~~These terms are used interchangeably
to describe the top strength member Tope and its floats which are normally
attached to assiet in vertical opening of the net.

Ipterpedinte.~~Intermediste sections of the net are found only in
trawvl gear in the after—sectiocn of the net aund are used to connect the main
body meshes to meshes of the fish bag. :

Ygin body or bodv.~-Refers to the great bulk of netting used to £fill
in the basic design of the net, exclusive of peripheral parts such as ribh-
lines, beadrope, footrope, breastlines, selvage strips, intermediate sec~
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Net .~~Any completed assembly of netting or sections of netting having
a prescribed shape useful to perform a desired function, e.g., temnis net,
safety net, basketball hoop net, and fishing net.

Netting, webbing, web.--These three terms are used interchangeably to
desceribe the basic material from which nets are made.

Papel.~-A single section of metting cut to a prescribed shape and size
that is joined to other panels in the coastruction of a completed net.

Riblines.--Strength member ropes attached to outer seams of trawl
gear. Whenever netting attached to riblines is humg in (umnit length of
netting sttached to less than one unit length of riblire), it becomes a
load-bearing member during fishing operations and assists in opening the
net to its desired shape. Whenever metting is hupg to riblines with iden-
tical unit lengths, the riblines serve only to limit the extent of damage
vhenever a net ig torn and to assist in bringing aboard large catches of
fish after the net has been collapsed during retrieval.

Selva dges and selvage stxips.--The machine-made or man-
made, double twine edges along a length of netting or slong the edges of
panels of netting. Selvage strips are narrov sections of netting fabri-
cated of much heavier twine than main body netting and have a width of 2 or
3, up to 50 meshes. Selvage strips are commonly wmade utilizing larger megh
size in addition to larger twine size. Their main function is to more
equally distribute load among strength-bearing members such as headropes,
footropes, breastlines, and riblines, to main body meshes.,

Splitting strap.--Heavy ropes which are permanently threaded through a
maximm of seven steel rings placed around the cod end to allow pinching
off a part (ome-half to 3 tonms) of the catch. Splitting etrapa are uti-
lized by small vessels to bring aboard small sections of large catches.

KET CLASSIFICATIOR

The following brief descriptions of the various types of net gear used
in fiehing were adapted from Fomura and Yamazaki (1975),

I. Gill Rets

A. Surface gill pet.--Buoyed to flcat on the surface.

1. Fixed surface gill pet.—One or both ends of the net are
anchored; used in shallow inlets or narrow waterways where
fish such as sardine migrate.

2. Drift surface gill pet.--Net drifts with current; used mainly
in open offshore waters; for night sets, lights are attached
to ends of nets; used in the salwon gill net fishery.

B. Midwater gi]ll net.--Nets are suspended in midwater by long float
lines.
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l. Pized midvater gill net.--Construction same sas fixed surface
gill nets; fishing depth is ad justed by use of long float
line; ends of net anchored.

2. Drift midwater gill net.--Same as drift surface gill net;
fishing depth adjusted with long float line; used to capture
sardine, mackerel, and saury.

Bottom gill net.—-Nets set near or on bottom; used for catching
cod, flounder, shark, mackerel, sea bresm, shrimp, and crab.

1. PRixzed bottom gjll pet.—-3et on or near the bottom with anchors;
effective fishing depth to 200 m.

2. Drift botton gill pet.~-Net allowed to drift freely over gea

bottom.

Encircling gill net.-~Gill net, which is set inside a large

encircling net to first encirecle the fiah school; the inner net
gills the fish, used to catch young yellowtail.

Sweeping gill pet.--A net in which one end is anchored and the other
other end is towed in & circle to bring the net in contact with fiah.

Entapgling net.
1. Single entanglirg net.--Single net with or without leadline

used to entangle fish; used for king crab and tuna.

2. Iramsel net.—-A net composed of a panel of small meshed webbing
sandwviched between two outer psnele of large-meghed webding;
used to entangle or trap fish in & loop of webbing.

Haul Nets

A,

Beach saipe.—~A bag-shaped net with long wings; usually used
along shoreline and pulled by hand towsrd the beach.

Bost drag seipe.
1. Upper-lsyer drag pet.--This net is = long, conical bag with wings.

2. Dapish seipe.~-A net in which one end is first attached to a
buocy underwater before setting; remainder of tow rope, net, and
opposite side tow rope is then payed out as boat travels a
trisngular course to return to the buoy; buoy is retrieved and
the two ropes are hauled by the boat thus bringing the wings
tloser together and driving the fish into the net mouth.,

3. Irsw]l net.--Comical net pulled by one or two boats for set
periods of time. :

a. Boftow trayl.-—Hauled on or just off the bottom.
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(1) Bean trawl.--Uses beam or other devices to epread
net mouth; examples are dredge and coral net.

(2) Otter trawl.--Uses otter boards or "doors" to spread
net mouth; examples are bottom fish trawl and shrimp
trawl.

(3) Two-boat trawl.~~Uses two boats to spread net mouth;
examples are bull trawl and peranzella net.

b, Midwater trawl.--Hauled in midlayers; mouth held open
either by otter boards or by two boats.

ITI. Push Net

Iv.

Y.

Triangular, bag-shaped net two sides of which are fixed to scissorlike
croesed bamboo sticks; net is pushed forward in shallow water by hsnd
or beat.

Lift Net

Operation of net involves raising or hanling a submerged net upward out
of the water; net can be a small hand-operated net, hoop net, blanket
net, or a large mechanical lift net.

A, F i ‘tno

1. Stick-held 1ift pet.--Net is set deep beneath the water

surface and is allowed to flow freely from the boat; haulimg
lines are attached to keep the net from drifting away;
subnerged net is lifted upward when fish schools aggregate
over net; used teo catch saury, mackerel, and horse mackerel
with the aid of light attraction.

2, One-boat lift pet.--Small sacooping net is used.

3. Eight-sngle pet.--Net is a lift net operated by two boats.
B. Bottom 1ift net.--Net is. submerged and rests on bottou.

1. PFour-angle dip net.

2. Three-boat lift net.

3. Pour-boat lift net.

4, Eight-boat lift net.
Surrvounding Net

Net used to emcircle fish schools from the side as well as the bottom;
net is rectangelar or has & bag with wings thus resembling a haul seine.
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ing net with ket.~-A semisurrounding net; bag net

(better referred to as a 1ift net) is uged together with a
peir of wing nets; used at night with lights to attract fish

achools.

B. Surroupding neg without pocket.

1.

Su

rrounding net with purse line.—-Net is set saround & fish

school and the purse line quickly pulled in to close off the
bottom of the net.

One-boat purse seine.--Net is set after skiff holding one

end of the net is launched; boat then pays out net to
surround fish school; the seiner then retrieves purse line
and bridle from the skiff and the net bottom is closed; net
is hauled with a power block; example: tuna purse seine.

b. Two-boat purse seipe.--The purse line or wire rope ia

attached to the sinkers, similar to the one-boat seine;
net operated by two boats; two-boat seine differs from
one-boat seine in twine size, mesh size, length, width,
and length-width ratio.

2, Surrounding net without purse line.--Lampara-type net; hae

neither rings nor purse line along the bottom.

VI. Cover Net

A, Cgst net.--Conical net thrown by hand so that it opens nearly flat
a8 it falls on the water surfsce; net sinks rapidly due to weights
attached to edge of net,

B. Lanterr met.-—Met is fabricated to cover a wooden, lantern-shaped
frame; operates by covering fish:; hand hauled.

VII. Trap Net

Fish are caught in collecting units from which escape is prevented by
labyrinths and retarding devices such as gorges and funnels.

A. Laxge-scale trap net.

2.

b.

Lagze stationary triangular pet.--Gear consists of a

lesder net and main net.

stationa «——Main net is
400 m long and 100 m wide; leader net is nearly 4,000 m

long.

-

«~Ret bas three parts—bag net (or main

net with bag), barrier net (or playground net), and leader net.
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a. Stationary net with one trap.~-Main net ia 200 m long;
used to catch yellowtail, horse mackerel, squid, and some
pelagic species.

b. Stationary net with two traps.
B. Mediup ststionagv trap net.

l. Sardine stationary net.—-Bag net does not reach to bottom; has
leader net and big playground net with bottom sloped upward.

2, Herring etati net.—-Net is box—type bag net.

3. BSalmon stationary net.--A surface or bottom trap net used on
grounde with swift currents.

C. Small-scale stationary trap net.~~A pound net with main mnet,
legder, aud conical bag net.

D. Guidipg barrier.--Screen labyrinth net; gear cousists of a fence
{or fences) which guides the fish to one or more retaining chambers.

E. Portsble trap and stow net.

1. Covered pots snd fyke net.--This gear cam be used singly
or arranged in systems with wings and leaders; net has
basketlike or cagelike appearance; made of wood, netting,
wire, or plastic.

2. Stow net.--Net is fixed on stakes or anchored with mouth kept
open by frame; usually placed in strong river currents.

NET FISHERIES

The net is & relatively young invention and was probably introduced in
hunting earlier than in fishing (von Brandt 1964). Although net fishing
developed rapidly in some countries after its introduction, it was of
secondary importance in others where fishing methods such as hook and line,
traps, striking gear, shooting, and fish barriers were more highly developed
(von Brandt 1964). But it seemed inevitable that net fishing would occupy a
prominent part in the fisheries of many nations as net making technology was
perfected by repeated trial and error over a long period. Even today, many
nations have not acquired the knowledge and technical skills to make nets;
however, this is no longer a problem since machine-made nets from major
industrial and manufacturing nations can be delivered to the most remote
places of the world.

Today, the net fisheries barvest a large number of species using a wide
sssortment of gear including gill nets, taugle nets, trawls, purse seines,
set nets, lift nets, and haul seines. Excellent reviews of some of the
major fisheries in the Morth Pacific may be found in a number of reports
(Alverson et al. 1964; Chitwood 1969; Frey 1971; Takahashi 1972; Browming
1974; and Forrester ot al. 1978, 1983).

To the sections that follow, some of the major met fisheries im the
North Pacific are reviewed.
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Gill Net Pisheries

In the chronology of net gear, the gill net evolved after the beach
seine but well before the development of the purse seine (Browning 1974).

In terms of tonnage of fish landed, hovever, the gill met has to rank behind
the purse seine and the trawl.

Although resembling the beach seine, the gill net fishes on a different
principle, that is, vhereas a beach seine surrounds or closes off the path
of a school of fish, the gill net is sinply a wall of petting whose meshes
either form a "noose™ around the heads gnd bodies of fishes and molluses
that svim forward vigorously (von Bramdt 1964; Browning 1974), or entangle
legs and spines of crustaceans. Furthermore, the gill net is much more
versatile because it cam be fished at the surface, in midwater, or on the
bottom and be anchored or set adrift.

Gill nets may be classified into several categories depending on geo-
graphic area. On the U.5. west coast and Alaska, gill nets may be clagsi-
fied into two broad categories--drift nets in their several forms and the
set or anchored gill net (Browning 1974), In Japan, in addition to the two
mentioned above, there is a third classification referred to as a "movable
type® gill net in which the net is used to encircle or is set near fish
schools and the fishermen sctively drive or herd the school into the meshes
of the net (Yemaba Motor Co. {Yamaha) 19793).

There axe a number of major and minor fisheries in the North Pacific in
which fishing vessels use gill nets exclusively or in combination with other
gear. These include fisheries for salmon, squid, tuna, barracuda, pomfret,
saury, shark, white seabsss, Pacific herring, yellowtail, mackerel, bonito,
flyingfish, sardine, pollock, king crab, cod, bream, shrimp, and flatfish
(Nomura and Yemazaki 1975).

A net mach like the gill net is the tramme] net. Irammel nets have two
outer walls and an inner, longer sagging curtain. They are designed to pre~
vent fish like halibot, vhich can swim poverfully in reverse, from freeing
themselves from a standard gill net. A fish swimming into 8 trammel net
entangles its head in the small mesh and drives the inner curtain through
the outer wall. The mesh then collapses behind the fish, bagging it and
blocking its escape (Pleschuer 1983),

Because of the extrs time and skill required in fishing with trammel
nets, many halibut fishermen use & simpler suspended or “trammelized" gill
net. This type of met is fabricated by taking a single-walled net and
interweaving & vertical string or live at intervals to prevent the net from
expanding to its full height. The added slack traps the fish in a bag of
mesh. This adaptation to the gill net fishes clesner and offers a little
more protection from seal predation; however, it is not effective at catch—
ing large fish (Pleschner 1983),

Coastal Gill Net Fisheries
- - In Japavese net fisheries, although the number of boats that can be

operated in fisheries such ss small-scale trawling, purse seining, boat
seining, and fixed net fishing is limited by a licqnli;g ¢ystem, the number
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of gill-netters is licensed only in certain prefectures; therefore, gill
netting is a popular fishing method among coastal fisheries and provides
support to many families that rely solely on income from fishing (Yamaha
1979a). 1In fact, of Japan's fleet of 328,000 fishing boats that are under 5
groes tons (GT), 38,000 or 12X use gill nets exclusively.

Fishing with gill nets is a relatively simple operation aleng the
coasts of Jepan. The small fishing boats operate close to shore and can set
and retrieve nets with small crews (Yamaha 1979a). Major species taken
include sardine, mackerel, horse mackerel, saury, skipjack tuna, yellowtail,
bluefin tuna, swordfish, salmon, trout, cod, shark, sea bream, flatfish,
octopus, squid, sea urchin, sea cucumber, shrimp, and creb.

In the coastal drift net fishery for sslmon and trout along the
northern half of Japat in the northwestern Pacific and in the Sea of Japan,
1,380 boats landed 34,218 metric tons (MT) to 73,769 MT of salmon in 1971-
76, averaging 50,024 MY annually (International North Pacific Fisheries
Commission (INPFC) 1979).

The type of gill net veed in the coastal fisheries varies comsiderably,
depending on the target species. The fishermen decide on the most appro-
priate design and comstruction of the net, taking into consideration the
quality of the material, thickness of the thread, mesh size, knotting
method, mesh depth, and color. They also must select an optimum hanging
ratio of the netting to give the net flexibility and increased entangling
efficiency (Yamaha 1979a). The hanging ratio is usually determined after
taking into consideration the target species, bottom topography, tidal
current, water depth, and the surplus buoyant force of the floats.

For sardine drift net, the mesh is 4.3 em, the float line is 30-48 m
wvith a 35-30T hang-~in, and the leadline is about a meter longer than the
float line, The boats in this fishery carry about 7-8 men and are about 20

GT. )Each boat sets about 40 unite of nets per set (Nemura and Yamazaki
1975).

The Spanish mackerel fishery uses a different net with a mesh size of
7.5 cm, a depth of 130 meshes, and a float line 26 = long. Bacauee the net
is intended to drift at the surface, the leadline, which is 25 m lomg, is
wvithout weights. The hang-in is 44,57 in the float line and 44.6% in the
leadline (Nomura and Yamazaki 1975).

The gear used in the mackerel drift net fishery is similar to that used
in the sardine drift net fishery except that the mesh size is 7.0-8.5 em and
depth varies widely from 200 to 500 mesh. The length per unit of net is 75
m and the hang-in is 30-40% (Nomura and Yamazaki 1975).

There is 2lso a mackerel bottom gill met which has a mesh size of 7.6
cm, is 100-400 meshes deep, with a float line of 36.4 m and a leadline of
33.3 m, The hang-in is 30X (Nowura and Yamszaki 1975).

In the flyingfish drift net fishery, the gear is fabricated into three
parts——the end net, the first leader net, and the second leader net. Thirty
units of net are strung together to form a length of gill net stretching
1,047 m long (Nomurs and Yemazaki 1975),
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8till another gesr used in the coastal fisheries is the shrimp bottom
gill net (Nomura and Yamazaki 1975; Yamaha 1979a). Made of nylen webbing,

the mesh is 6-10 cm and the net is 10-17 meshes deep with a 50-69% hang-in.
Each unit is 2.5 n long.

For shark fishing, a bottom 8111 pet with mesh sizes 17-25 cm is used,
and because sharks are caught by trammeling, the hang-in is as large as 40%,
The net is 18 meghes deep with a stretched length of 50.5 m hung on a fleat
line of 37.9 m, The leadline is 30.3 m. The boats operating in this

fishery are 7-10 GT with eight men aboard. Usually, each vessel! sets 40-80
units of gill pet per day.

The Soviet Union's coastal fisheries berdering the North Pacific
involve traps, beach seines, and weirs to captere maturing salmon from
8chools that are migrating to the spavning grounds. The areas fished
include the east and west coasts of Kamchatka, the northemn part of the
Okhotsk Sea, along the coastline bordering the Okhotsk Sea from Lisyansky
Peninsuls to the Amur area, Amur River basin north to the Iska River, coast

of Primore, Sakhalin, Kuril Islands, snd the Culf of Anadyr (Fig. 2) (INPFC
1979,

Soviet fishermen use several different types of gill nets and tangle
nets for fishing in the northwestern Pacific, In general, unets are 20-30 m
long, but for certain types of fishing, e.g., deep bottom fishing, nets may
be up to 1,000 m long. The depth of the nat is dictated by the target
species. Most set gill nets are 1.7-2.5 m deep; most drift nets are 6-15 m

deep. Andreev (1966) described several nets used in the northwestern
Pacific, as follows:

-~=The net is 25 m long and 25 meshes deep;
hanging ratio is 0.50; mesh size is 80 mm; and twine size is 20/12.2

!;11513_29119£L_gi11_gg;,--The net is 30 m long and 30 meshes deep;
hanging ratio is 0.60; mesh size ig 48 mm; and tvine size is 18/3,

Crab anchored £il)l net.—-The net is 46 ® at the corkline and 42 m at

the lesdline; the depth is 6.5 meshes; banging ratio is 0.42-0,46;: and the
twine size is 20.12. ¥No mesh size is given,

drift pet.--The net is 45 m long and 200 weshes deep; hanging
ratic is 0.60; mesh size is 14 um; and the twine size is 130/6.

Pacific saupy drift net.--The net is 36 m long and 5.1 w deep; hanging
ratio is 0.60; mesh size is 16 um; and twine size is 61/6.

drift +~~The net is 30 m long snd 6.4 m deep; hanging ratio
is 0.60; the mesh size ig 40 mm; twine size is 34712,

*The nmmerator is the size of the yara with which the twine is
constructed snd the denominator is the mumber of yarns in the twine.
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Figure 2.—Areas fished for salmon by Soviet fishermen
(International Forth Pacific Fisheries Commission 1979).
Salwop drift net.—The net is 30 m long and 3.3 m deep; hanging ratio is
0.60; twine size is 34/12, No mesh size given.
Herring drift pet.——The net is 30 m long and 6.0 to 15.2 m deep; hanging

ratio is 0.60; twine size is from 34/6 to 61/6. No mesh size given.

Information is lacking on the number of units of gear used in the
various Soviet fisheries.

Cansdisn and United States fishermen, including those in Alaska, fish
for salmon in inshore wateérs. Salwon fishing with nets is prohibited at any
distance from the outer coast with minor exceptions. Thus, except for
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salmon taken by trolling, the bulk of the Canadian and United States catch
comes from purse seines and gill nete fished in inshore waters.

The Canadian gill net fishery for salmon in Georgia Strait is largest
in the Fraser River area where fleet asize reaches 800 vessels during the
summer fisheries for sockeye and pink salmon, and during occasional fall
openings for chum salmon (Argue et al. 1983). 1In the remainder of Georgia
Strait, there are perhaps 3,000 gill net boats that fish at least once., The
boats in this fishery are 10-15 m and carry nets with meshes of 130-149 mm
for sockeye, pink, and coho salmon and 165-216 mm for chum and chinook
salmon. Nets are restricted to a length range of 137 to 336 m and a depth
of no more than 60 meshes. The number of days allowed for net fishing
varies widely depending on location of the fishing grounds. In 1981, 2,508
gill-netters and combination gill net-troll boats fished for pink, chum, and
sockeye salmon in British Columbia waters (Beacham 1984a, 1984b, 1984c).

A Canadian skiff gill net fishery also exists for high value roe her-
ring (Ness 1977a; Forrester et al. 1983). 1In this fishery, gill nets now
account for about half of the herring roe catch (Hourston and Haegele 1980).
These gill nets are fished from aluminum skiffs especially developed for
this fishery. In 1978-79, 1,300 gill-netters fished for herring roe.

In waters off the U.S. Pacific coast states, the gill net is the most
important commercial salmon gear, accounting for roughly 50% of the landings
from these states in 1975 (U.S. Department of Commerce 1978). Following
gill nets in order of importance was the purse seine which accounted for 35%
of the salmon landings, whereas lines produced just 14%Z. The remaining 12
of the catch came from haul seines, otter trawls, pound nets, floating
traps, pots, dip nets, reef nets, and wheels. A summary of operating units
for the U.,S., Pacific coast fisheries in 1975 is shown in Table 3.

In the early years of the salmon fishery, linen gill nets were used;
however, nylon webbing was introduced in the 1950's and replaced linen
rapidly. Monofilament nylon webbing was used by a few fishermen in 1958 but
was banned in Washington and Oregon in 1959 and in Alaska in 1960. The ban
on monofilament gear, however, was not applied to Indian fisheries in Wash-
ington and in the Columbia River where existing fisheries commonly used
monofilament gill nets. In 1965, a multiple strand monofilament gill net
was introduced in Washington and is legal gear at the present time.

Although the U.8. commercial salmon fishery operates in the four
Pacific coast states, only Alaska and Washington have large net fisheries.
The regulations concerned with the Alaska salmon fishery are extremely
complex and involve variations, by statistical districts, in fishing seasen,
gear specifications, and type of gear allowed (Table 4).

In Washington, the commercial salmon fishery, which is carried out in
Puget Sound, Grays Harbor, Willapa Bay, Columbia River, and offshore,
depends primarily on purse seines and drift nets. In Puget Sound, drift
nets may be 549 m long with stretched mesh varying from 114 to 210 mm,
depending on area, season, and target species. Around San Juan Tsland, some
reef nets are also used. The season extends from May to October. At Grays
Harbor and Willapa Bay, drift nets allowed are 457 m long with a minimum

meuh)size 127 mm. The season here runs from July through November (INPFC
1979).
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Table 3.-~Summary of operating units, 1975 (U.S. Department of Commerce 1978).
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Table &,--Fet regulations in the Alaaka salmon fighery, by type

of gear and statistica] districts (International North Pacific
Fisheries Commission 1979),

Beach geines,

Legal gear traditional
and hand-
District Drift met Set gill met Minimm stretch hauled purse
{m) (m) mesh (mm) seines (m)
Arctic-Yukon- 203 (June)

Keskokwin 91 183-274 152 (other months) -
Bristol Bay 274 9 137 -
Alaska

Peninsula~

Aleutian

Islanda -— 366 : 133 183-457
Chignik Banned Bauned - 183~411
Kodiak —_— 274 - 183-366
Cook Inlet 274 - 153 but 178 during

Chinook run 165-457
Prince William

Sound 274 - -— 229-274
Southesst

Alasks — 27-549 203 (<60 meshes deep)

>203 (<40 meshes deep) 183-457

The commercizl salmon fishery in Oregom consists only of the Columbia
River gil1l met fishery, which is the tsme a0 that for Washington because of
Joine responsibility for Ransgement, and the ocean troll fishery, Drift
Bets are the only commercial gear alloved in the Columbis River fishery
below the Bomneville Dam. Above it, get gill and dip nets are permitted in
the exclusive Iadian commercial fishery. Drift pets up to 457 m end set
8111 nets up teo 91 » gye legal gear. In February-March and in August, a
184-nm minisum mesh size is enforced to reduce the catch of steelhegd trout.
The mesh size is reduced £o Il4—wm mesh minimum in June-July ounly for
sockeye throughout the Columbia River to Protect the smmmer-run chingok

The Columbia River fishery has four sessons: winter (rcbniry—&rch),

g;;.:; (April-May), euumer (June-July), end fall (Augut-!on_-bet) (InPPC

| California, like Oregon, has banned gill net fishiag for salmon and
Operates only ant ocean troll fiskery mm: 1929, .. .. .. . . o
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Other major gill pet fisheries in waters of the Pacific coast atates
include those for herring. Exclusive gil) net fishing for herring was not
allowed in Alaska until 1976 where regulations adopted by the Alaska Board
of Fisheries provided for 10 fishing areas in southeastern Alaska to be set
aside for gill netting (Ness 1977a). Regulations for this fishery require a
ninioum mesh size of 5.4~cm stretch mesh. Nets can be no longer tham 91 m
and the maximum aggregate length allowed is 366 m per gear holder. The net
is rigged with anchors and buoys and has an average fishing depth of 11 m.
Although current regulations do not specify vessel type or size, the tradi-
tional boats are 5-9 m skiffs. The fishery operates only briefly (1 day)
until the maximum catch quota is attained.

California also has a large coastal fishery for herring. Three gear
types are involved in this fishery--purse seine, lampara, and gill net;
bowever, the gill net is by far the wost frequently used. Cill nets used in
this fishery became more competitive when set or anchored nets were per—
mitted in 1976-77. The result was that fishermen targeting primarily for
herring roe shifted from round-haul nets to gill nets and this shift is
continuing mainly because buyers prefer the larger fish and higher percent-
age of females in gill net catches.

In 1970-80, 363 vessels participated in the herriog roe fighery, more
than in any other commercial net fisheries in California. Of these, 306
were gill-netters.

Other gill net fisheries in California are for surface and bottom sea
bass, bonito, and barracuda. Trammel nets are used for halibut and angel
shark, and drift nets for thresher shark and swordfish. Average sets are
sbout 20 to 30 pieces of net; each is 82.3 m long and 28 meshes deep. In
1875, there were 75 drift nets operating for barracuda, 56 units for ses
bass, 35 units of trammel nets, and 648 units for a variety of other
species.

High Seas Cill Net Fisheries

Two important high seas gill net fisheries exist in the North Pacific——
one is for salmon, the other for squid.

The Japanese fishery for salmon in the North Pacific operates with
wother ship fleets and land-based vessels. Mother ships are accompanied by
catcher boats which fish with drift nets. Those vessels that are land-based
work out of ports in northern Japan and use either drift nets or floating
longlines.

The area of operation of the Japanese mother ship salwon fishery is
showa in Figure 3. The number of mother ships and catcher boats that cam
cperate in the salmon fishery is licensed by the Japanese Ministry of Agri-
culture and Forestry (JMAF). In 1969-78, these numbers varied from 11 to 40
mother ships and from 172 to 369 catcher boats (Table 5). Catcher boats,
use monofilament gill nets with a minimum stretched mesh of 120 mm; however,
more than 60X of the gill nets in use have a wesh size of 130 mm. Each
catcher boat is allowed to set from 12 to 15 km of net at the maximm
depending on the area being fished (INPFC 1979). Jones (1982) has estimated
that annpal fishing effort in the Japanese salmon mother ship fishery has
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Figure 3,~Statistical areal divisions of the Japanese salwon fisheries,
1971 (Internstional North Pacific Fieheries Commission 1971).

Table 5.—~Changes in the Japanese salmon mother ship fishery
during 1969-78 (effort in thoussnds of tans) (Internmational
North Pacific Fisheries Commission 1979),

Year No. of mother ships Xo. of catcher boats Fishing effortl
1969 11 369 6,217
1970 11 369 6,028
1971 11 369 5,839
1972 10 332 5,917
1973 10 332 5,850
1974 10 332 5,433
1975 10 332 5,633
1976 10 332 5,811
1977 6 245 3,984
1978 4 172 2,721

ICumulative quaitity of gill net used, in thousands of tams.
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fluctuated from 0.5 to 9.3 million tans (one tan is 50 m of gill net). The
changes in fishing effort are related to quotas and restrictions imposed for
available fishing grounds. Since 1978, effort has averaged about 3.0 mil-
lion tans aunually and has been concentrated in the grounds just south of
the Aleutian Islands inside the United States fishery conservation zone.

In the land-based fishery, the JMAF has licensed about 325 vessels,
vhich are required to land their catches at designated ports. These vessels
uge monofilament gill nets with a minimum stretched mesh of 110 am although
nets with 115 om meshes are wore commonly used. Each veseel is allowed to
set g maximmm of 12 or 15 km of nets (INPFC 1979). Specifications for a
Japanese salmon gill net are shown in Table 6. The Japanese land-based
salmon fishery operates just south of the area fished by the mother ship
fleet and extends westward towards Japan. ‘Effort in this fishery has been
about 3.0 million tans annually, similar to that of the mother ship fleet.

Two fisheries that are offshoots of the high seas salmon fishery are
the billfish drift net fishery (Suisan Sekai 1978) and the high seas squid
fishery. Beginning full-scale operatiom around 1972, the billfish drift net
fishery has about 395 vessels, a third of which fish with drift nets full
time for billfish. The drift net used is usually 50 m long end 9 m deep.
The remaining vessels in the fleet fish salwmon drift nets part-time or
engage in tuna longline during other times of the year.

The sudden surge of vessels entering this fishery was the result of the
"oil shock” of 1973 and the Japanese Covernment's policy to reduce the
salmon fishery fleet. Increased fuel and bait costs forced many vessels
engaged in other fisheries to turn to the drift net fishery because of the
advantage gained through low fuel conmsumption and elimination of bait costs.

The fishery now operates year round. Between July and October, bill-
fish appear off Sanriku and after October, migrate southward, ending the
Sanriku drift net fishery. Some vessels, hovever, continue pursuing the
migrating fish and establish bases as far south as Nagasaki Prefecture in
Eyvushu. In addition to billfish, the drift net captures skipjack and
yallowfin tunas, mahimahi, and sharks.

The fishery is not without problems. Comflicts have erupted between
the drift net and skipjack tuna pole-and-line fishermen because of increased
competition for the resource. Furthermore, cruising vessels have complained
that occasionally they run into drift nets, resulting in propeller damage.

The Japanese squid fishery, which developed rapidly in 1978 irn the
northwestern Pacific, targets the red squid.? Most of the vessels partici~-
pating are salmon drift-netters that shift to squid fishing after the close
of the salmon season. This new fishery, however, like the billfish drift
net fishery, met stiff opposition, mainly from the squid jigging boats.

The result was that on 1 Januvary, the JMAF restricted squid drift-metting

*Court, W. G. 1979. Japan's equid fishing industry. Tokyo
University of Fisheries, Tokyo, Japan, 34 p. (Mimeogr.)
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Table 6.~-Specifications for a Japanese salmon gill net
(Food and Agriculture Organization of the United Fations 1965},
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to the area north of lat. 20°N and west of long. 170°E. Japan has a squid
drift net fleet of 534 vessels.4

Of the 110 vessels in the Taiwan squid fiehing fleet, about 30 Ooperate
in the central North Pacific during May-September. The western boundary of
this fishery is lomg. 170°W. There is no eastern or northern boundary.
After the completion of the May-September season, the vessels, together with
othere joining the fleet, move to the western North Pacific grounds located
west of long. 170°W. In the Taiwen squid fishery, the jigging and gill-
metting combination vessel of about 390 CT with a length of 47 m is most
popular. Driven by a 850-hp engine, these vessels carry 16-18 men and have
a carrying capacity of 280 MY. The vessels are capable of remaining at sea
for up to 4 months. Each of the combination vessels is typically equipped
with 250 to 500 shackles of gill nets with each shackle 50 m long. The
depth of the net is 6.5 m; the webbing is of monofilament vinyl chloride
fibers, usually green or light blue.

Taiwan gill nets, compared with Japsnese nets, are relatively chesp and
are not expected to provide service for more than two seasons. The meshes
of Teiwan nets are smaller thar those of Japanese nmets, measuring 94 mm
compared with 115-120 mm. Fishing about 400 shackles of gill nets per day,
the Taiwan vessels usually begin setting by 1600 to 1700 and retrieving the
nets at about 0100 to 0200.

Purse Seine Figheries

The purse seine takea fish at or near the surface. It is wvidely used
for capturing schooling fish such as sardine, horse mackerel, tuna,
mackerel, salmon, sachovy, herring, menhaden, and bonito. Purse seines
usually have large numbers of floats to provide the necessary buoyancy to
keep the net afloat at all times when the rings are pursed dyring retrieval.
To prevent the fish school from eacaping from the lower end, the net must be
fast sinking yet have webbing as thin as practicable. Consideration must
also be given to properties of the webbing, that is, it should be able to
withatand tension, impact, and friction during setting and retrieving. The
type of net fabricated depends on the target species; for exanple, night
fishing for horse mackerel and mackerel does not require a fast-sinking net,
but the webbing should be stiff enough to overcome deformation by currents.
In daytime sardine seining, the net should be fast sinking. For tuna sein-
ing where setting is done at high speed, the pet should not only be fast
sinking but also be strong emough to resist the impact of tuna rushing into
it to avoid capture (Nomura and Yamazaki 1975). Specifications for various
kinds of purse seines used throughout the world are given in Table 7.

The purse seine can be classified as a "surrounding net™ with or with-
out bag. A lampara net is ar example of the former, vhereas a ring net is
typical of the latter. The actual function of the seine is to form a
curtain or wall of netting when a school is surrounded. The seine is buoyed
at the top, weighted on the bottom, and has either a large central bunt and

- "Low, L.-L. 1982. Memorandum issved 13 December 1982, on "Taiwan
squid fishery in the Morth Pacific." Natl. Mar. Pish. Serv. Northwest and
Alsska, Seattle, WA 98115, 5 p.
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Table 7.—Specifications for various purse seipes used throughout
the world (adapted from omura and Yamazaki 1975),

Major part of net Depth of net
su:;- bb:xum LG;ofth Numbet | Depth
. ch '3
No. Mairs species of fish Country | Fishing mesh )rlr:: net | ° $ﬂh m
area size | (2104) | (m) depth
{cm) ¥ L n
1
1 | Herving Canads | British 3s 15 440 2650 23
Coluzmbia
2 | Herring Iceland | Ic. Waten i1 9 400 3600 110
3 letland | Ic, Watenn kN | 9 445 2000 60
4 | Hearing & Mackerel Norway [ Bergen 346 9 380 2660 96
Coant
5 { Herring Narwry | Bergen Ct. 15 4 325 4000 60
§ | Heming uK Irisk Sea 4.8 San 190 1000 43
7 | Yellowfin Tuns USA. | California | 103 1204% 780 750 80
Waters
8 | Bluefin Tum Japan | Pacific 13.0 36» 1250 1500 70
Qcean
9 | Bluefin Tum Norway | Bergen Ct. | 19.4 i 670 520 100
10 | Harse mackerel & mackerel Japan | EastChima | 3.78 124 900 7500 280
Sea
11 | Sardine Iapan | PucifieCt. | 4.0 12# 600 3500 140
12 | Menbaden U.S.A. | Atlantic 338 9 600 3800 83
Coast
i) | Salmnoa Carada | Pacific 9.0 4588 400 so k1))
Coast
14 | Cod Norway | BergenCr | 7.0 2ns 380 B&O 60

short wings, as ip the lampara net, or has purse ringe through whick a
pursing line passes to close off the bottom. The lampara-type net is used
for horse mackerel, mackerel, anchavy, sardine, tuna, and bonito. Mast

prasent-day seines are made of nylon, vinylon, tetoron, and kyokurin (Nomura
and Ysmazaki 1975).

In purse seining, the fish school is first spotted and encircled with
the net. After the net is set, the purss line that runa through rings on
the bottom of the net is closed snd the net is hauled with a power block.
First to be retrieved is the lover part of the met with the rings. By haul-
ing the met uniformly, the fish school is conceutrated in the bunt, vhich is
ususlly strengthened to withstand the strain. The fish school thus concen-

trated ie then removed from the bunt in small portions with scoop nets (von
Brandt 1964).

Fishing with purse seines can be classified into one-boat and two-boat
operations. The advantages of a one-boat operation are that it is not labor
intemeiww, the net can be shot in Tough seas, capital investment is smaller,

md operational expenses sxe less. Disadvantages are that the net canmot be

g-.
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set in shallow water, more time is peeded for setting and hauling, and
hauling is difficult in swift currents. In a two-boat operation, the seine
can be set in shallow water, time of setting and bauling is reduced, and
bauling in swift currents is relatively easy. The disadvantages aye the
need for larger crews, inability to operate in rough seas, and higher opera-
tional expenses (Yamaha 1984),

Net construction differs sccording to the species sought. In a one-
boat coperation to catch mackerel and large horse mackerel, mets are fabri-
cated from webbing with No. 21 to 24 {yarn number) twine, stretched mesh
8ize of 5-6 cm, and a buoyline varying anyvhere from 495 to 975 m; the ratio
of the bunt depth to the buoyline length is 0.08 to 0.15. For sardine and
small horse mackerel, however, the net used has No. 18 to 24 twine and mesh
size of 3.3 cm (Nomura and Yamazaki 1975), and the buoyline for a eardine
purse seine used in the one-boat operation has a buoyline of 340-500 = with
s ratio of bunt,depth to buoyline length of 0.10 to 0.20,

In two-boat purse seining, the bunt has No. 18 to 21 twine and 5-6 c=m
mesh for catching mackerel and horse mackerel. Sardine seining requires a
net with No. 6 twine and 1.7 em mesh. Fishing in bays and inlets requires
yet another net with No, 4 to 6 twine and 1.1 cm mesh. Tune fishing
requires a net with No. 60 to 80 twine and mesh size of 9 cm in the bunt
(Nomura and Yamazaki 1975). For two-boat operations, the net is 580 to
1,000 m long at the buoyline; the ratio of the bunt depth to the buoyline
length is 0.18 to 0.25. The two-boat sardine purse seine is 270-780 m at
the buoyline with a ratio of bunt depth to buoyline depth being 0.20 to
0.30 (Nomura and Yamazaki 1975).

Coastal Purse Seine Fisheries

Data available on the Philippine purse seine fishery, which contributed
about a third to the 1980 commercial fish production, indicate that there
vere 313 seiners operating in 1975; bowever, the number reached 413 seiners
or about 177 of the commercial fishing fleet by 1980 (Encina 1982). The
seines used are about 457-494 m long and 82 m deep. Fishing is done at
night with lights to attract phototactic species. The moat important
commercial species taken include round scad, chub mackerel, yellowfin tuna,
sardine, bigeye scad, herring, jack mackerel, saury, and anchovy (Bureau of
Fisheries and Aquatic Resources (BFAR) 1975; Shomurs et al. 1975). A fish-
ing gear similar to the purse seine, called the ring net, is also used in
the Philippines. This net combines the festures of the round haul seine,
vhich has the bunt in the center flanked by two wings, and the purse seine
(Encina 1982; White and Yesaki 1982). This fishery bhad 158 units operating
in 1980, and the principal species taken included round scad, bonito, skip-
jack tuna, frigate tuma, meckerel, and chub mackerel (BFAR 1975).

The surrounding net in Japan has overtaken the trawl as the single most
ismportant gear in terms of total cstch. With the enactment of the 200-unile
fishing zones, Japanese travlers were forced to phase out operation in many
traditional distant water fishing grounds and fish closer to their
homelaud, thus comtributing to the relative increase in the surrounding net
- fishery from local waters (Tamaha 1984). In addition, technological
advances in electronic fish finding equipment provided the surrounding net
boats with a greater sivantage, thus contributing immensely to their fishing
efficiency, particularly in the sardine and anchovy fisheries.
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The Japanese surrounding net fleet may be divided into three classes:
large-scale boats of over 40 GT (constituting 761 of the fleet), medium-
scale boats of 5-40 GT (making up 22Z), and small-scale boats of <5 GT
{accounting for 2%} (Yamaha 1984).

The surrounding net fishery is also divided into geographical regions
in Japan. There sre "northern surrounding net fisheries' which target
members of the mackerel, sardine, and snchovy families in offahore waters of
Hokkaido and northesstern Japan, the "west Japan surrounding net fisheries"
which fish mainly for mackerel, horse mackerel, and sgrdine in the East

China Sea, snd the "pelagic surround net fisheries" for skipjack and other
tunas in the western tropical Pacific.

The surrounding nets used in Japan are seines with or without pursing
lines although the former type predomingtes. They are set by one or two
boats, although recent trends have been to a one-boat operation. Sardine,
horse mackerel, and mackerel make up 902 of the surrounding net fishery
catch with smaller quantities of skipjack and other tumsa, yellowtail,
dorado, and Atka mackerel included in the remainder. In the small- and
middle~scale surrouund net fisheries, boats in the 14.9 to 19.9 GT class are
the most numerous. Net specifications for this fishery are shown in Table

8. A smaller seiner, for example, in the 8-9 GT class, will use a smaller
net (Table 9).

Table 8.--Specifications: Purse seine fishing gesar (Yamaha 1984).

Neme ['Sign| Mueriel | No_ofverns | Meshaize Gawth Langth |
A 2100. T8y, 23 tnm 20 Bm
Bl |  Nylon 2100. 12y. 23 mm 2,800 m
Burt B2 £100. Y2y Zimm . 000 Sm
2 Nylon 2100, 12y, Zmm A00 Swm
B4 Nyten | 2100, 12y, Twom : ®m
ct Nyton 2100. 12y, Leom 0 Sm
| &2 Nylon | 2100. 12y, Hmm 4,000 Bm
= Nyion 2100. 12y Bom 400 ~ 35 T5m
Body ot 2100. %. | Zewn 2,400 ™m
| o2 Mylon, 200, Py, B mm 6,900 Sm
_k Nylon 2100. 9. 2 400 Sm
[d] Mylon 1100, Iy, ] ™m
[+] Mylon nuigi g;m 100 TSm
C1 | hylon 2100, 12y, 23 mm :.'] Sm
e T T o fim
F3 __Mylon 2000, Wy, &0 rron 400 5m
G | _ Myion 2100, 80y. M mm p-1) 9%m
St [ {thon | zto0.00v | 34wem ) #78m
{No. of meshes)

Table 9.--Net Specifications for small Japanese purse
seiners (Yamaha 19845),

Mogh wizs
Fish sought Material Thicimase = (mm)
I'ru nackarel and meckerel Fylon 1%
[ Adult sardise ) Nylon 1100 16
. "Eelf-growe sardine Fylom §- s-u_ Y 12

. ‘Sardine fingerlisg Nylem .. 9.0 er 10
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In the two-boat operation where fishing is confined to daytime, the
load of the net is shared by the two boats which are linked at the bow while
traveling to the fishing grounds. Rach seiner is equipped with its own
pursing wire winch and a net hauler. Table 10 gives data om fishing grounds,
boats, and nets used for various two-boat purse seine fisheries operating
in the coastal waters of Japan., Detailed specifications for unets ueed in
various cne-boat and two-boat fisheries are given in Table 11.

Table 10.--Various two-boat purse seine fishing operations {Yamsha 1984),

. mg-isp lype . .
ot Sardine B horse Luring Gizzard shad Hamisanphpurse | . e | Serdine purws seine
e | e e | Pt see e
. Kujukuri-hama i channel Arnakusa-nada Shiranui-ka Oush Surug
_____-___"gﬁ“d______ . Chiba Pret. Wl Pref, . Kumsmgto Kumnamoto Praf. Bay Bay
Warter deuth Under 50 m 40~ Ben 0.-80m _ 0~ 40 mm Under 50m 200 - 300 m
Sarding, hors ’ '"d. ""__"- horpe Anchowy, saedine,
. . . grunt, ] ) mhd.m Sarding. horse
coch shad, black porgy mdmd:\‘:um Girand Kavod ol fosred gt muackersl
A9t | tanis rapaineoooss) el harvest fiah

iyt AR year round Al ywor round Dct. to Ape. Naorv. to May

. ipeak — Sapt. to Dec) | (poak-Apr. 1o Jal.) | ipwws—Ocr. 1o Dec.) | (pewk— Dac. to Mar ) Jur. i MNeov. Aug. 10 Nov.
"""'*"’"I Under & tora Under &tons Uncer § tons Undes 5 coma 1.7 tore 19.8%ne
[ No. of crew ] M- &40 g2 1-a 3 o
Net mre
{Buoy side taiorad 200 - B0m Approx. 800 m 108 m 0 =240m ¥om X0m
| length)
het msteris Nvlon/ Cr ) Cremone = Crw / Nlors Hvion Nviorr

X Body 1Emm Body 2~ Xlmm Bodty TtB~ 51 mm

Sy sire o - 2 mm ” B rmm s Wing 1 18 mm M-~ 10.8mm Samm

Table 11.-~Specifications for nets used in various one-boat
and two-boat fisheries (Nomura and Yamazaki 1975),

Net Buoy linc Leadd liowr Nose
Kinds of Neme T Kinds [Nmot | e | Longh | Fimitied Short.{Length | Finished | Shart
PurT wina pun mn:r'nh yarps | Mf8 [ ofoel [ Sength lening [ ofmel | ength | cning
Twobmi typs tra- | Bumt | Kyokurin| g9 19 0m | M2m | 20% | 390m | 312m | 20%
ditiomal purs sing | Wing - 4 1y
Ous-broat horse Bt | Vinylon | 18~24 54 1212 s % 1363 1t 40 Depth of mel: 9 m
mackere “ing - 12 [ ] Weight: §,71) kg
_ Bamt | - [18~2¢ | 3.0 7 | sv0 |33 Depth of aect: 272
~ Dato wng | - [ez-1a |30 |'® Weight: 1,850 g
Ovar-boat Lavge Puinnt - 18 .5 sto 342 Fry 510 400 Canter part: § yarm,
srdime wing | - ES ® |33 can, 81 piooun
One-bout madiom | Bunt - 71 0 80 18 o 400 1% 30 |Cwmser: 6 yar. 22 cm,
tordine Wing " 6 n 100 Mesh, &1 pinces
& 26, 100, 30p
One-boat tnall Punt - 12 1Y
X - 40 | 52 % [4% | 24 {30 {415 - 20p
arding Wing 4.4 | 14 %20, - Mp
Two-bout horee Buay - 30 .3 10% 586 “ Dupth of sct: 106 m
mackeral Way - 2 (1) Weight: 4,500 ky
- Difie — Buai | Kyokuri 18-21 | 3~32 1462 3 » | " 1g  (Depthol set: 11 -
wag [Myioe | 9-12 | 60 Wight: 8,811 kg
Two-bout Buwt ] 1.3 m s ta | s6¢ [23 |Depdhofmei:illm
i « s Weight: 2,430 ig
Twobont anchevy [ * ] - ] L& 5§7 m ) Dapth of me1; 111 m
Wing L ] 1.4 Weight: 2,370 kg
th: 172 m
Twobostmas [ Beat [ ~ 175 | %0 Dep
. 33 170 |3 [2103 [ |29 |Weight - Nyiow:
st bonito Ve [ Vieyww | M-% [13-12 2 13004 ke, Vinyien:
5840 kg
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In the unortheastermn Pacific, United States and Canadian fishermen use
purae seines of various dimensions in fishing for salmon and herring. The
specifications and construction diagrams of salmon and herring purse seines
used by Canadian fishermen are given in Tables 12 and 13, In southeastern
Alasks, U.S, salmon fishermen switch to purse seining during the offseason
for salmon (Ness 1977b, 1977c).

For Canadien fishermen fishing in British Columbia, the maximum legal
length of salmon purse seirve is 402 m in all statistical areas except in
the Strait of Juan de Fuca where purse seines may be up to 549 m. Purae
Seiunes with stretched meghes <90 um are not pernitted, and in some areas
seines with stretched meshes of <102 mm are mot allowed on or after 20
September. Canadian seiners fishing for pink, chum, and sockeye salmon
numbered 532 vessels in 1980-8) (Beacham 1984a, 1984b, 1984c),

In the U.8, Pacific coast salmon fishery, three typea of purse geines
aTe commonly used:

Buget Sound peine.--4 long, deep aeine of standard coustruction but
often differing in minor details according to fishermen preference and
netmaker's specifications.

Jditpey seine.--A short, shallow seine of Kodiak and other Alaska aress,
tailored to regulations of the Alaska Department of Fish and Gawme.

Alaska limits purse gseines to & marimum of 457 m with shorter maximms
for some aress. In southeastern Alasks, the maximum permissible length is
457 m and the minimum is 274 m. Furthermore, no net Bay be <25.5 m or
deeper than 35,7 m. This net ie 48 representative as amy in the salmon
fishery in Alaska. Im other 4Teas of Alaska, different regulations apply.
For example, in Prince William Sound, the minimm length gllowable is
228.6 m whereas the naximm is 274 m. The minimum depth is 17.4 m, the
maximm is¢ 31.1 m. In the Kodiak ares, purse seine lengths from 183 to 377
® are allowable but at least 91.4 must be 150 meshes deep with a minimm
depth of 200 meshes.

seine.--The Washington State and British Columbia drum seine is
short (400 wm), rather shallow (300 meshes). The seine is actually rectan-
gular with corkline and leadline nearly equal instead of having a short
leadline as in regular seines.

Bigh Seas Purse Seine Fisheries

Purse seining for tuma began as far back as 1914 when nets fabricated
Primarily for capturing "whitefish"™ (barracuda, sea bass, and yellowtail)
were firat used. The subsequent development of a purae seine designed
specifically for tuna and the tuna fishery as it is known today is well
dovmented (Creen et 2}, 1971).

The early tona purse seines were fabricated of cotton netting but
rapid deterioration of this materisl limited successful development of the
tuna fishery. Two msjor technological developuents—-the nylon net and the
pPower block—gave a tremendous boost to the fishery. Yhese innovations
also saved tiwe and incremsed efficiency and fishing effort by allowing the

-~
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Table 12.~-Specifications for a Canadian "swiftsure" salmon purse seine
(Food and Agricultvre Organization of the United Nations 1965).

Data Sheet FAQO No. 312
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COYRTRY : Cansde Flshiag conditiens: Offsbore, 10 Som e 40 to W0
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Table 13.--Specifications for a Canadian winter herring purse seine
{Food and Agricylture Organization of the United Nations 1965).

Data Shaet FAO No. 30t
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Beiners to set and retrieve the gear faster and to increase the number of
sets possible in 1l day.

Purse seines and purse seiners have increased in size over the past
tvo decades. During the early 1960's, a typical seine was 420 m long by
seven atrips deep (ome strip = 100 meshes) (McNeely 1961). A net described
by Coe and Vergone (1977) was 1,280 m long by 13 standard (10.8 cm mesh)
strips deep. The maximum size net used in the newly developed purse seine
fishery for skipjack tuns in Nev Zealand waters measured 1,682 m long and
263 » deep (Habib et al. 1980). The purse seines have also undergone
wodification by addition of & Medina panel vhich is a replacement webbing
of 5.1 cm stretched mesh in the top strip of the net in the back-down area
(Barhsm et al. 1977). This modification evolved as an effort by U.S. tune
fishermen to reduce mortality of porpoise which are caught in the tuma
purese seine.

In the eastern Pacific tuna fishery, the number of boats in the inter-
national fleet operating each year from 1965 to 1982 ranged from 244 to
397. 1In 1982, of 262 tuna fishing boats participating, 220 boats or 84X
were seiners (Inter-American Tropical Tuoa Commiseion 1983). The number of
tuna seiners in 1982, by size classes, is given in Table l4. Specifica~-
tions of & U.S. tuna purse seine are given in Table 15.

Most Japanese tuns seiners operating in the western Pacific figshery
for tuna are considerably smaller {250 to 500 GT) than the average United
States seiner; however, there are a few United States type seiners in the
1,000 GT class. The purse seines used by Japanese vessels, however, are
larger than those used by United States seiners in the eastern Pacific,
varying from 1,025 to 2,400 m long and with depths of 110-350 m.” Some of
the larger nets are used in two-boat seining.

Table 14.--The number of tuna seiners, by size class, fighing
in the eastern tropical Pacific (Inter-American Tropical Tuna
Commiswsion 1983).

Clazas Carrying capacity (short tons) Number Percent
1 <51 1 0.5
2 51-100 21 9.5
3 101-200 16 7.3
4 201-300 16 7.3
3 301-400 13 5.9
] >401 153 69.5

Total 2240

i Otsu, trip to Japam report, 31 January to 22 February 1975.
Availablae Southwest Fisheries Center Foroluln Laboratory, Rational Marinpe
Fisheries Service, WOAA, P. 0. Box 3830, Honolulu, HI 96812,
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Table 15.~-Specificationa for a U.S. tuna puree seine (Food
and Agriculture Organization of the United Nations 1965).

Dato Shest FAO N.. 310
BAME OF GEAR: Tubs Furna Belng ow mpacion coaghl . Tuss (yellowfin, Yrasele Puras Ssiner
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COUNTEY : U B A Flnbing contitien;  Off-shors, maing Gmat i 125 to W¢
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In the fishery for bluefin tuna off Japan, the Japanese seiner uses &
net 1,250 = long, and the deepest part of the net is about 1,500 meshes
deep, each mesh measuring 18 cm stretched for a total depth of sbout 270 a
(Nomura and Yamazaki 1975).

Trawl Fisheries

The trawl fishes in midlayers down to the sea bottom or just off it
for flatfish, shrimp, cod, baddock, rockfish, pollock, and other groundfish
species. Basically, the trawl is s toved bag net, with a wide mouth at one
end, vhich tapers to a narrow opening (cod end) that is tied shut during
bauling. The funnellike shape of the net guides the fish towards the cod
end.

The construction of a trawl net is extremely complex. It is fabri-
cated from several pamels cut according to a prescribed formula. Joining
the resulting panele aad ropes to form the net requires considerable krowl-
edge of the dynamic forces imposed on parts of the net under operaticnal
conditions. Also, allowance must be made for unexpected extraordinary
forces which may be exerted irregularly on the net.

The leading portion of a trawl net is called the wing, vhich leads
backward to the body or belly (Lippa 1967). The belly then tapers off into
at intermediate section and finally the cod end. The lower leading edge of
the trawl mouth is hung to the footrope. The top edge of the trawl mouth
is hung to the headrope as are the floats, The webbing can be either
synthetic fiber or cotton. Mesh size of the webbing can vary videly from
80 to 240 mm; whereas the cod end can have meshes of 15 mm depending on the
target species.

Several methods are used to keep the mouth of the trawl from collape-
ing during hauling. One is the use of s heavy horizontal besm. Beam
trawls may be used vith heavy "tickler chaine,” which are dragged along the
sea floor in front of the net opening between the two guides on which the
beam rests, to frighten fish. Being the original gear of the old steam
travlere, beam trawls are now used only on smsll veasels. The trawls can
be towed in pairs, one on each side of the vesgsel; however, such operations
can decresse stability unless the veseel is specifically designed for
handling two trawls (Nomurz and Yamazaki 1975).

Another method is to use two vessela. This method, called "bull
trawling," uses a large net which can be hanled at great speeds. The most
recent and widely used technique for spreading the travl net employs large,
flat boards or metal plates (otter boards) which can be rectangular or
oval. The "doors,” as they are commonly called, are attached to each side
of the net (Nomura and Yamazaki 1975). The horizontal force provided by »
pair of otter boards, which essentially act as "kites," keeps the mouth
open as the net is towed through the water. Vertical forces are supplied
by floats attached to the hesdrope and by weights attached either directly
to the footrope as in the bottom trawl or on the lower spreading wires
joining the footrope to the doors as in the pelagic trawl. The doors
contribute significantly to the sinking forces in both types of trawl (Xerr
1972). The depth of tow can be regulated also by the amount of varp paid
out and by adjusting vessel speed.
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For the pelagic and semipelagic travl, one of the basic requisites is
the use of high-tenacity synthetic twines, Netting yarns, in addition to
baving high wet-knot breeking strength, should have particularly high
extengion and elasticity to equalize differences in load distribution in

the fore net, thereby redocing the danger of shock loads bursting the net
in heavy seas (von Brandt angd Kluat 1971),

The semipelagic trawl was fabricated to overcome Problems in getting
the mouth opening of the net to sweep the wvater column for fish that
concentrate just off the bottom and outgide the normal range of bottom
trawls vhich bave low vertical openiegs. Although vertical openinga of
these trawls can be stretched by various méans, such modifications to the
net usually produce a reduction in the horizontal vidth. New construction
methods using four and siz sesms have produced nets of high vertical and
vide horizontsl opeuings which are considered best for bottom trawling.

There are some important differences between midwater and bottom
trawling (Xutakov et al. 1971). These are:

© Because midwater trawling is aimed trawvling, searches are made for
schools of fish with hydroacoustic instrumenta, Upon detection,
the vessel determines the school’s depth and maneuvers into posi~
tion befare shooting the net and dragging through the school.

0  Because midwater trawls fish in the water column between the
seabed and ges surface, fish are sble to dodge the oncoming net;
therefore, nidwater traw] nets are constructed symmetrically, that
is, their top and bottog panels are equal. There is no overhang
as in the bottom travl or reverse overhang which exists in some
trawls where the footrope moves ahead of the hesdrope.

o The mouth ares and the towing speed of a midwater trawl consider-
sbly exceed those of a bottom trawl. The increased resistance of

the net being hauled through the water column, however, tequires
increased power of the maijn engine,

The length of time that a travl is towed is dictated by the cateh
Tates prevailing. At the end of the tow, the net is hauled aboard and the
cod end emptied of fish. Demersal trawls, which are designed and used

Primarily to scrape the seq floor, are particularly subject to damage and
frequently to complete loss. .

Coast Trawl Fisheries

In Japam, coastal small-scale trawls in use can be claanified into
four types, as follows:

o m;m_m.-—-ﬁ-plelt of the trawls, this type consists
of a pet without an opening apparatus at the mouth. These trawls
are either towed with one or two boats or are fastened to out-
stratched poles at the bow and stern of 2 vessel vhich makes use
of tidal currensts or wind power to get the fish into the net.
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o Beam trgwl.--This type of trawl has a beam of bamboo, wood, FRP,
or metal to spread and hold the net mouth open.

o Dredge net.--The net has a wood Or steel frame with claws wmade of
steel or other types of metal. This dredge digs into and scrapes

the sea floor as the net is towed and is used mainly for shell-
fish.

o Otter trawl.--The most highly developed among the trawls (Yamaha
(1982y).

These various types of coastal emall-scale trawls can be hanled either
by side trawling or stem trawling; the latter is considered more efficient
but requires s net hauler.

Except for the dredge, the other trawls are hauled either near the sea
bottom or in midwater, depending on the conditions of the fishing grounds
and the target species. The Japanese aleo engage in another type of fiah-
ing where the net ia bauled near the surface layers, but this type is
usually referred to as boat seining and thus is distinguished from trawling.

Concentrating on flatfish, cod, and hairtgil as the najor target
specieg, the small-scale otter trawl fishery is a good representative of a
coastal trawl fishery in Japan. In such small-scale trawl fisheries, the
fishing gear and methods vary according to the species sought. For
example, a vessel may fish with a small-mesh (20-mm stretch mesh) trawl
throughout the yesr for various miscellaneous epecies but switch in vinter-
spring to a chain net (20-mm stretch mesh) for flatfish or in spring and
autumn to & large-mesh (80-90 om stretch mesh) net for sea bream and
skipjack tuna (Yamaha 1982a),

The small-scale otter trawl has the following specifications (Table 16),

Table 16 .—-8Specifications for a Japanese emall-scale
otter trawl (Yamaha 1982a).

No. of meshes

No of threads Mesh stretched No. of

thickness (=m) Width Length sheets
Wing net 12 28 100 100 2
Wing net 12 28 100 100 2
Wing net 12 28 100 100 2
Ceiling net 12 23 200-100 200 1
Belly net 12 28 100 300 2
Bide belly net 12 28 100 300 2
Bag net 12 20 100 100 1
Fish catching section 12 20 100 200 2
Patch 12 20 100 200 2
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o Towing wire rope is 8-9 mm dismeter, and its length is three to

four times the vater depth.

Otter boards made of wood or resin with sizes not to exceed 60 x
125 cn.

Wing net, ceiling uet, belly net, and bag net of nylom, 12 ply,

o Float of foam plastic.
o Sipnker of irom or ceramic.

The boats operating in this type of fishery are usually comstructed of
FRP, with bull weight of 4.4 tops and a full load displacement of 9.54
tons. Overall dimensions are 14,04 m long, 32,60 m wide, and 1.63 m deep
at midship.

A fishery that operates net gear in coastal shallow water and in bays
is the dredge-net fishery which catches not only shellfish as was done in
years past but nowadays also targets crustacesns and demersal fish.
Because Japanese fishery statistics combine dredge-net catches with beam
trawl catches, it is not possible to determine exactly what species are
taken by this fishery; bowever, based on combined beam trawl-dredge net
catches, the species include horse mackerel, mackerel, flatfish, cod, Atka
mackerel, thornyhead, seilfin sandfish, drum, eroaker, lizardfish, purple
pike conger, cutlasefish, ray, ses bream, sea bass, sand lance, shrimp,
crab, squid, octopus, ark shell, and sea slog (Yamaha 1983b).

Dredge nets vary widely. If the vessel is targeting demersal fish or
Crustacesns, the iron frame with dredge teeth is fabricated so that it
slides over the sea floor on a pair of runners; specisl weights are added
to the runner when fishing for shellfish. The total veight of the dredge
det depends on the engine horsepower and towing capacity of the boat.

There is no stendard shape or size or opening on these dredge nets.
The usval size of the iron~frame assembly is 250-300 cm wide and 20-30 cm
high, overall, vhen it is fitted with a fish or shrimp dredge net; however,
it is 30—40-c- high when fitted with a shellfish dredge net. The dredge
net is tnbnca:gd of polyethylene detting; mesh size varies according to
the target species. For shellfish, the mesh is 60 m; for demersal fish
-8nd shrimp, the meshes are 35-43 =m and 28 wm, respectively.

Along the British Columbia
of commercially important bottom
fish, and shrimp (Lippa 1967).

coestl?ne. travliers catch some 30 species
fish ineluding sole, cod, lingcod, ToCk-

Most of the Canadim travlers are purse—seine vessels like those of

:::“Un::;: States Pacific coast. These trawlers are stont, besmy, have 2
(Li 1”““ Stern, and have a wheelhouse and galley located £ rd
pra 7). Deck space is aft orva

60~300 by, the vessels are between 9 snd 30‘:’10115 l:?;:dtv:z:;e::}!'lgg

Q!. Althgugh the typical vessel is cloger to 25-49 ¢T,

up of (1) year—round travlexrs (
fishing more then 8
sestonal trawlers (4~3 monthe per year), and (3)
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part-time or incidental travliers (<4 months per year). Vessels are classi-
fied either as single-gear trawlers, which tow from a single point (usually
starboard) on the vessel, and double~gear trawlers, which tow from two
points on the vessel. Many vessels use a reel on which the trawl net is
wound.

There are two types of trawl nets used in the Canadian fishery; the
box trawl (or western or Pacific trawl) and the flat trawl (or esstern or
Atlantic trawl) (Lippa 1967). Usually, vessels up to 49 GT use the former;
larger vessels use the latter. Specifications of a Canadian midwater trawl
are presented in Table 17.

High Seas Trawl Fisheries

The high seas trawl fisheries in the North Pacific, perhaps the
largest fishery in terms of the number of vessels involved and the number
of species harvested, include fishing vessels from Japan, the U.5,.8.R.,
Bepublic of Korea, Taivan, Canada, United States, and the Polish People's
Republic. The species targeted by this fleet are shown in Table 18. In
the Bering Sea, pollock constituted BOZ and flatfish 11% of the catch. The
bulk of the catch was taken by Japanese vessels and Soviet vessels took
nost of the remainder. Swall amounts of pollock were also taken by the
Republic of Korea (Forrester et al. 1983),

Canadian and United States vessels fished mainly for Pacific balibut
in the Bering Sea region and small amounts of herring were also taken by
United States vessels (Forrester et al. 1983). This situation, however,
changed in 1984 (D. L. Alvermon, pers. commun, 26 November 1984).

In addition to groundfish, there are directed fisheries for herring
conducted mainly by the Soviets, and for shrimp and small smounts of squid
by the Japanese (Forrester et al. 1983).

The number of Canadian, Japanese, and United States vessels fishing in
the Bering Sea region in 1954~70 and Japanese vessels fishing in the same
region in 1971-76 is shown ir Teble 19. The number of Canadianm and United
States vessels operating in 1971-76 and the number of Soviet vessels oper-
sting in the Bering Ses are not svailsble.

In the contiguous states and British Columbia, the major species takem
are hake (35%), Pacific ocean perch and other rockfish (22Z), flatfish
{including Pacific halibut) (12%), pollock (11Z), and sablefish (8%).
Soviet vessels caught 472 of the groundfish, mostly Pacific hake, and Japan
Accounted for 26X, the United States 15T, Canada 6%, and the Republic of
Eorea 2I. The Polish People's Republic also caught hake in 1975-76,
Sveraging 35,000 MT per year. The nmber of Canadisn, Japsnese, ngd lh-:i.ted
States vessels fishing in the northeast Pacific region in 1963-76 is given
in Table 20.

Operations of the foreign trawl fisheries in the eastern Bering Ses,

_ Aleutisn Yslands region, Gulf of Alasks, and off the coasta of Washington,

Oregon, and California have been reported in detail by Pruter (1976),

Porrester et al. (1978), Bakkala et al. (1979), Prench et al. (1981), Nelson
et al. (1981), and Wall ot al. (1981).
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Table 17.--Specifications for a Canadian herring midwater trawl
(Food and Agriculture Organization of the United Nations 1965).

Data Sheet FAO No. 123
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Table 18.-~List of scientific and common names of fish species
taken in the Alaska groundfish (Forrester et al. 1978).

Scientific name

English common name
(INPFC preference first)

Japanese common or
standard name

Sharks
Galeorhinus zyoplerus
Squalus acanihias
Herrings
Clupra harengus pailasi
Codfishes
Meriuccivs productus
Microgadus proximus
Theragra chalcogramma

Cadus macrocephalus
Rockfishes
Scorpaenidae
Sebastes alutus
Sebaster brevispinis
Sebastes flavidus
Sebastes goodei
Sebastes miniatus
Sebastes pauctspinis
Sebasies pinniger
Sebasies ruberrimus
Greenlings
Opliodon clongalus
Sablefishes
Anoplopoma fimbria
FLATFISHES
Hippoglossoides elassodon
Hippoglossoides robustus
Hippoglossus stenolepis
Lepidopselia bilineata
Limanda aspere
Atheresthes eoermanni

Atheresthes stomias
Eopretta jordani
Microstomus pactficus

Parophrys peiulus
SHprimps

Pandalus borealis

Fandalus gonivrus

Pandalus jordani

Pandalys platyceres

soupfin shark
Pacific dogfish

Pacific herring, herring

Pacific hake
tomood

Pacific pollock, wall
pollock, whiting, poﬁk

Pacific cod, true cod

rockfishes

Pacific ocean perch
silvergray rockfish
yellowtail rockfish
chilipepper
vermilion rockfish
speckled rockfish
canary rockfish
yelloweye rockfish

lingeod
blackcod, sablefish

Rathead sole

Aathead sole

Pacific halibut, halibut

rock sole

yellowfin sole

northern arrowtooth
flounder

turbot, arrowtooth
flounder

petrale sole

Dover wle

English sole, lemon sle
pink shrimp

pink shrimp

pink shrimp

prawn

abura tsunozame
nishin

heiku, meeurusa

suketo dara
ma dara, tara

menuke rui

arasuka menuke

gin menuke, kuro menuke
kin menuke, kiohire menuke
shu menuke

bara menuke, bokachio
orenji menuke

kojin menuke

kin mutsu
gin dara, hokyuo mutsu

uma garei, shiro garei
doro garei, shiro garel
ohyo

shumusu garei, asaba garei
kogane garei, rosuke garei

abura garei

abura garei

petoral nameta, tsubame
garci

nameta garet, baba garei
amerika nameta

igirisu garei
hokkoku aka ebi
benisuji ebi
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Table 19.--Number of vessels, by type and by country, fishing for groundfish,
shrisp, sand herring in the Bering Seas region, 1954-76 (adapted from Forrester
et al. 1978, 1983). Source: PFisheries Research Board of Canada; Fisheries
Agency of Japan; Korthwest and Alaska Fisheries Center, National Marine
Pisheries Service, U.S. Department of Commerce; and International Pacific
Balibut Commission.

Gill nat Longline Trawl
United United United
Year Canada Japan States Canads Japan States Canada Jaepan'! Japan® States
195 — - - - - 2 - 1 - -
1955 — - — - - — 9 - -
195 - - - 2 — k | - 13 - -
1957 —_ -_— -— _ - 1 - 13 — -
1958 - _— - 14 3 7 — 29 - _
19%9 — — — 20 6 19 — 64 - -
1960 -— 3 -— n 29 as - 165 - -
1961  -- 138 -_— b 1) Y38 34 — 243 54 -—
19%62 — %57 -— 3 67 &3 - 225 70 -
1963 - 112 -— 53 LIS 52 -— 148 93 -
1964 — 9 -— 32 30 36 - 194 103 -
19653 — &8 -— 15 1¢ 19 - 149 126 —-—
1966 - 55 — 11 9 & —_— 129 172 —_
1987 —-— 53 — 19 7 17 — 198 173 -
1968 — 1 ] — 17 10 11 - 175 184 -_—
1969 - 64 —— 16 10 7 —_— 186 182 _—
1970 —_— 12 - 13 b .1 —-— 193 182 -
1971 — 6 —_— - 13 —-— -— 182 182 -—
1972 - 28 — —_— 19 —_— -— 222 182 —
1913 - 14 - - 22 - - 154 182 —-—
1574 —_ 11 —_— - 20 -— —_ 177 182 -
1975 _— [ - — 23 - - 154 182 -
197¢ — 10 - -— 23 —_— -— 139 182 -—

‘Motber ship type groundfish fishery, Borth Pacific trawl fishery, and Yorth
Pacific longline-gill met fishery; includes Danish seine, pair travl, side travl, and
stern trawl.

*Sumber of vessels licensed in the land-based trewl fishery; ineludes Danish
Seine and stern trawl. These vessels oparated in the Okhotsk Ses snd waters adjacent
£ the Rmrile Islande ss well as io the Bering Sex. Data atre not aveilable on the
Bumber of vesssls operating iu the Bering Ses region.

Some veasels operated both gill mets and longlines. A detailed breakdown by
Eeer type is not aveilable.
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Table 20.--Number of vessels, by type and by country, fishing for ground-
fish, shrimp, and herring in the Fortheast Pacific region, 1963-76 (adapted
from Forrester et al. 1978, 1983). Source: Fisheries Research Board of
Canada; Fisheries Agency of Japan; International Pacific Halibut Commission;
Northwest and Alaska Fisheries Center, National Marine Fisheries Service,
D.S. Departument of Commerce; Pacific Biological Statiom, B.C.

Type of veassel

Gill net Longline Purae seine Trawl? Pots?t

Dnited Vaited Tnited United Tnited

Year Canads’Japen States Canade® Japan States” Canada Japan States Canada’Jlapsn States States
1963 -— 3 - 236 - 142 113 — 19 77 & 6 18
1964 -— - - b1 J— 77 15 — 2% 82 7 265 18
1965 S -~ 189 — 37 132 -~ 28 T4 13 264 22
1966 _— - 212 - 293 146 — 30 19 25 m 15
1967 — - - 151 6 286 M - 25 81 % 312 20
1968 —_— - - 14 21 194 17 - 20 75 28 288 30
1969 - — 144 26 221 19 - 43 73 33 9
1970 | S - 167 28 233 ¥ - 77 64 31 338 24
1971 72 - - 15 2 111 135 — 46 64 31 314 29
1972 T R 1 165 3 242 106 -- S12 %6 66 5306 39
1973 266 -— 14 144 24 211 161 - 27 62 31 M3 T30
1974 1,002 - 12 76 22 165 41 = P13 68 31 434 39
1975 1,255 —= 16 163 23 194 214 -- 130 76 29 380 *aa
1976% 1,068 - 105 160 22 615 168 -- 173 o7 25 532 85

Tncludes Danish seine, side trawl, and stern travl.

*Shrimp fishing.

Wo data are available on the number of vessels that fished for shrisp. Data
ragarding the aumber of vessels fishing for herring were available only for the
herring fishing seazon {approzimately ! May to 30 April of the following year);
thearefore, the gill net end purse seine dsta given here for calendar years actually
are for fishing sessons, e.g., data for 1969 sre for the period & May 1969 through 2
May 1970. Wo record was kept of the number of wasaels that fished for herring with
gill nets prior to 1969. Scme vessela that trawled for groondfivh also fished for
berring., Vessels fishing with longlines took halibut; so dats are available on
vmmber of longline, handline, or troll vessels thet fished for species other thanm
halibaot.

*Includesa sbout 25 vessels which fished only for species other than halibut in
1971 and 1972, an grknown oomber in 1973, 11 in 1974, 5 in 1975, and 415 in 1976.

SMumber of Alaska based vessels waknown,

*in additional 543 United States vessels were engaged in the northeast Pacific
fisheries using other gear or unclsesified gear.
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The Japanese fishery for groendfish in the Bering Sea developed over
many years of fishing and in recent years had four principal components:
the mother ship fishery, the North Pacific traw]! fishery, the North Pacific
longline~gill net fishery, and the lsnd-based trawl fishery (Bakkala et al,
1979). These figheries contributed 64, 31, 0.3, and 5%, respectively, to
the Japanese catch from the Bering Sea in 1971-76.

h ip fi +==This fishery comsists of freezing fleets, meal
and ainced fish fleets, and longline—gill net fleets. Catcher boats are
pair trawvlers, Danish seiners, stern travlers, and longline gill-netters;
pair trawlers are the mainstay of the fleet. The tmmber of mother ship
fleets and the number of catcher boats attached to them are given in Table
21 for 1952-76. Characteristics of catcher boats and trawl gear are given
in Table 22.

Table 21.--Fleet of the Japanese mother ship fishery, 1952-76
(International Worth Pacific Fisheries Commissiom 1979).!

Year Kowber of mother ships Runber of fishing vessels?
1952 3 57
1933 3 145
1954 7 205
1955 14 4506
1956 16 506
1957 16 461
1958 16 460
1359 16 40
1860 12 410
191 12 410
1962 11 369
1963 11 366
1964 11 379
1965 11 369
1966 11 369
1967 11 369
1968 11 369
1969 11 369
1970 11 359
1971 11 369
1972 10 312
1973 10 332
1974 10 332
1975 10 332
1976 10 332

*Source: Fisheries Agency of Japan.
Includes scouting boats.
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North Pacifiec trawl fishery.--This fishery consists of factory sterm

trawlers, which are usually larger tham 500 GT and operate independently;
these vessels fish and process their catch. Products, which consist of
minced fish, frozen fish, and fish meal, are transferred to refrigerated
transport vessels which carry them to Japan. Size of vessels and gear
characteristics are given in Table 22. The main target of these trawlers
is pollock in the esstern Baring Sea; Pacific cod and flounders are also
caught in the trawl. In the Aleutian Islands regionm, target species are
Pacific ocean perch and other rockfish, and smaller amounts of pollock and
various groundfish constitute the remainder of the catch. There were 35-37
vessels licensed to operate in this fishery im recent years (Table 23).

Land~baged traw] fisherv.--The vessels in this fishery are essentially
independent travlers and are prohibited by Japanese regulations from trana-
shipping their catch to cargo vessels., All vessels return to Japean after
catching 2 full load. The target species are mainly flounder, poellock, and
rattails. The gear used was mainly Danish seines; however, in recent years,
the stern trawl hae dominated. In [969-76, 182 vessels operated in this
fishery; however, the nomber declined to 143 in 1977 and to 75 in 1978
(Table 23). The catches include chiefly flounder, Pacific ocean perch, and
black cod (Forrester et al. 1978).

The Soviet trawl fishery harvests a substantial part of its total
catch from the Bering Sea and off the United States Pacific coast. Fishing
off Alaska initially in 1959, the Soviet fleet expanded into the Gulf of
Alaska and along the Aleutian Islands then moved into watere glong the
Alasks cosstline. By 1966, they had fleets fishing off Oregon and Wash-
ington and subsequently expanded farther into waters off British Columbia
and California (Pruter 1976). The Soviets are now engaged in joint venture
operations (D. L, Alverson, pers. commun., 26 November 1984).

Like the Japanese, the Soviets employ the mother ships and independent
factory trawlers that catch and process their own catches (Bakkala et al.
1979). This fleet concept is carried one step further in the Soviet opers-
tion, that is, the support vessels include base ships to carry administra-
tors, staff, and to provide logistic support; factory ships to process
catches; refrigerator transports to replenish atores and receive, freeze,
and transport catches to port; oil tankers, passenger ships, tugs, patrol
vessels, and at times hospital ships. The number of side and factory stern
travlers operating in waters off Washbington, Oregom, and California in
1966-77, and off Alaska in 1963-74 is given in Tables 25 and 25,
respectively. The basic types of Soviet trawlers used in the groundfish
fisheries off Alasks are given in Table 26. The size of BMRT's (large
freezer travlers) and the dimensions of their trawls used to harvest wall-
eye pollock and Atks mackerel are given in Table 27.

Trawlers of the Republic of Korea first entered the fisheries for
Alaskan groundfigh in 1967. Korean sterm trawlers, similar in size and
desige to Japanese ones, target on pollock. Vessel size and fishing gear
dimensions, shown in Tsble 28, are probably representative of the Korean
trawl fleet operating in the Forth Pacific trawl fishery (Bakkals et al.
1979).
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Table 23.--The number of fleets in the Japanese mother ship
fishery and the number of vessels in the Japanese North Pacific
trawl fishery, North Pacific longline-gill net fishery, and land-
based trawl fishery, 1954-78 (Nelson et al. 1981). Source:
Pereyra, W. T,, J. E. Reeves, and R. G. Bakkala {principal
investigators). 1976. Demersal fish and shellfish resources of
the eastern Bering Sea in the baseline year 1976. Processed rep.
619 p. Northwest and Alaska Fisheries Center, Natl. Mar. Pish.
Serv., NOAA, 2725 Montlake Blvd., E., Seattle, WA 98112; Sasaki,
R. 1977. Outline of the Japanese groundfish fishery in the Bering
Sea, 1976 (November 1975-October 1976). Unpubl. manusecr., 11 p.,
Fisheries Agency of Japan, Far Seas Fish. Res. Lab., Shimizu 424,
Japan; National Marine Fisheries Service data on file at Law
Enforcement Division, Alaska Regiomal Office, Natl, Mar. Fish.
Serv., NOAA, P, 0. Box 1668, Juneau, AK 99802,

Mother ship fleets Independent veasels
Rorth
Meal North Pacifie Land-
and Lougline Pacifie longline based
Preezing minced gill net trawl gill net trawl
Year fleet fleet fleet Total fishery fishery fishery
1954 2 - - 2 2 - -
1955 2 -— -— 2 3 - -
1956 4 - - 4 1 -— -
1957 & -— - 4 - — -
1958 2 1 1 4 - -— -
1959 & 1 1 ] 2 - --
1960 & S 4 13 - - -
1961 13 5 14 32 3 - 54
1962 11 5 5 21 2 -— 70
1963 10 2 5 17 2 - 93
1964 6 4 2 12 2 - 103
1965 6 4 2 12 2 - 126
1966 8 4 1 13 2 — 172
1967 7 5 2 14 42 22 173
1958 6 5 1 12 42 22 184
1969 5 5 1 11 42 21 182
1970 3 6 1 10 42 22 182
1571 5 6 I 12 42 22 182
1972 & 6 - 10 68 3 182
1973 4 6 - 10 42 26 182
1974 4 6 ~-~— 10 42 30 182
1975 3 S - 8 5 27 182
1976 3 5 - 8 57 32 182
1977 1 5 - 6 51 23 143
1978 1 5 - 6 54 22 75
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Table 24,--Number snd equivalent gross registered tonmnage of
different Soviet catcher vessels sighted off Washington, Oregon,
and California, 1966-75, Sightings were by Natiopa! Marine
Fisheries Service personnel sad do not include repeated sight-
ings of the same vessels (Pruter 1976).

Factory
Side trawlers stern trawlers Equivalent
. groes tond,
Year SRTI SRTR SRTM Total BMET RTM Total all clasees
1966 149 9 13 171 39 - 39 177,000
19%67 -~ - - 12 48 -~ 48 ?
1968 24 - 14 k}] 56 - 56 194,000
1969 12 - 6 18 &4 - 44 147,000
1970 - - 8 8 55 - 55 180,000
1971 - - 6 6 64 - 64 207,000
1972 2 — 3 5 42 2 44 141,000
1973 12 -_— 8 20 51 11 62 200,000
1974 —— -— - - 78 16 94 290,000
1975 - —_ - - 82 15 97 300,000

Not differentiated by class in 1967.

Table 25,--Number and equivalent gr0o8s registered tonnage of
different Soviet catcher vessels sighted off Alaska, 1963-74.
Sightings were msde by National Marine Fisheries Service person-
nel sznd do not include repested sightings of the same vessels.
Cbservations not extensive enough to provide comparative numbers
in 1959+62 snd unavailable for 1975 (Pruter 1976).

Factory

Side trawlers stern trawlers Equivalent

gross tons,

Year SRT SRTR SETM SRTK Total BMRT RTM Total all classes
1963 155 7 _ - 162 10 1 11 79,000
1964 237 9 12 - 258 28 1 29 167,000
1965 330 11 25 -— 366 36 3 39 233,000
1966 248 9 &% - 301 42 4 46 245,000
1967 191 7 66 - 264 53 & 57 279,000
1968 - 97 5 90 - 192 71 3 74 324,000
1969 66 9 127 - 202 79 6 85 377,000
1970 65 11 144 - 220 97 6 103 447 ,000
9 92 T 102 2 203 102 5 107 438,000
1972 111 6 161 7 285 100 11 111 497,000
1973~ 2% 7 155 9 196 105 15 120 498,000
1974 25 7 174 8 215 117 14 131 546 ,000
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Table 26.--Basic types of fighing vessels employed by the U.S.S.R,
in groundfish fisheries off Alaskas (Pruter 1976).

Vessel Gross
type tons

Length
{m)

No. in
crew

Descriptive remarks

8RT 265-335

SRTR 505-630

SRTM 700

SRTK 175

BRT 3,170

RTH 2,657

38

52

54

85

82

22-26

26-28

30

90

Small side trawler of older
type

Medium side travler—usually
transships catch to factory
ship but may operate
independently and process and
freeze ovn catch.

Large side trawler-frequently
operates independent of
factory ships and processes
and freezes own catch.

Rew class of trawler equipped
with etern ramp for more
efficient trawling.

Factory trawler which normally
processes and freezes owmn catch.

Never type of factory trawler
haviog incresased deck ares
aft for more efficient
bandling of gear and catch.

Table 27.--Size of Soviet (BMRT) factory stern trawlers amd trawl
dimensiona used by fishing walleye pollock and Atka mackerel as shown
by data of United States observers in 1976 and 1977 (Bakkala et al.

1979).

Range in veasel size

Typical gear dimensions

Taxget Length
wpecies (m)

Groas
tons

Head Ground Cod end
rope rope sesh

length leogth size

Horsepower (m)

(m) {cm) Otter boards

Halleye 78-87 2,637-3,837 2,000-2,320 77.4 7.4 3.0-6.0 BRound to oval,

pollack

Atks 78-87 2,581-3,510

nackarel

2,000

variable ia
size 1,500~
1,800 xg.

31.0 4.0 3.0-5.0 Round to oval,

1,200 ng.
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Table 28.--Vessel size and fishing gear dimensions of three Republic

of Korea independent stern trawlers boarded by U.S. observers in 1977
(Bakkala et al. 1979).

Gear

Vessels data Groand Otter

Readrope rope Vertical Cod end board
Length Gross Horse No. iz length  length opening mesh gize mice

Vessel (m) tons power erew (m) {(m} (m). (em) (m)
Splvia 84 2,285 3,200 S8 59 78 6 10 2,5x3.8
Shin Ag Ho 106 5,680 6,000 157 80 15 7 10 13.0x5.0
Hewpg Yaps Bo 104 5,377 5.800 92 74 105 38 10 3,0x4.8

Taiwan trawlers, which first entered the groundfish fishery in 1974
aud have numbered only one or two independent stern trawlers, target
walleye pollock and flounder (Bakkala et al. 1979). The vessels are from

900 to 1,900 GT and cam produce only frozeun fish products (Nelson et al.

The size and type of trawls used by the foreign fleet in the eastem
Bering Sea, Aleutian Islands region, and the Culf of Alagka vary consider-
ably; the specifications of the trawl net and otter boards are summarized
in Tables 29 amnd 30.

Canadian trawlers participating in the fishery for groundfish in the
Borth Pacific average 60 CT and range between 3 and 265 GT. 1Im 1968-70,
the fleet consisted of 65-73 vessels of which roughly 60X figh at least 6
months of the year (Table 31). The vessels are essentially the U.S.
Pacific coast seiner type crewed by 2-5 men. Catches are hsuled aboard the
vessels by means of winches, booms, and net reels. Details of the types of
net and otter boards used are given in Table 31 (Forester et al. 1978),

United States trawlers in the North Pacific groundfish fishery are
essentially similar to the Canadian vessels and totaled 225 in 1970. Table
32 shows the number of trawlers operating in the fishery in 1969-70, by
tonnage class and the most common types of trawl gear used (Forrester et
al. 1978). The number of U.S. trawlers has increased in recent years (D.
L. Alverson, pers. commun., 26 November 1984).

Miscellaneous Net Fisheries

There are a number of other miscellaneous fisheries which rely on nets
although the intemsity with which this gear ig employed is not as great as
that in the major net fisheries. Included are the set net, heul seine, and
lift net fisheries.

The set net is actually & passive gear which is set in coastal waters
to guide migrating fish, or those swept by currentws, to follow a “lead”
inte one or more enclosures from which they have difficulty escaping. The
haul seine, which includes the beach seine and boat seine, is set in the
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Table 31.~~Size distribution (gross tons)} of vessels engaged in
the Canadian Pacific coast trawl fishery and average type of
gear uged, 1968-70 (Forrester et al. 1978}, Source: Figheries
Regearch Board of Canada,

Year and number of vessels

Tonnage class 1968 1969 1970
All vessels

3-24 12 13 11

25~49 27 26 20

50-74 18 17 19

75-99 7 3 5

100-124 6 4 3

125-195 3 5 5

265 0 1 1

Total vessels 73 712 64
Average gross ton 55.1 59.3 60.9

Vegsels fishing 6 months
or longer in each year

12-24 3 4 &

25-49 17 13 14

50-74 17 16 il

75-99 4 4 4

100-124 & 3 1

125-195 2 2 3

Total veesela 47 42 38
Average gross tons 59.7 61.2 60.0

Average headrope length: 21.9 m,

Average ground rope length: 28.7 m,

Mesh size in intermedjate and cod end: 112 mm.
Otter board aize: 2.2 x 1.2 m.

Otter board weight: 325 kg.

Otter board type: steel or wood and steel.
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Table 32,~-8ize distribution (gross tons) of vessels engaged in the United
States Pacific coast trawl fishery and average type of gear used, 1963%-70
(Porrester =t al. 1978).

Year and oumber
Toonage clan 1969 1570
<24 2 »
2549 108 10%
50-74 ] 42
73-99 12 18
100124 s 12
125-195 4 6
200-224 0 0
Swyn ramp awler 1 1
ToraL 218 25
Average groms tosm
(emcluding storn ramp trawler) 506 4.9
Specifications for the most common types of oawt gear used are w8 follows:

_ 350400 Exrtern 350 Gracen
Hzapnors Lawars 58-71 fx (§7.7-21.7 m) 65 i {199 m)
Grovsbeorn Lawory 31-94 N (24.7-20.7 m) 83 It (29.0 m)
Mewm Sprx

Intermacdiate and forward 1.0-5.0in (76.2-127.0 coan) 4.5 in (1143 mm)

Codend 35-3.0 in (83.9-127.0 mm) 4.5 in (114.9 mm)
Ormesoaxn

Size 7OX401t 2.¥x 1.2 m)

Weight 760 1b (344.7 kg)

Source: WMSuumiFMFﬁWdMMWWlJFﬂMGm

vicinity of knowz concentratious of fish, then hauled either by hand,
machine power, or boats to herd the fish into the bag. In lift net fish-
ing, the entire gear is submerged and kept there until a achool of fish,
lured to the net either by chueming or a light, is sufficiently concen-
trated. The net is them hauled quickly to entrap the fish in the bag.

S8et Net FPisheries

In countries like Japan, where fish are known to migrate along the
cosst, conditions are very favorable for set met or fixed net fisheries.
In areas vhere set net fisheries have developed, coastal currents are
usually moderate, the coastline is uneven and interrupted by numerous bays,
and weather conditions are ideal (Momura and Yamazaki 1975). Exceptions
are in places like Hokkaido where winter conditions can severely limit
fishing.

Of the three types of set vets formerly used in Japan, the “otoshi
ani® is the only one remsining and can be found in major bays along the
Japangse coast including Ssgawmi Bay, Kamano Bay, Tosa Bay, Toyama Ray, and
Wakasa Bay.

The Japanese classify set nets as large, medium, and small. Examples
of large set nets cam be found in Mie Prefecture where they are fixed in
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vater depths of gbout 30 m over sud and mud-sand bottom to catch yellow-
tail, tuna, sardioe, mackerel, horse mackerel, and other coastal species,

The Japanese coastal fishery for salmon, which operates mostly in the
Sea of Japan and along the eastern and western coasts of the northern half
of Japan, also relies heavily on set nets in the nearshore areas. Most
vessels make short l-day tripe in territorial waters. A few, however, make
2-3 day trips, 1In 1967-79, the set nat produced about 262 of the total
Japanese galmon catch.

The "otoshi ami" used in the salmon fishery consists of a leader net
and a main net which has three components--the playground net, the funpel,
and the trap net, which can be attached on either one or both sides.

Although the upper margins of the nets are fixed to be at sea surface,
there has been a trend in recent Years to set the net in deep waters of
50-60 » with the upper margins reaching only to the midlayers in the water
column. This move toward deepvater sets was prompted by severe winter
conditions, particularly around Hokkaido where bad veather severely
restricts fishing (Yamaha 1980). These deepwater sets have produced higher
catch ratea than surface sets.

Among set nets of medium size is the sardine trap net. This net has
an ascending portion, a trapping portion, and a fence net. Set 1.8-3.7 m
from shore, the net measures 120 m long by 80 m wide and varies in depth
from 20 to 40 m. The pocket is 18 m long and 50 m wide. Operation of the
net requires three boats--one to raise the bag net entrance and the others
to lift the entire remainder of the net. Fished mainly in spring and
sunmer, these nets capture sardine as well as mackerel, horse mackerel,
squid, aod other species. These nets are fished along the Pacific and Sea
of Japan coasts of Honshu,

Another set net of medium size is the herring trap net, used mainly
tlong the coast of Hokkaido. This net usually measures 45 m long and 20 m
wide in the bag net and has a 150 ® long leader uvet. Operated by three
boats, the net is ussally fished for only 3 months from March through May.
One boat lifts the net while the others serve as carriers. The target
epecies is spawvning herring.

A small trap net is operated year round in many small bays alonog the
Japan coast. Consisting of a main net, leader net, and bag net with flap-
pers, the net is operated by one boat crewed by two to three fishermen.
Species taken usually include sea bresm, Spanish mackerel, perch, cuttle~
fish, flatfish, croaker, and squid.

Haul Seine Figheries

The haul seine is operated ou the same principle as the trawl; that
is, the net is dragged along the sea floor or in midwater. Essentially,
the met has long wings which serve as barriers that drive the fish toward
the bag. The top line or upper edge of the net is buoyed with floats
whereas the bottom line, which drags slong the sea floor, is weighted with
sinkers. Most nets have pocket bunts similar to the cod end of a trawl,
This pocket usually is made of heavy webbing to hold the fish. It can be
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centered, in which case the net is symeetrical, or off to one side or
asymmetrical {Torbam 1964),

Haul seines vary from small 100 m nets to large 2,000 m ones (Kask
1947; Torban 1964). Depth varies from 10 to as much as 40 m in some
European neta. The cod end or pocket cam be 10-12 long. Meshes in the
ving are gradvated from 75 to 15 ce; the meshes near the center are smaller
(1.5 to 2.0 cm). The ground lines and float lines are 1.5 em in diameter;
vhereas the hauling lines or varpe, attached to the wings, are 2.0 em in
diameter and about 1,500 m long. The warps serve a dual purpose; in
addition to their use as a hauling line, some fisheries use the WATIPS am
frightening devices by attaching twigs, leaves, or straws to them.

Haul seines such as beach seines can be wsed in shallow water whera
fish are known to aggregate. The net is usually set with the aid of a
skiff at the direction of a fishing master. Hauling in the varp and net
can be done by hand but this operation Tequires considerable labor. Some
European besch seine figsheries now resort to mechanical haulers.

The Hawaiian "hukilau” net is a typical example of a beach seine which
requires many helping hands in hsuling. The leaves of the ti plant are
attached to the warp of this net which serves as a scare line. Species
Bost commonly caught in the hukilau nets are jack, threadfin, bonefish,
milkfish, goatfish, and mullet.

Okinawan fishermen use a variation of the haul seine which is set from
two boats but a2lao requires wany hands. In this method, the havl seine is
set at desigrated fishing grounde by mmall fishing boats, then the figher—
men enter the water and begin hitting the surface with their hands or scare
lines to startle the fish and drive them out from their hiding places
between rocks and within coral heads. Some of the fish, in attempting to
escape, become entangled in the wing net; however, most are driven toward
the bag which is then hauled aboard the boats. Species caught by this
method usvally include wrasees, parrotfishes, golden banded fusiliers, and
flyingfishes (Yamaha 1979b). Similar fishing methods are used in the
Philippinee where the fishery ranks fifth in terms of commercial figh
production (Encina 1982). The major epecies caught are Cgesio spp.,
parrotfish, snapper, siganids, and nemipterids.

The Japanese have a form of net fishing cglled boat seining in which
fish are caught by filtering midlayer waters with a net. The gear used io
this type of fishing is different from that used in bottom trawling opera-
tions, and the target species differ (Yamaha 1983a).

Boat seining requires the following:

o Wing net.-~Section of the net used to intimidate the fish and
promote school formation.

o Main net.--This section preveats fish from escaping while guiding
them into the bag area. :
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© Bag net.--This section holds the fish.
© Tow rope.-~Rope used by the boat to tow or hold the net.

One type of boat seine ("patchi ami") in Japan is the largest net used
in any of the boat seine fisheries, requiring two boats of up to 20 gross
tons to tow it (Yamaha 1983a). Based on 1983 data, there are about 700
Broups operating out of central and southern regions of Japan's Pacific
coast. Target species for this fishery are sardine, anchovy (adults and
fry), sand lance, and cuttlefish; however, sardine and anchovy predominate
in the catch.

In "patchi ami” seining, the two boats are tied together at the bow
and ghare the load of the net as they head toward the fishing grounds.
After a school is located by a fish-finder on a search boat, the two boats
are positioned up current from the school then advancing with their bows
still joined, they lay out the buoys and then the bag net into the water.
At this point, the two vessels separate and head off in opposite directions
at full speed, laying out the main net and ving net as they steam along.
When the entire net is get, the two boats turn 90° and run parallel to each
other in the direction of the school, laying out sufficient tow rope to
bring the mouth of the net to about the same depth as the fish school.

When the net is finally positioned at the proper depth, towing begins.

In retrieving the net, the two boats come together and are again
secured at the bow., Net haulers commence the retrieval onto large drums or
Teels mounted on the deck; hovever, the main net is hauled in by hand.

Then the bag met is brought up to the surface, 2 transport boat is called
up to the stern of the two net boats, and Picks up the buoy, buoy line, and
the bag net. Net specifications for this fishery are given in Tables 33
and 34,

Aoother type of boat seining called "gochi ami"” (type B) in Japan, can
be either a one- or two-boat operation. The net, which has a high ratio of
shrinkage in the center section, expands into a large bag when placed
across a current or towed (Yamaha 1983a). This net is ideal for towing
alongside reefs or near the sea bottom; thus it can be used in places such
as rough or rocky bottom vhere a standard bottom traw] cannot be used. It
is highly effective in fishing for red sea bream, threeline grunt, silver
vhiting, lizardfish, barracuds, and porgy.

One-boat operations usually harvest small fish, whereas two-boat
groups target large fish. The specifications of the net in a ¢one-boat
operation are presented in Table 35.

Lift Net Pisheries

Three typical examples of lift nets are the basrig (bag net) used in
the Philippines, the conical type such ax that used in the Bawaiisn opeln
(Decapterus spp.) fishery, and the stick held net used in Japan,

The main characteristic of this fishing method is that the net remains
submerged until ready to be hauled up vertically and at least partially out
of the water to catch fish, which congregate above it (Ben-Yami 1976).
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Table 33.--Specifications for a Type A boat seine
(“patchi ami") (Yamsha 1983a).

Name of parts Mark Material Thickness Mesh gize Quantity
Wing net N Polyvinyl alcokol 1l mm 240 cm 2
Main net b 8 om 120 em 2
¢ Polyvinyl alcohol 7 mm 60 cm 2
d 6 mm 30 em 2
Mouth of '
bag net e Polyvinyl alcohol 6 mm 24 m 2
Bag net £ 0.5 mm 2
g No. 4 (Japanese 2
h Nylom (0.329 em)} minnow 2
i x 4 yarns net-105 2
b yarns per 2
k 50 cm) 2
Trap (inaide
of bag net} 1 Nylon * 0.5 mm 2
Sale rope n Polyvinyl aleohol 18 mm - 2
n (diameter) 2
Head rope o Polyvinyl alcokol 18 mm - 2
P (diameter) 2

Table 34.—Differences in specifications of Type A boat seine ("patchi
#mi"}, by area, type of operation, and species targeted (Yamaha 1983a).

Head Bag
rope net
length height
Area Type Hain catch (m) {m)
Fokwoka, Wishiura Two-boat operation Red sea bresm, ete. 45 20.2

Pukuoks, Fukuyoshi Two-boat operstion Grunt snd red sea bresm 38.4-40.5 130

Saga, Tobo Two-boat oparation CGrunt snd red sea bresm  3IB.4-40.5 45
Saga, Tobo One-boat operation Billeginoid and barraceds 27 18
Wagasaki, dou -— Bed sez bresm and grunt 22.5 15

' : Red sea bream lizardfish
sad barracuda 22.5 15

Lizavdfish and darracuds 13 6-6.5
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Table 35.--Specifications for a type B boat seine
("gochi awi") (Ysmaha 1983a).

Standard

Ko. Mesh No. of meshes

of size Ko. of

Mark Name Material yarus (wm) Width length sheets
4 Wing net Nylon 36 61 4 4.5 2
B Wing net Nylon 6 &3 100 5.7 2
€  Wing net Nylon 6 43 0 7.2 2
D Wing net Nylon 6 43 o0 7.2 2
E  TUpper salvage Polyvinyl alcohel 30 83 5-10 600 1
F  Bottom salvage Polyvinyl alcohol 40 50 5-10 600 1
G The side of bag net Nylon 6 43 100 800 2
H  The bottom of bag net Polyvinyl alcohol 8 3s 130 250 1
I Shirk net Nylon 12 &3 0 7.2 2
J  Upper triangle Polyvinyl alcohol 30 43 25 15 2
Lower triangle Polyvinyl alcohol 40 50 20 20 2

Most lift net fishing is done with attracting lights, although the Bawsiian
opelu net is used in conjunction with chumming.

The lift net is best for catching fish that form dense and compact
sggregations. In the Philippines, the basnig is operated with a night
light during the dark phase of the moon (Encina 1982). The gear consists
of a pair of bamboo rafts, dugout, poles or booms, and a large net somewvhat
like an inverted mosguito net.

Improvements in the gear after World War II included larger bhoats pro-~
pelled by marine diesel engines. To increase lighting power and thus

attxact more fish, high candlepower lamps or generators were used (Encina
1982),

In 1980, the basnig fishery contributed 106,194 MT of fish or roughly
21.7% of the totasl commercial fish production. The flest consisted of 624
units or 261 of the total commercial vessels operating. Species targeted
by the basnig fishery include round scad, anchovy, sardine, and slipmouth
(BFAR 1975; Bncina 1982). Table 36 gives the specifications and
configurations of the net,

The Jspanese stick-held lift net is used principally in the saury and
mackerel fisheries in which the vessels have a large battery of lights.
These lights can be classified into fish searching lights, fish gathering
lights, and fish leading lights. The first step involves the use of
searchlights to search for fish schools. The net, which is suspended from
outrigger bamboo poles or booms and hauled toward the vessel when retriev—
ing, is set after & school is located aud the fish gathering lampe are
turned on to attract the fish to the boat. A red, fish leading lamp with
sdjustable light intensity concentrates the school aver the net (Nomura and
Ysmazski 1975). This method of fishing has an advantage in that the met
cannot only be adjusted to a specific light attraction system, but also
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Table 36.--Specifications for a Philippine basnig (Food and
Agriculture Organization of the United Nations 1965).
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can be used to corral the fish between the net and the vesgel's hull, thus
reducing the chances of escape (Ben-Yami 1976).

ESTIMATES OF THE AMOUNT OF NET GEAR
AVAILABLE FOR USE

The preceding sections demonstrated the diverse nature of met gear in
use in the North Pacific, even within the same fisheries. Gill nets,
travls, and purse seine vary greatly in construction and design that it is
almost impossible to designate one type as being typical for a particular
fishery. For example, gill nets vary widely in length, mesh size, hanging
ratio, thread size, and color so that there ig no "typical" gill net for
any one species. Likewise, trawls and purse seines vary considerably im
size, webbing, meshes, and configuration. This variationm in gear results
from many factors, among them being fishermen or net manufacturer's prefer-
ence, the behavior and life atages of the species sought, and regulations
adopted for the fisheries,

Although there is wide variation in gear, what in of interest is a
perspective of how much net gear is actually available to any given fishery.
This estimate should provide an idea on the extent to which derelict fishing
gear can become a component of the marine debris in the North Pacific. The
estimates of available gear in the major net fisheries are first-order
approximations based on data presently available.

Estimates of the amount of net gear svailable for use in the North
Pacific are given in Table 37, It should be pointed out that becsuse the
data contained in Table 37 represent mostly major or large fisheries, the
estimates are minimms. Many emall, coastal fisheries have not been com-
sidered in the computation.

It can be seen in Table 37 that the amount of gill net used in the
North Pacific far outstrips that of purse seines, trawvls, and miscellaneous
gear such as boat seines, set nete, and lift nets. Nearly 3.5 million
units (shackles, Japanese tan, etc.) of gill net are available to the major
fisheries. Strung end to end, these nets would stretch over 170,000 km, a
distance 4.2 times the length of the Earth's Equator.

SPECULATION ON GEAR LOSSES

Because gear losses are mever reported, it is not poasible to estimate
the extent to which they occur in any fishery. There is no doubt, however,
that within the past two decades, fishing pressure on all the fishery
stocks in the woxld's oceans has increased dramatically, and with it there
has been a concomitant increase in the amount of fishing-related debris
dumped into the sea (Wehle and Coleman 1983). Furthersmore, the kinds of
debris and derelict fishing gear finding their way into the ocean has
changed. Whereas fishing nets msnufactured before the Ysynthetic boom™
were made of vatural fibers and, therefore, were degradable within a rela~
tively short period whem they became derelict, the synthetic nets, ropes,
snd lines of the past three decades, vhen lost, were more buoyant, longer
- lived, and in some cases nearly invisible under water. The result of this
¢hange in fibers used for netting and lines has meant an increase in
- mortality of not only marine animals but also marine organismse. Unlike
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working nets, which are set and retrieved within a specific time period,
the free-floating derelict net, oftem broken into large and small frag—
ments, fishes indefinitely, thus representing miles of entanglement for
fish, crustaceans, molluscs, marine mammsls, turtles, and seabirds.

Of the various net gears reviewed, the gill net is perhaps the most
likely to become lost or damaged and discarded during fishing operations.
In the Icelandic cod fishery, for example, each gill-netter fishes about
100 nets per day. These nets last only a few weeks and each boat can use
up to 400 nets in a 4-month season (Frechet 1964). Although bad weather is
probably responsible for some of the nets lost or damaged, heavy fishing
and shark damage also account for a good proportion of the nets being lost
or discarded,

One study conducted by High (1981) demonstrated that derelict gill
nets have the potential for causing major fish losses. Visits to sites
vhere sunken derelict gill nets were found showed that they remained intact
and continued to capture fish for more than 2 years. Living and dead figh
of several species and numerous crabs were always present in one of the
nets that covered about 186 m? (2,000 ft?).

The ubiquitous gill net is without doubt the gear most disliked by the
nongill net segment of the fishing industry, yet it provides support for
nany fishermen throughout the world. And although it is true that "gearing
up® with gill nets to participate in a fishery does not require the kind of
capital investment needed to enter a purse seine or trawl fishery, gill-
netters, nevertheless, do encounter high losses in gear as well ap im
catches, For example, marine mammals have been accused of “gnawing a siz-
able gash" in the catches of commercial fishermen (Pleschner 1983), It has
been estimated that seals alone cause losses totaling at least US$10,000
per boat per year.

In the purse seine and boat seine fishery, ome can hardly expect gear
losses to be high, because the operation requires that at least one end of
the net be secured to the vessel at all times; however, it ia possible for
nets to become entangled om rocky bottom or coral if sets are made in
shallow water. Net damage is also likely to oceur if large predators, for
example, sharks are caught together with small target species,

Trawle, like gill nets, can be easily lost should they become "hung
up" on the bottom during trawling operations. Also, bottom trawls are
highly susceptible to damage when being hauled over rough bottom. Loss and
damage to trawvl gear are probably highest during and immediately after the
exploratory fishing phsse when grounds are still unfamiliar to the traw!l
fishermen. . :

Among the miscellaneous gear, the lift net is unlikely to be lost
since 2lmost all operations are conducted over still, quiet waters. MNore-
over, the nets are attached to lines which are run to outriggers or bamboo
poles that are secured to the fishing vessels. Pishing operations can be
halted st any time and the net removed from the water should it become
necessary to do so doring sudden storms and changes in sea conditioms.
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The set net, on the other hand, can be subjected to severe damage or
lost entirely, because for much of the time that the net is in the water,
it is unattended. Although most set nets are strategically placed in
locations where weather and sea conditions are not expected to be adverse,
sudden storms and the resylting heavy seas could generate currents strong
enough to break the mooring or anchor lines attached to the set nets,
thereby setting them adrift to becowe rcomponents of marine debris.

SUMMARY

The major net fisheries of the North Pacific are reviewed to develop
scue perspective of the amount of gear available to them for fishing. For
the 15 major gill net fisheries in the North Pacifie, it was estimated that
roughly 170,000 km of netting were available to them for fishing. For the
10 purse seine fisheries, the netting available was estimated to be a
little over 2,000 km, vhereas for 12 trawl fisheries the estimate reached
5,500 wm.

dmong the various net gear discussed, it was speculated that gear
losses were highest in the gill net fisheries, followed by the trawl fish-
eries and set net fisheries. Because modern net gear is fabricated predom—
inantly with synthetic webbing, snd therefore, nondegradable, derelict
netting remsins a part of the marine debris indefinitely thus threatening
air-breathing animals as well as fish, crustaceans, and molluscs in the
marine enviromment.
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Appendix Table l.-—English and scientific names of fishes, molluscs, and
crustaceans mentioned in this report.

English name Scientifie name

Adbalone Haliotidae

Albacore Thunnus alalunga
Anchovy Engraulidae

Angel shark _ Squatinidae

Ark shell Arcidae

Atka nmackerel Pleurogrammag monopterygius
Barracuda Sphyraens sp.

Bastard halibut Paralichthys olivaceus
Bigeve Priacanthus macracanthus
Bigege scad Selar crumencphthalmus
Billfish Istiophoridae

Black porgy Acanthopagrus latus, A. cuvieri
Bluefin tuna (northern) Thunnus thynnus

Bonefish Albula vulpes

Bonito Sarda sp.

Bream Sparidae

Chinese herring Ilisha elopgata

Chinook salmon Cncorhynchus tshawytscha
Chub mackerel Rastrelliger spp.

Chum salmon Oncorhynehus kets

Clam Pelecypoda

Cod Gadidae

Coho salmon Opcorhynchug kisutch
Crab Brachyura

Crawfish Macrura

Croaker Sciaenidae

Cutlassfish Trichiuridae

Cuttlefish Sepioidea

Dorado Loryphaena spp.

Drvm Sciaenidae

Dungeness crab Cancer magister

Filefish Navodon septentrionalis, S. modestus
Flatfish Pleuronectiformes
Flounder Pleuronectidae
Flyingfish Excoetidae

Frigate tuna Auxis thazard

Gizzard shad Doroscmidae

Goatfish Mullidae

Golden banded fusilier Laesio chrysozona
Greenland turbot Beiohardtiue hippoglossoides
Grunt Pomadasyidae

Haddock ¥Yelanograwmus aeglifings
Hairtail Irichiurus haumels
Halibut Pleuronectidae

Harvestfish Stromateoides nazavae
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Appendix Table l.-—Continued.

English name Scientific name

Hemiramph Hewiramphidae

Herring Clupeidae

Horse mackerel JTrachurus japonicus

Indo-Pacific mackerel Rastrelliger sp.

Jack Carangidae

Jack mackerel Engravlis japonica

Jewfish Epinephelidae

Ring erab Paralithodes camtschatica

Large yellow croaker Peeudoscisens crocea

Laver Rhodophyceae

Lizardfigh Saurida spp.

Mackerel Scombridae, Carangidae

Mackerel scad Decapterus mecarellus

Mahimahi Coryphaena hippurus

Marusoda Auxis rochei

Menhaden Brevoortia spp.

Milkfish Chenos chanos

Mallet Mugilidae

Nenipterid Nemipteridae

Octopus Octopodidae

Opelu Decapterus spp.

Oyster Ostreidae

Pacific round herring Etyumeus teres

Parrotfish Scarys spp.

Paste shrimp Acetes chinensis, A. japopicus

Parch Embictocidae

Pink salmon Cnchorhynchus gorbuscha

Pomfret Stromateidae

Porgy Sparua sp.

Prawm Pandslus platyceros, Penseus
orientalis, P. chinensis

Purple pike conger Muraeresox cinereus

Red sea bream Chrysophrys major

Red squid Ommsatrephes bartramii

Ray Rajids sp.

Round herring Dugsumieria acvta

Round scad Decapterus maruadei

Sailfin sandfish Arctoscopus japomicus

Salmon Salwonidae

Sand lance Ammodytes persornatus

Sardine Clupeidae

S8aury (Pacifie) Cololabis saira

Scallep Pectinidae

Sea bass Serranidae

Sea bresn Sparidae

Ses cucumber Holothuroidea

fea mussel Mytilidae
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English name Scientific name

Sea sheat Plotosus anguillaris
Sea slug Nudibranchia

Sea urchin Echinoidea

Shad Dorosomidae

Shark Chondrichthyes

Shrimp Macrura

Siganids Siganidae

Sillaginoid Sillaginidae

8ilver whiting Silago spp.

Skipjack tuna Katsuwonus pelamis
8lipmouth Leiognathidae

Saall yellow croaker Pseudogciaena polvactis
Snapper Lut janidae

8ockeye salmon Oncorhynchue nerka
Sole Pleuronectidae

Spanish mackerel (Japanese) Scomberomorus niphonius
Spiny lobster Palinuridae

Squid Teuthoidea

Steelhead trout Salmo gairdneri
Swimming crab Portunidae

Swordfish Xiphiss gladius
Thornyhead Scorpaenidae

Threadfin Polydactylus sexfilis
Threadfin brem Nemipteruys spp.
Threeline grumt Plectorhynchus cinctug
Thresher shark Alopius wulpipnye

Trout Salmonidae

Tuns Scombridae

White sesbass Synoscion nobilis
Wrass Labridge

Yellowfin tuna Thunpys albacares
Yellowtail Seriola guingueradiata
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DISTRIBUTION AND MIGRATION OF FLYING SQUID, OMMASTREPEES
BARTRAMI (LESUEUR), IN THE NORTH PACIFIC

Yeong Gong
National Fisheries Research and Development Agency
Pusan 506, Republic of Korea

ABSTRACT

Mantle length, surface temperature, and catch and effort
data gathered from 1980 to 1983 in the Korean drift gill net
fishery were examined to determine seasounal distribution and
migration of flying squid, Omsastrephes bartrami (LeSueur), in
the North Pacific.

Flying squid wae taken by commercial fishing vessele in
waters with surface temperatures ranging from 9° to 22°C. The
best fishing occurred in water temperature of 15°-16°C in May
through July and between 13° and 18°C in August through January.
High densities of flying equid were found in thermal fronts of
18°C in August and 15°C in September. The densities of flying
squid in the western North Pacific were higher tham in the
central North Pacific. The high densities of flying squid in the
western North Pacific were attributed to the high gradient of
oceanographic properties in the region.

Mantle length messurements of flying squid indicated
dominant modes at 38-39 cm in the central ¥orth Pacific from June
to July and at 30-31 em in the northwestern Pacific from
September to December.

The migration of flying squid in the North Pacific was
hypothesized from observations of the monthly distributions of
catch per unit effort, mantle lemgth measurements in statistical
blocks, and hydrographic features. Large squid appeared in the
northern central Pacific region earlier than small squid during
the northward migration period (from June to August). The
southward migration from the subarctic frontal zone began in
autuun, as waters cooled with the development of the Dyashio.
Large squid started its southward migration from more northern
wvaters than small squid but reached the spawning grounds ahead of
the smaller squid.

In R. 3. Shouura sod R. 0. Yosbide {editors), Proceedings of the Workshop on the Fste sad Impact
of Marine Debris, 26-19 Movembur 1984, Nomolule, Wawaii. U.3. Dep. Commer., NOAL Tach. Memo.
WS, WOLA-TH-NNFE-SWFC-34. 1985,
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INTRODUCTION

The flying squid, Ommastrephes bartrami, LeSueur, has worldwide
distribution in subtropical and Lemperate oceanic waters (Young 1972,
Okutani 1973; Roper et al. 1984), The annual catches of this species in
the Nortb Pacific by Japan, Korea, and Taiwan averaged about 300,000 metric
tons (MT) in recent years. Exploratory fishing im the North Pacific by
Korean drift gill net vesnsels began in 1979 and by the 1983 season, about
100 vessels were operating in the area.

Even though there are many reports describing the distribution and
movement of flying squid in the northwestern Pacific, mostly by Japanese
scientists (Murakami 1976; Muratas et al. 1976, 1981, 1983a, 1983b; Murats
and Ishii 1977; Naito et al, 1977a, 1977b; Murakami et al. 1981 ; Kubodera
et al. 1983), the reports do not contain information on the seasonal
dis;ribution and migration routes of the squid in the central North
Pacific.

This study (1) examines the sessonal distributiom and migration of
flying squid in the North Pacific based on density distribution,
oceanographic conditions, and body size composition of squid taken in the
Korean drift gill net fishery from 1980 to 1983 and (2) develops a
migration model of flying squid in the North Pacific Ocean.

MATERIALS AND METRODS

During the 1980-83 fishing seasons, about 207 Korean gill net vessels
opersted in the North Pacific. Of this total, 132 veasels provided 871
vessel-month catch and effort data. Vessel gizes ranged from 150 to 500
gross tons (GI), and half of them were in the 200-300 GT range. Each unit
of gill net was 50 m long and 8 w deep (Table 1, Fig. 1), with mesh sizes
ranged from 96 to 115 mm. The average number of gill nete used by one
vessel per day was 200 in 1980 and 540 in 1983 (Table 2).

Annual and wmonthly catch per unit effort (CPUE) in kilograms per net
were calculated for each statistical block (I® of latitude by 1° of
longitude) corresponding with the format used by the Deep Sea Resources
Research Division of the Korean National Fisheries Research and Development
Agency for recording daily catches. Monthly dorsal mantle length (DML)

Table l.=~Details of the Koresn flying squid gill net (mesh 0.497 om).

Length of Hanging ratio Depth

Mesh size float line of net
(nem) (n) Upper Lower (w) Net
96 50 0.446  0.457 8,79 Nylon monofilament
0.497 mwm,
105 50 0.446 0.454 B.74 Do.
110 50 0.453 0.470 12,30 Do.

113 50 0.41 0.471 7.80 Do.
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Table 2.~-Annual fishing effort, catch and catch per unit effort in the
Korean flying squid gill net fishery in the North Pacific, 1980~83 by
metric tons (MT) (parentheses indicate number of vessel-months).

Cateban by dverage Mo,  dwersge No. Catch per

. of %o. of ¥o. of Me. of tampled of gill nets of gill nets vessel-month Catch per

vesaals vansals days gill met vessele pat vemsel- par vessal- {ton/vesmel- axit oet
YTasr Tegiatered nampled fished vaita {n1) mooth day month) (kg/net)
1980 14 9 {44) 684 139,638 1,617.3 3,173.% 204.1 65,6 1.5
1981 T § (7)) 1,374 194,060  6,060.6 5,399.1 286.8 83.0 15.4
1582 &0 5 (327 6,375 2,113,635  21,371.3 §.339.] 428.8 551 7.8
19} 9% 5 (419) 7,560 &, 000,372 2T, 130,35 TLAS 538.4 b4,8 6.7
Tatal or
avarage 207 130 (a71) 15,379 1,337,705 57,3418 B,424,5 &77.1 65.8 7.8

compositions were obtained for each 1° of latitude by 5° of longitude
block.

The optimum temperature for flying squid fuhmg waa calculated as a
weighted mean of catch and surface temperatures in each statistical bloek
having both temperature neasurement and fishing record. Catch per unit
effort for statistical blocks was plotted together with the surface
thermal structure derived from the NOAA Satellite infrared dats from the
northwestern Pacific (Japan Fisheries Information Service Center 1983),

Based on the analyses of CPUE and tempersture, an attempt was made to
describe the density distribution and migration by size group of flying
squid in the North Pacific.

RESULTS
Distribution of Catch Per Unit Effort

The distribution of aunual CPUR (kilograms per net) by statistical
block (1* of latitude by 1° longitude) for the Korean flying aquid gill net
fishery in the North Pacific from 1980 to 1983 is shown in Pigure 2. The
fishing grounds are found in the region of lat. 30°-45°N and long. 143°E-
180° in 1980 and lat. 34°—46°N and long. 142°E-179°W in 1981. The fishing
grounds expanded to the central North Pacific east of long. 170° and 165°W
in 1982 and 1983, relpectlvely. The nuwber of statistical blocks with high
CPUE's in the same region west of 180° tended to decrease in succeeding
years from 1981 to 1983. The distribution of monthly CPUE by statietical
block in the 1983 season is shown in Figure 3. The number of blocks having
CPUE's higher than 6 kg/net incressed in succeeding months from May to July
in the area lat. 35* to 40°N and long. 150°E to 165°W. In August, the
fishing grounds were formed north of lat. 40°N snd the center of the
grounds was farther to the west between long. 150° and 165°E in the
torthwestern Pacific. In September, the fishing grounds extended from
Bokksido to long. 165°E, and the eastern limit of the fishing ground moved
gradually westwvard in subsequent months through December and January. The
centaxs of fishing grounds thus tended to shift to the north by 2* or 3°* in
succoeding months from May to July in the central North Pacific, then west
to off Bokkaido in August and September, and to south off northern Honshu

in Oﬁuquent months through January.
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¥oathly catches by 1° of longitude in the 1983 season are shown in
Figure 4. In June and July the peak catch was located in the area east of
long. 170°E, and the peak showed the trend gradually shifting westward from
August to December except for November.

Monthly CPUE by !°® of longitude in the 1983 season is shown in Figure
5. In May CPUE's were high in the region along long. 170°W, In June and
July CPUE's were quite high in the region along long. 170°E. In August,
CIUE's were high in the region west of long., 160°E. From September through
Rovember high CPUE's were found in the area around long. 155°-165°E.
Through the whole fishing seasor the area west of long. 160°E had slightly
higher CPUE's than the srea east of long. 160°E. However, there were no
significant differences by area in distribution of CPUE's then there were
in distribution of catches.

Catches Relative to Surface Thermal Structure

¥onthly changes in frequency of catch of flying squid and surface
temperature at the locations where Koresn gill net vessels operated in the
North Pacific are shown in Figure 6. The range of surface temperatures for
commercial fishing of squid was 9°-22°C. The water temperature for the
best fishing ranged from 15° to 16°C in May through July and from 13° to
18°C in August through January. The higher densities of flying squid were
found in thermal fronts along the 18°C isotherm in August and the 15°C
isotherm in September (Fig. 7).

Mantle Length Compositions of Flying Squid

Houthly DML measurements (sexes combined) in the 1983 season (Table 3)
indicate four size groups in the catches: small (<25 cn), medivm (27-32
ca), large (35-39 cm), and extra large (540 cm), The dominant modes vere
at 38-39 cm in region € east of long. 170°E from Junme to July, and at 30-31
tm in region A west of long. 140°E from September to December.

The monthly frequency distributiona of DML (Fig. 8a) indicate that in
June large squid were present in the area south of lat. 39°N and medium—
sized squid in the area north of lat. 39°N. From July to September large
squid were found in the northern area while emall aquid were in the
southern area. Large squid with modal lengths of 40 cm were found at lat.
41°-43°N in October and lat. 39°-40°N in November. The proportion of large
8quid decreased in the area south of lat. 38°N in Pecember.

Frequency distributions of flying squid by 5° of longitude in the 1983
season are shown in Figure §b. (Cenerally, large squid occurred wore
conmonly in the eastern areas from May to October, whereas medium-sigzed
squid vere more commonly found in the western region from November to
December.

DISCUSSION
Exploitation of Flying Squid and Fishing Methods

Flying squid have beem caught in the North Pacific in the Japamese
squid jigging fishery since 1974 snd in the drift gill net fishery since
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Figure 7,~-Surface thermal structure based on infrared imagery from
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block (1° of latitude by 1° of lomgitude) from the Korean gill net fishery
in the northwestern Pacific in August and September 1983, Thermal
structure traced from Japam Fisheries Imformation Service Center (1983).
Dark circle denotes catch per unit net., S5mall dotted lines denote the
thermal fronts, Pigures demote temperature in degrees Celsius.
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Table 3.—Monthly modes of dorsal mantle lengths of both aexes
of flying squid from the Koream gill net fishery in the North
Pacific 1983 fishing season (S = small; M = medium; L = large;
LL = extra large squids)}.

Main
Mouth/ No. of X fishing
year samples Modal length (cm) area
s L LL
May 1983 143 25 29 32 35 38 11 -- B,C
June 633 == 28 32 «- 39 e - c
July 698 w= = 32 -~ 38-39 12 -- c
Aug. 639 25 -- 32 35 - 40 -- A,B,C
Sept. 635 - = 30 36 - - - A
Oct. 718 25 ~= 30 35 - 40 - A
Nov. 590 — 29 31 == 39 - - A
Dec. 569 -~ == 31 35 == 4 - A
Jan. 1984 217 22 27 3 -~ - 43-45 49 A
Modes 4,847

'A = vest of long. 160°E; B = long. 160°-170°E; C = east of long.

170°E.

"ltnberl underlined indicate the most dominant mode.
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1978 (Akabane et al. 1979; Kubota and Yasui 1980; Murata et al. 1980, 1981,
1982, 1983a, 1983b, 1984; Suisan Sekai 1982; Ogura 1984)., With the declime
of the stock of Todarodes pacificus in the Sea of Japan and with the
economic difficulties in the tuna longline fishery, Korean gill net
vessels, mostly converted tuna longliners, have increasingly shifted their
efforta to the exploitation of flying squid in the North Pacific., Since
1982 catch and effort levels for this species have gone well beyond the
exploratory stage. The catch of 54 monitored vessels was 27,131 MT in 1983
(Table 2}. Projecting this catch for the 99 vessels registered for fishing
in 1983 would yield a total of about 48,000 MT for the season.

The Korean gill net fishing grounds have extended eastward each year
since 1979 and reached as far east as long. 161°W in 1983 (¥ig, 2). The
fishing season lasted about 9 months from May through January with peak
catches occurring from July to November (Gong et al. 1984). As ghown in
the monthly distribution of CPUE, the center of the Korean gill net fishing
grounds tended to move from east to west in succeeding months during the
1983 fishing season (Fig. 3).

Korean vessels usually began fishing ot 1500 or 1600 with the setting
of the nets, Setting was done at vessel speeds of 5 or 6 knots and was
usually completed ir 2 or 3 h. Net hauling began at 0200 or 0300, after 7
or B h of soaking, and was completed in about 8 h. Each set consisted of
about 200-250 nets of varied mesh size in summer and 150 or 200 nets in
winter. During the 1983 geason the number of gill nets used averaged 540
per vessel per day.

Life History of Flying Squid

Oumastrephes bartrami has transoceanic distribution in the subtropical
and temperate region of the North Pacific Ocean from Japan to North America
{Young 1972; Okutani 1973; Kaito et al. 1977a, 1977b; Baba and Aksbane
1980; Murata et al. 1981, 1983b; Murgksmi et al. 1981; Ogura 1984).
Recently it was reported that this species also occurred in the eastern Sea
of Japan (Kasahara 1984; Sato et al. 1984),

Based on geographically separated spawning grounds, some authors (Baba
and Akabane 1980; Murata et al. 1980, 1981, 1982) divide the flying squid
into two groups: the northwestern Pacific (west of long. 170°E)} and the
central North Pacific. However, it is difficult to separate the population
into two groups because the CPUE is rather high around long. 170°E based on
the Korean gill net fisbery.

The spawning season of the flying squid extends from January to May,
and it has been reported that spawning occurs in Kuroshio waters south of
lat. 35°N and west of 155°E. Considering the broad area of the Korean gill
net fishery in winter and sprimg (Pigs. 2, 3), it appears that the spawning
grounds of flying squid would extend farther eastward in the cemtral Forth
Pacific.

The flying squid is known to undergo wide migrations. PRaba and
Akabane (1980) show that the species migrates northward early in the season
‘and turns vestward in the fall. It is possible to distinguish fast-growing
and slow-growing groups. The former occurs esrlier in the northern area



124

than the latter (Murakami 1976; Murats and Ishii 1977; Roper et al. 1984).
Faito et al. (1977b) and Murakami et gl. (1981) reported that large squid
always appear shead of small squid during both the northward and aouthward
migrations and that large squid are distributed farther offshore than small
squid,

The wonthly mantle length compositions from Korean catches show that
large squid appear in the northern area earlier and are distributed farther
eastwvard than small squid (Fig. Ba, Bb). However, it is noted that this is
not zlways true.

Ishii (1977), Murata and Ishii (1977), and Tamura and Nakata (1983)
believe that the flying squid spawns from late autumn to winter and the
lifespan is 1 year, However, Murakawi et al. (1981) and Kubodera et al.
(1983) stated that large squid over 40 cm are 2-year olds.

Oceencgraphic Structure and Density
Distribution of Flying Squid

There are many reports on water temperature jin the northwestern
Pacific flying squid fishing grounds (Murata and Araya 1970; Murakami 1976
Murata et al. 1976, 1980, 1983a, 1983b, 1984; Naito et al. 1977a, 1977b;
Kubodera et al. 1983; Amanc et al. 1984). However, none of these relate
oceanographic conditions to fishery data. Kawakami (1983) reviewed the
temperature range and optimum temperatures for squid fishing in the Ruril
Frout region. According to his report the range of water temperatures in
vhich flying squid were caught throughout the fishing season in the North
Pacific wvas 6°~24°C, gnd the higher catches were in 15°-20°C water.
Kubodera et al. (1983) reported that sessonal chauges in distridbution and
abundance of Orpastrephes bartrami sppeared to be tlosely correlated with
surface vater tempersture. Sea surface temperatures in the Korean drift
8i1l net fishing grounds west of long. 161°W ranged from 9* to 22°C, and
the most favorable temperature for flying squid fishing was 15°C (Fig. 6).

Kubodera et al. (1983) indicated that the thermal front and salinity
front in the Subarctic Boundary Zone could be barriers to flying squid in
the northward migration., The northern limit of the Eorean flying squid
$§i1l net fishing ground reached the Subarctic Domain in autumn. The
horizontal gradients of temperature and salinity in the Subarctic Boundary
vere higher in the west than the east (Muromtsev 1958; Dodimead et al.
1963; Favorite et al. 1976). It is easy to understand why the denaity of

flying squid would be higher in the west than the east baszed on
oceanographic fegtures.

Migration Model of Flying 8quid
in the North Pacific

A migration model for flying squid is hypothesized based on the
monthly distribution of abundance indices, monthly mantle length composi-

tions by statistical block, and the hydrographic features of the North
Pacifie (Fig. 9). :

_ As shown above from the borizontal distribution of oceanographic char-
acteristics, the oceanic structure of the North Pacific is divided into
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three different waters. The farther westward, the narrower the Transitipnal
Domain and the higher the horizontsl gradient of oceanographic characteris-
tics. Based on monthly mantle length composition of flying squid captured
by the Korean gill-netters, by grids of 1° of latitude by 5° of longitude,
groups of large flying squid occurred more frequently in the northern and
eastern areas of the fishing grounds, Naito et al. (1977a) indicated that
the larger squid migrate faster and move ahead of the smaller squid during
the northward and southward migration periods. In the beginning of the
migration all groups start to migrate at the same time. However, the group
of large squid starts to move southward from the north while the group of
small squid sterts to move from the south. In the fishing grounds, the
larger squid move szhead of the smaller squid during the southward migration
period. Accordingly, the group of large aquid group does aot always move
shead of the group of small squid everywhere in the North Pacific.

The flying squid which are spawned south of the Subarctic Boundary in
vinter carry out a northward migration in the warmwater system of the
Kuroshio and grow relatively fast in spring and summer. The first born and
faster growing squid of the large group enter the Transitional Domain after
passing the thermal fromt in the Subarctic Boundary, but they are prevented
from migrating farther north by the salinity front between the Transitional
and Sybarctic Domain., On the other hand the slow growing squid of the
small group become comcentrated in the thermal front. They begin the
Teverse southward migration in autume with the onset of cocoling and the
development of the Oyashio. The large group start to return from the
northern area and the small group from a more southern area, but the former
reach the spawvning ground earlier because they move ahead of the small
group during the migration, The density of flying squid in the
northwestern area is higher than that in the central North Pacific area
becausa the gradient of oceanographic properties in the west is higher than
in the east. Distances between oceanographic boundaries are narrower and
the sirze of migration circuita smsller in the northwest than in the central
areas as shown by the migration wodel (Fig. 9),

The general pattern of movement and migratiom of flying squid is
clockwise in the North Pacific. Bovever, the monthly movement of the
center of the Korean drift gill net fishing grounds was counterclockwise.
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NET LOSS FROM TRAWL FISHERIES OFF ATASKA

Loh~Lee Low, Ruasell E, Nelson, Jr., and Renold E. Narita
Northvest and Alaska ¥isheries Center
National Marine Fisheries Service, NOAA
Seattle, Washington 98115

ABSTRACT

The most dominant fisheries off Alasks in terms of
geographical extent, seasonal duration, snd volume of catch is
the trawl fishery for groundfish. This fishery began in earnest
in 1954, mainly by foreign nations which now number seven, and
only recently has beer joined by domestic trawlers. The number
of foreign travlers increased rapidly to more than 400 vessels by
196 and fluctuated around 300 vessels until 1975. Since then,
the number of foreign vessels has decreased gradually. Domestic
trawlers have remgined small by comparison in numbers and
physical size. However, expansion of the domestic trawl fleet
has beer rapid, from just a few vessels in 1979 to 93 in 1984,
The total fleet size has, therefore, remained above 300 vessels.
This paper traces the progression of these trawl fisheries by two
regions——the Bering Sea-Aleutians region and the Gulf of Aleska
region. Estimates are made of the number of boats and fishing
effort. Effort is measured by number of vessel-months of opera-
tion. Since these trawling activities contribute to entanglement
of marine mammals in active fishing gear ss well as passive lost
or discarded gear, the extent of net loss as a source of marine
debris is estimated. These estimates are derived from data
collected by the Foreign FPisberies Observer Progranm.

INTRODUCTION

8ince the early 1960's, northern fur seal, Callorhinus sinus, on the
Pribilof Islends have been observed entangled in pieces of debris.
Presumably this occurs as a result of encounters at sea with floating
materials and the animala' behavioral attraction to this debris (Fiscus and
Kosloff 1972). Studies have shown that a large portion of the animals was
euntangled in net debris, much of which was trawl net fragments (Fowler
1982), It was also nmoted that the amimals are caught in large trawl net
debris and that the large net fragments presented more mesh openings
in which seals could become entangled.

The increased observations of entangled fur seals coincided with a
period of rapid development of a large travl fishery in the northeast

Ia®. 9. Showura amd E. 0. Yoshida (editors), Proceedings of the Workshop on the Fate and Impaet
of Marine Debris, 26-1% November 1984, Bonolulu, Nawaii. U.5. Dep. Commar., WOAA Tech. Memo.
TS, NOAA-TH-WMFS-SWFC-Sh, 1985,
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Pacific, particularly in the eastern Bering Sea. This fishery is now the
wost dominant off Alaska in terms of geographical extent, length of fishing
season, amcunt of fishing effort, and volume of catch.

Since lost or discarded gear and other debris from the trawl fishery
may contribute significantly to the entanglement of fur seals and possibly
other marine mewmals, it is the purpose of this paper to reviev the nature

and extent of the trawl fishery and estimate the amount of gear that may
have been lost or discarded.

HISTORY ANKD PROGRESSION OF FISHERIES

Bistorically the trawvl fishery off Alaska has been predominantly

foreign in origin. Japanese trawlers operated in the eastern Bering Sea
during 1933-37 and 1940-41, but the major development of the foreign trawl

fishery did not begin until 1954. The chronology of this development is
outlined below:

1933 First commercial operatioms for flatfish by Japanese trawlers in

the eastern Bering Sea for fish meal following explorations in
1929. The fishery was discontinued im 1937 (Fig. 1),

1940 Japan reentered the fishery with a mother ship fleet of 9 to 12
catcher vessels. Catches were mainly frozen for foed. The

fishery was interrupted by the second World War and terminated
in 1941,

M a T e me Le X - LR e oy ™ ..

Figure 1.—~Principal fishing grounds off Alaska, 1933-37 and
1940-41.
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Japsn reentered groundfish fisheries on the eastern Bering Sea
flats (Fig. 2). Flatfishes were the target species for
processing into fish meal. Yellowfin mole, Limandg aspera, vas
the principal target apecies.

The U.8.5.R, fishing fleets moved into the eastern Bering Sea
after successful exploratory surveys in 1954 and 1958,

Total catches of flatfish peaked near 610,000 metric toms (MT);
yellowfin sole was apparently overbarvested. Exploratory
vessels were sent into the Gulf of Alaska by Japan.

The U.8.5.R, started commercial operations in the Culf of
Alaska.

Japan followed the example set by U.5.5.R. and moved some

independent stern trawlers and longline vessels into the Gulf of
Alaska which fished west of Kodiak Island.

Fishing operations by Japan moved farther eastward and southward
in the Gulf of Alaska.

Fishing vessels of Japan and the U.5.S.R. operated along much of
the North Americarn coastline (Chitwood 1969, Fig. 3). Principal
species harvested in the Culf of Alaska were Pacific ocean

Figure 2.--Principal fishing grounds for flatfishes in the

Bering Sea (1954-59) and expansiom into the Gulf of Alaska
(1962-65).
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Figure 3.-~Principal fishing grounds by vessels from Japen
and the U.S.S.R., in the Bering Sea, Aleutians, and Gulf of
Alaska in 1966, -

perch, Sebastes alutys, and sablefish, Anoplopoms fimbria., Im
the Bering Sea, the abundance of yellowfin sole has been

substantially reduced, Pacific ocean perch was being rapidly
depleted, snd walleye pollock, Theragras chale » became the
prime target species as a result of introduction of automated
"minced meat" processing operations aboard veasels.

1968 Trawlers from the Republic of Korea moved into the eastern
Bering Sea (Fig. 4).

1974 Taiwan stern travler initiated operations onm groundfish in the
eastern Bering Sea in December and a longliner fished in the
Gulf of Alaska in 1975. 4 large stern trawler from the People's
Polish Republic (Poland) entered the eastern Gulf of Alaska and

targeted on Pecific cod, Gadus macrocephalus.

1977 The Magnuson Fishery Comservation and Manasgement Act (Magnuson
Act) was implemented which extended U.S, management jurisdiction
over the fisheries resonrces within 200 miles of its coastline,

1978 First joint venture operation started in the Gulf of Alaska.

1979 Poland extended its fisbery into the eastern Bering Sea. Mexico
sent three stern trawlers to fish in the western Gulf of Alasks,
but their fishery was discoutinued after a8 short season.

~ Regulations were enacted under the Magnuson Act to exclude
foreign trawling from southeast Alssksg,
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Figure 4.,~-Areas of groundfish fisheries off Alaska, by
Japanese and U.S.8.R. vessels snd those from new entrants
into the fishery (Republic of Korea, Taiwan, Poland, and
Mexico), in 1967-79.

1980 Joint venture fisheries started in the eastern Bering Sea and
Aleutian Islands region and domestic trawling operations
increased and expanded into the eastern Bering Sea, primarily
for Pacific cod (Fig. 5). The U.S.3.R. was excluded from
conducting s directed fishery off Alaska under regulations
promulgated by the Magnuson Act. However, Soviet joint venture
with United States vessels for yellowfin sole in the eastern
Bering Sea and other species in the Culf of Alasks were allowed
to continue. A West German stern trawler entered into joint
venture fisheries with United States vessels in the eastern
Bering Sex, and this vessel was also allowed some directed
fishing. As domestic figsheries developed after 1980, quotas for
foreign fleats were reduced, resulting in lower fishing effort.

1982 Poland was denied permits to fish off Alasks.

1983 Taiwan did not conduct a directed fishery for groundfish but
participated in joint venture operations.

1984 Joint venture and domestic fisheries had incressed dramatically
and were rapidly replacing foreign fishing effort. Joint
ventures were conducted with processing vessels from eight
countries (U.5.8.R., Republic of Xorea, Japan, Taivan, West
Germany, Polard, Portugal, and Spain). Portugal entered trawl

fishery in Bering Ses. The U.5.5.K. snd Poland resumed trawl
fisheries.
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Figure 5.—Areas of U.S. domestic and joint venture trawl
fisheries off Alaska 1in 1980-84.

It summary, eight foreign countries (besides Canada) have pParticipated
in the trawl fisheries off Alaska. Japan has had the longest bistory of
fishing in the region and hes mounted the greatest effort over the years.
The U.5.8.R. had the second largest fishery until it was denied direct
fishing privileges in 1980, The second Position vas then takep over by the
Republic of Korea. The fishing effort of the remaining countries (Taiwan,
Poland, West Germany, Portugal, and Mexico) was small by comparison and
amounted to <57 of the total effort. Mexico no longer participates in the
fishery after fishing only one short season in 1979,

MAGNITUDE OF CATCHES

Tellowfin sole in the eastern lering Ses vas the species that
stimulated the development of Japanese and Soviet fisheries in 1954 and
1959, respectively. Catches of yellowfin sole peaked at 610,000 MT in 1961
and declined thereafter, due to overfishing (Bakkala et al. 1979), Total
groundfish catches off Alaska, consisting asinly of yellowfin sole, peaked
at about 680,000 MY during 1954-63 (Table 1, Fig. 6)., More than 952 of thae
catches came from the esstern Bering Sea during this period.

4s yallowfin sole declined in sbundance, the figheries began to target
on Pacific ocean perch in the Aleutians, on the eastern Bering Sea, the
continental slope, and the Gulf of Alaska. Catches increased from 1963 to
1966, but the resource was not large and was soon depleted. As the fishery
for Pacific ocean pexch shifted to the Gulf of Alaska during this period,
. the eastern Bering Sea component of the total catch off Alaska dropped to
7" sbowt 55-65%. : _
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Table 1.--~Total groundfish catches off Alaska and distribution
between the Bering Sea-Alectians region and Gulf of Alaska,

1960-83,
Total Percent distribution
catch
Year (1,000 MT) Bering Sea-Aleutians Gulf of Alaska
1954 13 100.0 0
1955 15 100.0 0
1956 25 99.4 0.6
1957 24 99.7 0.3
1958 51 99.9 0.1
1959 222 99.9 0.1
1960 538 99.9 0.1
1961 682 %%.9 0.1
1962 607 99.9 0.1
1963 331 96.8 3.2
1964 759 67.3 32.7
1965 858 54.2 45.8
1966 684 75.4 24,6
1967 1,066 86.8 13,2
1968 1,202 88.0 12,0
1969 1,372 91.5 8.5
1970 1,804 94,7 5.3
1971 2,311 94,7 5.3
1972 2,515 92.8 7.2
1973 2,280 92.2 7.8
1974 2,180 91,2 8.8
1975 1,830 89.8 10,2
1976 1,752 90.3 9.7
1977 1,458 86.2 13.9
1978 1,573 89.3 10.7
1979 1,444 88.0 12.0
1980 1,585 86,0 14,0
1981 1,718 85.0 15.0
1982 1,697 86.0 14,0

1983 1,929 84.0 16.0
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Figure 6.--Eistorical catches of grounmdfish off Alaska, 1954-83,

The groundfish catch increased dramatically again after the fisheries
shifted to pollock as a target apecies begineing in 1964. The utilization
of the abundant pollock resource became possible with the introduction of
automated "surimi” (minced meat) operations aboard large fishing and mother
ship vessels. Total groundfish catches peaked at 2.5 million MT 1972 aud
during the period from 1966 to 1977 pollock generally accounted for over
852 of the total catch. Since most of the polloek resource is concentrated
in the eastern Bering Sea, the Bering Sea-~Aleutians component of the catch
gradvally increased to over 85X of the catch off Alaska (Fig. 6).

In 1977, the Magnuson Act was implemented and catch levels became
regulated. Catches were reduced from 1.8 million MT in 1976 to 1.5 million
MT in 1977 as all the foreign fishing activities came under a common set of
U,8, fishing regulations. Catches, bowever, increased again as conditions
of groundfish resources in later years improved (Bekkals ard Low 1984). In
1983, 1.6 million MY of groundfish were landed by the foreige and joint
venture fishery. .

VESSELS AND TRAWL GEAR

- . .- The trawl fisheriaes off Juuu ose sevaral types of vessels which can
“be divided into two main modes of operation: 1) mother ship fleet
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operations in which several small fishing boats deliver their catches to a
wother ship for processing and 2) the independent trawler operations in
vhich trawlers catch, process, and freeze their own catch. Functional
descriptions of these vessels are given in Table 2 and their physical
characteristics in Table 3. Comparative sizes of typical foreign and
domestic vessels are illustrated in Figure 7. General descriptions of the
vessels are provided by Chitwood (1969}, Bakkala et al. (1979), and Nelson
et al. (1981).

The mother ship fleets are composed of verying numbers of catcher
boats {pair trawlers, Danish seiners, and stern trawlers); the size of an
individual fleet is dependent upon the processing capacity of the mother
ship. The catcher boats deliver their catches in detachable cod ends to
the mother ship for processing. Small motor boats called "kawasaki®
noreally deliver the full cod ends to Japanese mother ships and return
empty cod ends to the catcher boats. Recent U.S. joint venture operations,
in vhich U.8. trawleras catch and deliver cod ends to foreign procegsor
vessels, is another form of the mother ship fishery. The U.S. observers
monitoring these joint venture opersationa have noted that cod ends full of
fish have been lost during the transfer to the mother ship.

Typically, a Japanese mother ship is 175-m long and employs 6=20
catcher vessels varying in length from 27 to 5] m. Most of the mother
ships are in exceas of 10,000 gross registered tons (GRT), and the catcher
boats from 200 to 500 GRT, The independent tresvlers vary frem the small
(50 m, 350 GBT) class to the large catcher processors (110 m, 5,500 GRT).

Four fishing techniques have been employed in the groundfish fishery:
pair trawling, Danish seining, side trawling, and stern trawling. Pair
travling is the primary technique employed by the catcher boats of the
Japanese mother ship fleets. Unlike the other fishing gear which is towed
by a single vessel, a pair trawl is towed betveen two boats moving along
parsllel course. The Danish seining differs from trawling im that the net
is laid out along the bottom with wiungs spread. It is then towed slowly,
causing the wings to close which drives the fish into the belly of the net.
The gear is mainly employed by the Japanese mother ship fishery for highly
concentrated fish such as yellowfin sole and pollock. Its use, however,
has been reduced in recent years in favor of pair trawls. Japan utilizes

all four techniques of fishing and fisheries of all other natioms utilize
stern trawvls.

The size and dimensions of fishing gear urilized off Alaska depends

on the size of the catcher boat. These characteristics are summarized in
Table 4.

Cod end mesh sizes have been measured by U.S. observers, vhereas the
aversge area of netting materisl per trawl was derived from calculations of
the net dimemsions. The cod end mesh sizes vary from 8.0 to 13.0 cm, and
the amount of netting material per trawl from 1,400 to 4,900 m? (Table 4).

FISRING EFFORY
An index of fishing effort, as it relates to the potential amount of

travl gear that could be lost or discarded and be a potential source of
entsugloment to marine msmmals, is the number of vessel-months of trawl
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Table 2.--Type of vessel utilized in the groundfish fishery off
Alaska (GRT = gross registered ton).

Vessel class

Definition

Mother ship fleets
Mother ship - surimi
Mother ship - freezer

Mother ship ~ joint venture

Catcher boats

Pair trawler

Danish seiner

Side trawler

Depeundent stern trawler

Independent trawlers

Large side trawler

S5mall stern trawler

Large freezer trawvler

large suriwi trawvler

Mother ship fleets with capacity to

produce surimi (& minced fish product),
frozen products, and meal.

Mother ship fleets with capacity to
produce frozen products and meal.

Hother ship fleets where the catcher boat
fleet is composed of U.S. trawlers and the
mother ship ie of foreign registry. Fish
caught are defined as U.S, landings.

Fleet of 6 to 20 vessels which transfer
catch to mother ship for processing. Im
the foreign directed fishery, side
travlers have been phased out and the
numbers of Danish meiners and stern
travlere have been reduced. Pair trawvlers
predominate in the present Japanese
fleets. In tbe growing joint venture
fishery, the catcher boats are U.S5. small
stern trawlers.

Has been replaced by more efficient stern
travlers. May transfer catch to mother
ships but could operate independently and
process and freeze own catch. Soviet
vessel abbreviation - SRTM.

Independent stern trawler <I,500
GRT. Processes and freezes own catch.

Independent stern trawler 1,500 GRT or
greater with capacity to produce frosen
products and meal.

Independent stern trawler 1,500 GRT or
greater with capacity to produce surimi,
frozen products, and meal.
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Table 3.--Physical characteristics of foreign vessels in the
Bering Sea~Aleutians and North Pacific groundfish fishery.

Length No. in
Nation Vessel class Gross tous (m) Horsepower crevw
Japan Mother ship 6,318-27,060 135-201 9,100 250-270
(Surimi, freezer,
and joint venture)
Catcher boate
Pair trawler 125215 32-38 — 12
Danish seiner 97-150 27-38 - 18
Small stern trawvler 279-280 51-58 - -
Small stern trawler 3s50-500 50-60 1,200-2,700 22-32

Large freezer travler 2,000-4,000 75-102  3,400-4,400 45-60
Large surini trawler 2,700-7,500 92-143  3,400-5,000 60-100

U.S.8.R. Mother ship
(Preezer and joint  4,000-18,000 110-174  2,000-5,000 <280

venture)

Catcher boats

Swall side trawler 265-335 38 300-400 22-26
Medium side trawler 505-630 52 540-650 26-28
Large side trawler 700 54 800 30
{SRTM)
Small stern travler 715 55 1,000 -
(SRTK)
Large freezer trawler 2,300-3,800 76-89 1,900-2,000 B87-96
( BMRT)
Large freezer trawler 2,100-2,200 82-83 2,320 78-80
(RTM)
Republic
of Korea Mother ship 8,506-23,799 52-7&4 —— -
{Joint venture)
S5mall stern trawler 404-1,438 51-70 - -

Large stern travler 2,000-4,000 75-102 3,400-4,400 4560

Taivan Smaall stern travler 620-904 52-55% - -
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Foreign Mothership 175 m

Y N a>

= ""'T\\' = Foreign Pair Trawler 35 m

JL Foreign Danish Seiner 27 m
A .
Foreign Independent Stern Trawier 50 m

D I7, \I - ‘I:‘?{r,e:gn Large Stern Trawier

h"‘ Domaestic Jaint-Venture Trawier 30 m
r
1 _
u Domestic Catcher-Processar 50 m

Figure 7.--Typical size of vessels employed in the trawl fisheries
off Alaska.
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Table 4,--Typical dimensions of trawl gear utilized off Alaska.

Axres
of
Vertical Horizonts! Headrope PFootrope Cod end netting
opaning opening length length mesh -;teiisl
(n) {=) (m) (m) (em) (=)
Japaness
Dependent stern 4=9 24-30 36-54 8.0-8.5 8.0-8.5 2,100
trawlers
Pair trawlers 7.5 56 130 148 8.0-9,0 4,150
Danish seiners 7 is 115 128 7.5-9.0 2,300
large indapendent 7=-27 22-35 50-85 54~90 2.0-13.0 4,900
stern trawlers
Saall independent 3.5-7.5 12-39 55-65 50-70 8.0-13.0 2,100
stern trawlers
Soviet
Bottom trawl 4.5-8 16-28 31-50 35-60 8.0-13.0 1,400
Palagic trawl 25-30 3545 70-120 70=120 8.0-13.0 4,900
Korean trawl 6-7.5 22-40 6480 75-100 8,0-13.0 2,900
Polish trawl 18-23 20-68 55-112 55-112 8.0-13.0 2,900

operations, This effort unit can then be extrapolated to the number of
travl drags and the amount of netting material fished. Fighing effort also
provides scme indication of the amount of discarded figshing associated
debris such a8 plastic banding material and fragments of netting. Fur
seals have been noted to become entangled in these smaller pieces of debris
(Fiscus and Kozloff 1972).

Number of Fishing Vessels

Brawing upon information provided by Chitwood (1969), FPorrester et al.
(1978), and annual reports on foreign fishing activities off Alaska issued
by the National Marine Fisheries Service Law Enforcement Branch in Juneau,
the composite compilation of the number of trawlers (excluding support ves-
sels) that operated of f Algska in 1933-84 is shown in Table 5 and Figure 8,

Before World War II, the number of trawlers that operated off Alaska
vas no more than 13. The fishery resumed after the war with 11 vessels in
1954 which increased to 82 vessels by 195¢ when the U.S.S.R. joined the
fishery. The fleet size built rapidly to 432 vessels by 1963, During
1964-75, the number of vessels generally varied between 300 and 400.
However, in 1976, just before the implementation of the Magnuson Act, the
number of vessels increased dramatically to 422-~s level at or near the
historical peak for the fishery. Therafter, the number of foreign trawlers
gradually declined as the domestic fisheries (joint venture with foreign
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Table 5.—Estimated total numbers of trawlers that operated off
Alaska, 1933-84.

United United
Republic Mexico States States
of West and joint ¢atcher
Year Japan U.3.5.R. FKorea Poland Taiwan Germany Spain venture Processor Total

1933 s 5
193 5 5
1935 11 1
1936 8 8
1937 13 13
1950 8 8
1941 12 12
195 11 11
1955 9 9
195% 13 13
1957 13 13
1958 29 29
1959 62 20 82
1960 190 80 270
1961 200 100 300
1962 200 150 150
1963 221 211 432
1964 150 19 346
193 131 201 332
1966 166 240 _ 406
19%7 166 174 - 340
1%8 157 115 272
19%9 175 137 312
1970 221 175 3%
1971 207 174 381
19712 218 158 376
1973 212 107 19
1596 211 126 15 1 3s3
1975 206 1 13 3 1 288
1976 237 127 57 — 1 422
1577 288 as 18 2 1 344
1978 218 48 13 2 3 - 286
1979 210 41 17 13 3 3 3 84
1980 213 40 23 24 4 1 0 22 1 328
1981 210 6 1 25 3 1 0 36 1 313
1982 203 7 31 3 4 1 0 53 2 304
1988 205 8 29 -— 3 1 0 65 6 317
19841 183 7 28 4 3 1 t 8s 8 322

Ihaliainary eatimates.
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Figure B,--Total number of trawlers that operated off Alagka, 1954-B84,

vessels and purely domestic operations) became established and regulations
became more restrictive on the foreign fisheries. In addition, the
U.5.5.R, and Poland were denied direct fishing privileges during 1980-83
which resulted in further comsiderable reduction in the number of foreign
vessels that operated off Alaska. By 1984, the number of foreign trawlers
had been reduced to 229; however, the total number of vessels still
exceeded 300 (322) comsidering the 93 U.S. trawlers.

Vessel-Months of Trawling

Before 1963, the vessel-months of effort were estimated by multiplying
the number of vessels (sighted or reported) by typical daye of operation
per year. The typical number of daye of operation and average mumber of
drags per day vere derived from data collected by the U.S, Foreign
Fisheries Observer Program (Table 6). From 1964 to 1976, the number of
vessel-months of operation was estimated from monthly sightings and reports
of foreign vessel operations as given in "Foreign fishing activities in the
Bering Sea and Gulf of Alaska" issued by the NMFS Law Bnforcement Branch at
Juneau, Alaska. The vessels that were on the grounds each month were
assumed to have operated the whole month, even though the actual number of
days of operation would vary depending on weather conditions and other
factors. This method of cslculation results in a maximm estimate of
fishing effort. After 1976, the actual number of foreign fishing days off
Alaska were provided by radio reports from the vessels under regulations
promulgated by the Magnuson Act. The number of vessel-months of operation
can be tallied from these reports. However, to maintain comparable
estimstes of fishing effort, the same procedure of estimation for 196476
was ysed for the 1977-83 period.
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Table 6.--Typical number of vessel days of operation per year
and average number of trawl drags per day for trawl vessels
that operated off Alaska.

Vessel-daya Number

of operation of drags

Country Trawl vessels per year per day
Japan Mother ship catcher boats 150 4
Large trawler 220 5
Small trawler 220 4
Joint venture trawler 70 0
U.S.8.1. Trawler 180 3
Joint venture trawler 70 0
Republic Trawler 200 5
of Korea Joint venture trawler 130 0
Poland Trawler 70 k|
Joint venture travler 40 0
Taiwan Trawler 100 3
Joint-venture trawler 40 0
Veat Trawler 200 3
Germany Joint-venture trawler a¢ 0
Mexico Trawler 180 3

Table 7 ghows the estimated smount of trawl fishing effort off Alasks
from 1954 to 83 by natioa and geographical region. These data are also
Plotted in Figure 9. The total amount of fishing effort increased rapidly
from 66 vessel-months of trawl operations in 1954 to 2,700 vessel-months in
1963. The effort declined to am average of about 2,200 vepsel-months
during the 12 years (1964-75). In 1976, the effort imcreased dramatically
to a historical peak of 3,215 vessel-months. However, after the Magnuson
Act was implemented a year later, the effort declined gradually to the
level in the late 19607;,

Despite receat expansions in the domestic fisheries after 1980, the
effort is etill Predominantly foreign. Japan has remained the nation with
the largest fishing effort. Fishing effort by the U.S.S.R. was actually as
high or higher than that of Japan during 1961-67, but declined after 1967
and in 1980 direct fishing operations ceased due to U.S5. regulacions,
Fishing effort by the other countries is still a small percentage of the
total.

Most of the fishing effort was concentrated in the Bering Sea~Aleatian
region (Fig. 9). At the inception of the trgwl fishery in the Gulf of
Alaska when the fisheries targeted on Pacific ocean perch, fishing effort
 was relatively high. When this resovrce was depleted after 1967, the
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fishing effort decreased dramatically in the Gulf of Alaska and remained at
a relatively constant level (11X) of the total fishing effort,

Although the trawl fishery is a year-round operation, most of the

effort ia concentrated during the warmer summer months. Typically, vessel-
months of effort are distributed as follows:

Month 1 2 3 4 5 6 7 8 9 10 11 12

Percent 3.6 5.9 6.0 4.8 7.2 16.8 16.9 10.1 10.3 8.3 6.0 3.9

Table 7 .-—-Estimated amount of trawl fishing effort off Alaska
expressed in nmmber of vessel-mouths of operation, 1954-83.

Effort by region

Effort in vessel-months by nation

Bering Sea- Gulf of
Year Japan U.S.S8.R. Others Total Aleutiane Alaska
1954 66 66
1955 54 54
1956 78 78
1957 78 ) 78
1958 174 174
1959 350 50 400
1960 1,400 300 1,700
1961 1,100 900 2,000
1962 1,100 900 2,000 1,600 400
1963 1,100 1,600 2,700 1,700 1,000
1964 760 1,360 2,120 1,220 900
1965 740 1,80 2,600 1,600 1,000
1966 875 1,180 2,055 1,093 962
1967 1,015 935 1,950 1,445 505
1968 1,275 675 5 1,955 1,728 227
1969 1,220 695 5 1,920 1,759 161
1970 1,560 835 5 2,400 2,176 224
1971 1,580 960 5 2,545 2,340 205
1972 1,555 790 10 2,355 2,102 253
1973 1,445 705 10 2,160 1,890 270
1974 1,565 710 25 2,360 2,114 246
1975 1,180 680 50 1,910 1,660 250
1976 1,935 1,000 280 3,215 2,965 250
1977 1,826 416 67 2,309 2,136 250
1978 1,832 363 122 2,317 2,078 239
1979 1,776 310 355 2,391 2,175 266
1980 1,860 14] k1] 2,391 2,029 337
1981 1,365 0 520 1,885 1,635 250

1982 1,35 0 420 1,776 1,571 205
1983 1,704 0 410 2,114 1,726 388
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Figure 9.--Total fishing effort off Alaska, by natiom (top panel)
and by region (bottom panel), 1954-83.

Observations on Net Loss in 1983

The Magnuson Act requires that foreigu vessels fishing in the U.S.
200-mile fishery conservation zone (FCZ) carry U.S. figsheries observers.
Foreign vessels participating in joint ventvres with U.S., catcher boats in
federally managed waters iz the FCZ (3-200 miles) sre also subject to this
requirement. The Magnuson Act authorizes the use of observers for the
purposes of 1) collecting biolegical data needed for fisheries mapagement,
2) wonitoring complisnce to fishing regulations, snd 3) cooperating in
tesearch related to the conservation of living marine rescurces. The
Northwest and Alaska Fisheries Center administers the observer program for
foreign and joint venture fisheries in the U.S. FCZ in the eastern Bering
$Sea and northeast Pacific Ocean. This program has been ueed to provide

dats on a wvide range of mansgement, complisnce, and research problems
(Fremch et al. 1982).
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One of the areas in which the progrem has been involved ig the
collection of data on the number and type of marine mammale incidentally
caught during fishing operations. Based on data collected by observers,
Loughlin et al. (1983) reported on the nmber and type of animals caught by
the travl fishery from 1978 through 1981, In addition to this active
interaction between marine mammale and the trawl fishery, Fiscus and
Kozloff (1972} and Fowler (1982) have reported on a second type of
interaction resulting in the entanglement of animals in trawl netting
discarded or lost from trawl vessels.

In response to Fowler's report, the observer program instructed its
observers to menitor the discarding and loes of trawl netting material in
the foreign and joint venture fisheries. The purpose of the project was
not necessarily to provide a quantitative measure of the amount of netting
lost or discarded annually but to determine the type of information that
could be collected by observers. A more detailed study would be developed
and implemented at a later time if it was found that it was feasible for
observers to collect data which could be used to quantitatively measure the
type and amount of netting lost and discarded in the fishery.

In this initial study, observers were asked to monitor net-mending
operations to determine how often nets were repaired and the number and
size of pieces of webbing that were discarded during such occasions. They
were also asked to determine the fate of any cod ends that were damaged
beyond repair and to report on the loss of mets during trawling or in
delivery to a mother ship or joint venture operation. The project was
begun in the fall of 1982 and continued during 1983 and 1984, This report
provides a summary of some of the information collected during 1983, the
only complete vear of date collection at this time.

During 1983, U.S. fisheries observers were stationed aboard foreign
vensels in the Bering Sea~Aleutian region for 13,994 days which accounted
for 44.21 of the total foreign effort. In the Gulf of Alaska regionm,
observers apent 4,046 days aboaxd foreign vessels accounting for 50.6% of
the total effort. There were 368 reports summarizing data collected on the
discard and lose of netting in the Bering Sea-Aleutian region arnd 92
reports from the Gulf of Alaska region. From review of these reports, it
is spparent that many observers had difficulties monitoring net-mending
operations and thus collecting dates on the number and size of materials
discarded. Observers found that net-mending operations vere usually
performed during the period observers were busy performing sampling duties
below deck. It was also noted that it was difficult to monitor net-mending
activities without vessel persounel being aware of the observer's activity
and purpose. Debris from net-mending activities would likely not be tossed
overboard in the observer's presence. For these reasons, the information
reported by observers which was found most useful for this report was the
number of instances where nets or cod ends were accidentally lost during
fighing operatioans.

In the Bering Sea-Aleutian region, 17 of the 368 reports submitted by
observexrs indicated that a net or large portion of the net was lost duriong
" & fishing operation (Table 8)}. Of the 17 reports, 8 were from vessels
participating directly in the foreign fishery. The eight reports cited the
loss of eight nets or portions of nets. If it is assumed that these
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Table 8.-~Rumber of reports for U.S. observers of losses of nets or portions
of nets and estimated number of losses in the entire foreign and joint venture
groundfish fishery in the Bering Sea-Aleutian region and the Gulf of Alaska
region in 1983,

No. of
Total reports No. of Percent Estimated
No. of with reported observer No. of 1
Region/nation/vessel cluss reports zet loss lost mets coverage nat losses
Bering Ses-Aleutian
Jspan
Mother ship 7 1 1 86.7 1
Large travlers 29 1 1 71.8 1
Bmall trawlers 250 4 & 36.4 11
South Korea-travlers 50 1 1 45,7 2
West Germany-trawlers k| b 1 70.1 1
Total foreign Eishery 349 8 8 43.5 16
Joint ventore 19 9 15 56.6 26
Total all fisheries 358 17 23 &4,2 42
Goulf of Alaska
Japan
Large trawlers 15 1 1 66.6 2
5mall trawlers 30 1 1 57.1 2
South Kores 29 4 0 38.5 0
Total foreign fisheries 74 2 2 41.3 4
Joint venture 18 10 14 712.9 19
Total all fisheries 92 12 16 50.6 23

lhber of net losses determined by: Total nmmber = Number of reported lost
nats/percent observer coverage.

reports account for all of the number of nets lost during the period of
observer sampling, then an estimate of the nmber of nets possibly lost
during the 1983 fishery can be extrapolated to vessels without observers
{total number of net losses equal ummber of reported net losses/percentage
observer coverage). The resultant estimated number of nets or large
portion of nets lost in the foreign fishery in 1983 was 16 (Table 8). The
other nine reports were from the joint venture fishery. They listed 16
instances where cod ends were lost in the transfer of either full or enpty
~ cod ends between foreign processing vessels and U.S. catcher boats. The
estimated number of cod emds lost in the entire joint venture fishery in
the Bering Sea-Aleutian region in 1983 was 26 (Table 8). There vere two
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reports from observers indicating the loes of two nets or portions of the
nets in the foreign fishery in the Gulf of Alaska in 1983. These two
Teports result in an estimated loss of four nete or portions of nets in
1983 (Table 8). Observers reported 14 cod ends lost during transfers in
joint venture fisheries in the Gulf of Alasks resulting in an estimated
loss of 19 cod ends in the joint venture fishery (Table 8).

Therefore, a total of 65 nets or portions of nets were estimated to
have been lost in the foreign and joint venture fisheries off Alaska in
1983, Most of the estimated losses (45) occurred in the process of
transferring cod ends betwveen procesasing vessels and catcher boats in
joint-venture fisheries. Tt should be clearly noted that this estimate
does not provide a measure of the amount of net material associated with
these losses but only an indication as to the number of net losses which
may have occurred in the 1983 trawl fishery.

EXTRAPOLATED ESTIMATE OF NET L0SS 1954-82

To provide the workshop a sterting point from which to discuss the
potentizl net loes associated historically with the trawl figshery, we have
made an estimate of the net loes in the trawl fishery for 1954~82. There
are no direct observations on the number of nets damaged or lost in the
trawl fisheries other than from U.S. observers in 1983. If the aesumption
is made that the rate of loss for all years was the same as that observed
in 1983, then it is possible to estimate the loss for earlier years. The
1983 data suggest that the rate of loss in the foreign fishery is distinc-
tively different from that of the joint venture fishery. There are two
possible sources of losses in the joint venture fishery: loss associated
directly with trawling operations and the additional loss due to the at-sea
tranafer of cod ends., Therefore, in estimating net losases for years pre-—
ceding 1983, two rates (mmber of nets or large portions lost per vessel-
month) of loss were applied to the effort (vessel-months) from earlier
years (Table 9).

It is difficult to determine how realistic the estimates of net loss
are for 1954-82 because there is no corroborative information available.
Ve have surmised that the estimates for 1977-82 may be good since the
changes in gear used, target species sought, and grounds fished by the
foreign fishery have been minor. We suspect that the gear loes in the Culf
of Alaska from 1965 to 1977 may have been higher than estimated since
foreign vessele targeted on rockfish in areas in the eastern Gulf of Alaska
over rather rough bottom. The likelihood of gear loss or damage would be
increased in that type of fishery. We aleo suspect that for the period
1960-64, the amount of gear lost may have been substantially higher than
estimated, since substantisl foreign fisheries targeted on Pacific ocean
perch over rather rough sea bottoms at that time. Before 1960, the fishery
vas to some extent still experimental; therefore, the probability of gear
damsge and loss may have been higher than estimated as well.

DISCUSSION

It is evident to us that there is no reliable estimate of the amount
of trawl gear damaged or lost in the trawl fishery off Alaska. Although
actual observations were made by U.S. observers in 1983, they may be
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Table 9.--Extrapolated estimate of net or large portions
of net loes in the trawl fisheries off Alasks, 1954-83,

Bering Sea- Gulf of
Year Aleutians Alaska Total
1954 1 0 1
1955 1 0 1
1956 1 0 1
1957 1 0 1
1958 2 ¢ 2
1959 4 0 4
1960 10 4 14
1961 16 4 20
1962 16 4 20
1963 17 10 27
1964 12 9 2]
1965 16 10 26
1966 11 10 21
1867 14 5 19
1968 17 3 20
1969 17 2 19
1970 22 3 25
1971 23 2 25
1972 21 3 24
1973 I8 3 21
1974 21 3 24
1975 17 3 20
1976 29 3 32
1977 21 k 24
1978 21 3 4
1979 22 5 27
1980 20 15 35
1981 27 22 49
1982 34 22 56

1983 42 23 85

inadequate because of sampling circumstances. Rates of gear loss before
1977 are even less reliasble because levels of fishing effort cam only be
approximated. The potentigl for obtaining future data which will provide
more reliable estimates of the amount of gear lost now exiasts through the
observer program. By law, all foreign vessels must now carry U.S.
fisheries observers while participating in directed or joint venture
fishing activities in the U.S. FCZ. There is a need to evaluate the work
already performed by observers in this area and develop a plan for future
data collections which will provide the information needed to measure the
impact of the trawl fishery. Many foreign vessel operators seem to be
scutely awvare of the interest of observers in the collection of data on mnet

.~ loss and the discard of debris. It is apparent that the presence and

. - activities of observers car also be used as & deterrent to the discard of

. debris by foreign vesssals.
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As we iwmprove our sampling of the foreign and joint venture operationms,
however, we need to obtain equivalent date from the rapidly developing
domestic traw]l fisheries. The expaneion of the domestic fleet has
essentially limited foreign fisheries to targeting on pollock, yellowfin
sole, and turbot in the eastern Bering Ses, and pollock in the Gulf of
Alaska. Fisheries targeting on pollock and yellowfin sole operate over
relatively smooth ocean bottoms or use midwater trawl gear, As Buch, the
probability of gear damage and loss in these fisheries is low.

On the other hand, domestic fisheries have developed for Pacific ocean
perch and Atka mackerel in the Aleutisns and flatfishes and other bottom
species in the Gulf of Alaska. These fisheries are often conducted over
hard uncertain bottom where the probability of gear loes is higher. The
need to monitor gear damage and loss in these fisheries nay be greater than
in other domestic fisheries that target om pollock, yellowfin sole, and
Pacific cod over relatively smooth ocean bottom.
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THE OREGON EXPERIENCE

Judie Neilson
Oregon Department of Fish and Wildlife
Portland, Oregon 97208

ABSTRACT

There is virtually no information available to the OCregon
Department of Fish and Wildlife to judge the extent of injury or
death to fish, aquatic, and terrestrial wildlife resulting from
ingestion of or entanglement in plastic debris. This paper
describes the impacts of plastic debris on fish and wildlife
along the 563 km (350-mi) Oregon coast based on the findings
of a cleanup project.

To learn more about the presence of plastic debris on the
Oregon coast, the department conducted a coastwide volunteer
effort to pick up plastic on 13 October 1984. More than 2,000
individuals volunteered to collect and inventory the debris. By
filliag out questionnaires, they indicated pounds collected,
Riles walked, and vhether debris was generated by beach use or
ocean drift, Debris categories included food packaging and
utensils, fishing pesr, rope, strapping, six-pack holders,
bottles and jugs, or bags and sheeting. Dead birds found on the
beach this fall will be sent to the Oregon Marine Science Center
for necropsy to check for plastic particles.

I am pleased to attend this workshop and share a unique experience I
had during the past 5 months. It all began because the May-June issue of
the Alasks Pish and Geme Department's magazine was delivered to my office
by mistake. Flipping through it, I was drawn to an article entitled, "The
Plague of plastics,” by freelance writer, Tom Paul. He wrote about the
inereasing proliferation of plastic debris into the natural environment and
the resvlting ingestion or emtanglement by wildlife.

Although I have no scientific background, I was aware birds become
entangled in monofilament fishing line and six—~pack rings, but I didn't
know they had an appetite for styrofoam and small bits of plastic.

In July, I attended the annual meeting of the Western Association of
Fish and wildlife agenciea. This gave me the opportunity to talk to fish
A0d yildlife managers from the 14 western states, Alberta, and British
Columbia. The folks I talked to agreed they had a vague awareneas there
W22 a problem with plastic but had not seem much written about it.

|

L1

R. 2. Shomrs aod E. 0. Yosbida (editore), Procesdings of the Workshop om the Fate and Impact
Waring Debris, 26-29 Bovember 1984, Howolula, Mawwii. O0.5. Dep. Commer., ¥OAA Tech. Memo.
o BOAL-TM-MES-SUTC-54. 1985,
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At the end of the conference, the Western Association adopted a
resolution asking its members to "inform legislative and administrative
bodies and the general public of the danger of plastic debris to wildlife,

aud of the need to reduce its proliferation into the emviromment,"

I had the idez of organizing a cleanup of plastic debris on Oregon's
563 km (350 mi) of coast. All but 42 km (26 mi) is publicly owned.

A steering committee was formed, We divided the comst into 14 zones
snd found local residents to be "zome captains” to identify which areas
were accessible and where debris, once collected, could be stacked.

Our statewide newspaper, The Oregonian, published an article on 17
Auguat explaining the project and my telephone has never stopped ringing.
We had groups and individuals volunteer to help clean up debris, Chambers
of Commerce and service clubs offer to feed volunteers, five coastal
community banks contribute money for food, and food brokers donate 307
dozen hot dogs and buns to feed the volunteers. A public utility company
provided 2,000 reprints of a Parks Magazine article entitled, "Plastiec
pollution: A worldwide oceanic problem," and these were mailed to eazh
volunteer. A discount store chain printed 5,000 large posters asking
marine users to keep plastic on board, The Oregen Sanitary Service
Institute volunteered trucks and drivers and paid the landfill fees. They
also provided special T-shirts for zone captains, steering committee
members, and refuse collectors.

My original goal was 1,500 volunteers——roughly 10 for each of the 241
ku (150 wi) of accessible beach. We picked Saturday, 13 October, to
coincide with the Year of the Ocean and Cosstweek activities. The pickup
bours of 9 a.w. to 12 p.m. agreed with favorzble tides.

The news media loved the idea from the beginning. Stories abont the
cleanup appeared statewide on a regular basis, raising the public's
avareness about plastic debris and its impact on wildlife, and outlining
how people with no special equipment or training could be personally
involved,

On Friday, 12 October, the weather took s drastic turn for the worse.
Gale force winds lashed the coast. Small craft and beach erosion varnings
were repeated over and over on the radio and people were cautiomed to atay
off the north coast beaches.

Saturday morning dswned to more high wind, hail, and driving rain.
Deepite the black sky and bleak forecast, volunteers arrived by the car and
 busload, dressed for the westher and raring to go. Because emergency
services closed two zones, some volunteers worked im the dune grase and
along beach roads and parking areas.

At the designated meeting sites, esch volunteer was given g 5.3~liter
(20-gal) plastic collection sack, a free lunch ticket, a verbal warning
. about sneaker waves, and & questionnaire.

o The questionnaire asked how many people were in the party, the number
- of males and females, snd the range of sge. It asked for the location and
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number of miles gleaned and whether it was sandy beach, estuary, rocky
beach, or road access.

The questionnaire listed different types of plastic debris and had a
category for special observations. They were on 12.7 x 17.8 cm (5 x 7 in.)}
card stock and included my name and return address for eagy mailing.

In addition to listing plastic debris, volunteers were asked to note
dead or sick sea lions or seals because of an outbreak of leptospirosis in
mirine mammals. Fresh dead birds were delivered to the Hatfield Marine
Science Center Disease Laboratory for the Oregon State University staff to
necropsy. Twenty-one birds were delivered to the center.

On Monday after the clesnup, I telephoned the zone captains to obtain
au eatimate of the number of volunteers participating and the sacks
collected. A total of 2,100 volunteers in the 14 zones filled 2,412, 5,3-
liter (20-gal) sacks. Over half of those who participated came from inland
cities and drove at least 121 km (75 mi). There was excellent involvement
by coastal residents as well.

o wy amazement, over 1,600 questionnaires were filled out and
returned. In addition to interesting reading, the cards have given us a
data base of ocean debria. We kmow that on 13 October 1984, the Oregon
coastal besches produced: 48,898 chunks of styrofoam larger than =
bsseball. Most was found adjacent to our largest river mouths, especially
those with marinas or housebost moorages upstream. Styrofoam shows up on
the Oregon coast from swall bead size up to pieces as large ag 0.9 x 1.2 m
(3 x & ft). Coastwide, the average percentage of styrofcoam was 60% but on
the north cosst, it was as high as 92%. By contrast, south coaat zones had
smaller smounts, except om the besaches adjacent to river mouths.

Strapping bands, of which there were 2,055, were most prevalent on
open beaches. They come in 211 colors but are uniformly about 0.9 m (3 ft)
long.

Rope is in high quantity on the entire coast; 6,117 pieces were
collected, Small, 0.3-m (1-ft) lengths and tangles 0.9 to 1.5 m (3- to 5-
ft) long wash ashore, wound up in globs of kelp.

There were 1,442 six-pack rings. They were most prevalent on beaches
frequented by picnickers which may be due to Oregon's law requiring their
breakdown within 120 days when exposed to ultraviolet light.

The 4,787 plastic milk jugs, bleach dottles, shampoo, and detergent
bottles were collected. Many had foreign labels and appeared to have been
afloat for a long time.

Most fishing nets were found at the mouth of the Columbis River. The
1,097 pieces of fishing gear——artificial worms, large and smgll sections of
net, or lengths of monofilament lime with hooks were collected. One large
net vhich had been on the beach for several months, weighed over 136 kg
(300 1b). Fifteen to 20 wnits of heavy cord and fiber trawvl net in 9.1-
12.2 w (30-40 ft) lengths had to be hauled away by truck.
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The 4,309 bags or sheets of plastic appeared im all locatione. They
were generated equally from beach and ocean usmers.

The 5,339 plastic food utensils, including snap-in cups, forks,
spoons, Or plates collected were more prevalent in picnic areas.

The birds collected included 10 porthern fulmar, Fulmarus glacialis,
4 western grebe, Aechmophorus occidentalist, 3 westerm gull, Larus
cccidentalist, ) Cassin's auklet, Ptchoramphus gleutica, and 1 common

murre, Uria salfe. Plastic particles were only found in three fulmars.

One had styrofoam, another had a hard, blve plastic ballpoint pen clip, and
the third had two hard, green plastic chips. The fulmar aleso had feathers,
pine needles, and bits of fish bone. The western grebe stomachs were
crammed with feathers., All birds had good fat content and did not appear
to be starving. The exsminations gave no indication of the cause of death
except &5 the result of the heavy storm.

S50 WHAT DID WE LEARN FROM THE OREGON EXPERIENCE?

First, there is not much information on the impact of plastic debris
on Oregon's wildlife. We know styrofoam chunks, bottles, and lide are
present but aren't ingested in the form we picked up.

We do know it is possible to find over 2,000 individusle willing to
get up at 5 a.m., drive to the coast, and go out om a cold, wet blustery
day to work for at least 3 h, stooping over to pick up 26.3 tons of plastic
and other debris, snd lugging them back to their car or truck. And after
they do that, they enjoy getting together with others to compare what they
found. They are also willing to sit down and fill out questionnaires and
attach postage to mail in the cards.

We learned the north cosst rones, adjacent to the Columbia River, had
the highest incidence of discarded net and styrofomm. The south coast zome
captains felt most of their plastic debris wes from ocean drift because
severe vinds tend to keep the beaches free of lightweight material.
Percentage use of beaches by humans was higher in areas adjacent to parking
lots on the main highway, especially those frequented by people from the
larger inland cities.

Plastic was not the only culprit om Oregon'e beaches. Aluminum foil
and food containers, aerosol cans, wine and liquor bottles, paper
containers, and newsprint were mixed with the plastic debris. This was
especially true on the south coast wvhere the majority of debris was not
plastic.

Debris found in driftwood piles, dune grass, and rock areas had a
higher percentasge of ocean drift.

Because plastic is lightweight and floats, it was the most obvious
debris collected. We have no wvay to determine the amount of other materisi
which has been discarded in our rivers or the ocean.

In several locations, having completely clesned a section of beach on
the morning of 13 October, volunteers returned to the same section s second



158

time in the afternoon and again the next morning following a high tide. 4
5.3-liter (20~gal) sack could be filled each time, and the ratio of rope,
strapping bands, styrofoam, jugs, and fishing gear was the same. This
leads to the conclusion that the majority of the debria on the Oregon coast
is from ocean drift.

50 WHAT MIGHT BE DONE TO REDUCE QCEAN DEBRIS?

I have heard from sport and coumercial fishermen and other marine
users that there are not adequate disposal containers at dockside., It ie
much easier to dispose of debris into the water unseen than have the hassle
of hauling it home. We need to involve port officials, refuse collectors,
and the users in our discussions.

Nowv we all know there is a fine line between emotionalism being the
motivator for cleaning up the beach and those who want to find out the
facts and work tovard solving the problem. A 1984 Marine Debris Bulletin
article forecast that "Plastic particle pollution may provide the next
battleground for seabird research and managemeut.™ 1 prefer looking at the
preblem as an opportunity to find solutions.

In an effort to raise the public's awareness about plastic debris and
vildlife and how they can solve the problem, we are producing a 12-min
educational film entitled, "Get the drift.” Funded by contributions from a
variety of interests, it will be available in early January for use on
television and to show at schools and before civic groups.

There is a perception by the public that plastic cammot be recycled.
I am pleased to amnounce that the Society for the Plastics Industry has
allocated $5 million to establish a Plastic Recycling Foundation ard
Institute to aggressively pursue methods to make it economically feasible
to recycle plastic in large quantities. Although recycling does not
specifieally intercept the debris ingested by wildlife or which results in
entanglement, it does allow individuals an opportunity to take preventive
action and be personally involved. The plastic industry will also explore
8 wvay of having some items degrade more quickly when exposed to
ultraviolet light.

The proposal by the U.S. Department of Commerce to add wording
relative to discarding at sea in the commercial fishing regulations is a
beginning. I recommend similar language become a part of all angling and
marine board regulatioms.

As 2 promoter of a2 volunteer effort, I know the problem we are
discussing struck a responsive chord with the public. Their donatione to
date have had & dollar value to my agency of over $20,000.

All of you are professional scientists, policymakers, or journalists.
My wish is that you will put your knowledge about the fate and impact of
sarine debris into "street language."” Rather than triggering counter—
productive action such as restrictive legislation which could cripple
several industries, we need to get our information out of the laboratories
sod into the minds of those who can help find practical solutions.

PO N
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I appreciate having the opportunity to share the Oregon experience and
will be happy to anewer your questions.

Thank you.
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FISH NETS AND OTHER PLASTIC LITTER ON ALASKA BEACHES

Theodore R. Merrell, Jr.
Northwest and Alaska Fisheries Center Auke Bay Laboratory
National Marine Fisheries Service, NOAA
Auke Bay, Alanka 99821

ABSTRACT

Quantities of fish net fragments and other plastic litter on
Alaska beaches at eight locations were determined by foot surveys
from 1972 to 1984, The beach survey sites extended about 3,000
km, from Amchitka ir the Aleutian Islande to southeastern Algska
and, therefore, provided a wmeasure of sccumulated litter from a
large oceanic area. Limitations and advantages of beach surveys
as an indicator of oceanic litter are discussed. Most litter was
from foreign fisheries. Fragments of trawl web always constituted
the bulk of the litter by weight. Japanese gill net floats were
usuglly the most numerous item. Numbers of gill net fragments of
each mesh size provide a clue to the fisheries from which they
originate, thereby helping identify specific fisheries that are
major sources of lost gill nets. There was little variation in
composition of litter items on different beaches or in different
years, but quantities of litter om different beaches varied
greatly. Quantities on southeastern Alaska beaches were usuvally
much less than in the western Aleutians. On Amchitka Island,
vhere surveys extended over the decade 1972-82, litter rapidly
increased during 1972-74 (from 122 to 345 kg/¥m of beach), but
decreased 26% by 1982 to 255 kg/km. Between 1974 and 1982, there
vas a 372 reduction in weight of travl web on Amchitka beaches,
and the number of gill net floats declined 47%. The decrease in
litter on Amchitka between 1974 and 1982 is attributed to fewer
travlers and gill-netters fishing off Alaska and shows that
marine litter could be rapidly reduced if disposal of litter at
aea were restricted.

INTRODUCTION

A serious pollution problem has resulted from the emormous quantities
of plastic litter afloat on the oceana of the world. In 1975, it was
estimated that 6.4 million metric tons (MT) of litter is anpually discarded
from ships (Nationsl Academy of Sciences 1975), and in Alaska waters about
1,664 MT of plastic litter is lost or discarded annually from fishing
vessels (Merrell 1980). In Alaska, plastic litter—-especially fish net
fragments——is common, even in the most remote, uninhabited areas.

In%. 8. Shomura snd 1. 0. Toshida (editors), Procaedings of tha Workshop oa the Pate and Impact
of Marine Debris, 26-19 Sovenbar 1984, Bonolulu, Egwgii. U.S. Dep. Commar., MOdi Tech. Nemo.
WS, SOAA-TH-IN'S-SUYC-S4, 1983,
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The question is often asked: "So what? Why be concerned about marine
litter?” Litter is aesthetically offensive. Ropes and nets disable
vessels by entangling propellers, and sheet plastic cam block cooling water
intakes for engines. Llost or discarded litter, particularly net fragments,
traps merine mammals, birds, and fish, resulting in their suffocation or
starvation.

Annually, between 1972 and 1974 and again in 1982, I conducted
syatematic surveys of ten l-km beaches of Amchitks Island which is 2,400 km
vest of Anchorage, Alaska (Merrell 1980, 1984), 1In 1984, I expanded the
surveys to southeastern Alaska but did not repeat the Amchitka surveys.

I tried to answer several questions by my surveys: What kinds of
litter were on the beaches? What were the sources of litter? Did the
kinds and amounta of litter vary from area to ares and from time to time?
Lastly, could I develop simple, quantitative methods for measuring beach
litter, methods that could be used by inexperiemced people for comparable
results from different observers, different years, and different geagraphic
areas?

In this paper, I discuss and compare results of my surveys on Amchitka
Ieland with those of surveys in southeastern Alaska, emphasizing litter
that traps marine animals~~trawl web, gill nets, and strapa. I describe,
in detail, the methods used and discuss their limitations.

SURVEY METHODS

The methods were the same for surveys of Amchitka Island and
southeastern Alaska. All pieces of plastic litter visible from walking
height were recorded; that is, any pieces larger than about 5 sm. Only a
part of the litter actually present was accounted for because I did not try
to uncover litter partially buried in sand, cobbles, or driftwood. To
mipimige variability caused by differences in efficiency of different
individuals, I participated in all surveye. A complete descriptiom of the
methods and equipment is in the appendix.

LITTER OF AMCHITKA ISLAND AND
SOUTHEASTERN ALASFA BEACHES

With minor exceptions, the proportions of each kind of litter on
Amchitka Island beaches were the same in 1982 as in 1972-74 (Table 1)
(Merrell 1984). Although hundreds of kinds of plastic items were found,
only 23 items vere found 5 or more times in 1982. Twelve items were used
in commercial fishing; most of the other items were probably discarded as
garbage from fishing vessels. The amount of litter on Amchitka Island
repidly increased during 1972-74 (from 122 to 345 kg/km of beach) but
decreased 35 by 1982 (to 225 kg/km of beach).

During the 4 years of surveys on Amchitka Island, trawl-web fragments
were, by far, the most common item: 76-851 of all litter, by weight (Fig.
1). Trawl fishing, primarily by Japan and the U.S.S.R., on the continental
shelf of Alaska reached & peak in 1972, when 706 trawlers were fishing in
the area (J. C. Hammond, Law Enforcement Br., Natl. Mar. Fish Serv., NOAA,
Junesu Alaska, pers. commun,). Subsequently in 1976, ss a result of
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Figure 1,--Trawl wveb gnd other plaetic litter on 10 Amchitka beaﬁhes,
1972-74 and 1982,

extension of U.S. fishery jurisdiction from 19 to 322 km (12 to 200 ai)
offphore, the nmber of foreign trawlers declined 66%, to 232 trawlers in
1982 (Fig. 2), This large reduction was primarily s result of fewer Soviet
vessels—~from a peak of 377 vessels in 1972 to only 6 vessels in 1982,

It may be asaumed that most trawl-web fragments are from Japanese
fisheries, although the number of trawlers from other nations is
incressing. In 1982, for example, over 80 of the foreign trawlers off
Alaska were Japanese. Other percentages were: Republic of Xores 13%,
U.S.5.R. 3%, Taivan 2I, Poland 1X, and West Germany <11 (Bammond pers.
commun.). The U,8, trawl fishery is rapidly expanding but has not beem in
existence long enough to contribute significantly to beach litter.

Because of this reduction in the trawl fishery, I expected smaller
quantities of trawl web on Amchitka beaches in 1982 than in 1974&. This was
indeed the case——there was a3 371 reduction in total weight of trawl-web
accusnlations on Amchitka beaches (from 272 kg/ikm in 1974 to 171 kg/km in
1982). During the ssame period, however, the nmber of trawl-web fragments
incressed, and the average weight of fragments decreased about 50X, from

- 11.5 to 5 kg per fragment.

Gill net floats do not cause entanglement, of course, but they do
indicate the quantities of gill nets. Oun Amchitka Island, the number of
_gill pet floats increased steadily between 1972 and 1974, then decreased by
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Fignre 2.—Rumber of trawlers in the Bering Sea and northwest Pacific
Ocean 1954-82 (s01id and dashed lines) and weight of trawl web on
Amchitka Island beaches (bars). Dashed lines are extrapolated for
years with no Soviet trawl data. Source of data: 195459, Forreater
et al. (1978); 1962-66, Chitwood (1969); 1970-82, J. C. Hammond pers.
commrun .

1982, Most gill net floats and nete on Alaska beaches probably originated
from the long-standing Japanese high seas fisheries. Por aver 30 years,
Japen has been the principel nation fishing with monofilament gill nets in
the North Pacific Ocean and the Bering Sea, although Taiwan and the
Republic of Korea have recently begun gill net fisheries for salmon and
squid. There are three major Japanese gill net fisheres in the North
Pacific Ocean and the Bering Sea (Fig. 3): (1) s mother ship fishery for
salpon in the Bering Sea and the northern North Paeific Ocean, (2) g land-
based fishery, also for salwon, south of the mother ship fishery, and (3) a
fishery for equid, south of the land-based salmon fishery. A fourth large-
mesh, gill net fishery for marlins and other pelagic species exists in the
- central and western Pacific Ocesn but is not discussed here.
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and aguid fishery in the North Pacific Ocean and Bering Sea.

The area and number of gill nets fished in the Japanese mother ship
fishery decreased greatly between 1974 and 1982 (Fig. 4). Im 1977, the
U.8.5.R. closed a large area to Japanese gill-netters off its coast in
ad jacent waters of the North Pacific Ocean and the Bering Sea. In the same
year, the International North Pacific Fisheries Commission closed ancther
midocesn area between long. 175°E and 175°W and lat. 56°-46°N. In 1980,
the number of Japanese salmon gill net boats was reduced nearly two-thirds
in the area remaining open to fishing, from 447 boats in 195 to only 172
boats. With fewer gill nets being fished and the elimination of gill-
netting from a large oceanic area, the number of gill net floats on
duchitka beaches declined dramatically from 126 /km of beach in 1974 to
59/km in 1982 (Fig. 5).

On the other hand, fishing effort in the Japanese land-based salmon
sud squid gill net fisheries is increasing, and Taiwan and the Republic of
Kores have started new gill net fisheries for squid in the Forth Pacifie
‘Ocean. Little is known about these squid gill net fisheries, except that
they are several times that of the combined Japanese mother ship snd land-
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based saIm%P gill net fisheries and extemd over a huge area of about 12
million ka

Plastic straps, used in trawl figheries to bind boxes of frozen fish,
nets, and other items for shipment, were also common on Amchitka Island.
In 1982, straps were second only to gill net floats as the most abundant
item, Coincident with the reduction in foreign trawl fishing off Alaska,
there were 211 fewer strape on Amchitka beaches in 1982 than in 1974&.

After my last surveys on Amchitka Island in 1982, there was increased
concern about the nimbers of marine animals entangled in litter, and in
1984, 1 was able to survey beaches at seven locations beordering the central
and eastern Gulf of Alaska. Data from Amchitka Island indicated that the
amount of litter from fisheries is roughly related to previous fighing
effort. Because trawl fishing has decreased in the central and eastern
Gulf of Alaska and is now prohibited east of long. 140°W and north of lat.
54°30'N off southeastern Alaska (Stauffer et al. 1983), I, therefore,
hypothesized that there would be less fishery litter on beaches in
goutheastern Alaska.

As expected, travl web and straps were less abundant in southeasstern
Alaska than on Amchitka Island, but there was a surprisingly large number
of gill net floats, despite the fact that no high seas gill net fisheries
have occurred nearby (Fig. 6). At two mites in southeastern Alzska,
Middleton and Noyes Islands, the number of floats far exceeded the number
at Amchitka Island. Many were weathered and had probably accumulated for
years, The typee and the proportion of other litter, however, were similar
to those on Amchitka Island.

ENTANGLEMERT OF MARINE ANIMALS IN LITTER:
IS IT A SIGNIPICANT PROBLEM?

Three types of plastic litter are known to entangle maemals, birds,
and fish: trawl web, gill nets, and straps. There are many reports of
marine mammals becoming entangled in trawl web but few dats on the numbers
of entangled animals that die. Shaughnessy (1980) has noted Cape fur seals
entangled in trawl web in southern Africa breeding colonies since 1972, and
Fowler (1982) concluded, on theoretical grounds, that as many as 50,000
northern fur seals die each year in derelict trawl-web fragments. At this
workehop, there were several reports of other marine mammales found
entangled in trawl web, including Steller and Califorvia ses lions,
Hawaiian monk seals, northern elephant seals, and harbor seals.

Loss of discarded monofilament gill nmets are aleo thought to
significantly contribute to the entanglement problem, but evidence is
lacking. T found only a few gill nets on beaches doring the surveys, yet
gill net floats were nearly always the most numerous plastie litter on the
beaches. This is not surprising, perhaps because more than 2.5 willion
floats are in use in any year. Several questions muet be answered before
the extent of the gill net hazard can be assessed: How long after loss do
. #ill nats pose an entanglement hazard? Do floating gill nets ball up soen
~ after loss, thereby greatly reducizg their eatanglement potential? Do most
nets eventuslly sink to the ocean bottom under the combined weight of
leadline and entangled mammals, fish, and birda? (Onee gunk, nets will
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Figure 6.—Weight of trawl web and numbers of trawl-web fragments,
strap, and gill net floats on beaches at Amchitka Island in 1982
and southeastern Alsska in 1934,

compressed by water pressure.) Why are 8ill net floats, unattached to mat
fragments or lines, nearly always the most numerous plastic litter item on
beaches? How do floats come loose from the Dets to which they are
attached?

Strape, the third plastic litter item, forme continuous loops (Pig. 7)
that, if not cut before discardinpg, can entangle marine mammals. Six
percent of the straps on Amchitka beaches in 1982 were uncut, and Fovler
(1982) noted straps on about one-third of the entangled fur sesls on the
Pribilof Islands., Fur seals put their heads through the loops and are them
unsble to back out of them (Fig. 8). This socurce of entanglement could
easily be eliminated if the straps were cut before being discarded.




i Figure B.—Fur seal with uncut strap around shoulders, St. Paul Island,
- Pribilof Ialands.
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CAVEATS AND IKRTERPRETATION OF BEACH SURVEYS

Cooparisons between the 1984 survey in southeastern Alaska and 1982
survey on Amchitka Island illustrste some of the problems affecting
conclusions based on beach litter surveys (Fig. 6). For example,
quantities of litter on beaches vary enormously, even on beaches with
similar characteristics, such as Noyes and Kuiv Islands in southeastern
Alaska. These islands are only about 32 km apart; both face southwest and
have similar physical characteristics. Yet, compared to Ruiu Island, Noyes
Igland has about 4 times more trawl-web fragments, 10 tives more trawl web
(by weight), & times more straps, and 3 times more gill net floats.
Middleton Island is another striking example of unevenly distributed
litter. Beaches on the southern side of Middleton Island are awash in
litter, wvherese beaches on the northern side have almost none.

Undoubtedly, tides, currents, and prevailing winds affect the distribution
of litter. Thus, data from beach surveys should be used only for broad
inferences. Quantities of litter are so variable and causes of variability
80 little understood that elegant statistical treatments are inappropriate
and could be misleading.

Despite these caveats, some valuable insights can be gained from well-
planned, carefully executed beach surveys. For example, based on gill net
mesh sizes, I found that most of the gill net fragments on beaches in
southesstern Alaska were from the land-based sslmon and squid fisheries
(Fig. 3). On 15 km of beach in southeastern Alaska, 21 fragments of gill
net were found. PFourteen (67%7) of thege fragments were 110- or 115-mm
stretch measure, which is the mesh size used in the Japanese land-based
salmon and squid fisheries. Only three (14%) fragmente were 120-mm stretch
measure, the mesh size used by the Japanese mother ship fishery.

CONCLUSIONS AND RECOMMERDATIONS

I came to two conclusions from my surveys., First, beach surveys are a
cost-effective method of assessing the quantities, types, and sources of
litter and trends in accomulations, if surveys are standardized over
measured sections of beach. Second, litter on beaches disappears quite
rapidly if disposal or loss of litter at sea is reduced or eliminated.

Plastic marine litter could be drastically reduced if existing legal
and regulatory mechanisms were used more effectively to control ship-
generated !itter. The principal international treaty regulating pollution
of Ehe marine enviroment by ships is the 1973 International Conference on
Marine Pollution from Ships which is adainistered by the InterGovernmental
Marjtime Consultative Organization (IMCO). Annex V of thisg treaty limits
the disposal at sea of plastics, including synthetic ropes and nets (IMCO
1977). Asof 1 February 1985, only 21 countries, representing about 33T of

the grosa tonnage of the world's merchant shipping, bave ratified Annex V.
Japan, which has been one of the principal

AIIIEI.‘ItEFI, ratified the Anmex v ig October 19383
countries with fishing fleets off Alaska (including the United States,

U.8.8.R., Republic of Korea, and Taiwsn) have done so. The Borth Pacific
Fishery Hnnage?ent Covneil, which controls conditions under which fishing
is permitted within 200 miles of the Alaska coast, could also be effective
in reducing plastic pollution off Alaska. Ships could be required to




171

retain aboard all garbage and scrap netting for shore disposal, as a
condition for securing a fishing permit, and penalties could be imposed for
violatiomns.

Additional studies are needed: The countries that are sources of
derelict fishing gear need to be identified, possibly by the physical and
chemical characteristice of the gear itgelf. At Present, this is usuaslly
not possible because most net material is manufactured in Japan and the
pationality of the fishery that actually used a fragment of met cannot be
determined. Distinctive chemical or visual tracers could be incorporated
in nets during manufacture to identify the national origin, and nets could
be designed so they would be less hazardous if lost. Future investigations
of sources of derelict gill nets should probably plate greater emphasis om
land-based salmon and aquid fisheries than on the mother ship salmon
fighery. Beach surveys should be expanded to determine which regions have
the greatest concentrations of litter. Experiments should be conducted
vith marked debris on beaches to determine whether most litter stays ashore
once stranded. Finally, we need to inform fishermen that carelessly
disposed nets and straps can trap and kill marine animals.
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APPENDIX
INSTRUCTIONS FOR SURVEYING BEACEES AND RECORDING DATA

Careful preparations should be made before surveys begin. These
preparations include: (1) precisely defined objectives, {2} detailed,
explicit instructions om methods and procedures, (3) portable marking,

weighing, and measurement equipment, and (4) large-scale maps of beach
survey sites.

Equipment for beach surveys (available from Forestry Supplies, Ime.,
P, 0. Box 8397, Jackson, MS 39204) is simple, inexpenaive, and easily
carried: a Hip-chain! to measure length of beach surveyed (Fig. A-1); a

Figure A-1.~~Adjusting Hip-chain to begin messurement of beach survey.

lReference to trade names does not imply sndorsement by the National
Marine Fisheries Service, NOAA,
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Trecoder Spotgun with orange dye to mark boundaries of beach surveys (Fig.
A-2); a set of Pesola precision gspring scales, 50 to 20 kg, to weigh
fragments of netting and other debris (Fig. A-3); surveyor's fluorescent
flagging tape; a clipboard with water-resistant, preprinted forms; No. 2
lead pencils; and 1:62,500 U.S. Geological Service quadrangle maps.

Figure A-2,--Trecoder spotgun with ink reservoir and form on clipboard,
left hand.
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Figure A-3.--Weighing trawl-web fragment with Pesolas spring scale.

SELECTING BEACHES

Preferred beaches for litter surveys are moderate to steep, sand or
gravel beaches that are exposed to the open sea. The beaches should have
at least 1 km of similar substrate and slope and be as far as possible from
urban areas to minimize bias from local garbage. Low-gradient beaches are
unsuitable because storm winds and surf scatter litter inland, where it
becomes hidden in vegetation. Boulder, as well as bedrock, beaches are
also unsuitable: Litter in crevices between boulders is difficult to see,
bedrock beaches are often too steep to walk om, and litter does not
accumulate there.

MARRING AND DESCRIBING THE BEACH

Estimate, or preferably measure with a Hip-chain, the length of beach
surveyed so that litter data from beaches of different lengths can be
quantitatively compared. If possible, one end of the beach survey should
be a permanent landmark (e.g., river mouth, rock outcrop, tree, or
building). Permanently mark each end of survey with dye and surveyor's
flagging. Write a brief description of the beach, mark the location on a

large~scale map, and photograph the marked ends of the beach so the survey
section can be relocated easily.
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SURVEY METRODS

Depending on the smount of litter, it normally takes from 4 to 16 h
for two people to survey 1 km of beach. Count litter items within the
intertidal zone, from the water's edge to the seaward limit of terrestrial
vegetation at the upper limit of normal high tide (Fig. A-4). Most litter

Figure A-4, Limits of intertidal survey area at Middleton Island, Gulf of
Alsska: from edge of water (bottom amd right of photo) to upper limit of
normal high tide (center, where driftwood is concentrated), Extreme storm
tides scatter litter across the lovland, which is wvegetated to the bluff
(upper 1eft), but this ares is not included in SUTVeys.
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is concentrated near the upper limit of nmormal high tides. Count all
plaatic items visible from 4 walking height (i.e., anything larger than
gbout 5 mm). Do not search for litter within piles of driftwood (Fig. A-
5)« Tabulate and estimate the weight of only the visible portion of met
fragments (Fig. A-6); ignore the buried portion. Do not dig or pull out
net fragments partially buried in sand, driftwood, kelp, or cobbles. If a
snarl of several sizes of netting cannot be separated, estimate the weight
of each size (Fig. A-7).

INSTRUCTIONS FOR RECORDING OBSERVATIONS

See Figure A~8 for an example of a completed beach litter survey form.
Use metric system for all measurements.

Right Margin
A metric scale is printed for measuring mesh sizes, twine diameter, etc.
Upper Left Heading

Name of surveyor{s) and date of survey.

'Fxgur- A~5.~~Driftwood with trawl-web fragment in foregrournd. Information
is recorded only for litter visible on the surface.
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Figure A-6.--Trawl-web fragment partially buried in beach sand.
Information is recorded only for portion which is visible.

Figure A-7.--Snarl of
mesh sizes are me

several sizes of trawl web. For each,
asured, but weights are estimated.
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Figure A-8.--Example of completed beach litter survey form.

General location (e.g., 10 km south of Yakutat).
U.8. Geological Survey 1:63,500 quadrangle name (e.g., Yakutat B-5).
Specific locstion (latitude and longitude, etc.).

Upper Right Heading

Mumber each sheet and total number of sheets for each beach (e.g.,
Sheat 1 of 3).
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Shoreline length of beach.
Check predominant composition of beach (sand, gravel, or boulder).
Beginning and ending times of survey.

Trawl Wed

Use aeparate line for each fragment, Weigh and weasure any fragment
that has one or more complete meshes.

For partial fragments (™Part. Frag.").~-Eater a check (¥) mark for each
piece of webbing which is partially buried or tangled and weight of entire
fragment cannot be determined; estimate weight of exposed portion only.

Veight (Wt,).—Select spring scale with appropriate range and weight to

nearest whole scale marking. Obtain accurate weights of small fragments,

especially <1 kg. Indicate “g" for grams or "kg" for kilograms for each

weight.

Stretch mesh.--Enot to knot inside measure of one representative mesh,
stretched tight.

Twine.—Dismeter of mesh twine in millimeters (mm).

Color.~~Indicate mesh color by symbol: G = green, W = vhite, R = red,
B =~ blue, ¥ = yellow, BK = black.

Reparks .——Additional corments, e.g., "snarl of mixed mesh sizes and
colors" or "weights of individual fragments in snarl not estimated."

Strap
Indicate strap color by symbol as above (Trawl Web section).
Open.—Stroke tally number of cut (open) straps, each coler.

Closed.~~Measure inwide length of each strap stretched tight (equals
one-half strap length). Use separste block for each strap.

Travl Floats
Indicate dismeter {oftem marked on float) amd color.
Use meparate block for each float.

Synthetic Line

- Eatimate or measure diameter and length of each piece. Use separate
block for each piece.
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Bait Containers

Stroke tally each container. Several types are used and can be
recognized by numerous small holes drilled or moulded in sides of
container.

Gill Net Floats

Stroke tally each whole float or fragment greater than one-half.
Tally each float less than one~half as a "hard fragment."

Bottles

Stroke tally plastic containers, collectively lumped under the terms
"bottles.” Do not count tops or lide separately if onm container.

Capa and Lids

Stroke tally those that are not on containers.
?ragmentsz

Stroke tally hard and soft fragments separately. This category defies
precise definition. It is & subjective catchall for broken pieces of
larger items. Most are small, Ineclude any fragment less than half the
original item. Arbitrarily decide whether it is "hard" or "soft" plastic.
Most soft fragments are bite of synthetic line, trawl web composed of less
than one complete mesh, or seine twine. Hard fragments are bits of gill
net floats, buckets, etc.

Bucy Bags

Stroke tally without differentiating size. These are inflated
commercial fishing floatse, usually orange with dark blue tapered tip.

Outboard 0il Containers

Stroke tally without differentiating size (some are imperial quarts
and some are U.S. quarts).

Six-Pack Yokes
Stroke tally.
Miscellany

Use blank lines at bottom of form for additional items not on printed
list. Continue remarks on reverse of fors to describe upusual litter.

. Mhis classification has not yielded nseful information and is time
' consvming--may be omitted.
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Describe gill net wads, indicating mesh material (monofilament or
multifilament nylon), float material (hollow or sponge plastic), color,
uunber and type of floats, stretch-mesh size, weight (actual or estimated)},
whether corkline and leadline are single or double, and if leadline is

lead~core or with attached leads. Also describe and photograph remains of
any mammals, fish, or birds.

After completing each survey, immediately check information recorded
on form to make asure all data are complete and legible. Add totale for
each item on each sheet and record pum in right column; add totals of all
items on each sheet and record sum at bottom of sheet, lower right,
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OBSERVATIONS OF NET DEBRIS AND ASSOCIATED ENTANGLEMENTS
IN THE NORTH PACIFIC OCEAN AND BERING SEA, 1578-84

Linda L. Jonea and R. ¢. Ferrero
National Marine Mammal Laboratory
National Marine Fisheries Service, NOAA
Seattle, Washington 98115

ABSTRACT

Since 1978, observers collecting marine mammal sighting data
in the North Pacific Ocean and Rering Sea during the period May
to August have also recorded sightings of discarded net debris
and entangled animals. Sightings of net debrie were made between
lat, 38°28" and 57°31'N and between long. 151°28'W and 179°35'E.
Of the net fragments that could be identified, three were trawl
web, ranging in size from about 1 m to larger pieces of
indeterminate size, and six were gill net, 20 to 150 m long. Two
travl net fragments had a total of three entangled northern fur
seal, Callorhinus ursipus, but no marine mammals or other animals
wvaere observed in the remaining pieces. One other northem fur
seal was observed with a small piece of gill net around its neck.
In addition observers reported four instances of discarding of
gill net fragments by fishing vessels.

Three abandoned gill nets were observed outside the western
North Pacific fishing areas in 1978 and 1981, One of these was
retrieved by a research vessel off Agattu Island, Alaska.
Although there were no marine mammals, several hundred seabirds
and salmon were entangled.

During this study, data on most sightings of net debris were
collected incidentally. However, during five cruises in 1982-84,
observers did search for net debris and record all sightings.
During the 1984 field season, all marine mamwmal observers (n =
20) in the western North Pacific conducted searches for net
debris during daylight transits. In additiom, personnel aboard
ROAA vessels began recording debris sightings in the eastern
North Pacific. These dats are being used to examine the
distribotion and to quantify the abundance of net debris. To
date during 304 h of survey, there have been two sightings of
gill net and one of trawl net fragments. This low incidence may
be associated with difficulties in sighting debris or a low
occurrence of floating debris in the area during this time of
year. Marine mammal observers will coatrinne seareh efforts for
net debris and net entanglemeants during the 1985 and 1986 field
seasons.

hl.l. Shomera snd E. O, Yoshida (editors), Procesdisgs of the Workshop on the Fate and Impact
of Marine Debris, 26-19 Novenber 1984, Somolulu, Bawaii. 0.8, Dep. Commer., NOAL Tech. Memo.
- TS, 20AA-TH-NMFS-SNYC-34. 1983, : :
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INTRODUCTION

Two sources of potential entanglement of marine mammals and birds are
fishing gear in active use and lost or discarded gear. Information
concerning the latter is limited. Dixon and Dixon (1981) described three
methods of obtaining information on the distribution, smount, and
composition of litter in the ocean: estimation from the average amounts
per day generated by various kinds of activities such as fighing or
pleasure boating; observation of floating debris at sea; and surveys of
litter on selected beaches,

Beach surveys have provided most information to date due to relative
ease of conducting the work and cost effectiveness (Anonymous 1973; Cundell
1973; Dixon and Cooke 1977; Dixon 1978; Merrell 1977, 1980, 1981; Dixon and
Dixon 1981; Fowler et al. 1982), This method, however, does not necessarily
provide an accurate measure of the kind or amount of debris floating in the
ocean.

Data have been collected at sea using surface tows (Carpenter and
Smith 1972; Colton et al. 1974; Woug et al. 1974) and benthic trawls
(Jewett 1976; Feder et al. 1978)., These have provided information on
plastic particles and miscellaneous debris but only limited information on
net debris. DeGange and Newby (1980) reported ome instance of a lost gill
net in the western North Pacific Ocean. The only data on floating debris
collected by sighting surveys during vessel transits are provided by
Venrick et al. (1973) in the central North Pacific Ocean and Morris (1980)
using similar methods in the Mediterranean Sea, Neither reported siphting
net fragments,

Concern over incidental catch of marine animals has been expreased for
turtles (Morris 1980), sharks (Anonymous 1977), seabirds (Tull et al. 1972;
Bourne 1977; King et al. 1979), Cape fur seals (Shaughnessy and Payne
1979; Shaughnessy 1980; Bonmer and McCann 1982), baleen whales (Perkins and
Besmish 1979), small cetaceans (Best and Ross 1977), and northern fur seals
(Waldichuck 1978; Kozloff 1979; Fowler 1982; 1985),

This paper summsrizes data collected on net debris and associated
entanglementes in the western North Pacific Ocean and southern Bering Sea
from May~August 1978 to 1984, These data provide quantitative information
on the amount of net debris present in thege areas during the summer, and
comparisons between years may be possible. Data from two cruises in the
eastern North Pacific are also included. '

METEODS

Most data were obtained by United States biologists collecting marine
mammal sighting data on Japanese salmon research vessels under the United
States-Japan cooperative research program on Dall's porpoise. Each year
Japan conducts salwon research in the North Pacific from long. 150°E to
175°W. Vessel tracks are at intervals of about 5° lomgitude. Since 1978,
dats have been collected by United States biologists on Japanese snI?on
research vessels operating from May to August along standard track lines
between lat. 38° gnd 57°N in the western Horth Pacific Ocean 2and southern
Bering Sea. Beginning in 1981, United States biologists were also placed
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aboard commercial fishing vessels of the Japamese mother ship salmon fleets
operating from 10 Jume to about 31 July. Eight United States observers were
aboard catcher boats each day and collected marine mammal sighting data
during transits to and from the mother ship (Fig 1).

The biologists were trained at the National Marine Mammal Laboratory
(NMML), Northwest and Alaska Fisheries Center, Seattle, Washington, to
conduct marine mammal sighting surveys using the standard methode of the
NMML Platforms of Opportunity Program. Observations were made from the
flying bridge of the vessel and the forward 180° arc was scanned. Surveys
were generally conducted when visibility was greater tham 1,000 m and the
sea state was Beaufort & or less. These are termed “om-effort" data and
are used for quantitative estimates of marine mammal populatioms. Under
lese favorable conditions and during fishing operationa (e.g., setting or
retrieving gill nets), sightings were recorded but were considered 'off-
effort" and used only for determining distribution and seasonality.

During the period 1978 teo 1983, data on net debris, abandomed gill
nets, and associated entanglements were recorded inconesistently. Starting
in 1984, biologiste were instructed to search for and record all observa-
tions of net debris, including date and time of sighting, longitude,
latitude, type and amount of gear, and the number and species of animale
entangled. Binoculars (7 x 50 or 10 x 50 power} were used to obtain
details of the mighting. The sizes of the fragments were estimated as the
ship passed by them.

RESULYS

A total of 1,768.5 mmi were transitted during 196.5 b of "on-effort™
observation for net debris during cruises in the period from 1978 to 1983
in the western North Pacific (Table 1). Two sightings of net debris were
made: a trawl fragment at lat. 52°N and long. 170°E and a gill net
fragment at lat. 38°R and long. 174°E (Fig. 2). There were no marine
snimals entangled in these net fragments (Table 2).

In 1984, 20 observers logged 973.2 h on "on-ef fort" surveys covering
7,559 mmi in the western North Pacific and 1,200 mmi in the Bering Sea,
north of lat. 53°N. Three sightings of trawl net pieces were made; each
piece vas about 2 m in size. There were aleo nine sightings of gill net
fragments ranging in size from <0.5 to 150 » {Table 2 and Fig. 2), Ko
animals were entangled in these fragments. Four sightings of discarded
gill net were within the mother ship salwon fishing area. Five sightings
were in the area of the squid gill net and Japanese land-based salwon
fisheries (Table 2). .

In addition to those described above, 30 sightings of net debris
during "off~effort™ observations have bheen recorded. Four of these were
trawl nets, 20 were gill nets, one had trawl and gill net fragments, and
the remainder were not identified (Fig. 3). Of the trawl net fragments,
two bhad a total of three entangled northerm fur seal, Callorhinus ursipus.
Two northern fur seals, 1 salwmon shark, Lgmng ditropis, 11 birds {(various

. species), and an unknown nmmber of salmon were also entangled im gill net
. fragments. The size of the gill aet pieces ramged from 0.5 to 200 m.
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The majority of net debris sightings were gill net fragments in the
wveatern North Pacific (Table 3). Of seven sightings in the eastern North
Pacific, one trawl fragment, two gill net fragwents, and four unidentified
fragments were recorded. In the Bering Ses, there were six fragments; one
wvas travl pet, the remainder, gill net (Table 3 and Fig. 3). The
preponderance of gill net fragments is & reflection of sighting effort
being mainly in gill net fishing areas.

The effect of weather conditions on sighting of debris ie shown in
Table 1. There were no “on—effort™ sightings of net debris in sea state of
Beaufort 4 or greater although there were 309+ h of observation. During
"off-effort" periods, net fragments were sighted om nine occasions in sea
states of Besufort & or greater, however, in five cases the fragment was
entangled in the vessel's gill net or other gear being brought on board
(i.e., fragments were not sighted free floating).

In 7 years there were eight records of gill net discard from vessels.
Corklines and leadlines were removed in all but one case. Size ranged from
a c¢clump of net <0.5 m? to a 400 m length.

Since 1978, three lost or abandoned gill nets have been sighted. In
1978 DeGange and Newby (1980), aboard a salmon research vessel in the
western North Pacific (lat. 49°15'N and long. 168°14'E), observed the
retrieval of 1,500 o of gill net with 99 seabirds, 2 salmon shark, Lgema

ditropis, 1 ragfish, Icosteus igpaticps, and wore than 200 chun salmom,
Oncorhvnechus keta, and coho salmon, 0. kisutch entangled. On 16 June 1981,

an abandoned gill net (approximately 15 km) was retrieved off Agattu Island
{lat. 51°38'N and lomg. 175°48'E) by the crew of a vessel dedicated to
Bavine mammal research. No marine mammals wvere entangled but there were
two salmon shark, L. ditropjis. At least 255 auklets (several species), 14
horned puffin, Fratercula niculata, 37 tufted puffin, Lundg cirrhata, 16
uwurres, Uria spp., l7 shearwaters, Puffinus spp., and 1é unidentified birds
vere also entangled. Salmon were in poor condition indicating the met had
been fishing for at least several days. Salmon were counted for omly 35
rin ?f the nearly 3 h of the retrieval period; the minimum observed count
vas 175.

On 15 July 1984 at lat. 53°18'N and long. 174°20'E, one section of
gill net (approximately 5 bm) including radar, radio, and light buoys was
lost during fishing operatioms. Two sections (approximately 10 km) were
retrieved, with one Dall's porpoise, Phocoengides dglli, one ancient
murrelet, Synthljborgmphus antiguus, twe spiny dogfish, Squalus acanthias,
and numerous salmon.

DISCUSSION

The amount of net debris and number of sssociated entanglements
observed are low in spite of the fact the study was conducted primarily in
the gill net fishing area. The low incidence of sightings may be a
function of the difficulty of sighting debris or of infrequent occurrence
of net fragments. Certainly fragments are difficult to see if weather
conditions are poor or the distance from the vessel is large. Although the
mjority of our sightings imvolved spotting floats om the fragments, the
. floats sre small, often drab colored, and therefore, often difficult to see




Table 3.—-Locations and types of net debris coll
conditions, fishing operations,

net debris {Moff-effort").
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ected during poor sighting
and other periods of nonactive search for

Net debrie
Vesnel
Date type Lat. W Long. Type Size Entanglements
4. Westert North Pacific Ocesn
§/14/84 Commarcial SO'&4' 1T1°49°E  Gill net and trawl 1-1.5 m ball Kelp
with floats
6/24/34 Commarcisl 49*29 173%35'E  @il) pet with Sm Nogpe
floats
6/26/86 Coumercial 352%07! 174*34'E  Trawl & m? Kone
6/27 /34 Commereia} 51%46" 174°25'C  Gill get with 10 » None
flowts
M1/04 Commarcial 49°57* 173%38'g Gill nex with 2 Salmon
floaca shark
173/84 Commarcial LI T 174°12°E  ¢ill net with bluse 10 m Hooe
floats
T/4/84  Ressarch S1°A5'  169*28°X  Gill maet 0.2 w’
T/12/84 Reseazch 54°41'  173*51'E  Gill unet 1% Noue
T/13/8&  Commercial  51°33* 174*03"EX  Float with black Voknown Fone
wabbing
T/14/86  Commercial 5635 179°03'W  Gill net, 3-5 None
floats
1/13/84  Commarcial  51°55' 173*35'R  Gi1] net 1w None
7/15/84 Commercial 51°3§t 173*35'E  Gi11 net, black 2w ¥one
7/16/84 Commarcial 30*40° 179*03'E  (ill net ia N None
T/18/84  Commercial  49°44' L74*47'E  ¢ill net 0.5 m elump Kelp
§/27/33  Commercial 52°51¢ 174*50'®  Gil1 aet 100 m or wore Sa%r.ln.
birde
71978 Commercial  350°59' 172°06'm GL11 net 20.3-ca ball NHona
6/19/82 Commercisl 30°16' 170°47°F  Gill naet (1) Smell piece Northera fur
around sesl
animal's neck
6/20/81 Rasearch 42°22"  180%00 Trawl (1) Dokuown 2 northemn
fur sesls
B, Lastern Worth Pacific Ocasn
6/A/84  Regsarch MTA0T  130°23'W Mgt with glass Unknown Fone
ball -
6/6/84  Rassarch 44°39*  130"27'W  Unknows 2m clump Mone (entangied
on CTD gear)
/6784 Ressarch 44437 130°27'W  Nat with yellow Unkmown Kone
slass ball
6/7/84  Desearch MO44* 130°38'W et wirh yellow Unknown Hone
glass ball
7729784 Lasearch a9* 2y 155°00'%F Trawl 0.5x2x Bone
7/13/78  Researeh A3°A%'  172°59'W  £i1] net Uakoown 1 nortbern fur
. aeal
T/17/78  Rasestrech 43*30¢ 175*00'W  Gill net 200 m Unknown
€. Bering Sea
6/30/84 Cowmercial S7°0%' 177*83'E  Gill aet 2 m clump Kelp
T/13/84  Commarcial 5630 179°21'r  Gil] et 0.5 2* clamp Algae
7/12/84 Commarcial 36°29 177°52'T  ¢ill net with Sesll amount Fona
floats
2/1M8%h Commprcial 56°40° iI78*08'E Cill mat Sa Hous
7/16/8%  Commercial $6*34' 175°39'C  Giill uet wich 5+1-2a Fone
floatas trailing
7/5/80  Besaarch U3’ 151°%'W  Trewt (D) L ! wortbern fur

seal




193

unleas close by and weather and sea state conditions are good. Since gill
net monofilament is nearly transparent in water, to date gill net debris
vithout floats attached have only been recorded when they entangle on
operational gesr. Thus, our aightings of net debris may underestimate the
smount present in this area.

Observations of the discard or loss of gill nets from research and
commercial vessels have been rare. The ecomomic incentive from gelling
used nets for recycling in Japan may help to reduce the amount of discard
(K. Kasai, 6-2 Otemachi 2-Chome, Chiyoda~ku, Tokyo, Japan to M. Dahlberg,
Auke Bay Lab., Northwest Alaska Fisgh. Cent., Natl. Mar. Fish. Serv., NOAA,
Auke Bay, AK 99821 pers. commun., July 1983).

Movements of live animals entangled in debris may attract an
observer's attention and increase the likelihood of sighting. Howvever,
dead animals are often submerged and thereby missed by the observers,
possibly resulting in an underestimate of the number of entangled animals
killed,

The lack of observations of cetacean entanglement in net fragments may
be related to the low probability of entanglement, In the Japanese mother
ship salmon fishery, entanglement of porpoise is a relatively rare event,
even in the large commercial nets 15 km long (less than ome porpoige per
set) (Jones 1984), Therefore, the probability of an animal being caught in
a small fragment would aslso be expected to be low.

All our sightings of marine mammals entangled in debris were of
northern fur seals. Although entanglement in gill nets ie rare in the
salmon fishery (<10 per year), fur seals are frequently observed playing
near the nets. It is possible they similarly play with fragments and
become entangled if the mesh and fragment size are large enough.

Determining the impact of net debris on marine animal populations will
require more information on a number of factors: Distribution of animals
in relation to fishing operations, size of mesh, size of fragments, and the
fate of debris in relation to ocean currents carrying the debris from its
original location. For example, oune gill net (5 km long) became tangled
into a "green rope" within 24 h during = severe storm {Jones pers. observ.).
Surf action may tangle net debris similarly (Merrill 1977:fig. 1; photo~
graph in Anonymous 1973). These actions will reduce potentizl adverse
impact on marine animals. Data are also needed on the relatipnship between
fragment and mesh sizes and catchability of different species.

FUTURE RESEARCH -

United States biologists on Japanese commercial and research vessels
will continue to collect data on net debris and sassociated entanglements in
1985 and 1986, Observations of net debris will also be recorded by the
Hational Ocesnic and Atmospheric Administration research vessels operating
in the eastern North Pacific and Bering Sea.
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ACCUMULATION OF NET FRAGMENTS AND OTHER MARINE DEBR1S

IN THE RORTEWESTERN HAWATIAN ISLANDS
(Abstract only)

John R. Benderson and Miriam B, Pillos
Southwest Fisheries Center Homolulu Laboratory
National Marine Fisheries Service, NOAA
Honolulu, Hawaii 96812

ABSTRACT

Since 1982 Southwest Fisheries Center Honolulu Laboratory,
Natiounal Marine Fisheries Service, field persomnel in the
Northwestern Hawaiian Islands have monitored the presence and
accumulation of webbing and othexr marine debris considered to pose
a bazard to Hawaiiazn monk seals. This paper sumarizes results of
this effort in 1982 and 1983. Webbing samples have been grouped
by twine dismeter and mesh size and provisionally identified as to

gear type. Rates of accumulation of marine debris are presented
for Lisianski and Laysan Iglands.

I
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OBSERVATIONS OF MAN-MADE OBJECTS
ON THE SURFACE OF THE NORTH PACIFIC OCEAN

Michael L. Dahlberg
Nortbwest and Alasks Fisheries Center Auke Bay laboratory
National Marine Fisheries Service, NOAA
Auke Bay, Alaska 9982]1

and

Robert H. Day
Institute of Marine Science
University of Alaska, Fairbanke
Fairbanks, Alaska 99701

ABSTRACT

Studies in the late 1970's of seabirds feeding on plastic
and observations of the entanglement of marine mammals in map-
made objects at sea have led to concern over the amount of debris
accumulating in world oceans. In July and August of 1984, on the
Japanese fisheries training vessel Oshoro Maru, a log was kept of
man-made objects observed while transiting west from Cape Spencer,
Alaska, aloug lgt. 55°N until reaching long. 155°W and then
traveling south to Honolulu, Hawaii; a second leg from Honolulu to
Hakodate, Japan, was transited in wid-August of 1984, Sightings
of 206 items were made between 13 July and 4 August during 124 h
and 51 min of viewing while the ship traveled 2,917 wmi. Most
(792) of the debris items were seen between lat, 31° and 39°N
along long. 155°W, an ares of surface convergence. Only three
sightings of net debris were made, and no animals were observed
entangled in or near the small pieces of webbing. On the second
transect from Hawaii to Hokkaido, Japan, 521 objects were seen
between 12 gnd 21 August during 74 h and 10 min of viewing while
the ship traveled 2,573 mmi. The bighest density of material was
seen between lat. 30° and 35°N. Ope small piece of gill net and
one piece of unidentified webbing were seen. Again, no gnimals
were observed entangled in the netting,

INTRODUCTION
The abundance of marine litter, especially Plastic materials, has
reache? ltaggering proportions. Hundreds of millions of pounds of debris
are being dumped into the sea each year; later, unknown portions of this
debris appear on beaches, some of which are far from centers of human

IR R. 5. Shomura and N. 0. Yoskida (editors), Proceedings of the Vorkehop on ths Fate and Impact
of Varisa Dabris, 26-29 Bovember 1984, Nonolel Exwsii. 0.5, Dep. . - ¥amo.
WS, POAA-TH-IPS-STPC-54, 1983, v Ptpe Fommar., NOM Tech
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population (Merrell 1980). Limited observations of marime debris in the
central North P&l.:lglc Ocean during 1972 jndicated that litter on the ses
surfsce is not limited to the vicinity of shipping lanes (Venrick et al.
1973)}. The concern over marine debdris is relatively new, and scientific
knowledge about the fate and impact of marine debris is just developing.
Little is knom-l abgut the source, amount, and iwpact of this debris, and
virtually nothing is known sbout the dynamics of marine debris dist;ibution
and disappearance.

In the present study, observations onr marine debris were systemati-
cally observed during routine sighting surveys for marine mammals and
werine birds conducted aboard a Japanese training vessel (TV) in July and
Avgust 1984, The summer cruise of 1984 was the maiden voyage across the
Korth Pacific Ocean by the TV Oshorg Maru, which is operated by the Faculty
of Fisheries, Hokkaido University, Hakodate, Japan. After a port call at
Juneau, Alaska, a cruise track was followed to sample statione with
oceanographic instruments, small mesh nets, and pelagic gill nets en route
to Homolule, Hawaii, mainly along long. 155°W (Fig. 1), and then back to
Hokkaido--point of origin. A log of marine debris observed was maintained
between stations while the vessel was undervay.

SURVEY METHODS

Observations were made from either the bdridge (8 m above the water) or
the £flying bridge (10 m above the water) while the vessel was traveling
between stations or during the setting of gill nets. Items were usually
sighted while scanning abeam and ahead of the vessel. Either 8 x 32 or 10
x 40 binoculars were used to identify and estimate the size of each item.
For each mighting, the distance from the observer to the item and the
azimuth from the ship’'s heading to the item also were estimated and
recorded with the time of sighting. Geographic coordinates and weather
conditions were observed on the ship’s satellite navigation system and
recorded on the hour and half hour. At the end of the cruise, a formula
for dead-reckoning was used to estimate the geographic coorqinstea of each
object sighted from the time of day and half-hourly navigational positioms.
The items observed were classified by date and time obaetved! g?ographic
coordinates, distance and angle of sighting, and type, description, and
estimated size of material. No object was placed in more than one
clasgification.

RESULIS
Sighting Survey Effort

Sighting surveys were conducted during 32 days while the ship

:rmsitnd spproximately 34 degrees of latitude, mst:y along 1:;“5; ii:'w
Fig. 1). i Alaska-Hewaii transect commenced at .
e Cbservations on the At ed at the Dismond Head Lighthouse

35°01.8'N . *01,2'¥, and terminat ) i
(1at. 21-i5§§?§, i::g?llfﬂ'ia.?'i). o distance of 2,587 mmi of which 1,516
mi (59Z) were surveyed. Survey effort averaged sbout 5.5 h per d;y, and
about 827 of the survey time was spent in ses-surface cond:.t:.on: ?f .
Besufort scale 4 or less (Table 1). During 16 of the 23 days, drift g

. . i he vessel drifted a
Bets were fished overnight slomg long. 155°W while ¢t .
short distance: t::refoge, most (75%) of the cruise track aleng long. 155°W
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Table 1.--Sighting survey effort (in hours and minutes) by sea
surface couditione during the Alaska-Hawaii (13 July to & August
1984) and Bawaii-Japan (12-21 August 1984) transects.

Beasfort scala No.

Date
1984 1 2 3 & 5 6 Total
ALASKA~-HAWAIY
7113 3:12 3:12
1/14 1:55 1:06 3:28 6:29
/15 4:40 1:35 6:15
7/16 1:41 1:11 2:52
7/17 2:40 1:51 ’ 4:31
7/18 1:16 1:54 3:10
7/19 3:00 1:23 0:55 5:18
1420 1:01 2:54 3:55
1/21 0:30 3:31 4:01
71/22 0:30 4:39 5:09
7/23 1:20 2:28 3:48
1/24 0:25 5:10 5:35
7/25 2:58 0:34 3:06 6:38
7726 3:14 2:48 6:02
/27 6:36 6:36
1/28 2:59 3:35 6:34
/29 2:50 2:54 5:44
71/30 1:27 3:42 5:09
1131 6:42 6:42
af1 4:19 1:30 5:49
8’2 7:39 7:39
8/3 8:00 8:00
8/4 5:43 5:43
HAVAIT-JAPAR

8/12 2:10 4:40 3:20 10:10
8/13 4:40 3:30 8:10
8/14 2:00 8:00 10:00
8/16 0:40 6:20 1:40 8:40
8/17 0:40 0:40 1:40 5:00 0:30 B:30
8/18 0:30 4:00 4:00 0:20 8:50
8/19 5:00 1:30 6:30
8/20 3:00 2:30 1:40 7:10
8/21 0:30 0:50 4:50 6:10
Total

time 10:50 46 :04 65:37 43:05 30:01 3:24  199:01
Percent 5.4 23.1 33.0 21.6 15,1 1.7
Comulative

.o percemt 5.4 28.5  61.5 83.1 98.2 99.9
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was observed during daylight. Only 6 of the 35 one-~degree parallels of
latitude were not observed due to the ship’s transiting these parallels
during darkness (Table 2). During the transect from Havaii to Japan,
observations began at lat. 27°16.5'N, long. 166°53.4'W on 12 August and
terminated at lat. 41°33.7'N, long. 143°15.2'E on 21 August. Survey effort
totaled 953 mmi (372) during the transect of 2,573 omi, which was covered
in 10 days. Since the vessel wae rumning cootinucusly, latitudes transited
during darkness were not sampled on the second transect. During this
transect line, survey effort averaged about 8.5 h per day, and about B6X of

the survey time was spent in sea-surface conditions of Beaufort scale 4 or
less (Table 1).

Objects Observed

The objects recorded were tabulated by various classifications, .2,
description and type of material, distance and angle observed, latitudinal
band, and time of day observed. Most (B0X) of the 727 objects were either
foamed or structural plastic in the form of fishing floats, irregularly
sized sheets, or fragments (Fig. 2, Table 2). Glass (bottles and floats),
wood (logs and lumber), and paper (mostly cardboard) comstituted a
secondary group of msterials, whereas metal and eloth items were rarely
Seen. Only three small pieces (two gill nets, oune trawl) of netting and
four lengths of synthetic rope were seen on the first transect. The
latitudinal distribution of items observed showed striking peaks in the
mumber of objects observed and the relative incidence (objects observed per
nsutical mile surveyed) between lat. 40° and 29°K (Fig. 3, Table 3). Only
one object was seen between lat. 49°* and 43°N, although 23% of the survey
miles of effort was spent in that portion of the cruise track. Distance at
vhich objects were first sighted seemed to be related to their size, color,
shape, and buoyancy; even small white fragments of styrofosm were seen as
far sway as 100 m, vhereas small clear sheets of plastic vere never seen
farther than 75 m away (Pig. 4). Since sighting effort was concentrated
forward in approximately s 180° arc from the starboard beam to the port
beam, few objects (4%) were seen abaft. Nearly twice am many objects were
seen to starboard compared with port, because sighting effort from the
bridge was done on the starboard side so as not to interfere with the watch
officers. The time of day cbjects were observed wvas directly related to
survey effort during the day. Most of the survey effort (81I1) was between
0800 and 1600, during which time 88% of the objects were seen. The
discrepancy in composition between effort and objects observed was due to
wore effort (81) being expended over the time period 1900-2000 when gill
nets were being set at slow speed; few objects (27) were seen during this
time becsuse of decreased distance traveled and crepuscular lighting
conditions. -

There were two main concentrations of marine debris on the Alaska-
Havaii survey, one at lat. 50°-52°N and one at lat. 31°-39°N (Fig. 3). The
first concentration roughly coincides with a small zong of surface
downwelling in the area lat. 51°-54°N (unpublished CTD data from TV Oshoro
Mary, courtesy of Faculty of Fisheries, Hokkaido University, Hakodata,
Japan); this surface dovnwelling may be part of a emall-scale eddy
- Semersted by seamounts in this region (Royer 1978; Shaw and Mapes 1979).
The second, larger comcentration of debris was in a zone of surface
convergence caused by converging Ekman tramsports between lat. 28° and 42°N

SRR
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Table 2.—Description of objects observed adrift
on the surface of the North Pacific Ocean, July-
August 1984,

Description No. of ocecurrences

Bag

Bsll

Bamboo
Basket
Board
Bottle

Bowl

Box

Bucket
Bucket 1lid
Can

Cap
Cardboard
Carton
Cloth

Crate

Cup

Dish

Disk

Drum

Float
Fluorescent lamp
Fragment
Gill net
Gill net float
Helmet
Incandeacent lamp
Jar

Lid

Line

Log
Magazine
Matting
Netting
Pallet

Pan

Ring

Sandsl
Screen
Sheeting
Bhos insole
Shovel
Bponge
Strap

Trawl float
Trawl webbing
Tray

Tube

Total
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PLASTIC
407=56 . 9%

STYROFOAM | METAL
216=20.7% 3=8.4%

GLASS
&7=7.8%

PAPER
18=2.2%

WooD CLOTH
24m3 33X 4=0 8%

Figure 2,--Approximate composition

of a sample of object i
on the surface of the North Paci P Jects sighted

fic Ocean, July-August 1984,
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CUMULATIVE PERCENT

2 ) a2 IR e L L 1 A
% 129 200 220 420 5o0
DISTANCE FROM VESSEL IN METERS

Figure 4.~—Cumulative frequency distribution (2) of distance at which
objects were first sighted from the vessel,

(Roden 1970). Shav and Mapes (1979) also found plastic concentrations in
the region of lat. 28°-38°N on o transect aloog long. 158°W, but found no
plastic north of lat. 39°N,

There were also two main concentrations of marine debris on the
Hewaii~Japsn survey, one at lat. 30°-35°K and one at 41°-42°N (Table 2).
The first concentration was again in the zome of converging Ekman
transports (Roden 1970). The second concentration was in an ares just east
of Jspan, which is an important source for maripe debris in the western
Pacific (e.g., see Merrell 1980).

On the evenings of July 31 and August 1 at lar. 34" and 31°nm,
respectively, small plastic pellets and fragments slong with light-gauge
thread, appeared in surface hauls of a surface ichthyoplankton net that was
towed abesgm the ship for 20 min per haul (Fig. 5). Plastic detritus did
not appear in surface hauls at other stations between lat. 55° and 27°N.
The band of surface water sampled by the circular net opening was
spproximately 20-30 cm, 80 very little area was swept by the gear, yet in
several of four hauls on the sbove two nights, small pieces of plastie
appeared floating in the pan used to sort catches immediately after the
haul, The density of particulate plastics at the water surface must have
been relatively high here for the net to have picked up much materisl
{Shiber 1982; Gregory 1983),

.
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Figure 5.--Photo-micrograph of plastic debris caught in a surface haul
of an ichthyoplankton net at lat. 31°N and long. 155°W.

DISCUSSION

The large proportion of plastic materials (863I) obmerved im this study
is consistent with results of earlier studies of marine debris reported by
Venrick et al. (1973) for the srea between lat. 35° and 31°N and by Shaw
and Mapes (1979) for a cruise between Alaska and Hawaii. Although Venrick
et al. surveyed for debris for only 8.2 h, they saw 53 man-made objects, of
which two-thirds were plastic. Plastic materials, rope, and twine
constituted 602 of the frequency of occurrence of debris observed im trawl
hauls in the Bering Sea during 1975 and 1976 (Feder et al. 1978). Plastic
debris in general poses some probleme to shipping (lines and nets foul
propellers and plastic sheeting blocks seawater intake ports), but debris
nlso)has serious implications in enimal mortalities (Coleman and Wehle
1984).

Entanglement of seabirds and marire mammals in derelict fishing nets
and other man-made objects has been documented in several of the world's
oceans (Tull et al. 1972; Shaughrnessy 1980; Fowler 1982). Ingestion of

- wmarine debris, especially floating plastic, by seabirds also may cause

sortality or decressed reproductive perfurnance {Day 1980; Day et al.

'~ 1985). Northern fur seal, Callorhinus ursinus, were seen mear the

.__ttlgerh gill nets during 7 of our 16 hauls in 1984. One fur seal escaped




net. Of 18 northern fur seals observed on 15 net-hauling occasions, none

ippeared entangled in any man-made objects, The low incidence of derelict
fishing nets observed (<1 of =11 objects seen) and the fact that they were
wrapped tightly in a ball B3y not make them available to entangling marine

Many of the objects we observed, especially the larger fishiug gear
floats, were heavily encrusted with fouling oTganisms, suggesting that the
material had been adrift for a long time (Winston 1982). Tg addition, some
of the plastic floats had faded considerably from international orange to a
light pink, indicating long exposure. Determining the length of time
marine debris is adrift may be possible through studies of marked gear
released and monitored over a period of months or yYears with the aid of
satellite tracking buoyes coupled with periodic visits by vessels to observe
and record the aéppearance of the gear.

Density estimates of debris were calculated keeping in mind the three
significant problems associsted with estimating at-sea densities of marine
debris. First, paper objects are Probably underrepresented due to sinking
and rapid deterioration once this material is exposed to seawater. Second,
the vidth of the transect surveyed is extremely difficult to define because
of the large variation in the size of objects seen and their visibility due
to distance, sea conditions, glare, ecolor of the objects, and their
buoyancy., Last of all, many objects sink and 2re never seem 9gn censuses.
Densities of marine debris in the study area were estimated, with four
?ualifications: (1) Estimates refer only to positively-buoyant debris

i.e., debris at the surface of the water); (2) estimates refer only to
objects visible from the ship; the winimum eigze of objects sighted was
approximately 2.5 em?; (3) density estimates vere derived from onrly the
inner 50 m of transect width; 597 of all objects were sighted in the inner
30 m of transect width, whereas only 247 were sighted in the next 50 m out
from the ship (Fig. 4), indicating substantial fall-off of sightings; and

¥e assume that all objects larger than 2.5 ta” were seen within 50 n
of the ship,

Using the above qualifications, we estimate that the average density
of marine debrias larger than approximately 2.5 ca® yas 0.28 per km? in
subarctic waters (1lat. 39°-56°N) and 3.73 objects per km? in subtropical
vaters (lat. 21°-39°N in the Alaska-Hawaii surveys and lat, 27°-42°N in the
Hawaii~Japan surveys). Densities of plastic averaged 0.15 objects per km?
in subarctic waters and 3.15 objects per km? in subtropical waters (Table
3). TFor comparison with the data presented by Venrick et al. (;973)i we
estimated they saw an averzge of 4.24 pieces of marine debris per km*, of
which 2,24 pieces were Plastie, in the subtropical North Pacific Ocean.
Their observations were taken in the area lat. 31°-35°N, long. 145°-155°w,
and were thus, in the zone of highest density of marine debris found 12
years later in our study. The only other comparable data are from thg
Mediterranean, vhere Morris (1980) found iR average density of approxi-
mately 2,000 pieces of marine debris per km?; 60-70% of this debris con=
sisted of pieces of Plastic. Although our estimates have severfl_qunllfx-
cations, they provide order—of-magnitude approximaticns of densitien of
wedimm-to-large pieces of plastic sud other debris.
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Quantifying the total amount of oceanic litter is difficult due to the
wide variation in size, shape, and buoyancy of the material. Observations
from ships may provide useful indices of the type and smount of debris, but
beach surveys may be more useful and less costly in messuring the rate of
loes of debris from the ocean., However, beach surveys would mot reveal
that debris lost from the surface by sinking. Beach surveys could also be
uged to test the predictions of surface transport models.
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THEORETICAL FIRST APPROXIMATIONS OF DENSITIES OF DISCARDED WEBBING
IN THE EASTERN NORTH PACIFIC OCEAN AND BERING SEA

William H, lenarz
Southwest Fisheries Center Tiburon Laboratory
National Marine Fisheries Service, NOAA
Tiburon, California 94920

ABSTRACT

First approximations of densities of discarded webbing in
the eastern North Pacific Ocean and Bering Sea are developed and
discussed. The approximations are based on estimates of northern
fur seal mortality rates, assumed distributions of webbing, and
assumptions on fur seal behavior. The resulte are examined with
respect to the design of sea surveys to determine the validity of
the assumptions and estimate densities of disecarded webbing.

INTRODUCTICN

Part of the task of determining the effect of marine debris on marine
mammals is to estimate the density and distributionm of marine debris on the
surface of the ocean. This is particularly true for the types of debris
that appear to be causing problems with marine mammals. This study makes
first approximations of densities of marire debris that appear to be caus-
ing high mortality rates for the northern fur seal, Callorhinus ursinus.

An analysis of available data by Fowler (1982) indicated that popula-
tions of northern fur seals are undergoing higher than expected mortalities
and that discarded trawl webbing and perhaps plastic wrapping bands could
be the cause of the unexplained high mortalities. Further investigation by

fowleg (1984) and Fowler et al. (1985) supported the first study by Fowler
1982), )

The studies presented data showing that about 64X of fur seals found
vith entangling debris on the Pribilof Islands were entangled in trawl
webbing and about 22% were entangled in discarded plastic packing bands.
Their work indicated that discarded trawl webbing is probably more impor-
tant than implied by the above data because seals entangled in large pieces
of webbing probably do not reach the Pribilofs. The data also indicated
that only 2 small portion (8.5%) of trawl webbing that washed up on beaches
is of the size that causes most entanglements {20-25 cm stretched mesh).
Thus, it appears that only a small portion of marine debris may be
responsible for the increased mortality.

In R. 3, Showura and H. O. Yoshida (editors), Proceedings of the Workshop on the Fate and Impact
of Marine Debris, 26-2% November 1984, Honolulu, Hawaii. TU.S. Dep. Commer,, RUAA Tech. Memo.
HMFS, NOAA-TM-NMFS-SWFC-54, 1985,
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Fovler (1982, 1984, pers. commun., Natl. Mar. Manmal Lab., Natl. Mar.
Fish., Serv., NOAA, Seattle, WA 981156349, August and October 1984} and
Fowler et al. (in press) indicated that much of the mortality is occurring
during the first 2 years of life. For example, between the time that male
fur seal pups leave the Pribilof rookeries and return &8s subadults (20
months), survival is only 30% instead of an expected 50%.

If it is assumed that mortality rates are constant over the 20-month
period, the estimate of instantaneous rate of total mortality (Z) without
the effect of marine debris is

0.5 = exp (-2(20/232))
Z = -(1n0.5)/(20/12)
- 0,42
This is also an estimate of the rate of natural mortality (M), because it
is assumed that there are no nonmatural sources of mortality. The estimate
of Z given the sssumed effects of marine debris is
0.3 = exp (-2(20/12))
Z = ~1n (0.3)/(20/12)
= 0.72 .

An estimate of the rate of mortality caused by marine debris (D) is
given by

Z = DM
D=20.72 - 0,42
=03 .
The expectation of death caused by marine debris in 1 year (U) is given by
T = D(1-exp(-Z))/2
= 0,21 .,

The expectation of death caused by marine debris over the 20-month period
is given by

U = D(1-exp(-2(20/12))/2
« (.29 .

The literature (e.g., Kajimura 1984) indicates that male pups undergo
ons Oor two migrations between the Pribilofs and Celifornia during the 20
wonths at sea. Assuming that the animals travel slomg the coast line (most
sightings are between 70 and 130 km of the coast) and don't deviate from
their course, they travel between 5,400 and 10,800 omi in the 20 months,
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The migration appears to take about 2 mouthe in esch direction. Thus it
appeare that about 4 to 8 of the 20 months are spent migrating, snd the
Temaining time is spent making local movements related to feeding and other
activities, If it is assumed that similar distances are covered during
nonmigrating montha, the pupe travel about 27,000 mmi during the 20

months at sea (1,350 mmi per month or about 45 umi per day), This

amount of travel seems high, particularly in view of evidence that not all
male fur sesl pups make the complete migration. It geems reasonable to use
27,000 vmi as an upper bound and 5,400 mmi as a lower bound.

Since we estimate that expectation of death from webbing encounters is
0.29 during the 20 months, it is reasonable to estimate fatal encounters
per nautical mile (EPM} to be

EPM = 0.29/5,400 to 0.29/27,000
= 0.000054 to 0.00001}

or in other words, there is one fstal encounter per 18,600-93,100 nmi of
travel.

There are no data available on the searching path width of fur seals.
If the animals are detecting webbing visuvally, searching path width is
probably around 10 m (0.0054 mmi) on each side. On the other hand, if
scoustics are being used it ig not unreasonable to assume that a fur seal
could detect a achool of fish associated with discarded webbing 1,000
(0.54 nmi) away. Thus, there appesrs to be one fatal encounter with
uebging per 200 to 100,548 mmi? of searched vater (geometric average 4,484
mi ).

How do theme estimates fit in with what has been reported on observa-
tions from vessels? A Paper presented at the workshop (Jonea and Ferrero
1985) reported that four items of travl webbing were found during 1,153 h
of searching, while traveling 10,528 mni in the North Pacific. There was
one sighting per 2,633 mmi. It seems reasonsble that an observer could
detect pieces of webbing 100-200 m (0.054~0.108 mi) on each zide of the
vessel, Thus, it appears that there was one sighting per 284-568 mmi”
searched. If Fowler's (1982, 1984, pers. commun.) estimate that only 8,5%
of discarded trawl webbing causes most mortelity is correct, them there 2
wuld be one unit of webbing of the daugerous mesh size per 3,342-6,683 mmi
(geometric average 4,726 nmiZ).

To compare the estimated density derived from observations with
estimates derived from moxtality rates, it is necessary to make more
assumptions. First, it is fecessary to make an assumption about the
percentage of encounters between fur seals and webbing that are fatal.
~ 3ecomd, it wust be agsumed that vessels and fer seals are searching aress
that have similar densities of webbing. It should be noted that vessel
observations were made west of the major fur seal migration area in the
Culf of Alaska. It seems likely that not all encounters are fatal. If this
ie true the estimated density of webbing derived from mortality rates is
too low. It also seems likely that the seals would search in areas that

':fﬁ contain higher then average densities of webbing, because factors that

.contentrate webbing may also concentraste food. In addition there probably
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is some communication between animals that would incresse searching
ability. Rajimura (1984) noted that fur seals at gses tend to be solitary
except vhen feeding in areas containing food concentrations. These factors
would tend to cause density eatimates based on mortality to be too high.
Perhaps violations of an asgumption that all encounters are fatal and of
the second assumption would cancel each other out, and T will assume that

this is true. Under this assumption the two estimater of webbing density
are aimilar.

The results of the first approximations indicate two things. PFirat,
the density of webbing appears to be quite low. Second, there appears to
be enough discarded webbing to cause the estimated mortalitijes.

These two conclusions lead to further conclusions. PFirst, if it is
desired to maintain populations of northern fur seals, serioue research
should be conducted to verify that the problem is as serious as it appears
to be, Second, preliminary efforts should be begun to reduce the spparent
problenm.

The low density of webbing indicates that it is not likely to be
efficient to use dedicated vessels to either study the problem through
surveys or solve the problem by cleaning up the ocean, Piggyback surveys
probably should be continued and could be improved by better quantifying
the techniques and working in areas preferred by fur seals. Modification

of fishing gear and practices probably have the highest probability of
solving the problem.,
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FISHING EFFORT BY NET FISHERIES IN THE NORTH PACIFIC OCEAN
AND BERING SEA SINCE TRE 1950*s

R. A. Predin
Fatural Resources Consultants
Seattle, Washington 98125

ABSTRACT

A syntheris of data on the amount of fishing effort
gEenerated by a number of get fisheries in the Rorth Pacific¢ Ocean
and Bering Sea since the 1950's ig presented here o as to
provide background information relevant to studies of the fate
and impact of marine debris in the North Pacific Ocean, Tt is

between 1956-60 and 1971-75, Corrently, overall effort Temains
near the high level of the early 1970's, but trends have differed
between areas and fisheries. Gill uet effort by high seas salmon
fisheries ir the Bering Sea and central-western North Pacific
Ocean currently i less thar one-half of what it was in the late
1950"s and early 1960's. 4 tangle net fishery for crabs in the
southeastern Bering Sea was terminated in 1973, gnd a herring
gill net fishery in the Bering Sea was terminated in 1980, Peak
effort for both fisheries had been in the mid-1960'4,

INTRODUCTION

The history of commercisi exploitation of fishery resources in the
North Pacific Ocean and sdjacent geas goes back more than a century, but it
has only been within the past 30 years or so that a number of major net
fisheries have developed for various species of fish., These include trawl
£isheries for groundfish in the eastern and central Bering Sea, arovnd the
Aleutian Iglands, and in the northeast Pacific Ocean; gill net and trawl
fisheries for herring in the Bering Sea; a tangle net fishery for crabs in
southeastern Bering Sea; and drift net fisheries for salmon in the Bering
Sea and central and western North Pacific Ocean. Scale of development and
duration of the various fisheries are indicated in published reports of
catch statistics, but data on the smount of fishing effort generated by

R. 8, Fhosurs asd U, O, Yoshide {editors), Proceadiugs of the Workehop ova the Fate sud Impact
2 Maviss Debris, 26-29 November 1984, Bonolalu, Rawaiji. U.S. Dep. Commer., WOAL Tach. Memo.
WIFS, WOLL-TH-UMPS-SUFC-54. 1985,
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BERING SEA-ALEUTIAN ISLANDS REGION
Groundfish, Shrimp, and Herring Trawl Fisheries

Post-World War Il fighing by foreign trawlers in the Bering Sea-
Aleutian Islands region (Pig. 1) began in 1954 when Japanese vessels
initiated a fishery for flatfish in waters east of long. 170°W. Fishing
vas largely exploratory in nature and limited in scale until 1959 when
Soviet trawlers, after kaving conducted surveys of fishery resources in
the region in 1954 and 1958, also started fishing for groundfish (and
herring) on a commercial scale in the eastern Bering Ses. From that year
through 1962, there was a marked increase in travling by the two nationma,
judging from catches reported for Japanese apd Soviet vessels, and
information on the numbers of mother ship fleets and independent travlers
engaged in Japan's fishery (Forrester et al. 1978).
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Figure 1.--The Beriug Sea region as defined by the International North
Pacific Fisheries Commission and its areal divisions.
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Overall growth of the Japanese and Soviet traw] fisheries during

1954662 is indicated by annual catches (in metric tons (MT)) of groundfish
and herring (Forrester et al, 1978).

Grouwudfish cateh (1,000 MT) Herring catch (1,000 MT)

Year Japan U.8.5.R8 Total U.S.S.R.
1954 13 - 13 -
1955 15 - 15 -
1956 25 - 25 -
1957 24 - 24 -
1958 46 5 51 -
1959 159 62 221 10
1960 435 9 531 10
1961 533 154 687 80
1962 476 140 616 150

Since 1963, Japan has reported not only the catches taken by the
various types of trawlers uged in its groundfish fishery but also the
number of hours fished annually or, in the case of Danish seiners, the
number of sets made, vhich can be converted to hours of fishing (Appendix
Table 1A). Hours of fishing by Japanese shrimp trawlers have also been
Teported for each year of operation since 19613,

Fishing effort by Soviet groundfish travlers during 1963-76 can be
estinated from their annual catches and data on effort-per-unit-catch
(EPC) for Japanese trawlers, that is, the hours of fishing per tonm of
groundfish caught (Appendix Table 1B). Fishing effort by Soviet herring
trawvlers during 1963-76 can be directly estimated froo catch and EPC data
provided by the U.5.8.R. (Appendix Table 1C). Since 1977, 1976, 1977,
1979, and 1980, in that order, thke U,3,S.R,, Bepublic of Korea, Taiwan,
Poland, and West Germany have reported the nmber of hours fished arnually
by their respective trawlers {Appendix Table 14), Fishing effort by
United States trawlers engaged in dowestic and Joint venture groundfish
fisheries in the region since 1980 can be estinated from catches reported
for tho-§ fisheries and EPC data for foreign trawlers combined (Appendix
Table ID),

Total annual trawl fishing effort for groundfish, shrimp, and herring
during 1963-83, as Teported or estimated for foreign and V.8, vessels in
the Bering Sea-Aleutian Islands region, is given in Table 1 and- shown in
Figure 2. Effort was about 340,000 and 400,000 h ip 1963 and 1964,
respectively, but decreased to about 250,000 b in 1965 and 1966, mainly
because of sharp drops in flatfish and herring catches by Soviet vessels.
Effort then rebounded as the pollock fishery developed during the late
1960's and peaked at approximately 500,000 h in the early 1970's. Since
then it bas fluctuated aroupd a level of about 450,000 j anoually.

: Rifort by U.S. trawlers has accounted for an increasing fraction of
the total effort in recent years, from 3% in 1980 to 18X in 1983,
displacing more and more of the foreign effort.
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Figure 2.—-Trawl fishing effort for groundfish
shrimp and herring by foreign and U.S. fisheries
in the Bering Sea~Aleutians region, 1963-83.
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Pre-1963 fishing effort by Japanese and Soviet trawl fisheries for
groundfish can be estimated by multiplying annual catches {text table,
sbove) by 0.5, the average EPC for groundfish caught by Japanese trawlers
during 1963-67, years when the average annual Japanese-Soviet catch was
sbout the ssme as it was in 1962 (Appendix Table 1B). Similarly, herring
travl effort by Soviet vessels during 1959-62 can be estimated by
multiplying their annual catches of herring by 0.6, the average EPC during
1968-73 (Appendix Table 1C). Resulting estimates of annual effort during
1954-62 are as follows:

Estimates of annual trawl fishing effort (1,000 h)

Groundfish Herring
Year Japsn U.5,8.R, U,8.5.R. ‘Totgl
1954 6 - - 6
1955 8 - - 8
1956 12 - - 12
1957 12 - - 12
1958 23 2 - 25
1959 80 3l 6 117
1960 218 48 6 272
1961 266 77 48 391
1962 238 10 90 398

As indicated previously by catch data, there was a rzpid buildup of trawl
effort beginuing in 1959. By 1961, it reached the level of the early peak
(1963-64) shown in Figure 2.

The aresl distribution of trawl fishing effort since 1963, as
indicated by dats from the Northweat and Alaska Fisheries Center, National
Marive Fisheries Sexvice (NWAFC data file) for Japanese fisheries, which
accounted for approximately three~fourths of the total trawl effort in the
region during 1963-83, has been as follows:

Percent effort by area

Average annual effort

Yasre (1,000 h) 1 2 34 S
1963-69 236 39 45 10 : 6
1970-76 370 24 56 14 6
1977-83 367 29 53 +* 18

Effort shifted from Area 1 to Ares 2 in the early 1970's as the pollock
fishery developed, and the closure of the ¥,.5.5.R. 200-mile zone in 1977
= lcd-go a shift in effort from Areas 3 and 4 to Aves 5 (the Alentians

- Azeal.
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The distribution of Japanese fishing effort by vessel type (Appendix
Table 1A) has been as follows:
Percent of average annual effort by vessel type

Pair Side Stern Danish Side Stern
Yegre trawl trawl-fish trgwl-fish seine trawl-shrimp trawl-shrimp

1963-69 6 12 20 59 3 +
1970-74 11 + 63 25 + +
1977-83 8 [+ 83 9 + +

Danish seiners and side trawlers fishing for groundfish accounted for most
of the fishing effort through moet of the 1960's, but stern trawlers have
since become the predominant type of vessel used in the region. They
presently account for about B52 of the total annual effort.

Herring Gill Net Fishery - Japan

The Japanese herring gill net fishery in the Bering Sea peaked in the
mid-1960's (Table 2 and Fig. 3), vhen practically all of the fishing
effort was in Areas 3 and &, near the U.S.S.R. coast. During the 1970's,
practically all of the fishing was done east of long. 170°W (Area 1). At
its peak in 1965, cumulative total effort during the year represented
about 37,000 km of gill net (one tan being a 46-m length of gill met).

The fishery was terminated in 1980.

Crab Tangle Ret Fishery - Japan

Japan's crab tangle net fishery in the southeastern Bering Sea began
in 1953 and terminated in 1973, Pesk effort (Table 2 and Fig. 4) was in
196364, representing 2 cumulative total of about 26,000 km of tangle nets
set during a season, one tan being a 40-m length of net in this fishery.

NORTAEAST PACIFIC REGION
Foreign and Joint Venture Groundfish Trawl Fisheries

Foreign trawling for groundfish began in the northeastern Pacific
region (Fig. 5) in 1962, vhen Soviet trawlers initiated a fishery for
rockfish in the Gulf of Alaska. Japan started fishing in 1963, In 1966,
both nations extended their fishing operations to waters of £ Britiah
Columbia, Washington, and Oregon, Soviet vessgels accounting for most of
t?e ?ffort by a wide margin. The Republic of Korea and Poland began
fishing in the region in the early 1970's, and Canadian and United States
vessels initisted joint venture fisheries with other mations in 1978,

Japan has reported the number of hours fished annually by vessels in
 its groundfish trawl fishery in the region since 1963, and the U.S$.S.R.,
Republic of Korea, and Poland since 1977 (Appendix Table 2A). Effort in
the Gulf of Alaska by trawlers of the lstter three nations prior to 1977
can be estimated from their catches and EPC data for Japanese stern
travlers (Appendix Table 2B). Effort by Soviet trawlers off British
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Table 2.--Gill net fishing effort for herring

1963-79, and tangle net fishing effort fo

in the Bering Sea,

T crabs in the

southeastern Bering Sea, 1953-72 (in thousands of tans). Data
sources: bherring, 1963-70 - International North Pacific
Fisheries Commiasion (INPFC) Bulletin 37; 1971-79: - INPYC
Statistical Yearbooks; crabs - INPFC Statistical Yearbooks.

Japan
Yaar Herring gill net fishery Crab tangle net fishery
1953 -— 106
1954 - 61
1955 - 99
195 - 147
1957 —_— 84
1958 -— 99
1959 _— 78
1960 — 93
191 KA 292
1%2 A 438
193 228 642
1964 454 639
1965 816 452
1966 503 447
1967 556 440
1968 404 485
1969 174 272
1970 84 252
1971 134 28
1972 122 12
1973 131 Fishery terminated
1974 %
1975 &
1976 128 -
1977 53 —
1978 - —
1919 9 —
1980 Fishery terminated —
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Pigure 5.--The northeast Pacific region as defined by the International
North Pacific Fisheries Commission and its areal diviaioms.

Columbia in 1966, when they targeted on rockfish, can be similarly
estimated (Appendix Table 2C). Trawl effort by the U.5.5.R. and Poland
of f British Columbia during 1967-76 and off Washington-Oregon—California
during 1966-76 can be estimated from the catches of hake by the two
nations and EPC data for the Soviet hake trawl fishery (Appendix Tables 2C
and 2D). Effort by Canadian snd United States trawlers involved in joint
venture fisheries in diffsrent sectors of the region since 1978 car be
estimated from their groundfish catches and EPC data for the combined
travl fisheries of Japan, U.S.S8.R., the Republic of Eorea, and Poland
(Appendix Tsble 2E).

Total snnugl trawl effort for groundfish by foreign and joint venture
fisheries in the northeast Pacific region during 1962-83, as reported or
‘estimated and excluding a relatively minor awount of effort by Japanese
Danish seiners, side trawlers, and shrimp trawlers in the mid-1960's, is
given in Table 3 and shown in Figure 6,

.. Effort imcreased from slightly less tham 15,000 h in 1962 to nearly
‘170,000 h in 1967, decreased to the 100,000 h level doring the next 5
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Table 3.--Trawl fishing effort for groundfish in the northeast Pacific
region by Japanese, U.S.S.R., Republic of Korea, Polish, Canadian joint
venture and United States joint venture fisheries, 1962 to 1983, in
thousands of hours (INPFC = Internatiomal North Pacific Fisheries
Commission). Dats sources: Japan 1963-83 - Appendix Table 2A. U.S.S.R.
1962-76 - Appendix Tables 2B, 2C, 2D; 1977-78 - Appendix Table 2A.

Republic of Korea 1972-75 - Appendix Table 2B; 1976-83 - Appendix Table 2A.
Poland 1973-76 - Appendix Tables 2B, 2C, 2D; 1977-83 - Appendix Table 2A,
Canada and United States joint ventures - Appendix Table 2E.

Yoreign Joint venture
Republic Taited

Area Year Japan U0.8.9.8. of FKorea Poland Total Cgnada States Total Total
Golf of Alaska 1962 -— 13 -— -— 13 _— - -— 13
INPFC arens 1963 2 27 - —_ 29 —_ -— -— 29
fhumagin to 1964 3 5 -— —_— 38 - - — i
southezgtarn 1945 8 51 - _ 59 - -— - 59
1966 13 12 - —_— 25 —— — -— 25

1967 14 1s —_ — 29 — - -_ 29

1968 16 13 -— - 29 - - - 29

1969 24 & -— —_— 30 - - 30

1970 19 2 - - 17 _— -~ - 17

1971 19 9 - — 2% - - — 2B

1972 29 24 1 -— 54 — - - 54

1973 7 24 2 - 63 -— -— - 63

1974 36 1 1 — (1.} - -— - 62

1973 39 32 6 1 9 - - — 98

1976 as 40 7 — 82 — — - 42

1977 k11 15 5 * 54 - — -_— 54

1978 23 14 3 1 &8 -— * + 48

1979 n 7 5 A is - + + a9

1380 32 17 [ 3 3 58 - 1 1 57

1981 kL3 — a ) 52 - 5 5 57

1982 29 -— [ —-— 3s -_— 22 12 57

1983 29 — b | -_ 32 - 3% kL] 71

ritioh 192 -— - — -— -— —_— - -_— —
Columbial 1963 - — - -— — _— - —_ -
INPPC gream: 1964 - —_ - — — -— — —_— _—
Charlotts 195 - - - -— — - - —-_— -
xud 1966 1 [ - — T - - — ?
Yancouver 1967 5 6 - - 11 -— — — 11
1968 5 14 — -_— 24 - — —-_— 24

1959 ) 25 —_— -— 29 -— - - 29

1970 3 12 - -— 15 -— - - 15

1971 2 k | - —_ 5 -— -— - s

1972 & 2 - -— 6 — — _-— 6

1973 3 8 - -— 11 - - — 11

1974 7 1 - —— [ —-_— - —_ 3

1973 4 2 -— 2 14 — - — 14

1976 3 2 - 1 6 —_ — - (]

1977 3 - - 1 & -— -— _— &

1978 * - — + + + - + +

1979 1 - - 1 2 1 - 1 3

1980 1 - - 2 k | 5 — 5 8

1981 - -— - 1 3 7 -~ 7 .}

1982 1 —_— -— — ] 5 - 5 6

1983 -— -_ -— - — 7 - 7 1

1962

Vashington-
1963
:’.E;i. 19%4

INPPC arese:  1%5

it
RRR
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Table 3.~=Continued.

Poreign Joint wenture
Republic Upited

Area Year Japac U.5.S.R. of ¥orea Poland Total Camada States Tors) Total
Columbin to 1966 + B3 - - 83 - — —_— %)
Conception 1967 2 126 - - 128 —_ -— —_ 128
1968 ! 40 — — a1 -— — - Al

1969 + 35 -_— — 55 - - -_— 55

1870 + 65 -_— - 65 - -— - 65

1571 1 5 -—_ — 66 — - — 66

1972 1 43 — - Ak - - —_— &k

1973 2 51 - 1 54 -— - _— 5

1974 4 62 - 13 84 — — - B&

1975 3 51 _— 14 68 _— -— -— 48

1976 3 51 -_— 8 62 - _— —_— 62

1917 - 26 - & 30 - - —_— 30

1978 - 19 -_— 5 24 — + + 24

1979 - i1 — 5 k[ - k| 3 39

1980 - - - 12 12 — 7 7 19

1581 - - -— 20 20 -— 14 14 %

1982 -— - - - - - 19 19 19

1983 - - - -— - -— 20 20 20

Yotal: 1962 - 13 -— —-— 13 —_ — - 13
aortheast 1963 2 2y — _— 1% - — —_— 2%
Pacific 1964 3 35 -— -— 33 -— - — k] ]
region 1965 8 51 -— - 59 —_ _— -_— 59
1966 14 101 -— - 115 -— - — 115

1967 21 147 -— - 168 - —_ — 168

1958 22 12 -— - 24 - - —_ 94

1969 28 8 - - 114 — - - 114

1970 13 79 - - L1 - -— - 97

1971 22 17 _ -_— 59 -— —_ - 95

1971 34 69 1 — 104 -— _— —_— 104

1973 42 k] 2 1 128 -— - - 128

1974 47 94 1 18 160 - — -— 180

1975 &6 105 6 i 1a0 - - - 180

1976 41 93 7 9 150 -— —_ -_— 150

1977 a7 41 5 5 88 - — - ]

1978 28 13 5 6 1z + * -+ 72

1979 24 k1 5 10 17 1 3 4 81

1980 33 17 & 17 11 5 L} 13 B4

1981 36 -— 8 29 1 7 19 % 95

1382 30 - 6 —_ 3¢ 5 Al A5 a2

1983 29 - 3 - 32 7 5% 65 98

'Ineludin; waters off the United States southern boondary of the Vancouwer ares is lat.
47°307N and the northern boundary of the Charlotte ares is lat. 54°30°N,
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Figure 6.--Trawl fishing effort for groundfish
in the northeast Pacific region by Japanese,
U.5.5.R., Republic of Korea, Polish, Canadian
Joint venture and United States joint venture
fisheries 1962-83.

years, and bduilt up again to 180,000 h in 1975. It them dropped to about
70,000 h by 1978 and has since fluctuated between 80,000 and 100,000 h
annually, Current level of effort is about 55 of the 1974-76 level.

Foreign trawl effort has declined uarkedly in the region as a whole
since Canada and the United States established 200-mile fisheries
jurisdiction zones. Effort by vessels engaged in joint venture fisheries
has offset s substantial portionm of the reduction in foreign fishing.

Trends in trawl fishing effort by foreign and joint venture vessels
have varied in different sectors of the northeast Pacific region (Fig. 7).
In the Gulf of Alaska, the overall trend in effort has been upward,
although the current level of effort is less than it was in 1975-76. Off
British Columbiz, effort peaked at nearly 30,000 h in 1969 and then
declined over the next 10 years. It has held at about 7,000 h in recent
years (through 1983)., Off Washington-Oregon-California, the oversil trend
in affort has beeu downward. Effort in 1983 was less than one—third of
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the mid-1970's level and only one-sixth of the 1967 peak. Effort in joint
venture fisheries in the Gulf of Alaska and off Washington—Oregon-—
California has increased markedly in the past 3 vyears.

Domestic Groundfish Traw! Fisherieg -
Canada and United States

Lovg before the advent of foreign and joint venture trawl fishing
operations in the northwest Pacific region, Canada and the United States
had domestic trawl fisheries for groundfish off British Columbia and
Washington—-Oregon-California. Anmnoal effort by the domestic fisheries
during 1956-83, as reported in publicatione of the International North
Pacific Fisheries Commission (INPFC) or estimated in Appendix Table 3, is
given in Table 4 and showr in Figure 8.

Total annual effort by the United States and Canadian domestic trawl
fisheries for groundfish off British Columbig hae been fairly stable since
1956. Effort off Washington~Oregon-California by the United States
domestic trawl fishery also was fairly stable for about 15 years (1956-
71), but it has since more than doubled.

JAPARESE HIGH SEAS SALMON GILL NET FISBERIES
Mother Ship Salmor Gill Ret Fishery

Japan's post-World War I1 mother ship salmon gill net fishery began
in 1952, Area of operation during 1959-76 is shown in Pigure 9. Prior to
1959, some mother ship fleets operated weat of long. 160°E in the North
Pacific Ocean and in the Okhotak Sea. In 1977, the U.S.S.R. 200-mile zome
was closed to high seas salmon fishing, and in 1978 waters east of long.
175°E and south of lat. 56°N were also closed,

Annval fishing effort during 1952-82 in the area depicted in Figure 9
is given in Teble 5 and shown in Figure 10. Effort is expressed in the
comulative number of tams of drift gill net fished each year, one tan
representing 50 m of uet.

Peak effort was in 1956, at close to 9 million tams. It declined
over the next 20 years to about 6 milliom tsns in 1976. Areal closures in
1977 and 1978 resulted in cutting the level of effort to about 3 million
tans, all west of long. 175°E or north of lat. 56°N.

Land~Based Salmon Drift Net Fighery

Japan's land-based salmon, drift net fishery also began in 1952.
Area of operation before and sfter the closure of waters east of long.
175°F in 1978 is shown in Figure 9,

Data on annual fishing effort by large vessels in the fishery, which
are licensed to fish throughout the land-bssed drift net area (the smaller
Vessels being restricted to waters west of long. 149°K) and account for
approximately 851 of the total catch, are available for 1962 and 1972-82
(Table 6 asd rig. 11).
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Table 4.--Trawl fishing effort for groundfish by Canadian and
United States domestic fisheries in the northeast Pacific regionm,
1956 to 1983, in thousands of hours. Data sources: Canada, 1956-
70 - International Noxth Pacific Fisheries Commission (INPFC) Bull-
etin 37; 1971-B0 - INPFC Statistical Yearbooks; 1981 - Northwest
and Alasks Fisheries Center (NWAFC) data file; 1982 - Lesman 1983;
1983 - Assumed same as in 1982. United States, 195%-61 - Appendix
Table 3; 1962 -~ INP¥C Bulletin 37; 1963 - Charlotte and Vancouver
aress - Appendix Table 3; Columbia~Conception areas - INPFC Bulle-
tin 37; 196470 - INPFC Bulletin 37; 1971-75 - INPFC Statistical
Yearbooks; 1976 and 1979: Charlotte-Columbia aress - INPFC Statis-
tical Yearbooks; Eureka-Conception areas - Appendix Table 3; 1$77-78
and 1980 - INPFC Statistical Yearbooks; 1981 - Charlotte~Columbia
Areas ~ NWAFC data file; Eureka-Conception Areas - Appendix Table 3;
1982-83: Appendix Table 3.

INPFC Areas

Charlotte and Vancouver Columbia~Conception Total by natiom
United United United

Year Cangda States Total States Canada States Total
1956 k)] 46 77 78 31 124 155
1957 26 41 67 83 26 124 150
1958 23 41 64 78 23 119 142
1959 22 49 71 : 74 22 123 145
190 26 41 67 75 26 116 142
1961 23 40 63 74 23 114 137
1962 25 54 79 87 ; 25 141 166
1963 23 48 71 72 23 120 143
28 54 82 81 28 135 163

29 50 79 87 29 137 186

28 51 79 17 28 128 156

26 46 72 71 26 117 143

29 48 717 71 29 119 " 148

33 53 a6 714 33 127 160

29 45 74 79 29 124 153

31 41 72 85 31 12 157

28 39 67 100 28 139 167

25 37 61 106 25 143 167

24 42 66 105 24 147 171

345 &4 78 122 34 -166 200

36 48 84 106 k1] 154 190

35 47 82 112 35 159 194

33 48 81 137 33 185 218

38 52 90 148 38 200 238

47 46 93 161 47 07 254

39 46 85 179 33 225 264

as 38 73 199 35 2 212

35 39 74 174 35 213 248
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Figure 9.--Japanese high seas salwon gill net fishing areas.



Table 5.-~Gill net fishing effort b
ehip fishery in the North Pacific O
thousands of tans,
1960-80 - International North Pacif
Statiatical Yearbooks; 1981-82 - Ng

Center data file,

Data sources:
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y the Japanese salmon mother
cean, 1952 to 1982, ip
1952-59 - Manzer et al. 1965;
ic Fiskeries Commiggion (INPFC)
rthwest and Alaska Fisheries

West of East of long. 175°E
10‘18.
Year 175°E  South of lat. 56°N  North of lat. S6°N Total Total
1952 31 160 - 160 471
1953 1,124 221 —_— 221 1,345
1954 3,225 83 — 83 3,308
1955 6,944 46 - © 46 6,990
1956 6,377 2,215 137 2,352 8,729
1957 5,134 654 425 1,079 6,213
1958 7,098 16 - 16 7,114
1959 6,607 218 71 489 7,096
1960 4,842 1,029 646 1,675 6,517
1961 3,49 1,473 24 1,497 4,993
1962 5,285 565 - 565 5,850
1963 5,051 535 367 902 5,953
1964 5,016 1,483 1,021 2,504 7,520
1965 3,564 1,707 840 2,547 6,111
1966 3,785 952 459 1,411 5,196
1967 4,165 626 443 1,069 5,231
1968 4,118 788 1,020 1,808 5,926
1969 3,241 2,013 964 2,977 6,218
1970 1,943 2,332 1,754 4,986 6,029
1971 3,21 1,160 1,418 2,578 5,839
1972 3,391 639 1,889 2,528 5,919
1973 3,852 1,534 462 1,996 5,948
1974 2,870 1,885 680 2,565 5,435
1975 3,081 1,903 652 2,555 5,636
1976 3,030 1,973 808 2,781 5,811
1977 1,753 1,367 862 2,229 3,982
1978 2,562 - 138 158 2,720
1979 2,459 - 338 33s 2,797
1980 2,604 - 543 543 3,147
1981 2,512 - 390 390 2,902
1982 2,451 — 485 485 2,936
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Figure 10.--Gill net fishing effort for salmon
by the Japanese mother ship salmon fishery in
the North Pacific Ocean, 1953-82,



Table 6.
lgnd-bas
1972-82,
North Pa
Cetober
1975-7¢
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=~Gill net fishing effort by large vessels of the Japanese

ed salmon fishery in the North Pacific Ocean, 1962 and

in thousands of tans. Data sourceas: 1962 - International

¢ific Pisheries Coumission (INPFC) Circular Letter, 21

1963; 1972-74 - Fisherjes Agency of Japan (pers, commun., );

~ INPFC Sec.; 1977 - Fisheries Agency of Japan (pers.

commun.)}; 1978-82 ~ Northwest and Alaska Fisheries Center data file.
West of East of

Year long., 175°% lomg, 175°k Total
1962 6,865 - 6,865
1963-71 Data not aveilable
1972 3,331 1,825 5,156
1973 4,583 1,169 5,752
1974 3,226 794 6,019
1975 4,933 1,057 5,990
1976 5,436 511 5,947
1917 3,188 533 3,719
1978 3,372 - 3,372
1979 3,219 - 3,219
1980 3,144 - 3,154
1981 3,234 - 3,234
1982 2,962 — 2,962
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Figure 11.-—Gill pet fishing effort for salwom
by the Japanese land~based salmon fishery in the
North Pacific Ocean, 192 gnd 1972-82.
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The limited effort data for the land-based salmon drift net fishery
point to a reduction in effort over the years similar in scale and timing
of the reduction in effort for the mother ship salmon fishery.

OTHER HIGH SEAS GILL NET FISHERIES

Several new and major drift gill met fisheries have developed in the
central and western North Pacific Oceam within the past decade or so.
These include drift net fisheries by Japan, RBepublic of Rorea, and Teiwan
for squid and a Japanese drift net fishery for marlin and other species.
Information on the amount of fishing effort gemerated by these fisheries
is contained in documents submitted by T. Chen, Y. Gong, and K. Shima for
the Workshop on the Fate and Impact of Marine Debris, held im Honolulu,
Hawaii, in November 1984.

SBUMMARY

Fishing by foreign trawlers in the Bering Sea-Aleutian Islands region
began in 1954, but it was largely exploratory in nature and limited in
scale until late in the 1950's. Between then and the early 1970's, there
vas & severalfold increase in fishing effort. During the past 10-12 years,
the amount of effort has remained near the high level of the early 1970's,
vith effort by U, S. vessels engaged in domestic and joint venture fisher-
ies accounting for an increasing fraction of the total effort im recent
years,

In the northeast Pacific region, foreign trawlers began fishing for
groundfish in 1962. Fishing effort by those vessels increassd greatly in
the mid~1960's, declined somewhat for a few years in the late 1960's, and
then rose to a record high in 1975, It has since fallen off sharply, but
fishing effort by United States vessels in joint venmture fisheries, and to
some extent by Canadian vessels engaged in similar fisheries off British
Columbia, has offset a substantial portionm of the reduction in foreign
fishing. Current level of effort by the combined foreign and joirt
venture fisheries is abost 55% of the 1974-76 peak reached by foreign
trawlers.

Effort by Canadian and United States vessels in domestic trawl
fisheries for groundfish from northern Washington to Dixon Eutrance
(INPFC's Charlotte and Vancouver areas) has been relatively stable since
1956. Farther south off the coast of Washingtor and off Oregon and
California, the U.S. domestic trawl effort for groundfish also was fairly
stable during 1956-71, but it has more than doubled since then.

Total trawl effort for (a) foreign, domestic, and joint venture
fisheries in the Bering Ses-Aleutisn Islands region and (b) United States
and Canadian dowestic trawl fisheries for groundfish from British Columbia
to California has more than tripled aince 1956. Estimates of annual
average effort (third text table and Tables 1, 3, and 4) are as follows:
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Years Av nu 1,000 b
1956-60 234
196165 537
1966-70 641
1971-75 782
1976-80 764
1981-83 194

Fishing effort by the Japanese mother ship salmon fishery, a high
seas drift gill net fishery in the Bering Sea and central-western North
Pacific Ocean, currently is about half of what it was during 1960-76 and
an even smaller fraction of the level of effort in the late 1950's.
Limited data for the Japanese land-based drift net fishery, another high
seas net fishery for saluwon in the North Pacific Ocean, point to a similar
reduction in fishing effort by that fishery. There has been no high seas
gill net fishery for salmon in the U,S.S.R. 200-mile zone since 1977, or
east of long. 175°E, or south of lat. 56°N, since 1978.

Japan's tangle net fishery for crabs in southeastern Bering Sea was
terminated in 1973, after 20 years of operation, and Japants herring gill
uet fishery in the Bering Sea terminated in 1980, Peak effort for both
fisheries had been in the mid-1960's.
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Appendix Table 1B.-~Estimates of U.5.8.R., trawl fishing effort for ground-
fish in the Bering Sea-Aleutians region, 1963-78, in number of houra (MT =
metric tons).

Japan
U.5.5.R,

Trawlers (fish net) and Danish

seiners~-groundfish ard herring Travlers—-—groondfish

Ef fort Catch Hours Catch Estimated effort
Year (hours)? (MT)2 per tomn (MT)? (hours)*
1513 171,979 211,581 0.8128 92,000 74,778
194 202,644 150,663 0.5779 155,000 89,574
1965 168,269 350,561 0.4800 115,000 © 55,200
1966 181,932 414,521 0.4389 100,000 43,890
1967 262,382 747,052 0.3512 177,662 62,395
1938 301,473 916,979 0.3288 133,975 44,051
1%9 310,027 1,072,132 0.2892 186,700 53,994
1970 368,547 1,477,219 0.2495 231,881 57,854
1971 389,529 1,802,880 0.2161 397,477 85,894
1972 401,806 1,913,897 0.2099 412,89 86,667
1973 341,318 1,752,331 0.1948 347 ,969 67,784
1974 373,787 1,526,183 0.2449 435,052 106,544
1975 356,955 1,299,261 0.2747 338,417 92,963
1976 353,701 1,210,629 0.2922 279,697 81,727

lProm Appendix Table lA.

ZFrom International North Pacific Fisheries Commission (INPFC) Bulletin
37 and INPFC Statistical Yearbooks. Croundfish catch by pair travl, side
trawl (fish net), stern trawl (fish net), and Danish seines.

*From INPFC Bulletin 37 (Table 1) for 1963 and from Murai et al.
(1981) for 1964-76.

‘Hours per ton for Japanese vessels times U.5.S.R. catch.
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Appendix Table 1C.--Estimates of U.S.5.R. trawl fishing effort for herrimg
in eastern Bering Sea, 1963-76, in number of hours (MT = metric tons).

Catch Na. of No. of hours Hours Effort
Yesr (MT)? tows? at 3.4 h/tow? per ton (hours)*
1963 150,000 NA - 5(0.6) {90,000)
1964 175,000 NA -- 5(0.6) (105,000)
1965 - - - - -
1966 - - - - -
1967 - - -— — —_—
1968 22,255 3,885 13,209 0.5935 13,209
1969 94,491 14,762 50,191 0,5312 50,191
1970 117,202 22,236 15,602 0.6451 75,602
1971 23,000 8,008 27,227 1.1838 27,227
1972 54,000 3,805 12,937 0.2396 12,937
1973 34,361 2,536 B,876 0.2583 8,876
1974 19,800 KA — 5(0.6) (11,880)
1975 14,206 NA - 5(0.6) (8,523)
1976 16,812 NA - *(0.6) (10,087)

Prom Murai et al. (1981),

2Prom catch and catch per unit effort data (by vessel class) provided
by U.S.S.R. during United States and U.S.S5.R, fisheries meetings.

From data provided by U.S.5.R. for 1974 for eastern Bering Sea.
(Average hours per tow for three vessels classes: BMRT-7; SRTM-6; and
SRTR-6,)

“Catch times hours per ton.

‘Rounded average of 1968-73 data.
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Appendix Table 1D.--Estimates of trawl fishing effort for groundfish by
the V.8. domestic and joint venture fisheries in the Bering Sea-Aleutians
region, 1980-83, in number of hours.

1980

1981

1982

1983

Estinated number of hours of
trawling by foreign nations,
incuding Danish geine drags
(Japan) converted to hours
at 2 h per drag (from
Appendix Table 14)

Foreign catch of groundfish by
travlers (from R, Nelson,
Rorthwest and Alaska Fisheries
Center (with longline catch
subtracted)) (pers. commun.)

U.8. trawl catch of groundfish
Domestic landings

Joint venture landings
Total
(from R. Nelson pers. commun.)

Hours per ton of catch for
foreign trawlers (1 + 2)

Estinmated equivalent number of
hours trawled by U.S. vessels
in the domestic and joint ven-
ture fisheries (4 x 3)

Estimated total hours of trawl-
ing by U.S. and foreign vessels
for groundfish (1 + S).

446,815

412,487

1,282,114 1,258,347

5,858
32,668
38,526

0.3485

13,42

460,241

14,187
78,535
92,722

6.3278

30.394

442,881

396,785

1,178,050

24,800
108,603
133,403

0.3368

44,930

441,715

361,889

1,111,003

41,368
211,155
252,523

0.32%7

82,247

444,136
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Appendix Table 2C.--Estimates of trawl fishing effort for groundfish by the
U.5.5.R. and Polaud of f British Columbia (Charlotte-Vancouver areas), 1966-
76, in number of hours (MT » metric toms). (Bxcept for 1966, estimates are
derived from data for the U.5.S.R. hake fishery.)

U,.8.8.R, Poland

Hake No. Hake Estimated

catch of Effort Hours catch effort
Year (MT)? tows? (hours)? per ton (¥T) {houra)
1966 0 NA *(5,861) - 0 0
1967 11,260 2,458 6,145 0.5457 0 0
1968 35,804 7,708 19,270 0,5382 0 0
1969 52,792 10,050 25,125 0.4759 1] 0
1970 25,451 4,701 11,752 0.4610 0 0
1971 5,021 1,028 2,570 0.5119 0 Q
1972 5,816 931 2,328 0.4003 0 0
1973 13,840 3,101 7,752 0.5601 0 0
1974 1,799 403 1,003 0.5575 0 0
1975 3,493 RA (1,768)  5(0.5063) 15,704 (7,951)
1976 3,918 NA (1,983)  %(0.,5063) 2,054 (1,040)

'From Murai et al. (1981). No hake catch in 1966, but total
groundfish catch of 33,000 MT.

ZFrom catch and cateh per unit effort data (by vessel class) provided
by U,8.S.R. during United States and U.S.S.R. fisheries meetings.

’At 2.5 b per tow as derived from data for 1974 for British Columbis,
Washington, Cregon, and Califormia.

“Hours per metric toms for Japanese trawlers (923 h per 5,198 NT, or
0.1776) times 33,000 MT (U.S.S.R. groundfish catch).

SAverage for 1967-74; used to estimate effort.
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Appendix Table 2D.--Egtimates of trawl fishing ef fort for groundfish by the
U.S5.S.R. and Poland off Washington-Oregon-Califormia (Columbia-Conception
aregs) in the northeast Pacific region, 1966-76, in number of hours (MT =
metric tons), (Eatimatee are derived from data for the U.S.S.R. hake
fishery.)

U.8.5.R, Poland

Hake No. Hake Estimated

catch of Effort Bours catch effort
Yesr (M1)? tows? (hours)? per ton (MT)? (hours)*
19%6 128,000 NA 5(82,432) - 0 0
1967 195,092 50,346 125,636 0.6440 0 0
1968 67,89 16,054 40,135 0.5911 0 0
1969 109,225 21,893 54,733 0.5011 0 0
1970 200,754 25,825 64,562 0.3216 0 0
1971 146,726 26,157 65,392 0.4457 0 0
1972 111,269 17,277 43,192 0.3882 0 0
1973 134,060 20,566 51,415 0.3697 2,220 821
1974 156,708 24,725 62,175 0,3568 44,354 17,600
1975 155,405 NA 6(51,066) 7(0.3286) 41,542 13,650
1976 154,129 RA 7(50,646) 7(0.3286) 23, 668 7,717

IProm Murai et al, (1981),

*from catch and catch per unit effort data provided by U.8.5.R. for
1967-73. Data on number of tows and hours fished in 1974 provided by
U.5.58.R.

JAt 2.5 h per tow, as derived from data provided by U.S.S.R. for
1974,

I‘(:‘111:1:1:1 times hours per ton for U.5.S.R. fishery.

“Based on hours per ton for 1967.

‘Elt1mated from average hours per ton in 1974 and 1977,

7Average for 1974 and 1977. TWours pexr ton in I977 derived as follows:
Hours fished 26,036; hake catch 99,938; hours per tom 0.26035. :
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Appendix Table 2E.~-Estimates of trawl fishing effort for groundfish by the
United States joint venture and Cauadian joint venture fisheries in the
northeast Pacific region, 1978-83, in number of hours (MT = metric tons).

Japan-U.3.3.R.-Republic of Korea~ Tnited States Canads

Poland combinad joint venture joint venture

Eatimated Estimated
Bffort Catch Hourse Catch  effort Catch effort

Area Year (hoars)! (M) per tom  (M1)® (houre)" (MY  (hours)®
Colf of Alaska 1978 48,176 151,468 0.3181 43 15 - -
Shomagin- 1979 39,030 130,787 0.2984 1,522 454 - -
southeastern 1980 55,505 163,598 0.3393 1,911 648 - -
area 1981 52,917 198,942 0.2660 16,966 4,512 - -
1982 35,486 121,546 0.2920 74,450 21,739 —-— -
1983 31,827 115,950 0.2745 142,984 39,249 - -
British Columbia 1973 503 3,952 o.177 -— - 1,814 231
Charlotte— 1979 1,404 8,310 0.16%0 - - 4,233 715
Vancouver 1980 2,058 5,676 0.3626 - - 13,210 4,790
aTeas 1981 1,481 1,840 0.3857 - - 18,400 7,097
1982 581 2,421 90.2400 - - 20,051 4,812

19483 - ~= 5(0.2569) - _— 27,715 (7,120)
Washington~ 1978 24,888 99,028 ¢.2513 856 215 - -
Oregon- 1979 36,657 124,065 0.295% 8,034 2,610 - -
California 1380 12,302 48,505 0.2536 27,537 6,983 -~ —
Colombia- 1981 19,796 61,203 0.3234 43,557 14,086 - -
Conception 1982 -— -~ 7(0.2810) 67,465 (18,958) - -
aress 1983 -— -~ 7(0.2810) 72,100 (20,260) - -

Prom dppendix Table 2A.
om Forthwest and Alasks Yisheries Canter (MWAFC) dats file.
From Berger et al. (1984) :
*Catch times hours per tom for Japan, U.8.5.R., Republic of Korea, snd Poland.
ta for 1978-80 are from INPPC Statistical Yearbook for 1980, Data for 1981-83 are
from Pacific Marine Pisheries Commiseion Annval Reports for 1982-83,
SAverage for 1978-82,
"Avarage for 1978-81.
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Appendix Table 3.-~Trawl fishing effort for groundfish by the U.5. domes-
tic fishery in the Charlotte-Vancouver and Columbia-Conception areas of
the northeast Pacific region, 1956-83, ss reported or estimated, in pum~
ber of hours (MT = metric tons). Data sources: Catch: 195%-70, Inter—
national North Pacific Fisheries Commission (INPFC)} Bulletin 37; 1971-80,
INPFC Statistical Yearbooks; 1981, Charlotte-Vancouver—Columbia areae,
Northwest and Alagka Fisheries Center (NWAFC) data files; 1981,
Washington-Oregon-California landings, Pacific Marine Fisheries Commis-
sion (PMFC) annual report; 1982-83, Washington-Oregon-California landinge
PMFC annual reports; effort (reported): 1962-70, INPFC Bulletin 37;
1971-80, INPFC Statistical Yearbooks; 1981, NWAFC data file.

1982 (38,240) 19,120 £3.00 (199,388) 99,694 2,00 —_— -—
1983 (33,990) 319,495 €1.00 (173,610) 8,835 $2.00 - — .

Charlotte-Vanconver Columbia-Conception Colwmbis only
Ef fort Catch Bours Effore Catch Roura X fort Catch Koure
Toar (hours) () per ton (hours) (mT} per ton {bouxs} (a1 pear toa
195  (&6,489) 21,826 12,13 (78,302} 27,511 22,84 - - -—
1957 (41,137) 19,313 iz.13% (82,894) 29,188 T2 .84 - —_ -
1958  (41,30) 19,465 12,13 (76,276) 27,%2  22.B& - - -
1959 (48,741) 11,884 17,13 (73,931) 26,032 32,84 - - -
1950  (41,349) 19,422 12,13 (74,985) 26,503 22,84 - —_ -—
1961 (&40,479) 19,004 12,13 (74,476) 26,224 2.8k - - -_
1962 53,972 20,504 2.63 85,982 28,717 3.03 35,216 14,405 1.4
1963 (47,612) 22,353 12.13 71,782 29,035 2.47 12,833 13,7 0.91
1964 53,769 19,472 2.76 81,128 27,489 2.95 28,500 13,205 2.18
1965 49,878 24,154 2.06 87,110 30,603 2.85 27,065 14,454 1.5
1966 50,580 30,851 1.64 77,437 28,220 2.74 22,1% 11,844 1.87
197 45,787 28,362 1.81 71,178 31, Akk 2.26 19,431 16,303 1.19
1568 47,932 27,327 1.75 71,092 23,087 3.08 19,828 7,148 3.08
1969 32,611 26,929 1.95 74,048 25,494 2.90 20,882 7.m 2.61
1970 ki 595 21,552 1.98 79,155 26,048 1.04 3,052 7,576 3.04
13m 41,081 19,045 2.16 84,720 28,975 2.92 15,278 9,600 2.63
1972 39,217 19,065 2.06 99,745 35,569 1.80 26,279 8,982 .9
1973 36,855 18,275 2.02 105,52 36,565 2.89 14,090 8,081 2.98
1974 42,108 18,476 1.16 105,374 40,902 2.58 25,850 . 633 2.68
1975 43,661 17,257 2.53 131,895 38,392 3.18 33,771 10,143 1.0
1976 48,118 19,237 2.49 (105,769) £3,348  M14A 14,051 14,298 2.4k
1977 47 19 22 428 2.11 112,508 50,376 2.13 29,431 14,297 2,06
1978 47 612 2,271 1.05 136,904 64,999 2.1 o, 740 23,53 1.98
1974 51,913 26,110 1.9 (1A8,053) 79,173 4.8 72,193 38,693 1.87
1980 46 065 21,948 2,10 150,531 83,703 1.92 58,870 42,010 1.40
1981 &6 ,141 18,565 1.4% (178,3505) 85,369  *2.02 77,138 29,13 2.65%

lhvarage for 1962 and 1964-81. Used to satimate totsl effort,
IAvarage for 1962-75. Osed to estimate affort.
“Mpurs psr tom for Columbis srea. Used because of similarity of rates after 1967.

*Sverage for Columbis area in 1980-81.
350% of Washington landinge assumed to lave been fish takes in the Vancouver arsa. N

Yssswmed value.
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SUMMARY OF JAPANESE NET FISHERIES IN THE NORTH PACIFIC OCEAN!

Kazuo Shima
Oceanic Fisheries Department
Japan Fisheries Agency
Tokyo, Japan

Susmary of Japanese net fisheries in the North Pacific Ocean
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!The contents of this table were presented orally at the Workshop
on the Fate and Impact of Marine Debris. Provisional as of 1983,

Int. 3, Shomwrs and B, O. Toshida (editors), Proceedinge of the Workshop on the Fate and Impact
of Marine Dybris, 26-1% Movesber 1984, Honolnlw, Nsweii. U.S. Dep. Commer., FOAL Toch. Mewo.
S, WORA-TH-WWPR-SUFC-54, 1983,
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HIGH SEA GILL NET FISHERIES OF TAIWAN

T. F. Chen
Council for Agriculture
Taipei, Taiwan 107
Republic of China

INTRODUCTION

In recent years, Taivan's gill net fishing industry has developed
rapidly. Its production increased from 8,475 metric toms (MT) in 1970 to
53,856 MT in 1982, indicating am average annual increase of 3,782 NT. In
1970, there were 524 gill-netters with a total gross tonnage of 4,917 MT;
wost vessels were <50 MT. By 1982, the number of gill-netters had
increased to 1,284, total gross tonnage of 33,479 MT, but 1,209 vessels
vere <50 MT and 75 were between 200 and 500 MI,

TYPES OF HIGE SEA GILL NETS
Large Mesh Gill Nets for Marlin and 8agilfish

Construction: The gear consists of net, float, and rope, vith one
piece of net made of synthetic fiber, 340 meshes long and 103 meshes deep.
The knots are double trawler knots, with a mesh size of 30 cm for shark,
16 cm for sailfish.

¥ebbdi

Color: blue
Twine size: 210 D/3x6 - 210 D/3x2 for shark
210 b/3x6 - 2x0 D/3x8 for sailfish
Hanging coefficient: 0.55 - 0.60 upper
0.75 - 0.80 lower

Buoy line

Material: Polyethylene (PE) (diameter 11 mm) x 2
Cne in S twist
Cne in Z twist

flosts

Wumber: 4-5 for each piece
Shape: Sphere
Diameter: 0.3 = (1 fr)

© 3a B 5. Shomsra asd N, O. Yoshids (editors), Proceedings of tha Workshop on the Fata aod Impact
- ‘of Marine Debris, 26-19 November 1984, Nomeiulw, Hewsii, V.3. Dep. Commer., YOAA Tech. Memo.
TS, BOAM-TH-WFS-SUFC-354. 1995,
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Sink lipne

Material: Polypropylene (PP) (contsins lead line, 8 mm) x 2
One in § twist
One in Z twist

Weight: 150 g/m - 200 g/m (in sir)

Squid Gill Nets Used in the
Northwestern Pacific Ocean

¥ebbing (each piece)

Material: Nylon monofilament

Type of knot: Double trawler knot

Color: White-blue or vhite-green

Dismeter of monofilament: 0,.5-0.7 =m

Length: 500-900 meshes long

Depth: 60-120 meshes deep

Banging coefficient: 0,57-0.60 (upper)
0.60-0.64 (lover)

Mesh size: 11.5-9.0 cn

Byoy line
Materiasl: PEB (dismeter 9 pm) x 2
Float

Munber: One by each meter
Shape: FEllipticel
Buoy force: 250 g/m

Sigk line

Material: PP (contains lead 50 g/m) x 2
One in S twist
One in Z twist

Weight: 140 g/m (in air)
SQUID GILL NET FISHERY

Taivan started its squid fisheries in 1972 and operated in.the Sea of
Japan from July to October. When the 200-mmi economic zone was enforced
by the Soviet Union sud Japan in 1977, the squid fishing veesels began to
fish in the northwestern Pacific. At first, automatic squid jigging
machines were used, but about 1980, wome of the squid fishing veasels
changed to gill nets because of their high fishing efficiency and energy
economy. HNow they are the most important squid fishing gear in Taivam.
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Squid Fishing Vessels

In 1980, only 12 squid fishing vessels used gill nets, but the pumber
of squid gill-nettere increased to 101 to 1983. Most of the squid gill-
netters were converted from tuna longliners. Omly about 17% of the
vessels were newly built. The vessels range from 100 to 400 MT and about

50% are over 200 ML,
FISHING GROUNDS

Northwestern Pacific
(Fig. 1)

In the northwestern Pacific, the squid fishing season begins in the
middle of April and ends in November. But 80 to 90% of total squid
catchee are made from July to October.

The distribution and composition of squid vary with temperature and
scme other factors. The fishing grounds are located between lat. 35° and
45°N and long. 152°E and 158°W in water 11°-15°C. The species of squid
include Owmastrephes bartremi, Onychoteuthie borealj japonics, and

Moroteythis robusta. Ommastrephes bartrami is the most important species.
The mantle length of this species measures 25-40 cm, and the body weight

is between 450 and 2,200 g.

Squid fishing vessels operating in the northwvestern Pacific and their
production:

Squid jigging Gill net Total

No. of Production No. of Production Fo. of Production
Year yvesselsg (NT) wessels (MT) veasels _  (MT)
1977 6 880 -— — 6 880
1978 14 2,505 - —_— 14 2,505
1979 23 3,385 - —_— 23 3,385
1980 27 4,824 12 908 39 5,732
1981 28 4,686 &4 10,719 72 15,405
1982 25 5,42 73 19,287 9B 24,749
1983 34 9,180 101 14,257 135 23,436

South Pacific

The fishing grounds are about 200 mmi off northesstern Australia. The
gill nets sre usually set sbout 10 m below the surface of the water to
prevent the propellers of fishing vessels from being entangled with the
nets. Right £loats are used when they are set near the aurface.
Recently, monofilament nets have been used, especially in the marlin and
sailfish gill net fishery. Owing to their tramsparxency, good catches are
obtained with these nets in spite of hardness of the sonofilament.
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DEBRYIS ENTANGLEMENT IN THE MARINE ENVIRONMENT: A REVIEW

Nancy Wallace
The Butanglement Network
6404 Camrose Terrace
Bethesda, Marylaand 20817

ABSTRACT

A review of the literature shows debris entanglement is now
evident for many species in 21l ocesns of the world. Types of
debris range from large intact fishing nets to small plastic
fragments of unidentifiable origin. Konbiodegradable plastie
objects form a large portion of the debris. The term entangle-
ment herein covers interactions with objects by ingestion and by
encirclement or snagging of body parts in netting and loops.
Behavior leading to entanglement is categorized as accidental,
jndiscriminate, or deliberate. Birds, fish, and sea turtles
become weakened or die from both types of entanglement, through
accidental or indiscriminste encounters. Marine mammals suffer
primarily from encirclement through accidental catch in nets,
indiseriminate hauling out on balls of netting, and deliberate
playing vith loops and openings; they die from increased drag
and severed tissue, Humans are harmed primarily by snagging
of objects during ship operation and underwater activity.
Significant ecological harm is occurring in certain areas and
species., Significant commercisl loss may be occurring through
fish mortality and ship hazards.

Beach deposition, sinking, and environmental degradation are
poesible natural removal mechanisms. Potential human remowal
mechanisms zre a couplete halt to dumping, retention of caught
debris, and beach clearing.

INTRODUCTION

The use of nonbiodegradsble material in fishiog gear, containers,
peckaging, and objects has become commouplace throughout the activities
occurring in the marine emviromment. Disposal of these materials st sea
hes resulted in significant wortality in birds, fish, marine mammals, sea
turtles, and possibly bumana. This entire problem has beeu referred to as
debris entanglement: The unintentional harassment, injury, and mortality
of organisms through physical weans by objects of foreign material inm the
marine enviroment. Entanglement includes ingestion, primarily of smsll
particles, and wrapping, snagging, or emcirclement of body parts by debris.

Ja k. 3, Shoamra and B. 0. Yoshiids (ndims). m..‘m. of th'- Workshop on the Pate and Ispact
of Marine Debris, 16-29 November 1984, Bomolale, Lawmii. U.3., Dep. Commer., FOdi Tech. Memo.
nrs, mn-un—ww-m 199%,
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Debris entanglement cam occur either in abandoned n?tt%ng or B?mple trash.
Incidental entanglement in nets actively used for fishing is discussed
elaevhere.

SOURCES

Marine debris consists of a8 range of objects, reflecting the entire
spectrum of substances used in modern society including glass, m?tsl, wood,
rubber, and plastic. Plastic causes the major portion of harm, is the
longest-lasting substance, and is the most important of these in debris
"pollution."

In certain areas such as the Bering Sea, near major fishing grounds
and not near shipping lanes, the vast majority of persistent plastics
appears to originate with the fishing industry (Merrell 1980). This
includes discard of whole fishing gear, fragments of netting, and 2 range
of plastic trashk. It is estimated that in 1980, debris from the fishing
industry alone was being dumped into the Bering Sea at 1,361 metric tons
(MT) (3 million pounds) per year. Discarded net fragments from this indus-
try in the Bering Sea was estimated st 145,000 pieces per year (Merrell
1984). The worldwide rate for 1975 from the fishing fleet was 23,587 MT
(52 million pounds) of plastic packaging material discarded, and 135,172 MT
(298 million pounds) of plastic fishing gear, including nets, lines, and
buoys (Nationgl Academy of Sciences 1975).

Discarded netting ramges from whole nets down to small fragments of
several ounces. The high seas salmon gill pet fishery of the North Pacific
sets 8~ to 10-omi long nets, and the squid fishery sets 18- to 20-pmi nets.
At least 15,000 omi of drift gill net are used each day in the North
Pacific. All of this has potentisl for loss, tear, abandomment, and
accidental catch on the bottom. In addition, at least a large portion of
8ill nets wear out after 1 year of use, leading to discard of thousands of
miles of net each year (U.S. Department of Commerce 1984).

In other areas, where general shipping is the dominant offshore indus-
try, the majority of plastic debris appears to originate with the merchant
fleet industry (Dixon and Dixom 1981). This is confirmed by Shaughnessy
(1980) in an increase in Cape fur seal entanglement during declime of
fishing industry. Approxzimately 71,000 ships vere in operation in 1979,
according to Lloyd's of London. Each crewmember disposes of 1.1 to 1.6 kg
of refuse per day, plus 290 MT per ship per year of cargo-associated waste.
The solid waste from this fleet amounts to 6.5 million MT per year for
marine litter from the merchant fleet (Borsman 1982). From these figures,
1t appears the merchant fleet may be a source of as much or more plastic
than the fishing industry. The total discard for merchant ships was
estimated at 590 MT per year (1.3 milliom pounds per year} (Dixon and Dixon
}981) of total solid waste, sbout four times the weight of the fishing
industry’s plastic waste. It is not clear what the contents of shipboard
trash may be, aithough Horsman (1982) presents an in depth analysis for two
ships. Nonmbiodegradable material accounted for 26-30% of total ships'

waste, including glass and metal, 30 the fishing and merchant fleet plastic
-mn-_i.htion aay be about equal.
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Trash for our purpeses includes any object of foreign material,
usually of plastic, except netting. Monofilament lines, rope, twine,
packing bands, both for the fishing iundustry and cargo ships, floats,
plastic baggies, beer six-pack holders, lifejackets, and styrofoam packing
pellets are some examples. Horsman (1982) estimated 639,000 plastic con-
tainers are digcarded daily into the sea, along with other itema, This was
based on an average of 30 people per ship. These figures do not include
navies, however, vhich have, for example, floating cities of 5,000 people
on each airecraft carrier. Pleamore boats, research vessels, and oil tank-
ers also contribute large amounts of trash (National Academy of Sciences
1975). Venrick (1973} confirmed this scale of the discard problem with s
pelagic survey estimating 3 to 33 million plastic bottles on the surface of
the North Pacific from direct sampling.

Land sources such as coastal factories have generally been concluded
to be the source of the smmall (2-5 mm) "raw" plastic pellets or beads.
About the size of the head of & match, these are regularly shaped, rounded
pellets from intermediate processes in the plastics industry. Colton et
al. (1974) suggested that the plastics industry iteelf may be the source of
this debris in the rivers, estuaries, and coastal waters of the United
States. Studies showed concentration of up to 21 items per 2.5 cm® in
sediments downstream from factory outlets, and deposition in sediment
continuved downstream into estuaries. Surface concentrations of 101-250
gfkmz were found several hundred miles offshore, indicating that river
dumping of this plastic leads directly to pelagic plastic polluticm.
Carpenter and Smith (1972e) identified this problem in the Sargasso Sea
(3,500/\n?), Hays and Cormane (1974) found the source by sampling factory
effluent, Colton et al. (1974) demonstrated wide distribution off North
America, Kartar et al. (1973, 1976) for the United Kingdom, Gregory (1977)
for New Zealand beach concentrations at maximm of 100,000/lineal meter,
Van Dolah (1980) for the Gulf Streap, Shiber (1979, 1982) near eight
factories in Spain and for Lebanon, and Wong et al. (1974) for the Pacific
(34,000/xm? maxismm). The New Zealand beaches have been described as
covered with "plastic sand.”™ The plastics industry, through the Plant
Emission Study of the Society of the Plastic Industry, concluded to the
contrary that factory effluent waa not respoumsible.

The scientific commentaries above on pellet sources could be partly
challenged by Morris' (1980b) South Atlamtic survey. Aside from & probable
misinterpretation of the rounded ends as evidence of weathering, he pre-
sents excellent data suggesting these pellets zre now a ubiquitous, high-
densgity worldwide contaminant to the extent that the source is nowv unimpor-
tant. He found 1,000-2,000/km? on average in the Cape Basin of the ?out?
Atlantic. This constancy throughout the wvorld is confirmed by sauglxngzxn
the North Pacific (Wong et al. 1974) which found a maximm of 34,000/kn
including a distinct concentration peak in the eastern Pacific, and Roth-
stein's (1973) discovery of the same pellets from Leach petrgl stomachs in
1962. He points out that these pelagic birds feed not omly in the open
ocean, but avoid the Sargasso Sea, indicating widespread distribution of
pellets outside of low wind streas areas, even before the current sampling
device, the neuston net, was invented.

The sources are not at all clear for the -liilr jagged particles of
all sizes also now found arcund the world. BRothstein (1973) notes many of
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these particles were alsoc found in Leach's petrels in 1962. They are
undoubtedly the result of the breakup of plastic trash, but the sources of
the trash are not clear. Righer concentration of fshore even in industri-
alized areas indicates they are not shore—groduced (Van Dolah et al. 1980).
Yorris (1980a) gives a density of 2,000/1m“ in the eastern Mediterrsnean
for plastic pieces larger than 1.5 cm. Given the tremendoue worldwide
concentration of these pieces, until an estimate is made of the erigin of
these pieces, it would perhaps not be wise to allow ourselves the simple

conclusion either of fishing or merchant fleet discard as the largest
source of persistent plastics.

The source of elastic threads (rubber "offeuts") found in puffins on
the coast of England and Scotland and around the necks of dogfish off
Norway has not been identified. They may come from the garment industry.
If so, they appear to have come from the Europeean Continent, or be the
result of illegal dumping in Great Britain. There appears to be no reasom
to ignore the notion the thread could have floated from the continent to
the British coast, since there is no particunlar reason for them to sink.

The possibility that beach debris is produced by "picknickers" seems
to have been put to rest. Scott (1972) in a study specifically aimed at
this question, concluded from the conditionm, markings of origin, time and
place of observation that the contribution of "pickrickers” to shore litter
vas minimal relative to mea deposition., Dixon and Dixon (1981) snd Merrell
(1984) slso confirmed this, Merrell by selecting a spot virtually inacces—
sible and quite unappealing to recreational bathers, Amchitka Ialaund.

FATES

Since the plastic in netting is of either positive or neutral buoy-
ancy, discarded netting generally stays suspended at the surface. Plastic
and glass floats also usually stay at the surface.

When suspended, large pieces of net and monofilament line oftem "ball
up.” Balls of up to 9.1 by 30.5 m (30 by 100 £t) have been gighted.
Monofilament line may wrap around other objects, providing more opportuni-
ties in loops and twists for entangling. Netting which has caught on the
bottom, either causing abandomment or after discard, will stay vertical in
the water if the floats sre still attached. Sometimes these floats have
considerable buoyancy and keep a large net ™hanging® like & curtain for
Years. The nets will also, of course, stay vertical and continue to drift
if they still bave their floats and are not caught on the bottom. Most of
this plastic at the surface is lightweight polypropylene and polyethylene.

Abrasion or "crazing” of the surface of the debris may evidence a long time
in eirculation.

Other plastic materisl sinks partly or completely through the water
column depending on its density. Medivm—weight pieces (possibly poly-
styrenes, styrene copolymers) ere thought by Morris (19802, 1980b) to stay
suspended in the water colwm, in the colder, denser layers. Heavy pieces
(such as acrylics, cellulosics, substituted pelymers, vinyl polymers) are
‘fownd on the bottom, along with glass floate, netting, crab pots, wire,
Cans sad wetal fragments, cloth, synthetic rape, and twine, etc. (Feder
1978), = The variatiom in the water columm for the same typs of objects has
wot besn investigated or explained.
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Dixon and Dixom (1981) holds that most debris begina its journey with
deposition within 400 lm of land. Wong et al. (1974) also found a much
wider range of debris close to land; papers, elastic bands, and wood were
present only up to 500 mmi from shore. Carpenter and Smith (1972b) found a
much greater range of plastic types within several hundred miles of shore,
and Morris (1980b) found only the lightest plastics, polypropylene, and
polyethylene in the open ocean far from any sources. The accumulation of
abandoned ret at this time seems particularly concentrated in the Bering
Sea, most likely because of its tremendous fishing fleets (Merrell 1985).
Plastics and styrofoam sheeting are the other types of debris found in the
open ocean. The small pellets or beads in particular seem to occur quite
far from their probable source, in accord with other indications of having
been at sea for a long time. On the other hand, one must note generally
the lack of midcolumn and benthic research in these pelagic areas for the
deep waters and nonfishing areas.

Plastic and otber debris has been shown in several studies to follow
the standard pattern of drifting particulates at the surface, influenced by
wind and current. It moves with major currents umtil slowing down with the
current and little wind pressure. A significant concentration is evident
along long. 143°W of the eastern North Pacific, where the North Pacific
Current slackens, and other debris such as tar balls is known to

accumulate.

Wong et al. (1974), in their track eastwards along lat. 35°F (roughly
Tokyo-Los Angeles), found that plastic, although widespread throughout the
Pacific, wvas relatively absent in the western Pacific, completely absent at
long. 125°W, had a huge peak of accumulation in the easterm Pacific at
long. 143°W (coinciding with zero annual wind stress), and smaller pesks in
areas of the broad, slacker subtropical current from the weatern Pacific.
Shaw and Mapes (1979) also found the dominant factor of low met wind stress
southwards along long. 158°W. In interpreting the more southerly distri-
bution of plastics, combined with Wong et al.'s easterly concentration,
Shaw and Mapes suggest sources in the western Pacific and the eastem
Pacific snd, a fairly long lifetime in the water, ja contrast to Wong et
al.'s suggestion of 2 possible large contribution by Hawaii.

The Atlantic studies gemerally coufirm the overall widespread distri-
bution and significant influence by currents. Van Dolah et al. (1980)
shoved likely entraimment in the Gulf Stream, and Winston (1982), from the
sources of debris on a Florida coast, found evidence of entraimment in the
Guisna, Antilles, and Caribbeas Currents. From Carpentex's (19722, 1972b)
direct sampling of the Sargasso Ses surface, snd Winstou's ssmpling of
debris in Sargassum rafts washed ashore in Florida, considerable accumu-
lation is indicated in this low wind stress area, and in the windrows at
the edges of comvection cells.

Netting debris has zlso been reported on the coast of am island just
off the Antarctic contirent. Gajardos (pers. commun.) sew & net fragment
on South Shetland Island at the north tip of the Antarctic Peninsula, close
to the circumpolar current.

The length of time this debris remains in the ocesn appesrs quite
variable, from days to decsdes. The upper limit is wost likely the ghost
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nets completely esubmerged in cold water, since they are most resistant to
degradation and are exposed to the nininum of light, heat, and abrasion.
It is not koown how long the Plastic material survives under these condi-
tions, Weble and Coleman (1983) indicate Plastic particles on beaches may

last 5 to 50 years, so the upper limit for sunken nets is most likely above
50 years.

Dixon and Cooke (1977), using detailed dating techniques of containers
in a beach survey in confined waters close to the heavily traveled Straits
of Dover, showed that 83 were <2 years old and 873 <3 yeare, indicating
fairly quick removal from the ses surface (not necesgarily by beach deposi-
tion). In a controlled release experiment from a nearby city, 691 of
coutainers were beached within 24 days. This rapid removel is confirmed by
my winter beach survey in Argentina of a completely clean 100 m of beach,
and onlg twvo synthetic fragmeuts in 1 um. A local biologist (Lopez pers.
commun.) ssid the beaches have considerable continuous debris during the
summer when fishing vessels are offshore.

Merrell (1984) generally confirms this rapid rate of removal:
Decreased foreign fishing ef fort resulted in decreased beach litter in the
Bering Sea. Although the total reduction in fishing vessels is not clear
from Merrell's work because of inclusion of only foreign vessels, a
significant discrepancy between reduction of foreign trawl vessels (662)
and reduction of trawl-web accumulations (372) could show that 1) debris
discarded in openr ocean far from shore takes considerable time to drift in
and be deposited, or 2) that netting drifts more slowly than containers, or
3) that number of discards per vedsel increased though weight decreased, or
4) that the sane vessels are now fishing farther offshore, but a signifi-
cant portion of the nets are sinking before drifting ashore or coming
ashore on other beaches, or remaining in the ocean in a gyre.

The 10-year span of Merrell's study would tend to affirm at-sea aur-
vival time for floating netting Benerally of <10 years. The lomgest float
time estimates for recovered netting is 2 years (Tinney 1983), 4 plastic
packing bag found by Merrell (1984) was & years old. DeGange estimared 2
trip of over 100 km in 30 days for a 3,500 m net in the North Pacifie, or
roughly 3.3 km/day, suggesting loog drift times in the open Pacific.

Four natural types of removal from the sea have been discussed. Beach
deposition is the only well-documented mechanism. There seems to be no
significant deposition on rocky beaches, some on pebbled beaches, and the
Wost on sandy beaches. Deposition increases during winter storms over the
normal rate of deposition in the Bering Sea (Marrell 1980) sud in the
Mediterranean (Shiber 1982). :

After deposition, the debris is subject to burial, wind transport to
vegetation, gnawing by rats, and resuspension. Dixon and Cooke (1977)
found 6I of the material reexposed by storms after burial. To these
processes are added the envirommental and microbial decay presented below.
Based on my beach survey, it appears that a virtually complete elimination
of debris is possible in certain circumstances.

. The second mechanism is sinking. For netting, with accmulation of
fish and other species caught in the net, snagging ou the bottom, and the
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release of floats, the netting may sink at some point. The netting may be
removed effectively at this point, or it may start to interact with benthic
communities of crabs, lobsters, and other organisms., Considerable debris
has been found in benthic surveys of the Bering Sea. Debris was incidental
to the biota collected, but in the better sampling series of 1976, Peder
{1978) found that 41% of the trawls contained debris. Twenty-three of 43
items were plastic in a category including synthetic rope and twine,
plastic objects, and fishing gear categories. Alsoc in 1976, Jewett (1976)
found 57% of benthic trawls contained human-made debris. This ineluded
large numbers of metal items. This indicates sinking is also a significant
mechanism in the removal of debris, although ome must question whether this
is truly a removal.

A third process is envirommental degradation, by the ultraviolet
portion of sumlight, through photooxidation, erosion by sand abrasion,
molecular breakdown by heat and aging, and fragmentation by wave actiom.
The much lower incidence of reported debris entanglement in tropical
latitudes may be due to thie photooxidation mechanism. ¥ore brittle
plastics appear to break down rather quickly in light and heat. Dixon and
Dixon (1981) showed that older plastic containers {over 4 years) on beaches
were disproportionately fragmented, indicating these processes together
occur within 4 years of diascard. He suggests photooxidation generally
embrittles plastice within 2 years of discard, and that rates of decay for
plastic, glass, and paperboard containers are esgentially the same. Mote
flexible netting and synthetic twine are not nearly as vulnerable to these
processes, and Wehle and Coleman (1383) suggest some plastics may remain on
beaches for 5 to 50 years.

The fourth mechanism is microbial action. Although this is mentiomed
in various papers, it is not enumerated or quantified.

Tﬁe fifth mechanism, not one of volume but of great potential for
research purposes, is regurgitation of debrie om land by seabirds.

Based on observations of rapid declines in beach depositiom, it
appears there is gemerally a high rate of removal of debria by natural
mechanieme. As noted above, 100 elimination is possible for particular
areas. On the other hand, for the small pelagic pellets, because of
relatively slov rates of degradation at sea, there may be an opposite net
effect, that is, a cumulative increase with no equilibrium point, for this
one type of debris (Morris 1980b}.

The only buman removal mechanism now in effect is beach clearing.
Merrell (1984) noted trawl floats and inflatable crab pot buoys are prized
by collectors, and Dixon (1978) reported on a large amnmal municipal cleanuvp
in Britain. Although trawl fisheries bring up debris in almost every set
in the North Pacific (Branson pers. commum.), it is not retained at this
time. The overall volume of debris removed by humana is imsignificant,
though important for the areas cleared.

INTERACTIONS

An analysis of interactions of marine organii-s with debris shows
three distinct bebavior types. Some involvement vith debris is entirely
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accidental. The object is simply not perceived. The animal gets caught im
a net, line, or transparent plastic object which it simply does not see.

Other encounters are indiscriminate. This is particularly true of the
ingestion of debris by birds and turtles, and its use as nesting material
by birdas. The animal sees the object, but camnct distinguish it from am
appropriate, natural object. Among birds in particular, thie type of
behavior varies from species to species, and thus the impact of debris
varies as well. Scavenging birds will tend to interact more with debris,
whereas "picky" species will not. Thus species which benefit in other waye
from £lexibility in adaptation to humans will suffer more from the detri-
mental ef fects of debris by entanglement than species which are more
digcriminating and less adaptable to humans otherwise.

Third, some incidents must be categorized specifically as deliberate.
Young pinnipeds, with their natural curiosity, deliberately seek out
objects with which to interact and in cases of debris come in contact with
very differing objects. Indeed, the novelty and variety of the objects may
be part of their attraction. In these cases, the type and distribution of
debris will have much less effect on the overall rate of interaction and
impact of debris on these species.

EFFECTS
Birde

Birds are affected by four types of debris: Particles which are
eaten; trash and net fragments with openings in which their head, feet, and
wings are caught; lengths of monofilament and string which wrap around
vings, beaks, and feet; and large pieces of netting in which they drown
immediately.

RBothstein (1973) drew atteation to the existemce of significant
numbers of raw plastic pellets and broken pieces in Leach's petrel stomachs
collected in 1962, At least 741 of Laysar albatross carcasses exawmined in
1966 bas plastic in their stomachs or gizzards. The young birds had
appatently been fed the pieces by their parents after pick up at sea.
Kenyon and Kridler (1969) zlso observed that the albatross carcasses wetre
the source of abundant plastic litter on Laysan Island, vhere the tide
could not have deposited it. Although the overall amount of mortality was
not significant at this large colony, Kenyon and Kridler hypothesized that
the young nestlings camnot regurgitate the bulky indigeatible pieces along
with the nsual squid beak castings. He found two pieces of regurgitated
plastic sandwich bags. Of the 243 plastic items found in the carcasses,
only 1 piece of this baggie material was found; container caps, toys, and
broken pieces of plastic made up the rest.

Obviously, such ingestion has been occurring now for at least 22
years, and more likely for as long as plastic haa been manufactured. As of
1983, 15X of the 280 species of sesbirds are known to have eaten plastic
(Vehle and Coleman 1983). This now appears to be a widespread problem of

‘the feeding ecology of seabirds; species im the North and South Pacific,

Borth and South Atlantic, and the subantarctic have been found with plastic
in theixr stomachs.
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Ingestion probably affects birds (and other organismsa) in four ways:
blockage of passages, ulcerations through constant friction, toxic accumu-
lation from the plasticizers, and decreased appetite. Energy resources
may oot be available for the demands of the reproductive season if the
bird's crop is full of plastic and it feels "full." Ingestion seems to
affect epecies differently, depending on their natural capacity for regur-
gitation and other factors. If the bird is a scavenging species capable
of regurgitating, such as gulls and terns, it seems to be able to clear
its stomach (and gizzard) of accumulated debris. Elastic thread snd many
other types of particles are found in regurgitations at gull roosta {Pars-
low and Jeffaries 1972).

1f the bird cannot regurgitate, then the debrie stays in the birds,
adding to the stress and possible death. Puffins, which usually eat only
living fish and macrozooplankton, were found to have eaten elastic thread.
In the gizzard, the elastic thread balls up, forming a knot 1 em across in
one bird, and blocking the gizzard exit in another. Four of six puffins
collected in Great Britain outside the breeding season had elastic thread
in their gizzards. Bypothetical reasous for the ingestion of the elastic
threads were mistaken identity as pipefish, or ingestion during play. None
of three puffins collected during the breeding season from colonies had
ingested elastic thread. This species is known to travel conniderable
distances over the North Sea, wintering out of sight of land, and Parslow
and Jefferies (1972) suggest the presence of thread just in nonbreeding
birds indicates that this material is widespread in the Forth Sea. On the
other hand, over 100 guillemots and razorbills which frequently pick and
play with small floating objects, and also auks, collected in the same area
had no elastic in the gizzards.

Birde also become entangled in simple openings in trash, for instance,
six-pack holders, and styrofoam cups (Evans 1970). When they dive for an
object in the water, the plastic becomes jammed into the head or beak, and
the bird starves. A royal tern in Puerto Rico had its lower jaw impaled
even in & rigid plastic cup, but a common tern chick in New York was able
to free itself from a six-pack holder in which it would have been stuck if
it had been older and larger (Gochfeld 1973).

Entanglement in line begins with the earliest known reference to
entanglement (Jacobsen 1947). Today the main problem is monofilament
fishing line. Common terns and black skimmers from New York colonies
(Gochfeld 1973), brown pelicans in California (Gress and Anderson 1983),
and the magked booby in Rawaii (Conant 1984), are some examples. A black-
crovned night heron was rescued from a tree on the Few Tork coast, to
which it had become stuck by its dragging fishing line (Simon 1984),

There is little quantification of this impact, though it seems significant
only for the pelican, an endangered species. FPuncture of the pelicam
pouch by hooks at the end of the line is aleo a hazard.

The most serious impact on birds is most likely drowning in ghost
nets. High seas drift gill mets with the floats intact are right at the
surface, and the birds see the concentration of fish but not the netting.
Entanglement is almost always immediste and fatal. Based on data from
incidental take by the same process and gear, birde ate caught to a depth
of several meters, snd diving birds such as murres are cavght at the
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greater depths in the unets, and birds including shearwaters and alcids are
caught in the top layers. Diving birds comprise approximately 60 to BOZ of
the seabirde caught in actively used gill nets and may also comprise that
proportion of birds caught in ghost nets as well. The presence of other
species is thought to depend on distance from shore, time of year,
proximity of breeding colonies, type of fish in the area, and mesh size.

Fish

Fish also suffer from ingestion of particles and netting. Although
most important cowmercially, and very important ecologically, impact on
fish is the least researched and documented area.

The small plastic pellets have been found in the etomachs of eight
species of fiah off southern New England (Carpenter 1972b). Kartar et al.
(1973) also showed that bottom-dwelling fish in the Severn Estuary, England
have debris in their stomachs. One dogfish was caught off Norway with am
elastic band around its neck, similar to those eaten by puffins in the
North Sea (Parelow and Jefferies 1972), Fish in the Danube have also been
caught with debris around their bodies. These incidents do not appear to
be significant in harm er wortality.

Manta raye, another commercially fished species, have been documented
to be entangled in lost single strands of monofilament lines. The lines
wvrap tighter and tighter around the wings as the ray swims through the
water, and slice through the 20.3 to 25.4 em (8 to 10 in.) thick, fibrous
cartilage. Monofilament is known to have nearly severed these 3- to 4.6—m
(10- to 15~ ft) wings (Watermsn pers. commun.).

An urknown aud possible huge wortality up to twice the size of bird
loss may be occurring from ghost nets. Nets washed ashore typically have
numerous fish carcasses, and oue abandoned gill net was 3,500 m long. Less
than half (1,500 m) of the estimated total which was pulled aboard
contained over 200 chum and silver salwom, and other marine life ineluding
99 seabirds.

Salmon returning to Alsska have crosshatch markings on their sides,
indicating problems with netting. Concern has been expressed by the
industry about damage to this fishery from incidental catch, snd such
concerns would also be applicable to the free-floating abandoned gill nets.

Marine Mawmals

Marine mammals, although rot the most severely affected group as a
vhole, are the most well documented and involve the most critically
endangered species,

Marine mawmals die from debris entanglement in essentially three
different ways. If the fragments are large (more than sbout 4.5 kg (10 1b)
for the morthern fur seal) the animal drowns. Medium fragments (2 to 4.5
kg (4.5 go 10 1b) for morthern fur seals) lead to exhaustion, depletion,
snd starvation due to increased drag. The effort to swim, breathe, and
catck food becomes too much for the emergy level of the snimal (Feldkamp
1983). One unusually large piece removed from & live morthern fur seal in
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1982 measured SO m unraveled. Small fragments, including most of the
simple trash, kill slowly over months as the animal grows into tbe loop.
Fur, skin, blubber, muscle, and eventuslly vital organs are conmstricted or
cut through.

In the most dramatic instance of entanglement, 11 of the 26 Hawaiian
monk seal pupe borm in 1983 on one of the few breeding islands either were
entangled in netting or playing among netting and debris in the water.
Four pups of this critically endangered species were caught in 1683 in
netting which snagged on coral, and would have drowned with the next tide
had they not been cut out by scientiats (Tinmey 1983).

Debris entanglement ia estimated to cause 50,000 to 90,000 deaths per
year in the northern fur seal. The population in 1983 was dropping on the
main rookery in Alaska at about B8 per year. At leaat 50,000 deaths are
thought to be due to entanglement; the other 40,000 deaths possible
entanglement or possibly some unknown factor such as disease (Fowler 1983).
The proportion of entanglement from packing bands rose quickly from 5% in
1970 to 38X in 1973,

Cape fur seals have been documented to be entangled, primarily in
plastic, the largest compoment being packing bands, and also ir wire,
leather, and rubber rings. These animals were nearly all male (Shaughnessy
1980).

The southern sea lion, Otaria flavescens, (primarily males) has also
been documented to be entangled on the Argentine coast, again primarily in
packing bands (Ramirez 1984). Cardenas and Cattan (1984) report om
entanglement of the Juan Fernande: fur sesl, Arctocephalus phillippi, in
Chile, again mostly in packing bands.

The endangered West Indian manatee becomes entangled with crab pot
lines. One was found with plastic sheeting or bags in the stomach (Wehle
and Coleman 1983),

A minke whale was seen ingesting plastic while feedirg on the garbage
of a commercial fishing ship. The pygmy sperm whale, rough-toothed
dolphin, and Cuvier's beaked whale are also known to have ingested debris
(Wehle and Coleman 1983).

Sea Turtles

Sea turtles mistake flosting plastic bags for jellyfish. Upon being
swal lowed, the bag does not pass through the turtle and kills it through
intestinal blockage. Four of the seven marine turtle species have been
found to have ingested plastic (Wehle and Coleman 1983). Ingestion of
plastics has been documented in leatherbacks from New York, New Jersey,
French Cuiana, South Africa, and France; in green turtles from Japanese,
Centrsl American, and Australian coastal waters, and in the South Ching
Sea;: in hawksbills from the Caribbess coast of Costa Rica; and in olive
ridley turtles from the western coast of Mexico. 4 sea turtle was also
seen svimming in the Mediterrean wrapped in a large plastic sheet (Morris
1980a, 1980b).
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In addition, young sea turtles which zre supposed to feed on small
crustaceans cravling on sargassum rafts, pow bite styrofoem packing pellets
and tar balls (Pace 1984),

Land Mgmmals

The Spitzbergen reindeer, s small hardy reindeer of the northern
island of Spitzbergen, Norway, often becomes entangled in the masses of
petting washed ashore on the island (Tressault pers. commun.). A reindeer
on Atka Ial;nd. Alaska, vas also reported entangled in a fishing net (Beach
et al. 1976).

Humans

It is thought that some loss of human life during storms in the Bering
Sea may be due to loss of power or maneuvering ability from fouling of
propellers, shafts, and intakes. Some loss results from ships becoming
entangled in their own gear, and some from floating fragments and trash.

Nets caught on cbstacles such as rocks, offshore oil structures, and
pipelines ‘are a danger to divers and repsir workers. Scuba divers are
familiar with ghoet nets and these are thought to be responsible for some
double drownings. Sunken nets are a formidsble obstacle and recognized
danger to research and military subwmarines; near fatal encounters have been
reported (Evans 1970). Some catalogues of obstacles and wrecks exist to
help avoid these aremas,

Kavigational Hazard

As discussed briefly above, debris is a cause of ship disablement.
Most shipe carry a scubs diver to free the ship or debris. The impact of
the debris varies greatly with the size of the ship; large propellers can
¢hop through small lines easily, but a fragment from a container can easily
clog the intake of a small plessure boat.

Commarcial Loss

The most direct and probably largest commercial loss is im the
commercial fishing industry. Firast, the ghost net targets the fishery for
vhich the net mesh and fishirg technique were designed. Thus a discarded
8quid net would be most effective at catching squid, and crab pots keep
catching crabs. Secondly, other iocidentally taken commercial species,
such as salmon, would be lost proportionslly with the amount of discard.
Third, the netting will take additional resources as it moves (such as
sinking) into different areas. Sunken gill nets are thought to entrap
lobsters sud crabs, and would affect such species as the king crab.

When a ship is disabled, it must pay the mechanical repair costs,
including that of disentangling the propellers, added to the lost fishing
line, and each lost piece of netting must be replaced at full price.

: Other industries, such as carge shipping and recrestional boating are
incnrring costs in repair of damage caused by debris fouling. Govermments
also must pay to repair the same type of damage on Navy ships and for the
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Coast Guard to rescue ships under dangerous conditions wvhen disabled by
debris.

Commercial, subsistence, and recreational use industries involving
sesbirds are also affected by "ghost fishing." Slender-billed shearvaters,
gooty terms, eiders, thick-billed murres, common puffine, and at least 20
to 30 other epecies are harvested commercially for meat, eggs, and stomach
0il., Several of these are species which suffer the highest mortality from
netting (Cline et al. 1979).

Guano production of South American and African marine birds although
moat likely not affected by debris netting at this time, may be susceptible
since significant expsnsion in fisheries is expected in some nearby areas.

Subsistence use of birds by natives in Canada, Alaska, end el sevhere
is an iwportant part of their diet. The Faroese take puffin and murres,
and Eskimos and Indians on the Arctic cosst of Alsgeka and the Northwest
Territories have traditionally taken marine birds and eggs im an annual
spring hunt. The more isolated the compunity is, such as Banks Harbor,
Holman Island, Pint Hope, and Point Barrow, Diomeide Island, the greater
the importance this element is in diet and culture (Cline et al. 1979).

Recreational activity related to marine birds is an increasing
industry for certain aress as well. The gnall isolated St. Paul and St.
George Islands Aleut communities take in hundreds of thousands of dollars
each year from birdwatchers (in 1975, $160,000), one of the only commercial
sources of income. Companies in almost all Forth American coastal states
and provinces of both coasts have boat or airplane excursions to marine
bird viewing areas of fshore; and Alaska and Washington State Governments
and private orgapizations have ferries or excurgions to seabird colonies
(Cline et al. 1979),

Shore communities and resort areas are incurring costs to clean
beaches. It is unknown vhat portion of the litter is sea—deposited, but it
is known that large—scale, thorough clean vp of almost exclusively sea
debris on county and statewide bases requires funding for organization and
trash disposal.

Some comment has been made that sharks attracted to entangled fish and
corpses of marine msmmals have made bathing beaches dangerous aund may im
some cases force the closing of these areas, resulting in a loss to the
local dependent business.

Apart from these economic costs is the aesthetic and cultural coets.
This includes beaches and the open sea. Not only is this "cost™ often
paid by those not responsible for the debris, but it lowers everyone's
benefits and expectations for benmefits in the future, Although we have
become somewhst used to smeing spoiled beaches, this cost is not neces—
sary, and we could raise the standards back to the pleasure of the unclut-
tered besches of a century ago.

A final cost is the loss of feedstock to the plastics industry. The
cost of fishing snd netting to produce plastic raw materisls could be
avoided by retention and recycling of already manufactured uetting.



272

Commercial Benefits

Debris from discard may be perceived ss an economic advantage to the
plastic industry throogh an increased demand for netting when its tearing,
repair, and loes bears no cost for disposal of used netting.

The killing of marine mammals by debris may aleo be perceived asz a
beneficial result. By removing a competitor for certain species of fish,
the avzilability of those species would be increased, though the catch of
target species by the discarded netting would be increased simultaneously.

A small souvenir trade in glass floate bhas alsgo developed. A single
float approximately 4 in. in diameter now sells for about $10 apiece.

Ecological Impacts

Apart from impacts on single species, several ecological impacts have
been noted, but there has been no thorough study.

Plastic serves as an additional substrate for marine organisms.
Plastic in the Atlantic supports a limited number of species also found on
sargassum and some not found on the seaveed., There was a clear dominance
of one bryoroan, Elletra temella, which is not found on sargassum, over
other bryozsoans which normally dominate the available sesweed substrate in
that areas. Elletra tenella's large success off the Atlantic coast of
Florida is thought to be due to the large amounts of plastic debris in that
area (Winston 1982)., BEigher up the scale, tube worms are using the small
rav plastic pellets to build their tubes.

S8econdary food uptake of plastic pellets has been noted from the Bouth
Atlantic and South Pacific. Fish that ate pellets in Ecuvadorean ports were
taken by blue~footed boobies in the Galapagos Islands and by short—eared
owls. 4 broad-billed prion and its ingested pellets have been found in the
;ton;ch of a South Polar skua in the South Atlantic {(Wehle and Coleman

$83).

Seven endangered species are specifically vulnerable to debris
entanglement. The Hawaiisn monk seal, four species of sea turtles, the
brown pelican, and West Indian manatee have died, in descending degree, due
to entanglement.

Military Impacts

Evans (1970) pointed out the danger to Navy submersibles from ghost
nets nearly 15 years ago. Since then the interaction of submarines with
actively used fishing nets has grown to 2 rate of several per year around
the British Isles. The disability of either the fishing vesael or the
submarine or both appears to have tesulted. Although technically an
"incidental take" at the first moment, the emcounters can be expected to
lead inevitably to tearing and debris in the course of the entanglement.
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CONCLUSIONS

Entangling debris in general and plastic in particular appear to have
been in the marine environmemt for at least 22 years and probably since the
beginning of large—scale plastic manufacturing. In some form, such as
pellets, it is a ubiquitous, worldwide pollutant, and in other forms, such
as netting and trash, appears to be a large problem in areas of heavy
fishing and shipping. Natural removal mechenisms have a significant apnual
impact on decreasing amounts.

Up to one hundred thousand marine mammsls and possibly more die each
year. Half or more of the individuale of certain marine reptile species
are affected by the plastic litter, and beachcombing land mammals become
snarled in nets and die. Loss of human life may be occurring from
disabling ships, and sunken nets are a hazard to underwater work om
structures and deep submersibles. Direct financisl loss may be occurring
to the fishing and recreational industries.

The debris portion of the entanglement problem may be virtually
eliminated in perhaps 10 years by two simple steps: no dumping and
retention of debris brought up during sets.

For certain species, areas, and industries, alleviation before 10
years is highly desirable. Two additiounal actions, clearing beaches and
retrieving sighted debris, will be effective in reducing the problem
quickly for critical areas in about 2 years.

Research funds would seem to be beat spent equally on producing
information directly related to the motivation of fishers, and on
monitoring the impact onm endangered species to identify areas of critical
action. .

The plastic itself may be shredded amd recycled through melting and
respinning. Burning produces highly toxic, undesirable and unmanageable
chemical fallout. Biodegradable plastic netting is not perceived as
feasible by the fishing or plastics industry. Fortunately, attitude and
operational changes can ameliorate the vast majority of the problem
immediately. Preventive measures should be taken irn the last pristine
areas, the Antarctic and the southern ocean.
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STUDIES ON FUR SEAL ENTANGLEMENT, 1981-84, ST. PAUL ISLAND, ALASKA
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ABSTRACT

The incidence of northern fur seals entangled in debris has
been monitored during the commercial harvest of subadult male
seals on St. Paul Island, Alaska since the late 1960's, In 1981,
20Te intensive studies were initiated on the types of entangling
debris, the mode of entanglewment, the condition of the entangled
seals, and the frequency of occurrence by age and sex of seals.
Beach surveys were also conducted to document the occurrence and
accumulation of net fragments, plastic packing bands, strings,
and ropes. The wajority of the entangled fur seals examined
during the harvest were entangled in large mesh (>20 cm) trawl
net fragments. Plastic packing bande were the next most
frequently occurring entangling debris. Fur seals were lesas
frequently observed in a vaziety of items such as ropes, stringse,
rubber bands, plastic rings, and a metal headlight ring. The
seals entangled in net fragments were primsrily entangled around
their neck in mesh loops rather than in tears or holes in the
vebbing. Most of the entangled sesls did not have lacerations
from the debris. Observations wvere also made on seals which did
Dot have entangling debris but had scars and wounds indicative of
& prior entanglement. Entangled fur sesls tagged and released in
1983 were sighted in 1984 indicating the seals can survive at
least 1 year with the debris intact. Some of these tagged sezls
had lost the debris and others still had deep wounds.

INTRODUCTION

The entanglements of northern fur sezl, Cgllorhinus ursinus, in debris
wvere first reported on the Pribilof Islands in the 1930's. These early
Teaports were prisarily of seals entangled in rubber bands cut from inner
tubes (Scheffer 1950), Subsequent observatione of entangled seals were
noted frequently through the early 1960's. In the late 1960's concerns
OVer am apparent increase in the number of fur seals observed entangled in
Bet fragmwents during the commercial harvest resulted in a North Pacific Fur
Seal Commission (NPFSC) recommendation that member countries should make
efforts to document the incidence of entanglement and attempt to identify
and record the types and origin of fishing gear Tesponsible for the problem

Ia k. 8. Shomure and K, 0. Yoshids (editoxs), Mdlus of tlu'.Iorlr.-lwp ou the Fate and Impact

of Marise Debris, 26-29 Yoveaber 1984, Romolulw, Naweii. 0.5, Dep. Commer., WOAL Tech. Memo.
IS, NOLA-TH-EXYS-SuwC-54 1883,
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{NPFSC 1967). Fur seal managers in the United States have monitored the
incidence of entangled seals observed during the harvest since 1969 (Fiscus
and Kozloff 1972; Scordinc and Fisher 1983). Monitoring studies were
expanded in 1981 to include more detailed information om the nature and
extent ¢of fur seal entanglement.

This paper presents preliminary resulte of current investigations on
fur seal entanglement in 1981-84. The studies were primarily on entangled
eéubadult males observed during the commercial harvest. Although surveys
were conducted in the breeding and the haul-out areas, the information
presented on the types of debris and the condition of the animals is solely
from the entsngled seals that were rounded up for the harvest. Tabulations
of the entanglement data and the details of the data collection methods are
included in the background papers which have been submitted to the Standing
Scientific Committee of the North Pacific Fur Seal Commission (Scordino and
Fisher 1983; Scordino et al. 1984; Scordino et al.b).

METHODS

In 1981 debris from entangled fur sesls taken in the harvest was
collected end described. Studies were expanded im 1982 to include infor-
wation on gross pathology and age-weight—length information as described im
Scordiro and Fisher (1983). The skins from the entangled seals, as well as
other skins having characteristic scars or bruises in the neck area from a
prior entanglement, were closely examined.

In 1983 and 1984, studies were further expanded and included the
participation of Japanese scientists. Entangled fur seals appearing during
the harvest were restrained, examined, taggped, and released with the debris
intact as described in Scordino et al. (1984), The entangling debris was
exapined and sampled when possible, and the animal's gross pathology was
described. Seals without debris but bearing the characteristic scars or
cuts indicative of a previous entanglement vere included in the harvest and
closely examined. The skins from these “scarred seals" were reexamined in
the processing plant after the blubber was removed. Efforts were made to
resight the tsgged entangled seals and to survey breeding areas to determine
the antanglement rate in breeding males and females. Surveys for debris on
selected beaches were also conducted to document the occurrence and
aceumslation of net fragments, plastic packing bands, strings, and ropes.

RESULTS AND DISCUSSION
Incidence of Entanglement
A total of 403 entangled seals were observed during the harvest in

1981-84 which represents an average of 0.42% of the number of seals
harvested. Thie average is similar to the incidence of entanglement

lScordino, Jo. N, Baba, H. Kajismura, and A. Furuta. Fur seal
entanglement investigations, S8t. Paul, Alasks. Mamuscr. in prep.
Northwest sand Alseka Fisheries Center, Natiomal Marine Fisheries Service,
FOAA, 7600 Sand Point Way, NE, Seattle, WA 9Bl15,
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observed in earlier years which has averaged about 0.4% (Table 1). It
should be noted that the 0.4 is a comparative indicator of the rate of
entanglement among harvested seals each year. However, the actual rate of
entanglement among subadult males may be lower since there are wany wmore
seals included in the entanglement observations that are not harvested.
The harvest numbers include omly the seals taken and do not imclude
oversized seals that are released and others that escape back to the
hauling grounds.

Table l.--Northern fur seals observed entangled im debris during
the harvest on St. Paul Island, 1967-84.

Nomber of entangled smeals

Number of seals Percent
Year harvested Net Band Other Total of harvest
1987 50,229 — - - 75 0.15
1968 46,893 — - - 78 0.16
1969 32,819 - — - 66 D.20
1970 36,307 71 5 24 101 0.28
1971 27,289 69 35 6 113 0.41
1972 a3, 113 85 53 6 144 0.43
1973 28,482 B2 54 1 137 0.48
1974 33,027 90 160 - 190 0.58
1975 29,148 105 101 - 206 0.71
1976 23,09 50 47 ——— 97 0.42
19717 28,444 45 LT - 99 0,35
1978 24,885 75 40 - 115 0.46
1979 25,762 63 34 7 104 0.40
1980 24,327 B3 36 - 119 0.49
1981 23,928 68 20 14 102 0.43
1982 24,828 62 26 14 102 0.41
1983 25,768 79 18 15 112 0.43
1984 22,066 50 20 17 87 0.39

Surveys of the breeding areas in June through August of 1982-84
resulted in few sightings of entangled seals. The incidence of
entanglement among adult males and females is considerably less than that
observed among subadult males takep in the harvest. The incidence of
entangled females averaged <0.04% of the female seals observed in the
breeding areas. The incidence of harem bull (males holding females in

their territory) entsnglement is rare; only one such animal has been
teported in recent years.

Entangling Debris

A variety of items have been found on subadult male fur seals (Table
2). Most of the items float, thus it is likely that the sesls encounter
thes on the water surface. A notable exeception is a metal headlight ring
found on the neck of s sesl in 1983 which was probably picked up off the
bottom mearshore. The predominant debris found on fur seals in 1981-84 was
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Table 2.~-Types of entangling debris observed on fur seals during
the hervest om St. Paul, 1981-84.

Number of seals

Type of debris 1981 1982 1983 1984 Total
Net fragment, mesh size over 20 cm 45 52 52 37 186
Net fragment, mesh size under 20 cm 4 5 6 3 18
Net fragment, undetermined mesh size 19 5 2] 10 55
Monofilament gill net fragment 0 3 2 4 9
Cord used in net construction/repair 3 4 2 2 11
Plastic packing band 20 26 18 20 84
String 5 3 2 4 14
Rope 1 2 2 5 10
Rubber band 3 0 1 o 4
Plastic ring 1 0 1 1 3
Plastic gasket 0 0 2 0 2
Monofilament line 0 1 0 o 1
Plastic six-pack holder 0 1 0 0 1
Plastic packing web 0 0 1 0 1
Plaatic object 0 0 0 1 1
Lawm chair material 1 0 0 0 1
Cloth sack band 0 0 1 0 1
Metal headlight ring 0 0 1 0 1
Total 102 102 112 87 403

trawl webbing followed next by plastic packing bands. Infrequently
occurring items include ropes, cords, strings, and rubber or plastic bands.
The more unique items found on seals were & plastic six-pack holder for
canned drinks which was broken and stretched between two of the six holes,
a cloth band which is used to seal burlap on syntbetic sacks, and a flat 13
cm vide piece of half-moon shaped plaetic which had a small hole that was
just large enough to go around the seal's lower jaw.

Trawl webbing accounted for 62-72X of the entangling debris. Most of
the webbing examined since 1981 has had s stretched mesh size of greater
than 20.0 cm with the 23.0 cm mesh occurring most frequently (Table 3).
The larger mesh webbing (520 cm) has 2 greater entanglement potential than
the smaller mesh since each mesh loop in the larger webbing can become
entangled over a sesl's head; vhereas smaller mesh webbing would require
holes or tears of appropriate size to entangle a seal. Most seals entangled
in trawl webbing were caught in the mesh loops rather than in holes. The
high occurrence of larger mesh webbing on seals contrasts with the compo-
gition of webbing washed up on the beaches of St. Paul, St. George, and
Amchitka Islands. Yowler et al. (1985) reported over 702 of the net frag-
ments on these beaches were of smaller mesh sizes (<20 cm). If the debris
_on the besches of these three islands is representative of the debriz at
sea, then most of the webbing at sea (which is of smaller mesh sizes) has
low entanglement potential.
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Table 3.--Megh sizes of net fragments (excluding monofilament gill
nets) on fur seals observed during the harvest on St. Paul, 1981-84,

Number of seals

Mesh size (cm) 1981 1982 1983 1984 Total
7.0 1 - - -- 1
7.5 - 1 - ~— 1

10.0 - -~ 1 -— 1
11.5 1 ~- - - 1
12,5 1 1 - - 2
13.5 - - - 1 1
lﬁ'.o — - 2 - 2
15.0 1 - - 1 2
16.5 - 2 2 - &4
18.0 - 1 - - 1
19.0 - - 2 1 3
20.5 3 5 — 1 9
21.5 4 5 12 12 33
23.0 31 36 28 12 107
24.0 3 2 6 8 19
25,5 3 2 _— 2 7
28.0 1 1 1 1 4
29,0 - 1 2 - 3
30.5 - — 1 -_— 1
39.5 -— 1 - - ]
Undetermined 1% 5 21 10 55
Total 68 163 280 50 261

lOnc oversized seal with two different nets is tallied twice; once
235 3 16.5-cn mesh and once as a 39.5~cm mesh.

20ne oversized seal with two different nets is tallied tvice; once
45 3 14,0-cm mesh and once as a 16.5-cu mesh.

Note: This table does not include nine sesals observed entangled in
monofilament gill net fragments as follows:

1982 ~ Three seals were entangled in 11.5 ca mesh gill nets.

1983 - Two seals were entangled in gill net; one in 11.0 cm mesh and
one in 11.5 cm mesh.

1984 - Four seals wvere eutangled in gill net; ome in 11.0 e= mesh, one
in 12.0 cm wesh, snd two in undetermined mesh size.
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Plaatic packing bands were the next most frequently occurring debris
entangled on seals. The incidence of plastic packing bands ranged from 16
to 26% of the debris entangled on seals. This greatly contrasts with the
period 1974-77, when the bande accounted for 48-552 of the debris
entangled on seals, with the number of bands exceeding the number of net
fragments in both 1974 and 1977. Most plastic bands entangled on seals
vere hot-sealed into loops and the remainder were tied into a loop with a
knot. The loops had a circumference of 38-96 cm, and the bands varied in
width from 0.3 to 1.6 cm. The yellow plastic packing band ecccurred most
frequently followed by blue, white, greem, black, and pick. It is unknown
if fur seals are attracted to particular colors or if the incidence of some
colors is related to occurrence of the debrim at sea.

United States and Japanese gear experts examining the nets removed
from seals in 1982 and 1983 determined that all of the net fragments (other
than gill nets) were polyethyleme trawl nets. The majority of the net
fragments (67) were from bottom trawls; 9% were midwater traswl webbing, and
24% could not be identified to trawl gear type. The larger mesh sizes
commonly found entangled on sesls were from the belly and wing areas of the
travl nets.

The largest piece of debris found on a seal was a piece of trawl
webbing weighing 6.75 kg. However, the most frequently occorring debris omn
seals were small pieces of trawl webbing weighing <150 g. The smaller
pieces of debris (weighing <150 g) including the small pieces of webbing,
plastic bands, and other debris account for over 602 of the debris found on
seals. The high incidence of small debris entanglements may be dve to the
seals "playing" with smaller pieces of debris, as they do with kelp, and
becoming entangled in the process. Observations of seals avoiding contact
with actively fished high seas gill nets (Jonmes 1982) indicate that seals
are probably aware of larger pieces of webbing and therefore do not
haphazardly become entangled. It is likely that entanglement is probably
due to the seal's investigative nature rather than seals “blindly" running
into debris at sea.

Effects of the Debris

Entangling debris can detrimentally affect a seal if the debris is
constricting, causes lacerations, or impairs swimming or feeding abilities.
Most euntangled seals have the debris around their neck, but a few had
webbing around their flippers that might directly impair swimming. Also
the increased drag caused by larger net fragments a¢ described by Feldkamp
(1984) may indirectly impair swimming and feeding ability. In soume
instsnces the debris may directly impair feeding. An example of this is
three seals observed in 1983 that had webbing around their head snd mouth
that would impair food passage.

Most (641) of the entangled seals observed in 1982-84 did not have
cuts or wounds., This may be because the animals became entangied recently,
or it could be that it takes & long time for cuts to develop. The type and
quantity of debris appear to affect the progression of skin trauma. The
animale with 360° wounds wers most frequently entangled in small single-~
strand pieces of debris. Conversely, there was only one seal with an open
wound smong those with more than eight mesh loops of webbing arcund their
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neck. The thin pieces of debris, such as the monofilament gill nets and
strings {(when tightly bound on the neck), appear to cut the skin more
rapidly since all seals observed with this debris had open wounds.,

The incidence of wounds on entangled seals increased with inereasing
age. Open wounde were observed on 24X of the entangled 2-year olds, 30% of
the entangled 3-year olds, 507 of the entangled 4-year olds, and 82% of the
entangled seals 5 years and older. This increased incidence of wounds with
age suggests the possibility that seals can survive entanglement for long
periods of time as the debris slowly cuts into the skin as the seal grows.
Supporting this is the observation of one seal, entangled in webbing and
without wounds in 1983, which as resighted & year later with debris intact,
still without wounds. However, other observations (Table 4), such as five
seals vith debris and without wounds in 1983 and subsequently resighted in
1984 with wounds, might suggest the debris cuts through the skin in a
relatively short period of time. Unfortunately, the ages of these tagged
seals vere not determined (since they vere released alive), and the
possibility of differential growth rates csmnot be assessed.

Entanglement Scars on Seals Without Debris

Esch year a number of seals are observed without debris but possessing
characteristic cuts, bruises, or scars on their necke and shoulders. These
marks have been determined to be csused by prior entanglements (Scordino
and Fisher 1983), Before 198l these "scarred seals” were included in the
okin procesaing plant tally of skins with eutanglement scars, but they were
not tabulated separately from the skins which came from seals that had
entangling debris on them when taken, Conversely, some of the skins from
entangled seals do not have marks or scars and because of this, they may
not have been included in Past processing plant tallies. Due to these
discrepancies, pre-13981 processing plant tallies could not be used to
determine the number of geals bhaving prior entaglement. To obtain
informetion on the numbers of seals that were previously entangled, the
studies in 1982-84 emphesized observations on entanglement scarred seals
during the harvest and observations of skins iz the processing plant.
Entanglement scars are not slvays obvious and sometimes difficult to see on
live animals, but are usually apparent in the dermis sfter the blubber has
been removed or when the geard hair has been removed during the finishing
Process. One example of this is a skin observed in the processing plant
that had & monofilament 8ill net imbedded in the blubber around the meck
frez, yet no scars nor sbnormalities were visidle in the hair.

In 1982, 91 (0.37%) of the seals harvested had characteristic scars or
bruises in the hair and skin around their necks or shoulders indicative of
& prior sntanglement. Most scars were not evident on live seals, becoming
evident only on the skin during processieg: 22% were obaserved on the
animals during the field harvest; 371 were observed on skins in the skin

Procassing plant on St. Paul; and 41X were observed on skins after the
guard bhair was removed.

Bighty-two (0.321) of the seals harvested in 1983 and 68 (0.312%) of
the seals harvested in 1984 had scars or bruises indicative of a prior
entanglement. The 1983 and 1984 figores do not iuclude observations made
on the 1982 eking after guard hair removal and therefore may be low. Most
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Table 4.,——Comparative observations of entangled eeals tagged in
1983 and observed in 1984 with debris intact.

Tag

Xo, 1933 Observatioms 1984 Obeervatiouns

423 Fet graen; tight on low neck. Net gresn; on tight. 360° open
360* deep open wound, 2 cm wide. wound; 2 cm wide, skin bulging.
Mesh sntapglesent; 21 om mesh. One mesh loop around neck.

436 Het green; tight but mot binding FNet greaen; on meck. Deep cut.
on neck. No wounds. Five mesh
loops around neck; 23 cm mesh.

444 Net gray; loose ou neck. No Net gray; on tight. 360° open
wounds. Five mesh loops around wound; skin bulging.
neck; 23 cm mesh.

64 Rope greemish; tight on neck. One strand of undetermined debris.
270" open wound; 90° healed over 360* open wound. Xnot wentrally
ventrally. Tied into loop via one with 3 cm of twine hsoging.
knot.

h66 Net gray; loose om nack. 360* Wet gray; on nack. (¥o further
deep open wound; 2-6 cm wide. cbservations reported.) Met
Two mesh loops arcund neck; removed by biologists om St.

23 cm mesh. George.

W58 Net brownish red; tight on neck. String yellowish; oo neck. 360°
¥o open wounds. Two mesh loops open wound; wide, deep wound.
around neck; 21.3 ca mesh.

A71 Net gray; tight on neck. ¥o open Net gray; on tight but not
wounds. Ten mesh loops around binding. ¥o opem wounds.
neck; 21.5 cm wesh.

472 Net gray; tight on neck. %o opem Nat gray; on tight. 360° open
wounds. Eight mesh loops around wousd; not deep; but through
neck; 23 cm mash. okin,

%30 Het green; very tight on neck. Net green; very tight on neck.
360" open wound; not deep, but 180° open woand dorsally; doem
through skin. More than two mash not appear cut ventrally. For
loops arcund neck; 24 em mesh, scars at gape of mouth suggest-

ing mash loops may have entangled
around wmouth.

A87 Net green; tight but not binding Met gray; on ceck., 350* open
on neck. No open wunds. Large wound; wery deep cut, skin
quantity of net; 16.5 cm mesh. bulging. Ove strand of debris
Wabbing had whitish repair cords with large kaot vantrslly.
entwined.

489 Flastic gasket; tight ou meck. Plantic gasket; om neck. 360°
360° open wound; not desp, but deep open wound down to wmuscle,
through skia. Gasket was cut off and sesxl

relessed alive. Seal sighted
2 weaks later with bealed
wound .

A97 et gray; tight om ueck. 3607 Bat yellowish; on ueck.

desp opsn wound. Towr strands Beep cut.

szownd weck.
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(601) of the entanglement scars in 1983 and 1984 were observed during the
field harvest. Although observations during the harvest of larger males
with entanglement scars have been recorded, they are not included in the
above totals since these arimals, which are longer than the established
harvest size limit, are allowed to escape the harvest. Since no efforts
were made to examine each of these escaping seals, the number of previously
entangled seals on the haul outs may be greater than that reported above.

The occurrence of these entanglement scarred seals clearly indicates
that the seals can rid themselves of entangling debris, and that
entanglement does not always result in death. Observations of seals
without debris, but with open wounds around their neck indicate that seals
can rid themselves of debris even after it has cut into the skin. This is
further evidenced by observations of skins with prior-entanglement scars
that had new skin growth, indicsating a prior open wound.

Tagging Studies

Over 150 ectangled fur seals (primarily subadult males) were tagged
and released with the debris intact in 1983 and 1984. These tagging
studies provide nev insights not only on the longevity of entangled seals,
but aleo on the incidence of debris loss. Although it was known that some
seals rid themselves of entangling debris, as evidenced by observations of
past entanglement scars, it was uot known how frequently this occurred nor
vhat types of debris were involved. It was assumed that seals entangled in
large or trailing pieces of webbing could snag the webbing on rocke and
pull themselves out, but it was never thought that seals could rid

themselves of tightly bound emall pieces of debris such as plastic packing
bands,

Of the 95 entangled seals tagged in 1983, 257 were resighted in 1984,
This wes a much greater return than anticipated., A comparison of this with
the tag recovery of unentangled seals under similar conditions (Griben
1979) shows no statistical difference (P > 0.95) in the returns of
entangled seals (A. York pers. commmn.). This suggests that the mortality
of entangled seals is not significantly different from that of ™ormal™
seals over a l-year period. It was 2180 agsumed when these studies began
in 1981 that entangled seals with 360° open wounds would not survive more
than 2 fev months (Fowler 1982), but as shown in Table 4, wounded entangled
seals can survive at least 1 year with the debris intact. 0f the entangled

;ea};s;elightnd with debris intact in 1984, 50T had open wounds when tagged
a .

0f the entangled seals tagged in 1983, 181 were resighted without
debris (Table 5). Most of these had no open wounds when tagged, and many
bad ne marks or scars visible when resighted. The entangling debris on
these sesls was: 357 emall pieces of webbing, 182 larger pieces of
webbing, 181 plastic packing bands, and 29X miscellaneous debris such as
strings, rubber bands, gaskets, snd other items. It was surprising to find
t?c higher frequency of loss of smaller pieces of webbing, since these
Preces are not large snough to get stuck on rocks or other objects to
enhance the seal's escape. It is not obvicus as to how seals rid
themselves of small debris. The plastic bands and the trawl webbing are
uade of polyethylene and therefore would not bresk of f the seals easily.
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Table 5.--Observations of entangled seals tagged in 1983 and subsequently
observed without debris.

Tag Date Date observed

Ko. tagged Obaervations at time of tagging without debris Notes

403 7/5/83 Net green; tight but oot bind- 7/28/83 No debris.
ing on neck. No opem wounds.

Very small quantity of net.
Bighted 7/25/B3 with debris
intact.

411 7/8/83 Band vellow; tight but not 7127/84 Ho debrisa. Wo open
binding on low neck. No open wounds; slight
wounds. indentation in skin

over left shoulder.

420 7/11/83 Rubber band on head. Ho open B/2/83 Fo debris. No marks.
wounds.

425 7/12/83 Band white; loose om nack. 7711/84 Sesl not chmerved,
180* open wound. Sighted but one tag was
8/1/83 with debris intact. found during harvest

drive, As no previ-
oualy tagged, entan—
gEled seale were sean
in the bharvest; the
seal may have loat
the debris.

428 7/13/83 Nat green; tight but not bind~- 7/16/83 Fo debris. HNo marks.
ing on neck. Ho open wounds. and
Small quantity of net. 178184

429 7/13/83 Net green; tight but not bind~- 7/20/84 No debris. WNo marks.
ing on neck and flipper. No
open wounds. Meditm amunt of
net. Sighted 7/25/83 with
dabris intact.

430  7/13/83 HNet gresn; tight but not bind- 7/2/84 No debris. Ko marks.
ing on neck. Mo open wounds.

Large smount of net. Sighted
7/20/83 with debris intact.

&34 7/13/83 Band yellow; tight but not 8/3/83 No debria. PFur mark
binding on neck, No open on neck, B @ vide.
wounds.

£33 7/14/83 VWat green; on neck and £lip- 7125/83 No dabris.
par, Wo open wounds. Large
amoynt of net; 15 sash locps
around neck. Sighted 7/19/83
with debris intact.

FY4 | 7/15/83 Met gray; loose on nsck. To 8/8/83 Ko debris. No wmarks.

oper wounds, Ssall mwount of

net.
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Table 5.~~Continued.

Tag Date Date observed

Ho. tagged Observations st time of tagging witbout debris Notes

442  7/15/83 ¥Net gray; very tight on neck. 1/5/84 Debris pot observed.
270* open vound. One mesh 360" open wound,
loop total., Sighted 7/25/83 Sighted again on
with dabris imntact. 7/19/84; definitaly

no debris; laceration
hesled.

416 7728783 Plastic packing material; T7/24/84 No debris. Slight 60°
tight on shoulders. No open fur mark on right
wound . shouldar.

417 7/29/83 $tring beige; tight on ehoul- 716/84 Ko debris. Obvious
dars. 70° open wound oun esch fur marks on shoul-
shonlder. Sighted B/3/83 with ders; appeartr to be
debris intact. receutly healed.

A2 7/29/8) Net gray; loose on nack. Mo 1/22/84 No debris. Scars
open wounds. Omall amount of present on neci.
net.

493 8/5/83 Rubber gasket; tight on neck. 8/1/84 No debris. Faint

o open wounds, scars present.
493 8/3/83  Met gray; loose on neck and 6/24/B4 No debris.
flipper, Mo open wounds.
Small amount of aet.

498 8/5/83  Cloth basd white; loose on 7/27 134 Mo debris. No
nack. Wo open wounds. marks.
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Algo it is unlikely that the debris would slip off over the seal's head
since it is likely that the debris would move poateriorly to larger parts
of the body as the seal swims forward and the posteriorly sloping guard
bairs would tend to resist movement of the debris anteriorly towards the

head.
CONCLUSIONS

These studies provide basic data on fur seal entanglement and shed new
light on the potential impact of entanglement on northern fur seale. Fur
seal mortality resulting from entanglement may not be as high as has been
assmed (e.g., see Fowler 1982). The tagging and resight dats suggest that
entangled seals may not experience increased mortelity, at least over a
l-year period. Previous assumptions by Fowler (1982) that seriously
wounded seals would die in a short period of time are not supported by the
tagging data. The likelihood of entangled seals ridding themselves of
debris is much higher than previously assumed especially in view of the
observations of seals that had rid themselves of various types of debris
and the relatively high incidence of entanglement scars on fur seals
without debris. These observations and others made during this study, such
as the apparent low probability of entanglement in much of the debris at
sea, indicate that past analysia and assumptions on the potential impact of
entanglement of the fur seal population need to be reevaluated and further
investigated.

Further studies on the incidence and effects of entapglement by age
and sex are needed. Current studies were essentially limited to the
subadult male seals during the harvest and should be expanded to include
detailed information on all entangled seals including females occurring on
land from June through September. Increased resighting effort is needed to
obtain further information on entanglement mortality amd loss of debris.
Surveys of debris washed up on the beaches of the Pribilof Islands, other
aress in the Bering Sea, and in the North Pacific should continue 8¢ as to
determine the abundance of debris with entanglement potential and the
deposition and recyling of such debris.
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AN EVALUATION OF THE ROLE OF ENTARGLEMENT
IN THE POPULATION DYNAMICS OF NORTEERN FUR SEALS
ON THE PRIBILOF ISLANDS

Charles W. Fowler
National Marine Mammal Laboratory
National Marine Figheries Service, NOAA
Seattle, Washington 98115

ABSTRACT

The population of northern fur seal, Callorhinus ursinug,
on the Pribilof Islands has been declining since the mid- to late
1970%¢ at the rate of about 4.0-8,0Z per year. Previouse work has
pointed to the possibility that mortality caused by entanglement
in fishing debris and plastic packing bands is contributing to
this decline. In this earlier work crude estimates of mortality
rates were derived, scme being based on a comparison of the
composition of debris on seale with that on beaches. Evidence
that entanglement may be involved in the population decline is
seen in the fact that the observed entanglement and the decline
correspond in time. At a more detailed level, correlations exist
between estimated mortality rates, rates of change for two
components of the population, and observed entanglement.

In this paper details concerning these correlations are
presented. One of the most important correlations is that
observed between the rates of change in estimated numbers of pups
bern and entanglement observed in the harvest. All of the differ~
ence between the expected rate of increase at current population
levels and the current rate of decline is accounted for statisti-
cally in this correlation when the rates of decline are lagged to
account for the mortality and maturation of the parental females,
There is a similar correlation for adult territorial males with
femnles, again lagged to account for maturation. Detaile of the
correlation between entanglement rates and the discrepancy
between expected and observed early mortality in males are also
presented. Based on this correlation none of the extra 15 to 202
wortality currently observed would be expected if entanglement
rates were zero. Changes in the index of the survival of animals
of the ages taken in the harvests, as based on changes in the age
structure of the harvest, correspond in time with observed
entanglement rates but are not correlated with them.

Although the contribution of entanglement to the curremt
decline appears significent, a precise estimate of entanglement

Ja B. 5. Shomars sud B, O. Yoshida (editors). Proceedings of tha Workshop on the Fate and Impact
of Marine Debris, 26~19 November 1984, Honelulw, Hewaii. U.5. Dep. Commer., WOAL Tech. Memo.
WS, JOAA-TH-NMF3-SWFC-34, 1985,
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csused mortality has not been produced. Advances have been made,
in this regard, through the analysis of the age structure of
entaungled animals in the male harvest as compared with the
entangled animals,

INTRODUCTION

The population of northern fur seal, Callorhinus ursjnus, on the
Pribilof Islands, Alaska, has been declining for about the past decade at
spproximately 4.0-8,0% per year (with a mean of sbout 6.1%) zs determined
from the numbers of pups born each year eince the mid-1970's (Fig. 1).

This decline occurred after the development of extensive commercial fisher-
ies in the late 1960's in areas used by fur seals, so commercial fishing
was suggested =8 2z potential causal factor. It wes thought that reduced
food supplies might explain the decline (U.S. Department of Commerce 1980).
However, changes in growth, pup survival, and other characteristics of the
seals themselves (i.e., the health of individual animals) were found to be
inconsistent with a limited food supply (Fowler 1984b), Diseases, preda-
tion, and toxicants have been identified as other possible contributing
factors although none of the limited data for these factors have been found
to show any significant relationship with the decline.

Northern fur seals on the Pribilof Islands have been observed
entangled or caught in debris since at least 1936 (Fiscus and Rozloff
1972). Barly observations indicated that seals were entangled in rubber
bands, cords, strings, and rawhide. In the early 1960's fishing effort
in the Korth Pacific and Bering Sea increased (Low et al. 1985), as did
the use of synthetic nonbiodegradable fibers in fishing nets and packing
bands. The entanglement of seals in such materials increased from the mid-
1960's to the early 1970's (Fig. 1). Currently (1984-85) about 0.4% of the
harvested juvenile males are entangled. This figure includes & few older
animals taken specifically because they are entangled. Entanglement rates
have been recorded from the harvest consistently since the mid-1960'sg and,
88 such, are both close to and serve as good indices of the portion of
harvestable-aged msles that are entangled. About two-thirds of the pieces
of debris found on these aninals are fragments of travl net webbing. Most

of the remaining objects are plastic packing bands (Fowler 1982a; Scordino
and Fisher 1983),

Entanglement in lost or discarded fiahing gear or other debris, as
4 poteatial contributor to the decline in fur seals, has been seen an
historically sssociated with the incresse in fishing activity and the
decline ic fur seals (Fig. 1), The general temporal correspondence of
these events was the basis for suggesting that entanglement might be the
cause of the decline (Fowler 19824, 1982b). These circumstances alone,
however, were insufficient to clearly identify the extent to which entangle—
ment might be contributing to the decline. Early estimates of the mortality
rate cansed by entanglement were provisiomal; inprovements were needed.

_ All attempts to estimate entanglement-caused mortality rates have
involved making various sets of assumptions for which there are limited
dats., These exercises, snd the associsted population modelling (Fowler
19824, 1982b, 1984a; Swartzman 1984), clearly demonstrated the feasibility



293

500 -

375

250

Estimated pup numbers (thousands)

125 -
. Female \
' Harvest !
a 1 1 1 1 1 1 -
1950 1960 1870 1980
Year
sor q 08
] r
g 30  Female harvest ' ‘| Entanglement - 0.6 g
g P \ ' | =
< A g
% 20} ;] 1 q04 E
: | g
2 ‘ ' | E
@ l ' )
£ \ g
S 10} ll 402 Z
[T \ [N}
Y “
0 i 1 LY Al 1 1 0
1950 1960 1970 1980
Year

Figure l.--The estimated number of pups corresponding to the
female harvest and observed entanglement for St., Paul Island,
Alaska, 1950-84. The dots in the top panel show estimated pup
numbers for 1950 to 1984. The solid line represents the running
arithmetic mean of 3. The bottom panel! shows the female harvest

for St. Paul and the entanglement rate observed in the harvest of
subadult wmales.

of entanglement 86 & cauge of the declining fur sesl population but made
very limited progress toward statistically reliable estimates of the
resulting mortality. Increases in the estimated mortality of juvenile
males during the first 20 wonths at sea did not rule out reduced
reproduction as a contributing factor in the overall population decline,
bot helped focus attention on entanglement and other possible sources of
mortality such as diseases, toxic substances, and predation.
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In this paper, statistical analyses of the correlations between the
decline and entanglement rates are presented, aleng with an attempt to
estimate entanglement—caused mortality of males between the ages of 2 and 3
based on the age structure of entangled animals compared with the
nonentangled males taken in the harvest on St. Paul Island, Information
regarding changes in the survival of older males is also presented.

Correlation Between Survival and Entanglement

In choosing among emigration, changes in survival, and changes in
reproduction, the three principal possible czuses for the current decline,
scientists have made special note of the decrease in the survival of
subadult males {North Pacific Pur Seal Commission 1982, p. 26). The
current decline has been explained by assuming that the survival of females
is equivalent (or nearly equivalent) to that estimated for males (Trites
1984}, Between 1965 and 1970 the mean estimated survival during the first
20 months at sea for young males was about 41X whereas the current rates
(1980-85) are down to nearly 302 (Fowler 1982a).

Observed entanglement rstes rose between 1965 and 1970. Prior to
1963, the estimated survival of young males (0- to 2-year olds) at sea was
correlated with the survival of pups on land (Lander 1981). Pollowing
1965, however, this correlation no longer existed (Fig. 2; Fowler 1982b).
To examine the potential role of entanglement in this unexpected change,
tests were conducted to see if the discrepancy between observed survival

and that expected from pup survival on land was correlated with observed
entanglement rates.
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Figure 2.-~The discrepancy between predicted and observed
survivel during the first 20 months at sea for males, based on a
correlation between at-sea survival and on-land survival at St.
Paul Island from 1950 throuvgh 1965 (updated from Fowler 19821h).
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First, a simple linear analysis of covariance was conducted to see if
estimated survival of young males at sea is correlated with pup eurvival on
land. No significant correlation was found vhen using all available dats
from 1950 to the present in spite of a significant correlatiom for the data
from 1950 to 1965, When the observed entanglement rate was introduced as a
covariant (assuming zero rates for years earlier than 1967), the resulting
multiple regression model was found to represent a significant relationship
(? < 0,05), These results indicated the need to look more closely at the
effect of entanglement in spite of some of the violations of the assumptions
involved in linear regression analysis (e.g., thet the independent
variables exhibit variance).

Another approach was designed to examine specifically the relationship
between observed entanglement rates and the unexpected reductiom im
survival shown by the multiple regression model described above. First, to
elucidate any trend that might be hidden by year-to-year variability, the
interannual variability of the discrepancy shown in Figure 2 was removed by
calculating a running arithmetic mean of three yearly observations. These
(means) were then plotted against the rate of entanglement observed in the
year of birth of the cohort to which the survival rate applies (Fig. 3).

Rate af entzngiement (percenth

0 0.1 0.2 03 04 0.5 06 07 08
T T T T T 1

-0.10

-0.156

Discrepancy (percent)

—030L

Figure 3.~~The correlation between the discrepancy between
predicted and observed survival of juvenile male fur seals
and entanglement rates 1 year later.
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The two variables defined were found to be significantly correlated
(Fig. 3) uning rank correlation tests (P < 0,05). The line shown in Figure
3 was determined by minimizing the sum of the squared error defined as the
perpendicular distance between the points and the regression line (Ricker
1973, 1984). This process was used in place of ordinary linear regression
since both variables exhibit a nonzero variance. The objective was to find
the underlying relationship between the two varishles,

The equation for the regression line of Figure 3 is
y = —0.016 - 0,360x (1)

vhere y is the discrepancy defined above and x is the observed entanglement
rate for the year after the birth of the year class for which the estimated
survival was calculated. From this relationship, if there were no entangle—
ment we would expect slmost no difference between the observed survival and
that expected from the correlation with pup survival on land. This
expectation is consistent with the view that natural survival {(survival ae
sffacted by factors other than entanglement) is responding in a density-
dependent fashion, but overall survival currently includes a significant
effect dus to entanglement. There is a etatistically significant relatiom-
ship between early survival at sea and the two variables of estimated pup
numbers and observed entanglement rates (Fowler 1984b). Neither variable
is significantly related to early survival alone.

One potential problem with the approaches taken above involved the
introduction of serial correlation in the dependent variagble by taking mean
over time. Therefore, further analyses were conducted using the raw data
(i.e., no 3-year averages) for the discrepancy in Figure 2 as correlated
vith observed entanglement rates. Again, rank correlation tests found a
significant relationship (P < 0.05). The intercept of the regreggion line
resulting from ordinary linear regression anslysis of the raw data was not
found to be significantly different from zero (i.e., not different from a

regression equation which would predict zero discrepancy at zero levels of
entanglement),

Correlation Between Rate of Change in Pup Wumbers and Entanglement

If high mortality of young animals (0- to 3-year olds) is csusing the
decline in population, and if this mortality is caused by entanglement, a
correlation between the rate of change of pup numbers and observed
entanglement rates should be observed. This correlatiom would be expected
to involve a time lag to account for the time required by females to reach
reproductive maturity (about 6 years, York 1983).

The historical data were examined for such a correlation by removing
interannual varisbility in estimated pup numbers by using the mean of three
sdjacent data poiuts in place of that of the second year (Fig. 1). The

rate of change was then calculated from these means as a simple annual net
rate of change (y):

Y=, -n)/m (2)
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where N.41 = pup numbers (mean of 3 years) for year t+l1 and

N, = pup numbers (mean of 3 years) for year t.

These rates of change were then plotted against the observed rate of
entanglement of subadult males from 6 years earlier (Fig. 4). Rank
correlation analysis showed this relationship to be significant (P < 0.05).
The line shown in Figure & resulted from applying the procedure of Ricker
(1973, 1984) with the regression equation:

y = 0.0760 ~ 0.2782x (3)

where x is the observed entanglement rate 6 years prior to the year of
calculated change.

12

Rate of change {percent per year)

Rate of entanglement {percent)

Figure 4.--The correlation between the rate of change in
estimated fur seal pup nunbers (as determined from a runming
mean of 3) and observed entanglement rates 6 years earlier.

Although serial correlstion of the dependent variable may inf luence,
to some extent, the accuracy and precision of the results of the analyses
above, we have ideutified in Equatiom (3) a relationship between entangle-
ment and the rate of change in pup mumbers on St. Paul Island. Assuming
that this relationship can be represented by Equatiom {(3) and that it
represents the role of entanglement, sn incresse in pup numbers at the rate
of about 7.6% a year would be expected if the euntanglement rate were zero.
The current rate of decline of sbout 6.1I per year corresponds to the
approximate 0.5 observed entanglement rate of 6 years ago {obtained as the
mesn of entanglement rates observed in 1975-717).
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As mentioned above, the intercept of the regression line in Figure &
can be interpreted as a prediction that pup wumbers would be increasing at
the rate of 7.62 per year if the entanglement rate were zero. This rate is
insignificantly different from 7.4X per year, the rate of change observed
in the early to mid-1920's when pup numbers were last at currently observed
levels, The difference between the current rate and the rate observed in
the early 1900's is 13.5% (7.4 + 6.1 = 13.5), In other words, pup numbers
are changing et rates 13,51 less than expected for current population
levels. The relstionship shown in Pigure 4 accounte for all of the
difference.

Conventional linear analysis, again potentially influenced by serial
correlation, produced similar results. The intercept of the resulting
regression equation was not significantly different from 7.4% (at zero
entanglement). In this case, howvever, there is another potential problem
associated with the variance in the observed entanglement rate as the
independent variable. Conventional linear regression assumes zero variance
for the independent variable.

A final analysis of this relatiouship invelved rank correlation in
vhich the rates of change were used directly, without taking running means
of 3. Again a statistically significant relationship was found (P < 0.05),

Correlations Between Rate of Chamge in
Rumbers of Adult Males and Entanglement

Counts of adult male fur eeals are conducted each year. Territorial
males with females are & well-defined component of this population and have
been counted since the early 1900's. An analysis of the entanglement rate
of females is not possible since no reliable and precise estimates of the
total number of females have been produced. However, for males it is

possible to test for any correlation between entanglement rates observed in
the harvest and reduced recruitment.

Figure 5 shows the rate of change in numbers of adult males with
females on their territories plotted against the observed entanglement rate
in the male harvest 9 yesrs earlier. This lag was introduced to account
for the time required for males to reach active reproductive status in the
breeding population (Johnson 1968). The rate of change was calculated
using Equation (2) with adult male numbers (raw datas) instead of the
moothed dats for pup nmmbers. The relationship is significant as
deternined by rank correlation (P < 0.05), asseming any problems introduced
by serial correlation are insignificant. The line shown is the regression
equation resulting from the application of the equations in the Appendix.

Age Composition of Entangled Versus Nonentangled Males

Young fur seals appear to become entangled st greater rates than slder
snimsls (Powler 1984a). Work by Japsuese scientists supports this (North
Pacific Fur Seal Commission 1984, p. 39). Using captive animals and video
recording equipment at the Izo Mito Oceanarium in Japan, it was unoted that

the y;umgor animals (mostly females) become entangled more often than older
.n-i-..o C
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Figure S.—-The correlation between the rate of change in
territorial male fur seals with females at St. Paul Island,
Alaska, and observed entanglement 9 years earlier.

If the animals of harvestable age are subject to entanglement-caused
mortality, the age composition of entangled animals in the harvest should
differ from that of unentangled animals. If young animals suffer more of
this type of mortality, the age composition of young emtangled animals
should differ from that of two other groups. Pirst, their age composition
would be expected to differ from that of unentangled animals of the same
age. Secondly, it would be expected to differ from the age composition of
older animals regardless of entanglement. Thus, assuming that the
probability of being taken in the harvest is independent of being
entangled, the ratio of 3-year olds to 2-year olds in the harvest should be
the same for each group (entangled and vonentangled) if no sdditional
mortality occurs among the entangled animals.

Table 1 is s presentation of the number of animals in each age
category, broken down by whether or not they were entangled, for the 1582
harvest of males (S8cordino and Fisher 1983). A chi-square contingenmcy test
shows that the distributions of the two cstegories are not the same. The
ratio of 3-year olde to 2-ysar olds is different for the two categories.
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Table l.--Age conposition of the harvest of entangled
and unentangled male fur seals on St. Paul Igland,
Alasks, 1983 (from Scordino and Fisher 1983),

Number
(percent of totel in category)

Age Entangled Unentangled

2 13 (13) 2,078 (8)
3 44 (43) 15,167 (61)
4 30 (30) 7,046 (29)
5 6 (6) 517 (2)
>5 8 (8) 23 (<1)
Total 101 24,831

No attempt is made to drive entangled 2- or 3-year—old animals for
harvest in preference to unentangled snimals of the same age (J. Scordinc
pers. commun.), It seems safe, thez, to assume that, within each age
class, both entangled and unentangled animals have equal probsbilities of
being harvested. Uander these conditions, the ratio of 2Z-year olds to 3-
year olds in each category should be the same after applying a conversion
factor to account for any difference (D)} which presumably would be due, at
least in part, to mortality:

13 2078
D—- B o ————— (4)

44 15167
D = 0,46 (5)

The entangled animals in this sample have an estiamted 54X (1.0 - 0.46 =
0.54) lower survival rate betweem the ages of 2 and 3 than the natural
mortality experienced by the unentangled snimals. This difference could be
the result of seversl factors including the loss by the seal of its
entangling gear, entanglement-caused mortality, or & violation of the
assmmption of equal probability of being taken (differential recruitment).

These data are comsistent with the conclusion that younger snimals are
wore prome to entanglement-related mortality than are older animals. As
seen in Tsble 1, older sge classes do not show the difference in age
distribution between the entanglement categories that are observed betweem
2 aod 3 primarily because older entsngled snimals are actively selected for
the harvest. Also, data presented by Scordino (1985) imdicate that older

# msy not experience as much entanglement-caused mortality as is '
indicated for 2-year clds above. If animsls (including females) between
birth and the age of 2 are more prone to entsnglement thsn older animls,
only part of the 54 reduced survival shown need be attributed to R
hclh.llﬂlt—u-ud mortality to be of sufficient importance to cause the
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Entanglement and Recent Changes in the
Age Composition of the Harvest

The mean age of the harvest animals taken on St. Paul Island has
declined since 1970 as indicated by an increase in the portion of 2-year-old
animale and a decrease in the portion of 4-year olds (Fowler 1984b). This
change way have been due to either a change in survival or age-specific
utilization rates. If utilization rates are consistent, an index of
survival can be obtained by relating the numbers of animals of one cohort
to the number of animals from the same cohort taken the prgvious year.

Such an index was calculated for all cohorts and normalized to produce
comparable values. The resulte are plotted in Figure 6 and show an
increasing trend in the index of survival for the period over which the
population declined in response to the female harvest (1956-68). Since
1970, however, the survival index of animals between the ages of 2 and 5
has declined nearly to levels observed in the 1960's,
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Figure 6.~=-A survival index for 2- to 5-year-old male fur seals

as cslculated from the age conposltlon of the harvest, 1957-81,
St. Paul Island, Alaska,.

The declining trend in the index of survival implied by these data
coincidee in time with the occurrence of observed entanglement. Any
relationship between the two variables is supported only by this temporal
correspondence, however. There is no statistically significant correlation
between the variables. It is possible that survival has changed little and
that instead the harvest rate of males has increased in parallel with
changes observed for other species (Fowler 1980) for which effective effort
increases as the harvest populstion declines. Data preseanted by Scordino
(1985) indicate that mortality attributable to entenglement among older
males is less than for younger sanimals. If this is the case, changes in
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the age structure may be vholly a product of gradual changes in the harvest
to result in increasing utilizstion rates among younger snimals. This is a
conclusion reached by York (1985).

DISCUSSION

Attempts to estimate entanglement—caused mortality have been based on
limited data (Fowler 1982a, 1982b), Assumptions about the size composition
of net fragments involved in entanglement, the mortality rate of asanimals
entangled in emell debris, and the degree to which females are entangled
vere necesdsary to arrive at these estimates. F¥urther analysis and more
recent information showed that earlier estimates wers probably low (Fowler
1984a), but resulted in no more accurate estimates. However, consistency
among the various estimates supports the view that there is a cause-and-
effect relationship behind the correlations in Figures 3, 4, and 5.
Nevertheless, it remains difficult to produce precige estimates of the
mortality rates caused by entanglement.

Recent information emphasizes that entanglement is more of a problem
for young seals than for older seals. Work by Japanese scientists
indicates that young enimals exhibit a greater tendency to investigate
debris snd become entangled than do older aniamla. (An observation made at
the Honolulu Workshop on the Fate and Impact of Marine Debris, November 26-
29, 1984. Also see page 39 of North Pacific Fur Seal Commission 1984,)
Their vork also shows that young females become entangled and that animals
of both sexes often can free themselves once entangled in debris. The
reaction of the population on St. Paul lsland is consistent with higher
juvenile mortality as indicated by the importance of time lags between
observed entanglement rates and reduced pup production (presumably because
of reduced recruitment of females) snd the decline in the nwmbers of adult
males. The difference ir age stxucture between entangled and unentangled
animale in the harvest is also consistent with lower survival for entangled
animale between ages 2 and 3 than for unentangled amimals,

IZ most entanglement involves animals in their first few months at
ses, and if seals in small net fragments suffer mortslity at the rate
indicated by the age distribution of harvested animals, it is possible that
only 9.7X of the animals entangled in smaller debris return to be seen as
3-year olds (0.46 « 0.097 from the 0.46 survival of Equation (4) applied
ovar 3 years). The total entanglement in small debris would be about
0.003/0.097 = 0,031 or 3.1% (0.003 being the approximate fraction of 3-year
olds in the harvests that are observed entangled, Table 1), Accounting for
the size composition of the net fragments, 15.5%7 (0.031/0.2 = 0.1555) of
the young sesls may become entangled. (!§ making the same assumption as in
previous work (Fowler 1982a, 1982b, 1984b that the probability of gpimals
getting caught is independent of net fragment size and that besch samples
repredent the composition of debris st sea, it is possible to account for

animsls vhich have died and not returped to land.) The majority, 90.3%
(1.0 - 0.097 = 0.903), of these would die.

It is possible that the correlations presented in this paper are the
fortuitous result of other correlated causal factors which have so far gone
uanoticed, or that chance alone has resslted in the other observations that
indicate entanglement could sccount for the current decline. The
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correlations observed might also be affected by the analytical procedures.
However, we are not faced with only one or two isolated cases of this
nature. There is a growing number of such factors. They include the
several correlations between entanglement and the decline, the several
estimates of mortality due to entanglement which are consistent with each
other and with the decline in fur sesl herd, and the ways such factors
combine into quantitative models which mimic recent dynamics of the fur
seal population. When considered collectively, these observations indicate
that entanglement-caused mortality is a major contributing factor in the
decline in the fur seal population of the Pribilof Islands. So also do
details concerning the size composition of entangling debris, beach samples
of debris, captive animal studies, studies of the occurrence of debris at
sea, and studies of age composition of entangled anrimals in the harvest.
The levels of mortality comsigtent with the data, in each case, are
sufficient to explain the decline as verified through modelling studies
{(Svartzman 1984; Trites 1984)., It is unlikely that such a combiration of
circumstances would occur if entanglement were not causing or comtributing
significantly to the present decline.

There exists & number of other factors which may be considered of
potential importsnce in the decline of fur seals on the Pribilof Islands.
These include such things as emigration, predation, diseases, the
commercial harvest of males, reduced reproductive rates, reduced food
supply, and toxic substances. Although there are often limited data, and
further research is needed, the existing information generally indicates
that the influences such factors are having on the population are not
abnormal and that presently there is little or no reason to believe they
are contributing to the decline (Fowler 1985). Some possibilities are
inconsistent with observed changes in the population. For example, reduced
food supplies are inconsistent with the density dependent responses of
increased growth rates (body size) and increased pup survival (Fowler
1984b). A correlation exists between estimated juvenile survival and
eastern Pacific sea-surface temperatures (York 1985). Such a correlatiom
nay imply an effect through the food chain which could be contributing to
the decline but would again be incomsistent with increased body size.
Further exploration of these possibilities is presented in Fowler (1985)
where it is again emphasized that further research is needed.

CORCLUSIORS

Eatanglement and several gaspects of the population dynamics of the
northern fur seal population on the Pribilof Islande, Alaska, are signifi-
cantly correlated as indicated by data from St. Paul Island. The differ-
ence between the current rats of decline in pup numbers and the rate of
incresse experienced in the 1920's (vhen the population was last at current
levels) is explained through & correlation between rates of change in pup
puombers and entanglement observed in the male harvest (Fig. 4). Similar
correlations exist for the rate of change in the count of breeding males
with females in their territories (Fig. 4). Unexpected increased in juve-
nile mortality (estimsted for males and assumed to apply to females as well)
are explained through correlations with observed entanglement (Fig. 2).

Anslyses of the limited data empbasize that mortality rates caused by
entanglement are consistent with those which wocld cause the current
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population trend. Furthermore, most of the existing information indicates
that entanglement-caused mortality is primarily a problem for animals
younger than 3 years of age, but involves most age classes to some extent,

Although it seems clear that entanglement is an impertant factor,
limited progress has been made in providing accurate estimates of
entanglement-caused mortality. The precise extent to which entanglement is
contributing to the decline of northern fur seals on the Pribilof Islands
has not been determined. There ie a continning need for studies to
determine the degree to which females are involved in entanglement and
estimates of resulting mortality.

Because of the consistency between the observed rates of entanglement
and recent population trends, future studies should be directed toward
determining better estimates of the entanglement—caused mortality by age
and sex. Because of limited direct cause-and-effect information, and
recognizing that other contributory causes of the decline may exist, future
rasesrch should include studies of possible changes in reproductive rates,
the effect of diseases and toxins, and changes in the fur seal's ecosystem.
The need for studies of the influence of envirommental conditiouns is
emphasized by the recent work of York (1985),
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APPENDIX

The following equations were used to perform regression analyeis for
this paper and resulted in the regression lines shown in the figures. In
each case x; is the ith observation of the independent variable a?d yi the
corresponding observation of the dependent variable. These equations
result from assuming both variables show & nonzero variance and minimizing
the perpendicular distance between the data point and the lime of o
regression, The regression equation for the underlying relationship 1is
assumed to be:

Y =a+ bX (5)

The estimate of the intercept (a) is:

i=]

n n
a-(zvi-bixi)ln (6)
i j=l

wvhere n is the sample size of the points defined by x and y and b is
estimated by:

”~ -q iqu“"Pz
b = min 7)
2p
where
n n
Ix. I _.
n i=] t 1-1’1
Pp= Ixy. - (8)
i=1 n
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n 2 n 2
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STELLER SEA LION ENTANGLEMENT IN MARINE DEBRIS

Donald ¢. Calkins
Alaska Department of Fish and Game
Anchorage, Alaska 99502

ABSTRACT

Observations of Steller sea lions involved in entanglement
of marine debris have been made throughout the Gulf of Alaska and
in southeastern Alaskas. Two categories of debris, cloeed plastic
packing bands and net material, account for the majority of
instances of entangled animalg. RNet material appears to be

primarily from fishing trawls, although the exact origin remains
obscure.

Photographic evidence and necropeies show extensive tissue
damage suffered in the neck ares of entangled animals. Some
animala have acars on the neck indicating recovery from entangle~
ment. However, severity of wounds observed suggests that, in
many cases, the emcounter is fatal,

In theory, sez lions swim forward only, and they apparently
seldom “back up,” thus, once foreign material encircles the neck,
there is little likelihood of it being removed. Polypropylene or
plastic netting material or packing band material is known to be
long lasting and, therefore, can remgin on the animal's neck as
an abrasive irritant over long periods. Decay of the foreign
material poesibly could be hastened by sgentd which may be
produced from the necrosis of tissue allowing some animals to
eventuslly shed the entenglement material, and if the damage is
oot too severe, survive the encounter.

Two beaches in the northern Kodiak Archipelago were surveyed

for marine debris. Emphasis was placed on material vhich was
cousidered to have potential for entanglement with sea lions.
One beach was surveyed on the west side of Afognak Island which
w&s exposed to the drift mechanisms of Shelikof Strait, and the
other beach surveyed was exposed to the Gulf of Alaska and the
Rorth Pacific Ocean.

Debris noted was divided into four categories: nets,
Plastic bands, ropes, snd buoys. The first three categories were
further divided as follows: nets--potentially entangling since
>1 =% and not entangling since <1 a2; plastic bands--oper or
closed loop; ropes-~>1 m and knotted on the ends as potentially

IaR. 5 Shomere end %, 0. Yoshida (editors), Froceedings of tha Workshop oan the Fate and Impact
of Merine Dabris, 26-29 November 1984, Nosmolulu, Nawaii. U.8. Dep. Cowmer., NOAA Tech. Nemo.
s, WOAA-TH-ENTE-SVRC-54, 1935,



309

entangling and <1 m or not knotted on the ends as mot entangling.
Buoys by themselves were not considered as potentially entangling
and lines attached to buoys were considered under the category of
ropes. Some interesting differences were noted between the two
beaches. Substantially more net material >1 m® was observed on
the beach in Shelikof Strait than the beach exposed to the North
Pacific Ocean. Most plastic band material found was cut. One
beach had no closed packing band loops. Slightly less tham half
of the rope material found was potentially dangerous to sea lions
and far more rope material was found on the beach exposed to the
Pacific Ocean than the beach exposed to Shelikof Strait. More
buoys were also found on the Pacific Qceam beach.

INTRODUCTION

The Steller sea lion, Eymetopias jubatus, is a conepicuous, large
pirniped which inhabits the North Pacific Ocean and adjacent seas. Sea
lion habitat in these areas extends from approximately 23 m above mean
high tide at rookeries and hanl-out areas to the continental shelf break
on the high seas., They are highly mobile animals and movements exceeding
1,500 km have been documented (Calkins and Pitcher 1982). During May
through July, Steller sea lions gather on traditional roockeries to pup and
breed. Other haul-out areas continue to be used during this time by
nonreproductive animals. Although there are at least 100 locations in the
Gulf of Alaska and southeastern Alaska vhere sea lions haul out on a
regular basis, only 11 of these are major breeding concentrations, or
rookeries (Calkins and Pitcher 1982), The largest sea lion concentrations
in the world are found near Kodiak Island.

Steller sea lione eat primarily off bottom, schooling fishes such as
walleye pollock, Theragra chalocogramma, and Pacific cod, Gadus
macrocephalus (Pitcher 1981). They are often sighted in the vicinity of
fishing activity for these two species. Observers have even speculated
that sea lions are attracted by noises generated during retrieval
operations of trawle (Loughlin and DelLong 1983).

The Alaska Department of Fish and Game has carried out an extensive
research project on Steller sea lions which involved observations and data
collections on the biology and life history of sea lions including
observations of entangled animals. This work was primerily supported
through Federal funds, initially through the Outer Continental Shelf
Fovironmental Assessment Program which was funded to provide informatiom
before of fshore oil lease sales snd subsequent of fshore oil exploration
and development. In recent years, sea lion research by Alaska Department
of Fish and Game has been supported with funds provided by the National
Marine Fisheries Service, Alaska Regionm.

Part of the information presented here wvas gathered during other
studies. The entanglement observations sre entirely incidental to other
sea lion studies., Information presented on debris from beach surveys in
the Yodiak ares wae not intended to be a firal report on work performed.
Tndeed this report is only intended as an interim progress report. The
beach surveys were primsrily designed to provide baseline data to design

better future study.
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STUDY AREA

The information provided in this study wvas collected in the Gulf of
Alaska, primarily in nearshore areas bounded in the southwest by Unimak
Pass and in the southeast by Dixon Entrance (Fig. 1),

Two beaches were chosen to be surveyed for debris considered
potentially harmful to sea lions (Fig. 1). Debris considered potemtially
harmful was based upon observations of entzngled ses lions. The first
beach (beach 1) wvas located in Marmot Strait, on the east side of Afognak
Island, north of Kodiak Island. This beach was chosen because it was
thought to be exposed to the North Pacific Ocean directly. The second
beach (beach 2) was located morth of Malina Bay on the west side of
Afognak Island. This area was chosen because it is exposed to Shelikof

S8trait between the Kodiak Archipelago and the south side of the Alaska
Peninsula.

METHODS

Observations of entangled animals were made incidental to other
studies carried out at rookeries and hsul-out areas. Animals were photo=-
graphed vhenever possible, and, in one cese, an animal was collected (in
conjunction with other studies) which had a packing band around its neck.
Most information on sea lion entanglement available at this time has been
primarily anecdotal and no attempt has yet been made to quantify mortality
involved in entanglement. Data presented here are not sufficient to
provide statistically valid analysis.

Beaches were surveyed on 23 May and 24 May by six people at beach 1
and four people at beach 2. The beaches were arbitrarily divided into
unequal sections and each person surveyed a single section. Thus beach 1
was divided into six sections, and beach 2 was divided into four sections.
Wherever possible, each person removed debris which was comsidered to have
potential for entanglement with Steller sea lions. - The debris considered
a8 potentially entangling to sea lions was divided into three categories:
nets, plastic bands, and ropes. Although not considered harmful by them-~
selves, buoys were also surveyed. The three categories were further
divided as follows: nets—-potentially entangling as >l m?; plastic
bands—-open or closed loop; ropes—->l m and knotted on the ends as poten—
tially entangling, and <1 m not knotted on the ends as pot entangling.
Buoys by themselves were not considered as potentially entangling; and
lines attached to buoys were considered under the category of ropes.

Some net fragments and large pieces of rope vere either partially
buried or sufficiently tangled on statiomary objects such as trees or large
rocks to make them impossible to remove. 'In these instances, we removed as
much a8 possible and noted the locstion of the remainder. The collected
debris was taken to s central location where it was catalogued and stored
above the highest storm tide level to prevent its return to the beach. In
some cases, buoys without ropes were placed sbove meximm storm tide level
nesr the loeations they were found to save time.
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BESULTS AND DISCUSSION

From my observations and photographs there appear to be two
categories of debris which account for the majority of instances of
entangled animals: closed plastic packing bande and net materiazl. Both
categories seem to involve animals 2- to 3-years old and older. Both
sexes appesr to be susceptible although wore adult females have been
observed entangled and no edult msles. We have no records of neonatsl sea
lions being entangled. Perhaps the resson why few young animals are seen
entangled is that entanglement results in extremely high mortality in this
age class and therefore would not be seen, or they do not normally become
entangled. In the case of closed packing bands, sea lions probably become
entangled as they attempt to swim through them either from curiosity or
accidently. Once the band is over the head, it probably remains there
until it decays, or is brokem, or kills the sea lion. It is my copinion
that sea lions probably do not have the ability to remove debris once they
become eatangled. However, the one possible way a sea lion may remove a
band or net from the neck is by breaking it with a claw.

Packing bands around the neck cause tissue damage in two ways. If the
animal is a subadult when it acquires the band, and if the band is suffi—
ciently small, it may cut into the tissue as the gea lion grows. Often
when animala are sighted they bave what appears to be sn open wound,
completely encircling the neck. At times it is difficult to determine if
the foreign material has been removed or if the animal has grown around
it. It is even possible that some of the healed wounds we see may still
have some foreign material ingrown.

The other possibility for tissue damage from packing bands is simple
abrasion. 1If the band is too large to cause constriction, or if the animal
is alresdy ao adult and has stopped growing, then the band is generslly
visible and the injury is often characterized by being noncontinuous around
the neck. Often this type of injury is either directly on the dorsal and
occesionally on the ventral surface of the neck. This type of injury is
probably caused from an abrasive sction generated while the animsl is
swisming, either from water pressure forcing the band agairnet the neck or
pulling it from the opposite side.

In addition to curiosity ses lioms can be entangled in floating net
material and by attempting to haul out on it or remove Fish from it. They
nay aleo become entangled in trawl nets being actively fished and either
break free or are cut free, thus retaining a section of net on their
bodies. Fet fragments are most often seen around the neck, although
occasionally s fragment may cover other parts of the body. The majority
of net fragments which I have been able to identify on sea lions have been
of the typa used in trawl gear in the high seas groundfish fishery. I
bave not identified gill net or seine gear of the type used in nearshore
commercial salmon fisheries entangled on sea lions. It is certainly
possible for sea lions to become entangled in nearshore commercial salmon
gesr since extensive fisheries tske place in this ares, although this does
not sppear to be a major problem.
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Net fragments entangled on sea lions are usually small pieces
(probably <2 m?) around the neck and usually appear to be tightly lodged.
Occasionally long pieces of net trail from the neck. Injuries from net
fragments appear to be similar to thoese caused by smaller plastic bs?ds.
There is often a continuous wound encircling the neck where the net 1s
lodged, and a band of necrotic tissue on either side plus often what
appears to be scar tissue beyond that. It is possible that some of the
healed wounds we see that we intrepret as a recovery from ar entanglement
are from net material which the animal successfully escaped.

Table 1 shows the debris collected during the two beach surveys. As
can be seen from Table !, substantially more net material >1 m? wae found
oo beach 2 than on beach L. Apparently many people are cutting plastic
bands before discarding them into the ocean, as far more cut bands were
found than closed loops. In fact on beach 1 mo closed loop bands were
noted. A great deal of rope was found onr both beaches although beach 1 had
the most. Slightly less than half of the total rope material found wae
considered potentially dangerous to sea lions.

Table 1.~-Marine debris collected on two beaches of Afognak Island, Aleska,

May 1984,
Ropes
Nets
Plastic Poteatially Fot Buoys
Potentially Yot bands entangling entangling
entangling entangling 1 mand l=or Not
>1 m2 <1 m? Open Closed knotted not knotted entangling
Beach 1 ] 9 8 0 23 24 30
Beach 2 17 ] 3 3 14 21 23

The decision to divide net and rope fragments into the above categories
wan arbitrary. It was felt that although 1 m? ig a sizable piece of net,
it weems unlikely that a mea lion would initially become entangled inm net
fragments much smaller that 1 m?, Although we do see sea lions with net
fragments which appear to be smaller than 1 m2 around their neck, it is my
opinion that when acquired, the fragments were probably larger. Bope
fragments >1 w2 and knotted were comsidered potentially dangercus to ses
lions because we have seen many rope fragments which have frayed and
unraveled to 2 point where they resemble large bundles of monofilament.
These appeared to have substantial potential for entanglement.

The beaches surveyed were selected from charts of the coastline;
however, after surveying the actual beaches, it appeared that beach 1 may
not have been a typical beach exposed ro the Pacific Ocean and North Gulf
of Alaska. The large awounts of rope material and buoys, and smaller
amounts of net, particularly trawl net may be indicative of the more
localized crab fishery in Marmot Bay and Marmot Straits rather tham the
north gulf as a whola.
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At present I am unable to fully assess the impact of marine debris on
Steller sea lions. There are several aspects of tbe problem which need to
be more completely investigated before we can accurately predict the actual
effects on the sea lion population. A number of beaches should be surveyed
vithin important sea lion habitat to determine the extent and accumulation
rates of debris which are potentially dangerous to sea lions. The beaches
should be selected relative to the major drift patterns of the North
Pacific, the southwestern Gulf of Alaska, Shelikof Strait, and the south-
east Bering Sea. Several beaches ghould be selected to evoid localized
effects. The amounts of potentially entangling materials presently adrift
in the same areas mentiomed sbove would provide a more complete under-
standing of the problem, although I believe this type of information is
extremely difficult to acquire. I also comsider it worthwhile to estimate
the smounts of material being deposited into the oceans. Such an estimate
night be derived through interviews with fishermen. Finally, an important
aspect which can be measured is an estimate of the percent of ses lions
entangled in marine debris and from this an estimate of debris caused
mortality. I expect to begin s study designed to determine this estimate
by surveying large numbers of ses lions on rookeries and haul-out areas,
recording all observed incidents of entanglement by sex and age class

vhere possible, and recording the total numbers of animals present by sex
and age class.
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ENTANGLEMENT OF PINNIPEDS IN NET AND LINE FRAGMENTS AND OTHER
DEBRIS IN THE SOUTHERN CALIFORNIA BIGHT

Brent S. Stewart and Pamela K. Yochem
Bubbs Marine Research Institute
San Diepgo, CA 92109

ABSTRACT

We documented cases of pinnipeds with various kinds of
debris entangling them at San Nicolas and San Miguel Islanda,
California, from 1978 through 1982, In 1983 and 1984 we con-
ducted systematic surveys to document the frequency of entangle-
ment of northern elephant seal, Mirounga angustirostris;
California sea lion, Zalophus califormianus; and harbor seal,
Phoca yitulipa richardsi, in merine debris. Approximately 0.08%2
of the animals in each population had materials encircling their
necks or torsce while another 0.06 to 0.10Z had scars indicating
previous encounters with entsmgling materisls. Encounter with
marine debris could be confirmed as the cause of entanglement in
only a few cases; trawl net fragments and plastic packing bands
were the entangling debris in these instances. Most entangle-
ments appeared to be related to interactioms of pinnipeds with
operational commercial and perhaps sportes fisheries rather than
with debris. Although some pinmnipeds in southern California
waters are apparently being entangled by marine debris, the
magnitude of debris-related mortality remains unknown. Ascess-—
ment of the impact of marine debris on pimmiped populatiom will
require 1) that entanglement during fishing operations be dis-—
tinguished from encounter and entanglement with discarded or lost
gear fragments and other debris and 2) determination of mortality
rates of debris—entangled pinmipeds.

INTRODUCTION

The interactions between marine mammsls and commercial or eport
fisheries that result in injury to or death of animals have been grossly
divided into two types. "Incidental take" refers to mortality of marine
mammals that become tangled or trapped in operational fishing gear and
either drown or are shot or clubbed before they are disentangled or cut
free from the gear. It may also refer to shooting of animals by fisherman
at sea or on rookeries or collision of vessels (or their propellers) with
marine mammals. “Entanglement™ has been used by some authors to describe
the phenomenon of animals becoming entrapped in discarded net fragments
{i.e., "passive fishing gear") and other debris sz well 23 in active

Ia B. 8. Fhomsra zad 1. 0. Yoshida (editors), Procesdiags of the Workshop om the Fate awd Impact
of NMarine Debris, 26-29 November 1954, Bowolulu, Esweii. U.3. Dep. Commer., WOAL Tech. Memo.
WS, NOAL-TH-NNFS-SWFC-54. 1945.
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fishing gear. Fowvler (1982), however, reserved the term "entsnglement" to
refer to marine memmals being wrapped or caught in debris (including
fishing gear) that had been lost or discarded at sea. Since marine mammale
caught in actively fished gear may be cut free, leaving some net or line
fragments attached to them, it is often difficult to confirm that certain
kinds of entangling material observed on animals were actually debris when
the animals encountered them. EHere we use the terms "entangled" and
"entanglement" to describe all cases of man-made items encircling the
bodies of pinnipeds observed during our surveys. We do, however, consider
the possibility that pinnipeds may have encountered these items while
interacting with active fishing gear rather thar debris at sea.

The extent of interactions of pinnipeds with commercial and sports
fisheries has received much attention recently (e.g., Northwest and Alaska
Fisheries Center 1980; Anonymous 1981; Everitt et al. 1981; DeMaster et al.
1982; Powler 1982; Miller et al. 1983; Swartzman and Haar 1983; Metleff and
Bosenberg 1984) primarily because these interactions result in damage to
fishing gear and loss of marketable fish. The effects of pimniped
wortality from fishery intersctions (including entanglement in gear and
gear debris) on the status and trends of pinniped population have, however,
received limited attention. Anecdotal observations have been reported of
pinnipeds with various kinds of man-made items encircling their necks or
torsos; tissue damage hae been observed in many cases. Few cases, however,
kave been observed or reported of pinnipeds that have died as a result of
entanglement in debris. The effects of pinniped entanglement in marine
debris on population trends have therefore been difficult to assess.
Interpretations of the potential effects have often been limited by a lack
of information on the proporticm of a population that becomes entangled in

debris, the sex and age structure of those entangled animals, and the fate
of entsngled animals,

Fowler (1982) smmarized Bystematic observations ou the occurrence of
net fragments aad other debris entagling northern fur seal, Callorhinus
ucsipus, at the Pribilof Islands since the 2id-~1960"'s and examined the
potential effects of mortality resulting from entanglement on population
trends. Entanglement of other species of pinnipeds hae been noted by
teveral suthors (e.g., Kenyon 1981; Bonner 1982; Allen and Buber 1983;
Canil and Canil 1983; Henderson 1983; Huber et al. 1983) but most accounts
are anecdotal; the magnitude of entanglement by various types of marine
debris and the extent of mortality resulting from entanglement are unknown.

Since 1978, we have made ground censuses of pinniped populations at
San Wicolss and San Miguel Islands at intervals varying from veekly to
monthly (e.g., Stewart 1980, 1981; Stewart and Yochem 1984). Before 1983
we noted any animals observed on these censuses that were entangled in
debris., Ve recorded the types of debris entangling animals as well as that
found on beaches. The nmber of entangled animals observed during that
period was lov but our surveys of entangled animals were not systematic and

therefore the data are not useful in assessing the frequency of entanglement
in each population.

In 1983 we began systematic surveys of northern elephant seal,
Californiz ses lionm, Z saliforpignupg, and.
harbor seal, Phoca wituling richardei, st San Nicolas Island (SRI) and of
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northern elephant seal and harbor seal at San Miguel Island (5MI) to docu-~
ment the frequency of pinniped entamglement in various kinds of debris. We
also continued to document debris (type, amount, size} that had washed aghore
on these islands. Surveys for entangled animals were conducted simulta-
neously with, but independently of, population censuses. We chose suall
groups of animale in each census area (see Stewart and Yochem 1984) and sur-—
veyed them using binoculars or a spotting scope. We also ueed a Celestron
C-90 spotting scope to photo—document entangled animale. At SNI, where most
of the work was concentrated, pinniped rookeries and hauling areas extend
along approximately 13 km of coastline om the south side of the island.

The populatione are naturally subdivided into smaller groups (census areas)
along this area by topography. In each census area we surveyed small

groups of seals and sea lions and recorded the number examined, the number
entangled, and the number scarred from prior entanglement. We classified
each apimal examined by age and sex; only those animale whose entire bodies
could be seen clearly were included in the "entanglement survey."

RESULTS AND DISCUSSION

Although our surveys were often more frequent, we used only a single
survey per month (usually mid-month) to determine the magnitude of entan-
glement for each species (Tables 1, 2, and 3). We assume that each monthly
sample is independent of other monthly samples and therefore that each sam-
ple is of a unique number of animals. Any tendency for entangled animals
to spend more time hauled out than nonentangled animals may bias the anal-
ysis and result in inflated estimates of entanglemeant. The season of the
sample may also affect estimated entanglement rates if entangled animals
remain at the rookeries longer than do nonentangled gnimals of eimilar age
and sex classes that may migrste and be entirely abseat or in low gbundance
at certain seasons. Combined estimates of entanglement rates then may be
more accurate if based ou seasonmal samples takem throughout the year. Com-
bining all sampling periods, we examined 13,175 sea lions, 11,054 elephant
seale, and 1,877 harbor seals. Approximately 0.087 of sea lions, 0.08%
of elephant seals, and 0.052 of harbor seals had synthetic items encircling
their bodies and an additional 0.10X of sea lions, 0.06% of elephant seals,
and 0.05% of hzrbor seals had scars suggesting previous entanglement with
debris or encounters with actively fished nets or lopglines. We were gen-
erally unable to discriminate among polypropyleme, polyethylene, or other
synthetic multifilament synthetic materials such as "poly."

Of the 11 sea lions observed entangled, 2 had packing bands (1
plastic, 1 rubber) around their necks, and 5 were entangled in monofilament
gill net fragments; 1 yearling sea liom with & gill net fragment tightly
conatricting its neck was later observed dead. Four sea lions had tangled
lengths of monofilsment fishing line caught around their necks (Table 4);
we did not observe hooks sttached to any of the fishing line. Thirteen sea
lions had scars encircling their necks; the scar patterns were suggestive
of thin monofilament, either fishing line or gill net, rather than of the
thicker multifilsment materials or more robust packing bands. Therefore,
of 24 sea lion “"entanglements” cbserved, 13 (54%) were of animals that had

“lost the entangling material. In 22 of these 24 “entanglements™ it is
likely that the ses lions acquired the entangling material or scars during
interactions with commercial or sport fisheries. Two of the "entangled”
sea lioms had apparently been entangled in debris (packing bands).
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~~Incidence of entanglement of Califorrmia sea lions at
San Nicolas Island.

Adult Bubadnit . Temsles gad

ate males nales juveniles Yearlings Pups Totsl
Dac. 1983

Sampled | 26 121 20 4638 1,137

Sntengled 0 0 0 0 0 0

Scars 0 0 I 1] 0 1
Jam. 1984

Bempled 0 ¥ 596 83 510 1,215

Eatangled 0 0 0 0 0 0

Scars 0 1 [+ 0 0 1
Feb. 1984

Sempled 0 115 243 18 S18 1,494

Iatangled 0 0 0 2 0 2

Scare 0 o 1 [1] 0 1
Mar. 1984

fampled L] 3s 389 &6 425 895

Entsugled L] o 0 0 1 1

Scars 0 0 0 0 0 /]
Apr. 1984

Seapled 0 o 318 32 218 565

Satangled (] 0 1 ¢ o 1

Bcars 0 [ 1 )] 4] |3
May 1984

Sampled 15 n 489 62 0 598

Zutangled 0 0 0 1 o 1

Scars 0 0 1 0 o 1
Juna 1984

Sampled 100 T 626 120 35 %7

Tatangled 0 1 0 1 o 2

Scars 1 1 0 0 ] 2
Joly 1984

Sampled 218 35% 507 % 340 1,626

Eatengled 0 0 (] 2 0 2

Scars 1 L 1 /] 0 6
Bapt. 1984

faupled 0 n 1,683 210 501 2,425

Tatangled 0 0 1 1 ] 2

Scare 0 0 o 0 0 o
Oct. 1984

Sempled 0 0 234 il 457 712

Intangled ] 0 0 0 0 0

Scars 1] 0 0 ) 0 0
Nov. 1984

Sempled 0 78 703 53 577 1,411

Entangled 0 ] 0 (] o ¢

Sears ] ] ¢ ] o 0
Total

Sampled T3] 803 7,206 771 4,049 13,1713

Satengled olax) 1{0.012%) 200.03%) 7(0.913) 1H{o.021) 11(0.08x)

Scars 2(0.58%) §(0.751) 5(0.071) o€ 0T) o{0%) 1300.10%)
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Table 2.--Incidence of entanglement of northern elephant seals at
San Nicolas and San Miguel Islands.

Adult Subadult

Date males xales Females Juveniles Tearling Faps Total
Sam Nieolan Island
Duc, 198

Sewpled 4 51 3z s 115 10 205

Intangled 0 2 o o 0 0 o

Scare 0 0 1 )} 0 0 1
Jan. 1984

Jamplad 111 A8 a8 ] ] 415 1,969

Eatengled ] 1 0 9 ] 0 1

Searw [ [] 1] 0 [ 0 0
Fab. 15B4

Samplad 120 56 210 0 & 316 706

Intangled 2 [] 0 ] 0 0 0

fcars [} 0 [} ] a L1} 0
Mar. L9854

Sawpled IB 22 k) L] 0 315 383

Iatangled a 5 [} a o o 0

Scare [ ] )] [ 0 0 0
Apr. 1984

Sswpiled [ 1] 310 313 18 65 708

Entangled 4 0 0 1 4} o 1

Scars a 0 o a 4] /] ]
May L3984

Samplad 0 0 [ 249 75 [} 31

Entangled ] [} )] [} >} )] [}

Scars Q [} 1] L 1] 4] 1
Jooe 1984

Sampled [ 42 2568 28 o 0 336

Entangled ] [ ¢ 0 o [ -}

Scare 0 [ L3 a o [ 2
July 15984

Sampled 24 %3 1% 10 0 o L 7]

Entangled ] [ [} [ 0 0 o

Scars 0 ] ) 4] 1) ] 0
Bapt. L9B&

Sawp Lad 1 0 0 246 67 1% 49

Entaugled 0 [] 9 0 1 ] 1

Besrs 0 0 1 0 [ o o
Oct. 1984

Samp Led 0 3 15 ] 15 21 b1l

Entaugl ed L} 0 [} 0 4 0 0

Bears a 1 ] 0 0 [ 1
Row. 1984

Sumpied 5 1% 4% L78 15 181 4y

Iatangled L] 0 [} 1 [ 1 H

Scars 0 o 1 9 ] o 1
San Higual Telawd
Jan, 1984

Sampled s 315 73 0 128 1,268 3,071

Eavesyled 0 B 2 0 -] 0 2

Scars L) 1] ] 0 L ] a 0
Feb. 1384

Sanpled k) H 65 8635 4 8% 1,413 2,90

Intang Lad ? 0 0 ° 1 ] 1

Sears 0 1 i L] ] a H
Torsl

Sappled 1,019 [ 14] 3,251 ) 1,19 B 511 4,259 11, 0%

Eutawgled o(ex) Me.348) 20.04%) 0,171} 20.397) 1(0.021) 12{0.092)

Scaxs 0(e1) Je.341) e.090) 1{0.99%) o(o1) ofot) T(0.061)
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Table 3.--Incidence of entanglement of harbor seals at
San Nicolas and San Miguel Iglands.

San Nicolas Ialand San Miguel Igland
Adults aod Adulrs wnd
Date Jureniles Pupa Total juveniles Pups Total
Dac. 1933
Saomp Lad 72 72
fatanglad ] 0
Jcars 0 4]
Jan, 1984
Sampled &3 3.1 165 185
Patamgled 0 0 0 0
Scare ¢ [1] 4]
Yeb, 1984
Sampled 146 1is 315 31
Rutengled o 1] 1 1
Jcars 0 1] /] 0
Ker. 1984
Sempled 168 14 182
Entangled 0 1] 0
Scare 1 0 1
dpr, 1984
fampled 210 13 228
Fatangled 0 o a
Scars o 0 1]
Moy 1984
Sampled 48 & 102
Fatangled 0 0 0
Scare 0 [ [
June 1984
Samplad 238 19 254
Entangled g 0 [
Scars 0 0 9
July 1984
famplad 113 10 12%
Eatangled D 0 o
Scarxy [} ] /]
Bepe. 1984
Sampled n 3 7h
Entangled 0 0 ]
Scaxs 0 L] ]
CGet. 1984
Sampled &% 0 8%
Entangled ] (] o
Scaws 1] 0 ]
Fov. 1984
Bampled 63 0 1
atangled [ 0 [/}
Scare 0 0 L]
Torgl
Sampled 1,809 6 1.8
Entangled 1(0.082) 0 1(n.0%)
Scars 1{0.062) ® 1(0.03%)
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Table 4.--Typea of synthetic items observed entangling (E) pinnipeds
or believed to have caused scars (S) observed on pinnipeds.

Monofilament
Polypropylene Packing
Line Gill net trawl net bands Total

E ] E s E 5 E s E 5

Sea lions
Adulet males 2
Subadult
Males 6 1
3
2

[ ]

o

Females
Juveniles
Yearlings
Pups 1

Total 4 13 5 2 1

[ ]
T
("]
[ =]
[ ST R I XY
W OO MW

—

Elephant seals
Adult males
Subadult

Males
Fenales
Juveniles
Yearlings 2
Pups
Total

o

[N
— L
et
—t
LR SN N
e I — I~ I PUR )

LY.
-~
w
[

Harbor sgeals
Adults 1 1
Juveniles 1 1
Pups
Total 1 _ 1 1 1

l0ne of these found dead 5 days after first seen entangled.

Of nine elephant seals observed entangled, four had monofilament
fishing line encircling their necks (no hooks attached), one had monofila-
ment escircling its tereo, three were entangled in "poly" trawl net frag-
ments, and one seal had & plastic packing band around its neck (Table &4).
Seven other elephant seals had scars encircling their nmecks which appeared
to have been caused by monofilament line or gill net. Therefore, of 16
elephant seal “"entanglements," 7 (44%) were instancees where seals had been
entangled by materials (probably monofilament line or gill net from active
fishing gear) but had lost the material, presumably when it became brittle
and broke loose. Four (25%1) of the elephant seals showing evidence of
entanglement were apparently victims of debris (three entangled by trawl
" pet fragments, one entangled by a packing band)..
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One barbor seal (adult) was observed with a thin scar around its neck
(apparently from previous entanglement with monofilament) and one juvenile
was observed with a plastic packing band encircling its neck.

Our observations suggest that many pinnipeds may be freed from
naterials entangling them, primarily monofilament fragments (gill net or
longline). Trawl net fragments and packing bands may be lost less easily
since we have seen no animals with scars suggesting that they had been
previously entangled with these kinds of debris. This may suggest that
animsls that become entangled in trawl net fragments or packing bands have
greater mortality rates than those entangled by monofilament fragments or
that entanglement rates of seals and sea lions in monofilament (operatiomal
and debris) are higher than those for other debris. However, the data are
not adequate to test either of these hypotheses. The only entangled animal
that we cbeerved dead (a sea lion yearling) was entangled in a monofilament
gill net fragment.

We observed and collected samples of debris, representative of each
type observed entangling animals, on beaches at San Nicolas and San Miguel
Islands (Table 5). In addition, we found other types of debris in small
smounts. The most common type of debris found was "poly”" line fragments of
various lengths (Table 5). Although these fragments, when tangled, are
capable of entangling pinnipeds, we did not observe any anima2ls entangled
in “poly" line.

Because systematic surveys of pinniped entanglement with marine debris
in the Southern California Bight have not previously been reported, our data
can serve only as a baseline for comparison with data collected with similar
methods in the future. However, when considering the iwpact of "marine
debris™ om pinnmiped populations, care should be taken when ¢considering
vhether all cases of "entanglement" are debris-related. Packing bands,
other nonfishing gesr items, and travl net fragments encircling the bodies
of pinnipeds are most likely encountered as debris. Entamglement in
monofilament line and small gill net fragments probably occurs most often
vhen animals are csught in sctively fished gill nmet or become tangled in
actively fished longline gear. If this is true, then most (86%) of the
pionipeds observed (in the Southern California Bight) that showed evidence
of entanglement probably encountered the entangling material vhile inter-
acting with actively fished commercial fishing gear (apparently monofila—
ment gill nets) rather than as debris. The mgrine debris that appear to be
entangling small numbers of pinnipeds in the Southern California Bight are
travl net fragments (with holes in the mesh) and plastic packing bands.
Juveniles appear to be the most likely to become entangled in debris and
this may be related to their greater degree of curiosity or playfulness or
perhaps to their higher rate of encounter with debris sources, California
sea lions and northern elephant seals are migratory and (especially young
animals) disperse over long distances (primarily northward from rookeries)
during the first several years of life.

Assessment and interpretation of the population effects (in the
Southern California Bight) of mortality due to entsnglement with marine
debris require data on 1) the origin, movement, and fate of various kinds
of debris with respect to the dynsmice of seasomal sex aund age class
distributions of pinmipeds in eastern North Pacific waters (i.e., rate of
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Table 5.--Weighte and dimensions of debris found on beaches (B) or
removed (E) from entangled dead or live pinnipeds at San Nicolas aud
San Miguel Islands.

Sample

Types of debris 1 2 3 4 5 & 7 8
Monof ilswent lines

Weight (g) 227 /% 20/E 12/E

Diameter (cm) 0.15 0.12 0.05
Monofilameat gill oet

Weight (g) 70/E

Dismeter (em) 0.10

Mesh size (cm) 20.3

Dimensions (m) 61x55
"Poly” net

Weight (g) 100/1 500/E 100/8  100/3

Dismeter (cm) 0.35 0.35 0.35 0.35

Mash size (em) 10.2 26.7 26.7 11.1
Dimensions {em) 230x15 9Ix92 46x58 63x39

“Poly"” linel

Waight (g) 43,5/ 1,174/B 74.48 883/ 639/8 340/B 144/B 44/B

Dimmeter (cm) 0.8 0.7 0.5 0.9 0.33 0.12 0.8 1.1
“Poly" gill or trammel net

Weight (g) B&/D 93/

Diameter (cm) 0.2 0.2

Megh size (cm) 25.4 25.4

Dimensions (cm) 912107 111x106

Lobster pot floats with line
Weights (g) 676.4/8 B12/B 642/B 1,026/B 487 /B 1,121/ 787/

Buoys with line
Weights (g) 2,300/3 1,436/ 3,000/83 3,100/B 1,011/B 1,232/B

Buoys without lime
Waights (g) 1,856/8 1,204/B 665/3 531/B  564/B

Other
Weight (g) 227/8  (SKYRO/Pig. 3)
Dimensions (cm)

llepruenucive sample salected from a total of 28 samplea collected
from beachas.
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encounter with debris capable of entanglement) and 2) on the probability of
mortality of pinnipeds once they become entangled. Proper interpretation
of entanglement and the role of debris in entanglement also require that
entanglement resulting from encounters with active fishing gear be
distinguished from that resulting from encounters with debris,
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A REVIEW OF HAWAIIAN MONK SEAL, ENTANGLEMENTS
IN MARINE DEBRIS

John R. Henderson
Southwest Fisheries Center Homolulu Lsboratory
National Marine Fisheries Service, NDAA
Honolulu, Hawaii 96812

ABSTRACT

Hawgiian monk seals may become entangled in net fragments
and other flotsam carried by currents from the North Pacific to
the Havaiian Islands. Through 1984, 27 entanglements have been
observed, and at least 8 additional seals are scarred from
entanglements. One of these entanglements was probably fatsl,
and six would likely have resulted in the death of the seals
bad biologists mot intervened. Although weaned pups comprise
only about 11I of the total population, pups were involved in
411 of the observed incidents. Mechanisme to account for this
disparity are proposed. Observed entanglements have declimed
since initiation of a regular program to gather and burn
potentially hazardous debris.

INTRODUCTIOR

The Havaiian monk seal, Monachus schauinglandi, inhabits the rocky
islands and low, coral atolls which extend 1,850 km from Nihoa Island to
Kure Atoll in the Hawaiian Archipelago, s region known as the Northwestern
Bavaiisn Islands. Within this range, land ares on which the seals haul out
comprises approximately 17.7 kuz, but the offshore reefs surrounding these
islands, which the seals frequent to forage, mate, or raise their pups,
comprise considerable additional area. The 18.3-m (10-fathom) contour
surrounding emergent land in the Mortbwestern Hawaiian lslands encloses
approximately 1,257 ka® (U.8. Department of Commerce’). The Hawaiian
Archipelago is situsted in the subtropical gyre, and flotsam from the North
Pacific could be carried towards the islands by southern movement of water
from the eastward flowing North Pacific Current to the westward flowing
Forth Equatorial Curremt. Fisheries which might serve to generate debris
are the high seas squid gill net fishery amd the groundfish trawl fishery
in the Borth Pacific and Gulf of Alaskm. Trawl fisheries, particularly
joint venture operations, may be susceptible to loss of nets snd other gear

'U.8. Department of Cosmerce. 1980. Proposed designation of critical
habitat for the Bawaiian monk seal in the Northwestern Hawaiian Islands.
- Draft Envirommental Impact Statement, 77 p. + appendices.

I R. $. Showure amd X, O, Youhids (editors), Proceedisgs of the Workebop om the Fete snd Impact
of Warisne Dubris, 26~29 November 1984, Momolnle, Nawaii. V.S, Dep. Commer., WOAA Tech. Mewn.
IS, BOAL-TM-WFE-$TYC-54, 1845.
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(Low et al. 1985). No Hawaii-based met fisheries exist in the vicinity of
the Northwestern Hawaiian Islands.

Except for protracted periods ashore during pupping (approximately
5 weeks) or molting (approximately 2 weeks), an individual seal will gener-
ally remain at sea for up to 2 weeks before returning for several days’
rest on land (Stone 1984). It is not known how far individuals range from
land, but it is during these forays at sea that seals may encounter debris
vhich is either drifting or has become fouled on offshore reefs. Seals,
such as recently weaned pups, which remain near emergent land, may alseo
encounter flotsam which has become fouled close to shore. This report will
summarize all observed occurrences of monk seal entanglement in fishing
debris or other flotsam through 1984, as well as observatioms of seals
scarred in a manner suggestive of previous entanglement.

Observations of entangled seals are dependent on the amount of pight-
ing effort, which is not constant, since the number and duration of visits
to the different Northwestern Bawaiian Islands by biologists have varied.
No systematic surveys of Hawaiian monk seala were undertaken before 1957,
Between 1957 and 1974, biologists visited the islands for oumly a limited
time (several days) to census seals and other biota. Wot until 1974, when
annual field camps (of spproximately 1 month) commenced at Fremch Frigate
Shoals, were biologists present at any particular location in the North-
vestern Hawaiian Islands for any extended time. Post-1974 sighting effort
on each island will be summarized under “emtangled sesls.”

SCARRED SEALS

Seals which become entangled in small pieces of debris may bear scars
from injuries inflicted by the constricting item. Such scars generally
girdle all or part of the animal's body, around the neck, shoulders, or
sbdomen, and are easily distinguishable from scars resulting from shark
bites. The latter, though sometimes forming long clefts, are more irregu~
lar in shape than scars resulting from entanglement. Hereafter "scarred
seal™ will refer to seals bearing scars resulting from entanglement.

Searring by debris requires that the entanglement be sufficiently
prolonged to cause injury without causing the eventual death of the victim.
Because of these conditions, scarred seals represent only one component of
the minizum number of seals known to have become entangled, and caunnot be
used to estimate total incidemce. Moreover, given the limited number of
haul—out locations and the small population of Bawaiism monk seals, mulri-
ple wightings of any individusl scarred seal are likely, necessitating
added care to identify individual animals.

Searred seals have been observed primarily at French Frigate Shoals.
Kenyon and Rauzon? presented photos of two scarred adult seals they saw in
1977. Balszs (1979) also reported seeing two scarred adults durimg his
studies st French Frigate Shoals from 1973 to 1978, ocue of which was an

o 2Yanyon, K. ¥., and M. J. Rsugon. 1977. Hawaiian monk sesal studien,
French Frigate Shoals, Leewsrd Hawvaiisn Islasnds, Hational Wildlife Refuge,
15 Pebruary to 5 April 1977. Unpubl. rep.
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animal previously reported by Renyon and Rauzon. Schulmeister® reported tvo
scarred seals (one male sdult, one female adult) present at French Frigate
Shoals in 1981, one of which was a sesl reported previously. Schulmeister
also noted 8 fresh, rope—inflicted neck wound on a female juvenile. Biolo-
gists at Freuch Frigate Shoals in 1984 saw at least four scarred seals: a
previously reported wmale adult, two female subadults, and one juvenile of
unknown sex (J. Eliason pers. commun. 1984), Assuming one of the subadults
was the same animal as the female juvenile reported by Schulmeister, two
additional scarred seals were present at French Frigate Shoals in 1984,
Thus, a minioum of seven scarred or wounded seals have been sighted at
French Prigate Shoals since 1973.

At Sand Island, Midway, in 1983 the author saw a male subadult bearing
a fully healed neck scar resulting from a constricting line or band. This
seal had been seen previously at Midway onr several occasions in 1983 (C, E,
Bowlby pers. commun. 1983). The animal appeared to be in good hezlth.

ERTANGLED SEALS

Although Kenyon (1980) memtioned that he and his co-workers had seen
"severzl® entangled monk seals during their visits to the Northwesternm
Hawaiian Islands (in the late 1960's and 1970's), the record is not clear
vhether some or all of these "several™ are included im other reports
described below. Nonetheless, it is likely that entangled seals were
present and observed in the Forthwestern Eawaiian Islands before 1974.

French Prigate Shoals

As mentioned above, prolonged presence of biologists at French Frigate
Shoals commenced in 1974 with the initiation of annual, l-month field camps
to study green eea turtle nesting activity. These camps represented the
only routine observation by biologists until mid-1979 when the U.S. Fish
and Wildlife Service established an all-year field station on Tern Islarnd,
vith & complement of two to four personnel. In 1982 the National Marime
Fisheries Service ipitisted an expanded field program st French Frigate
Shoals, entailing camps onm islets other than Tern Island, which resulted
in an increased presence of observers throughout the shoale.

Balazs (1979) saw one entangled seal, a male subadult, during annual
trips to Prench Frigate Shoals from 1973 to 1978. The seal, seen in 1974,
wvas encircled by s piece of plastic strapping, which appeared to be crack-
ing, fraying, snd likely to eventually bresk. Since the strap had not
inflicted s wound, the individual seal was not recognizable by means other
than its "collar." Thus the animal's fate is unknown.

In 1977 Kenyon and Ranzon (footnote 2) witnessed an adult sesl of
unknowt sex investigating a polypropylenme line being used to mark a shark
fishing station. The seal repeatedly swam through a loop which was of
sufficient circumference to allow passage of the seal without entanglement.

'Schulmeister, S. D, 1982. Susmary of Hawaiian monk sesl, Monachue

Achauipslsndi, dsts collected at French Frigate Shoals from July 1971
through December 1981. Unpubl. rep.
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This is the first, and perhaps most definitive, documentation of an
investigatory behavior of monk seals which cam result in euntanglement. In
1979 Balazs (pers. commun. 1985) observed an adult seal on Whale-Skate
Island encircled by ome loop of a tangle of line. The seal was not
injured, indicating recent entanglement in the debris. The loop was
pogterior to the foreflippers and was too small to pass over the back and
rump, The line was removed over the seal's head. The tangle of lime did
not completely immobilize the seal, but certainly would have impeded the
snimal's swimming.

In 1980 the first entanglement of a weaned monk seal pup was docu-~
mented (Andre and Ittner 1980). The pup, of unknown sex, was entangled in
a piece of polypropylene net which was itself fouled in water approxi-
mately 0.5 m deep. Although the seal could swim sufficiemtly to remain
afloat, its eventual death due to exhaustion or starvation was likely, and
biologists released it. The net fragment measured 9 by 2 m with a 15 em
stretched wesh and 2.3 mm twine diameter.

Schulmeister {footnote 3) in summarizing monk seal research at French
Frigate Shoals from mid-1979 through 1981, reported two entangled seals.
In 1981 a female adult was observed with a piece of "nylon strapping"
around her neck. The individual was identifiable on the basis of old
scars, and wae subsequently sighted free of the strap and suffering no
apparent effects. The second entangled seal observed was an adult of
unknown sex which was encircled about the abdomen by a single piece of
rope. Biologists removed the rope using a boat hook. The rope was pulled
off easily and the report makes no mention of a wound, suggesting that the
seal was uninjured.

In 1982, Ittner" observed a female subadult bearing a fishhook in the
lower lip. The hook was of the round type used in the Hawaii-based fishery
for snappers and groupers (Ralston 1982) and may have resulted from the
seal's encountering gear which was actively fishing. The seal was an iden~-
tified individual and was subsequently observed to have lost the hook.

The guthor observed two entangled seals in 1983, On Tern Island a
pregnant female seal was seen encircled about the abdomen by a loop of
knotted line. The following day, the line was found on the beach where the
seal had hauled ocut. The seal showed no effects of the temporary entangle-
ment and gave birth later in the year. A msle pup was observed on Whale-
Skate Island entangled about the neck and shoulders by a piece of gray
polypropylene net. The pup was 6-7 weeks postweaning and might have even—
tually lost the fragment during its postweaning weight lass. Nevertheless,
the net was likely to inflict a wound in the interim and was removed.

In 1984 two entangled seals were seen. The first, a subadult of
unknown sex, was observed with a plastic band tightly encixcling the neck
(5. Lantenslsger pers. commun. 1984). The band was a white, rigid ring,
possibly a shard of s plastic bucket, snd had abraded a wound through the

“Ittner, R. 1983. The Hawaiian monk seal, Monachys schauinslandi, at
French Frigste Shoxls, 1982, Unpubl. rep.
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skin of the seal. An attempt to restrain the animal and‘relrno?e the band
was unsuccessful (G. Fairaizl pers. commun. 1984). The individual was
recognizable by the wound, was never again seen, and, therefore, pr?bab]_.y
died. The second entangled seal was a male ?nd known to be a yearling frog
a bleach mark ("GA") which had been applied im 1983 when the seal weaned,
The individual was tightly encircled about the neck and shoulders by 4
fragment of net. The seal would likely bhave been seriously injured or
ultimately killed by the fragment, which was removed.

Laysan Island

Long-term field camps (up to 6 months long) were established annually
at Laysan from 1977 to 1980 and from 1982 to 1984. No entangled or scarred
seals were reported by field persomnel prerent at the 1977-80 field canpp,
In 1982 however, Alcorn (1984) observed three entangled segle. Two female
veaned pups became entangled in pieces of flotsam. One individual caught
its muzzle in a 115-mm dismeter plastic ring; the second becawme entangled
about the neck by a life preserver. The third seal, a female subadult, was

entangled about the neck by a piece of line and net. All three pieces of
debris were removed by field personmnel.

Ro entangled or scarred seals have been observed on Laysan since 1982,
Lisianski Island

Field personnel were on Lisianski for 5 weeks in 1980, for 6 months in
1982, and for 4-5 weeks in 1983 and 1984, The firet entanglement observed
vas in 1980 when a fragment of unet was removed from a male subadult (W, G.
Gilmartin pers. commun. 1982}, The net was tightly coustricted and had
cut through the dermal tissue, causing a deep wound and surrounding necro-
sis. The seal had apparently picked up the fragment at a younger age and

hed “grown into" it. The anmimal would likely have died as it continued to

grov. The individual seal, albeit scarred, was still present at Lisianski
as of July 1984,

During the 6-month field camp ig 1982, 10 seals became entengled in

debris, although 3 of these were encircled only temporarily. Five of the
incidents have been reported by Henderson (1984) and involved four weaned
pups and one female adult. Three of these Pups were entangled in nets and
line vhich were fonlgd on of fshore reefs, effectively immobilizing the
victims. The remsining Pup and the adult were seen "wearing” net fragments

and a tangle of net and line. The adult femal imatel
1 h without assistance; the Pups were all f“e:.escaped after spproximately

. gled in flotsam in 1982. Stone (1984)
Teported a pup with a 90-mm dismeter plastic ring around its muzzle. T.

Jobanos (pers. commun. 1983) observed tvo entangled pups, one of which had

a plastic mesh bag (later remo d i i
other ves femporabise et it ved) about its neck and shoulders, wvhile the

i i about the neck by & plastic band. A fourth
:;:llz.t:ejl::;n::'e::gr:::: cn;:ht by thf'-' same band earlier on the same day
after the juvenile lost it: € Pup evidently scquired the band shortly
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A male adult wae observed with a line encircling its abdomen, but the
seal apparently escaped, since the line was subsequently found (D. Alcorn
pers. commuu. 1984).

In 1983 only one entangled seal was observed. A female pup was encir-
cled about its neck by a blue rubber ring. The ring was removed, and the
geal was not injured.

Kure Atoll

Biologists have maintained 6-month camps at Kure Atoll from 1981 to
1984. During this period only one incident of entanglement has been
observed. In 1981 Ittner observed an adult of unknown sex apparently
entangled in a large piece of net (W. G, Gilmartin pers. commun. 1984).
The seal was ashore on "West Point" and may have hauled out atop the mass
of net with its neck only recently (and temporarily?) inserted through =
hole in the wvebbing. The animal wvas released, but the report is not clear
if the animal was actually "trapped.”

Other Northwestern Hawaiisn Islande

Although long—term field camps have been established at other loca-
tions in recent years (Pearl and Hermes Reef 1983-84; Necker Island 1983},
ne net-scarred or entangled seals have been observed at any of these sites.

SUMMARY AND CONCLUSIONS

The number of incidents of seal entanglements observed since 1974 are
summarized in Table 1. A total of 27 incidents were observed, and an addi-
tional 8 seals bear scars resulting from entanglement. It is not knowm
vhether any of the entanglements observed were repeat occurrences involving
the same seal. Nonetheless, considering the years, the locations of occur-
rencee, and the approximate ages of the seals affected, the 27 events
certainly involve at least 19 individuals. The current population likely
numbers between 1,000 and 1,500 in any one year, and there are no data to
indicate that certain seals have more propensity to investigate debris than
do others. It is therefore probable that the 27 incidents, in fact, repre-
sent entanglements of 27 different seals. The eight scarred seals are
certainly eight different individuals. (The seal scarred as & result of
its 1980 entanglement on Lisianski is included as “entangled.”) Thus the
total number of observed entanglements and seals scarred as a result of
entanglement is 35.

No Havaiian monk seazl has ever been observed to die a3 a resunlt of
debris entanglement, nor has an entangled carcass ever been found, Of the
35 entanglement and scarring incidents reported here, only 1 (32) probably
resulted in death of the seal, 6 (17X) were judged to have been potentially
lethal without interventiom, 17 (49%) resulted in unaseisted escape by the
seal (including the 8 scarred individuals), and 11 (311) resulted in res-
tues of seals wvhich may have been able to vltimately free themselves.

The rate of entsnglement throughout the Hawaiizn monk seal population
caneot be determined at this time. The absolute population size is mot
known, and data are insufficient to estimate annual reproductive or wor-
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tality rates, parameters which must be determined to estimate the total
number of seals which could potentially have been entangled from 1974 to
1984. KRevertheless, because each haul-out location supports a relatively
discrete population (Johnson and Kridler 1983), minimum entanglement rates
at certain islande can be approximated. Furthermore, because interisland
movement is not common, island-specific entanglement rates are more impor-—
tant in assessing impact of entanglement om the Hawaiizn monk seal.

The seal population at Lisianski Island in 1982 was 215 animals other
than pups (Stome 1984}, Of this total, three (1Z) were entangled in 1982,
The aumber of pups surviving to weaning at Lisianeki in 1982 was 26 (Hen-—
derson 1984). Of this total, seven (27%) were entangled, four entangled im

fishing debris (Hendersom 1984), and three caught by plastic and other
flotsam.

On Laysan Island, 28 pups survived to weaning in 1982 (Alcorm 1984),
of which 2 (7X) became entangled in flotsam the same year. The subadult
entangled on Laysan in 1982 represents <1X of the nonpup population there.

The observed incidents suggest that weaned monk seal pups are more
likely to become entangled than are other age classea. Of the 27 entangle-
ments observed, 11 (412) involved weaned pups of the year, whereas pups
comprise approximately 11X of the population (Gerrodette’). Several possi-
ble mechamisms may coutribute to this disparity: (1) since pups remain near
shore for 1-2 months after wesning, their entanglements, even temporary
ones, are more likely to be observed; (2) the nearshore reefs serve to
catch and “concentrate" floating debris, and because pups spend propor-
tionately more time in this area, entanglements are more probable; {3)
Tecently weaned pups are learning to feed, hence are more likely to explore
all objects in their novel enviromment; and (4) pups sre emaller and weaker
than older seals and are therefore less sble to escape from debris.

The large number of observed incidents in 1982 prompted the National
Marine Fisheries Service and the U.3. Fish snd Wildlife Service to begin
gathering and burning potentially hazardous debris, and since that time the
sumber of observed incidents has declined despite the continued presence of
observers in the Northwestern Hawaiian Islande. At Lisianeki Ieland in
particular, the 10 incidents observed in 1982 have dropped to 1 in 1983 and
0 in 1984, and incidents have slso diminished at Laysan Island. Removing
debris from the beaches and nearshore reefs in the Northwestern Hawaiian
Islands can reduce the amount of Hawaiian mook seal entsnglement and remove
8 hazard to vhich weaned seal pups seem particularly susceptible.
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ENTANGLEMENT 1IN, AND INGESTION OF, PLASTIC LITTER BY MARINE
MAMMALS, SHARKS, AND TURTLES IN N¥W ZEALAND WATERS

M. W. Cawthorn
Fisheries Research Division
Minietry of Agriculture and Fisheries
Wellington, New Zealand

ABSTRACT

Since 1975 a marked inerease in entanglement in, and inges-
tion of, plastics by marine mammals, fishes, and turtles has beern
observed in New Zealand. Plastic litter has increased with the
development of mearshore fisheries, especially in the subant-
arctic, and polypropylene strapping can now be found on beaches
the length of the country. New Zealand fur seal, Arctocephalus
forsteri, is now frequently reported with bands about its neck.
Whales and seals have been observed entangled in discarded
fishing gear. Leatberback turtles and a juvenile minke whale
have been observed to have ingested polythene bags at sea before
becoming stranded.

The increasing use of polypropylene strapping suggests that
fur seals will continue to be regularly entangled in this
nondegrading litter.

INTRODUCTION

The presence of plastic and synthetic debris in the oceans of the
world has become of increasing comcern to marime scientists gnd ecologiste.
Plsstics of many kinde are now acknowledged to be marine contaminants of
global significance (Gregory et al. 1983), and, while they are especially
common io the vicinity of highly populated, industrialized coastal areas
(Morris 1980; Gregory et al. 1983), plastics pollution is also a feature of
remote areas. Attention has been drawm to the widespread distribution of
virgin plastic granules in surface waters of the major oceans of the world.
A number of studies of the feeding habits of oceanic seabirds such as
priona, petrels, and shearwaters has revealed that these birds, wvhich feed
on small buoyant organisms taken at the sea surface, ingest floating
plastic pellets and expanded polystyrene grasmules along with normal Prey
items (Bourne and Imber 1982; Furness 1983).

The other more visible synthetic pollutants found along shores and
adrift are normally the result of garbage disposal from ships at sea.
Wehle and Coleman (1983) state "...that commercial fishing fleets alone
domped more that 52 million pounds of plastic packaging material into the

Ja k8. Showsrs sad X. O. Tndam (editors), Proceadings of the Workshoy on the Fate and Impact
of Navine Bebris, 2-1% Bovember 1984, Somolsle, Xawaii, U.S. Dep. Commer., NOAA Tach. Memo,
“.m-mc-s&. 1985,
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sea and lost approximately 298 million pounds of plastic fishing gear
including nets, lines, and buoys.”

In the New Zealand region the expansion of commercial fishing over the
last decade in coastal and distant waters within the 200-mile exclusive
economic zone (EEZ) has resulted in a noticeable incresse in plastic and
other synthetic litter auch as buoys, cordage, sheet plastic, fishing net,
plastic strapping, and domestic rubbish aleng the shores of mainland New
Zealand (Ridgway and Glasby 1984) and particularly the subantarctic ialands.
Of all this litter one item stands out: polypropylene strapping of the
sort used to secure crates, bales of netting, frozen bait, and other items
is now ubiquitous on shores the length of New Zeszland and throughout the
subantarctic islands. In this report data gre presented on the entangle-
nent in, and ingestion of, plastic debris by marine mammals, reptiles, and
fishes within the New Zealand region and the materials involved.

METHODS

Incidental observations of marine mammals and other arimals involved
with synthetic debris have been gathered during the course of routine data
collection at marine mammal etrandings, fur seal haul-out sites, and
coastal fishing ports (Table 1, Pig. 1). Where possible live animals with
collars or ligatures around their necks and bodies are captured, the
of fending material removed, and the animal released.

PINNIPEDS
Plastic Strapping

Beports of otariid seals being found in the wild with collars around
their necks have been increasing in recent years. Mostly these have
referred to northern fur sesls and Steller sea lions in the Bering Sea and
on the adjacent coasts, but examples have been reported of collars on Cape
fur seals from southern Africa and Antarctic fur seals from South Georgia
(Bonner and McCann 1982). The first record of an entangled New Zealand fur
seal, Arctocephalus forsteri, was made in 1975 (R. Mattlin pers. commun.),
and collared animals have been sighted regularly since then.

The materials involved are primarily polypropylene strapping (462)
followed by netting and rope. Polypropylene strapping systems were first
introduced in New Zealand about 1969, and this tough, buovant material is
preferred by producers of bait and ship's chandlery. The strapping is hard
with an embossed surface, about 16 mm wide, 1.5 mm thick, and sharp edged.
It is generally light blue and is fastened around s package either by heat
sealing or with a mechanical metal crimp. It appears to be common practice
at sea to slip the loop of strapping off the end of a package rather than
cutting it free, and the loop is then cast overboard along with other
ship's garbage.

Most of the animals found with collars around their necks are near
_ populous haul-out sites or rockeries and can be recognized by either the
vivid blue collar or their impeded movement snd swollen, injured, neck
tissues. Apparently juvenile fur seals play with the bande which slip over
their heads, and push down as far as the shonlders, and stick againgt the
lie of the fur.
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Figure l.-—Locations of incidental observations on encounters of marine
nammals and other animals with synthetic debris in New Zealand waters.,
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As the juvenile grows the neck svells within the ligature, and the
sharp~edged plastic cuts through the epidermis into the neck musculature.
In four of the six observed cases of plastic collars on fur seals, wounds
were raw, suppurating and swollen, aud the animals lean or emaciated. One
fur seal only was observed with a Tope collar. The animal was a juvenile
snd although the collar was firmly fixed just forward of the shoulders the
seal appeared in good condition., In the austral summer of 1974-75, a
fenale fur seal was observed at Open Bay Island, South Westland, collared

with blue plastic strapping and trailing a free end of the material about
3 m behind.

There have been igsolated unverified reports to fishery of ficers of fur
seals off the west coast of the South Island being sighted wearing
carefully constructed rope or strapping harnesses. Locally important trawl
fisheries exist in the area, and fur seals have apparently become
acclimated to veseals. In 1981, a subadult wmale fur seal boarded the
govermment RY James Cook at sea by climbing up the stern ramp while the
vessel was travling. The fur geasl spect about 1 h aboard before leaving
the ship down the atem ramp-—the wvay it had come sboard. It has been
suggested that animsls such as this could have been captured, harnessed,
and kept aboard vessels before they escaped back to sea.

Retting

There have been three observations of otariid seals entangled in
discarded fishing net. All of these were sighted in areas where important
travl fisheries exist. Im 1979 5 large male fur seal was observed at sea
off Campbell Island (1lat. 52°33'S, long. 169°13'E) with about 1.5 n of aet
entangled around it neck and the upper tight foreflipper. The animal
appeared to be in good condition with no visible wounds, and its movements
did not appear to be impeded.

Since 1978 a trswl squid fishery has developed near the Auckland
Islands (lat, 50°52's, long. 166%05'E), The Auckland Islands are the
center of distribution of New Zealand's indigenous sea lion, Hooker's sea
lion, Phocarctos hookeri. Im 1981 g juvenile male Hooker's ses lion was
observed onshore with a piece of discarded netting about 1 m long about its
neck. The net collar was not tight, and it appeared the animal would have
little difficulty shaking it off. Pups at the sea lion rookeries in the
Auckland Islands are often observed playing with fragments of rope and
other man-made materials.

During a voysge from Bluff to Wellington the MS Dnion Lyttelton
Teported a fur sesl sbout 50 nmi east of Banks Peninsula, “caught in a
fragment of fisking net. The seal dived as the vessel approached."

The entanglement of pinnipeds in netting in areas of intensive fishing
is a widespread problem and has been reported by Waldichuck (1978) Shaugh-
nessy (1980), Fowler (1982), and Weble and Coleman (1983). Fisheries in
Nev Zealand waters gre expanding rapidly, and it is unlikely that the

problem of entanglements in discarded fishing gear will be reduced in the
oaar future.
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CETACEANS

Although cetaceans have frequently become entangled in fishing gear,
especially in large set trap fisheries around Newfoundland (Perkins and
Beamish 1979) the absence of this type of fishery in New Zealand waters
would preclude this type of entanglement. However, the extensive use of
floating synthetic buoylines on rock lobster pots and deep-set nets has
resulted in fouling of at least two whales in recent timee (Table 1). In
1979 g killer whale, Orcipus orca, waa discovered by fishermen in a
distressed state entangled in ropes and floats in the eastern Bay of
Plenty. How it became entangled is unknown, but fishermen believed the
whale was fouled while investigating either set fishing gear, or floating
debris at the surface which is frequently encountered in this area of
intensive nearshore fishing.

In February 1984 a 10.45-m juvenile male southern right whale,
Eubalaena australis, became stranded just north of Banks Peninsula. The
vhale had been reported moving slowly, north of the stranding point the
dey before it came ashore and was obviously in distress. It died soon
after stranding and was found to have a long length of polypropylene rope,
vith a small polystyrene buoy attached, wrapped around its tail stock. The
rope had cut 20 cm into the leading edges of both flukes. How the whale
came to be entangled is unknown since no reports of damaged or lost gear
were received, but the wounds were sufficiently severe to have caused the
young animal considerable distress.

The only other cetacean to have died--probably as a result of plastic
litter ingestion-—was a juvenile minke whale, Balaenopters acutorostrats,
vhich became stranded in Palliser Bay, east of Wellington in 1976. The
distressed juvenile had been in the area for 2 days before stranding and
after repeated efforts by locals to return it to deep water it died.
Recropey revealed a comwpacted polythene bag stuck deep in the esophagus.
Apsuning the bag had been in place for some time this would account for the
whale's lack of condition and thin blubber. Minke whales are known to be
attracted to ships at sea and this curiosity may, in part, be responsible
for their being reported eating plastic debris thrown from fishing vessels
(Wehle and Coleman 1983),

Ingestion of plastic bags has been reported in other cetacean species
including pigmy sperm whales, rough toothed dolphins, and Cuvier's beaked
vhales (Wehle 1983),

REPTILES

Marine turtles are also noted for consmming plastic bags at sea
(Anonysous 1983). It is most probable that these neutrally buoyant bags
are mistaken by the turtles for food items such as salps and medusae, the
najor food items of leatherback turtles (Wehle and Coleman 1983). Although
turtles are uncommon visitors to New Zealand they are not rare. In the
austral aummer of 1979-80 six lesatherback turtles were reported from New
Zealand coastal waters. One of these became moribund and beached itself

- mear Whakatane in the Bay of Plenty. 3Soon after coming ashore the turtle
died and necropsy revealed the esophagus packed with polythene bread bags.
Presumably the shape and color of these bags in the water are similar to
those of natural prey.
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FISH

Only one fish species has been reported entangled in plastic debris
{Table 1). In 1979 a rig, Mustelus lentjcylatus, was recovered encircled
by a plastic tag of the sort used to suspend salamis and similar large
sausages., The tag completely emcircled the body posterior to the pectoral
fins and bad cut 50 mm into tbe dorsal fin yet the fish was not unduly
disadvantaged. Sharks have been reported fouled in plastic bande and
strapping (Noonan 1977; Bird 1978), but this is the first reported
incidence in New Zealand of the sublethal effect of sausage tage om
elasmobranchs.

CONCLUSICRS

The longevity of plastice in the marine enviromment is not known. The
general characteristics which make synthetics go useful, namely light
weight, strength, durability, flexibility, and buoyancy, contribute to most
of the problems encountered by marine animals., The desirability of poly-
propylene strapping is likely to increase and with it the potential for
coutinved entanglement of seals. When one animal dies as & result of a

synthetic collar, that collar ultimately becowes available to yet another
animal to play with and become entangled in.

In New Zealand requests have been made to bait producers and packers
to print a notice on the bands that they should be severed rather than
slipped off a package. The plastice marufacturers will be urged to incor-
porate photooxidants into their producte to ensure that such materials ams
plastics and polypropylene strapping do not recycle. Regulations governing
litter disposal at sea must be tightened, and the general public must be

made avare of the dangers of these pnear indestructible, yet so useful
materials.
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ABSTRACT

To date, ingestion of plastic pollutante has been recorded
in 50 species of marine birds from around the world. Procel-
lariiform birds ingest plastic most frequently, and phalaropes
and some alcids also have relatively high rates of ingestion.
Penguins, pelecaniform birde, larids, and most alcids ingest
little or no plastic. Species feeding Primarily by surface~-
seizing or Pursuit-diving have the highest frequencies of plas-
tic ingestion, Species feeding Primarily on crustaceans or.
cephalopods have the highest frequencies of plastic ingestion;
secondary ingestiom of Plastics via Fish appears to be
unimportant, Althoughk some species ingest plastic randomly, most
exhibit selective preferences for certain types of plastic.
Monomorphic seabird species show no sexual differences in rates
of Plastic ingestion. Subadult seabirds ingest more pieces of
plastic than do adult seabirds, Geographic and seasonal
variations in plastic ingestion have beer recorded. Plastic
ingestion hl? increased since it begar in the early 1960's.
L1-1§ed detrimental effects of ingested plastic on the physical
condition of seabirds bhave been documented, although red
phflaropen, Laysan albatrosses, and northern fulmars show
evidence of some physical impairment gnd paraskeet auklets show
evidence of decressed Teproductive performance.
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INTRODUCTIOR

The presence of plastic pollution in marine waters was first recorded
from marine birds in the northwestern Atlantic Ocean in 1962 (Rothstein
1973). Since then, a series of papers on plastic pollutants in the ocean
has reported on the qualitative and quantitative dietributions of floating
plastic (Carpenter et al. 1972; Carpenter and Smith 1972; Cundell 1973;
Kartar et al., 1973; Venrick et al. 1973; Colton et al. 1974; Hays and
Cormons 1974; Morris and Hamilton 1974; Wong et al. 1974; Gregory 1977,
1978, 1983; Shaw 1977; Shaw and Mapes 1979; Shiber 1979, 1982; Merrell
1980; Morris 1980a, 1980b; Van Dolah et al. 1980), the occurrence of
plastic in the benthos (Rartar et al. 1973, 1976; Hays and Cormons 1974;
‘Morris and Hamilton 1974; Jewett 1976; Feder et al. 1978), and the
mechaniems that disperse or concentrate plastic and other marine pollutants
{Colton et ;1. 1974; Wong et al. 1974, 1976; Shaw and Mapes 1979; Van Dolah
et al. 1980).

Although most of the early work documented the distribution and
abundance of plastic pollution at sea, it is clear that plastic pollutants
vere entering food webs quite soon after their appearance in the oceans
(Xenyon and Rridler 1969; Rothstein 1973). A survey of work in the last
decade, however, shows that the ingestion of plastic pollutants by marine
birds is being recorded with greater frequency and that our impression of
the problem is changing from one of a series of interesting observations to
recognition of a pollution problem facing seabirds worldwide (Colemsn and
Wehle 1984). Concern over this problem culminated in a recent study by the
senior author (Day 1980) of the dynamics of plastic pollution in a suite of
37 species of marine birde in Alaska, 2 relatively prietine environment
remote from source areas of plastic. In that study, plastic was recorded
in 15 (40.5Z) of the 37 species and 448 (22.8%1) of the 1,968 birds
examined, illustrating how extensive plastic pollution had become in the 16
years since it was first recognirzed in sesbirds.

In this paper, we sttempt to synthesize sll information available on
global patterns of plastic ingestion in marine birds and we discuss the
dynamics and characteristics of plastic pollutants ingested. The emphasis
is on the North Pacific, for which the most complete data exist. We do not
discuas the interactions of marine birds with gill net fisheries (i.e.,
Tull et al. 1972; Ainley et al. 1981; Coleman and Wehle 1983; Carter and
Sealy 1984; Piatt et al. 1984; Piatt and Reddin 1984), the eptanglement of
marine birds in other marine debris (e.g., Gochfeld 1973; Bourme 1976;
Coleman and Wehle 1984; Conant 1984), or the mortality of marine birds from
oil or heavy-metal pollutiom (e.g., Bourne 1976; Ohlendorf et al. 1978).

RESULYS
General Aspects of Plastic Ingestion in Marine Birds

All ingested plastic found has been in the gizzards and (occasionally)
proventriculi of the birds exsmined. Plsgstic has not been found in
inteatinal tracts or feces (Rothstein 1973; Day 1980; Pettit et al. 1981),
indicating that passage through the intestines is minimsl. This lack of
passage is surprising, inasmuch as some perticles are too small to handle
for measurements (Day 1980).
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Raw polyethylene pellets (= "aibs™ of Colton et al. 1974) appear to be
the major form of plastic ingested (Rothstein 1973; Baltz and Morejohn
1976; Day 1980; Anonymous 1981; Bourne and Imber 1982; Van Franeker 1983;
M. J. Imber, Wildlife Service, Wellington, Nev Zealand pers. commun.).
Asysmetrical fragments, generally broken from larger polyethylene pieces,
are commonly eaten by marine birds (Rothstein 1973; Day 1980; Furness 1983;
Van Franeker 1983), wheress polystyrene spherules and styrofoam (i.e.,
foamed polystyrene spherules) appear to be much less common (Hays and
Cormons 1974; Commors and Smith 1982; Furnesa 1983; Van Franeker 1983; T.
J. Dizon, Nature Conservancy Council, Aberdeen, Scotland pers. commun.)

The presence of unfoamed polystyrene in marine birds wvas unexpected,
because this synthetic material is neutrally or negatively buoyant (Hays
and Cormons 1974; Morris and Hamiltom 1974)., Many other types and shapes
of plastic have been recorded, including toys, polyethylene bottle caps,
clear plastic sheets, and nylon, monofilament, and polypropylene line
(Kenyor and Kridler 1969; Baltz snd Horejobn 1976; Bourne 1976; Day 1980;
Pettit et al. 1981; Harrison et al. 1983; Conant 1984).

Eleven recognized colors of plastic were ingested by seabirds in
Alaska (Day 1980). Eighty-five percent of these colors were in the "light
brewn" color range (white, yellow, tan, and brown). Another 87 were in the
other "light” shades (light blue, green, and red-pink), making over 93X of
the total 833 particles ingested light in color or shade. The remaining 7%

of the particles were dark in color or shade: black-gray and darker shades
of blue, green, and red-pink.

The individual weight of 83D particles ingested by seabirde in Alaska
averaged about 0.02 g for most species; this figure includes raw
polyethylene pellets and varisbly sized asymmetrical fragmenta after poat-
ingestion wear (Day 1980). Mean volumes of individual particles from
Alaska averaged 0.03-0.04 m] after poat—ingestion wear. The mean
dimensions of particles from sesbirds in Alaska were 4.2 x 3.5 x 2.0 mm,
again including some large plastic fragments. Unworn raw polyethylene
pellets range from 3 to 5 mm in dismeter (Carpenter and Smith 1972; Colten
1974; Colton et al. 1974; Cregory 1977, 1978, 1983; Shiber 1982) and
average 0.014 g each in the Atlantic (Colton et al. 1974) and 0.026 g in
New Zealand (Gregory 1978), Mova Scotis, and Bermuda (Gregory 1983).

Nearly all plastic particles ingested by seabirde float at the water's
surface (Kenyon and Kridler 1969; Day 1980); the specific gravity of
polyethylene, excluding air vacuoles, is about 0.9 (Cgrpenter 1976)., The
few negatively buoysnt particles recorded are assumed to have been broken
from larger floating objects or to contzin air vacuoles, thereby decreasing
their densities and allowing thea to float.

Ingestion of Plastic Pollutants by Marine Birds:
A Global Perspective

43 of Bovember 1984, ingestiom of plastic pollutants had beenr recorded
fn 50 species of marine birds from around the world (Table 1). In this
totsl, we do not include three bird species in which plastic has been
Tecorded because they represent instances of secondary ingestion via
predation of plastic—contaminated sesbirde: bald eagle, i
; preying on parakeet auklets in Alsaska (Day unpubl. data),
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Table 1.--List of seabird species that have been
recorded ingesting plastic as of November 1984.
Phylogenetic sequence for procellariiform birde and
pelecaniform birds follows Mayr and Cottrell {1979),
and for all other species follows the American
Ornithologista® Union (1983).

Species Beientific neme
Wandering albatroes Diomedea sxulaps
Royal albatross Diomedeg evomophory
Black-footed albatross Dicmedes njigripes
Laysan slbstross Dionedes ipmutgbilis
Gray-heeded albatross Diomedes chrysogtoms
Forthern fuloar nlparpe glacialie
Great-winged patrel Pterodroms macropfers
Kerguelen petrel Prerodrons brevirostris
Bonin petrel 2terodzoms hypoleucs
Cook's petrel Pterodroms cookii
Blue petral Balobaena caerules
Brosd~billed prion Pachyptils vittats
Sslvin's priom Pachvptila salvini
Antayetic priom Pachvpcila desolats
Fairy prion Pachwyptils turtur
Bulwer's petrel Bulveris bulwerii
¥hite-chinned petrel Erocellaris aeguinoctialis
Parkinson's petrel Procellaris purkinsoni
Pink-footed shearwater Puffinip crestopys
Greater shearwater Epffinis gravis
Sooty shearwater Puifinis grineyns
Short-tsiled shearwater Puffinis teouirostrie
Manx shearwster Puffinis puffigie
White~faced storm-petrel Zelagodroms maring
Britieh storm-petrel Bydrobates pelagicus
Leach's storm-petrel Ocesnodroms leucorhog
Sooty stora—petrel Ocepnodroma tyistrami
Pork-tailed stora-petrel Oceapodromg furcats
Blue-footed booby Sula npebouxji
Red-necked phalarope Phalaropus lobstug
Red phalarope Ibalaxopus fulicaria
Laughing gull Lerue gtricilla
Heermann's gull Larus heermgpij
Maw pull Latus capuy
Herring gull Larye argentatus
Western gull Large occidentalis
Glaucous-winged gull Larus glavcescens
Glaucous gull Larus hyperboregys
Graat black-backed gull Larus marious
Black-legged kittiwake Rissg tridactvls
Red-legged kittiwake Risss i
“Teras™ Bterns spp.
Dovekie Alle allg
Thick-billed murre Iria logvia
Cassin's auklet Rtychorswphus gleuticus
Parskeet suklet Exclorrhynchus psittaculs
Least auklet Asthip pusills
Rhinoceros suklet Sererhincs monocerata
Tufted puffin Fratexculs cirzhata
Horned puffia Exataxcula corpicplata
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Antarctic skua, Catharacta antarctics, preying on broad-billed prions in
the South Atlantic (Bourme and Imber 1982), and short-eared owl, Asio
flsmmens, preying on blue-footed boobies in the Galipagos Islands
(Anonymous 1981). We also omit the Antarctic fulmar, Fulmarus
glacigloides, and the Atlantic puffin, Fratercula grctica, which have been
reported to ingest elastic threads but not plastic (Parslow and Jefferies
1972; Crockett and Reed 1976). In addition, great frigatebird, Fregata

pinpr, may pick up pieces of marine debris, but do not appear to ingest
them (Comant 1984).

All seabird species that have been examined for plastic ingestion, and
their rates of ingeetion, are listed in Table 2. Twenty-eight (56%) of the
species ingesting plastic are procellariiform birds, 1 (22) is a pelecani-

form bird, 2 (41) are phalaropes, 11 (222) are gulls and terna, and 8 (16%)
are sleids.

The highest frequencies of plastic ingestion are recorded in
procellariiform species and in the parakeet suklet, an alcid breeding in
the North Pacific. The highest mean oumber of particles ingested, 21.7
particles per bird, was found in short-tailed shearwaters from California
(3g1tz and Morejobn 1976). Creater shearwaters from South Africa (Furness
1983) and parakeet auklets from Alaska (Day 1980) exhibited the second and
third highest amounts of plastic ingestion, reaspectively. Of the 50
species containing plastic, only 12 have been recorded ingesting a mean of
one or more particles per bird (Table 2).

We have summarized the data from Table 2 in terms of frequencies of
ingestion in families and in groups of similar epecies (Table 3). To
determine the approximate mean frequency of occurrence of plastic per
spacies within a particular taxon, we: (1) estimated the frequency of
occurrence of plastic for each species from Table 2, where possible; and
(2) caleculated mean frequemcies of occurrence from these estimates. These

mean values are approximsate and should only be viewed ar indicating trends
smong taxa.

Procellariiform birds exhibit bhigh overall rates of ingestion; 28
(902) of 31 species examined contained plastic. Thie group also has a
relatively high mean frequency of occurrence per species, indicating that
many individuals of many species have ingested plastic. Penguins and sea
ducks have not yet been recorded with plastic. Pelecaniform birds comtain
little or no plastic, and have a very low mean frequency of occurrence per
species. Among the charadriiform birds, phalaropes and some alecids
(auklets—dovekie and puffins) have both high rates of ingestion and
relatively high frequencies of occurrence per species. In contrast, laride
have a high overall rate of ingestion but a low frequency of occurrence per
species, indicating that only a few individusls of many species in this
taxon have ingested plastic.

Effects of Feeding Ecology on Variation
in Plastic Ingestion

The only snalysis of the relationships between feeding ecology and
plastic ingestion is from Day (1980). Twenty-six percenmt of the birds from
Alasks classified as primarily pursmit-divers contained plastic, the

t incidence awong all feeding methods; 162 of those seabirds feeding
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Table 3.--Rates of plastic ingestion in femilies of birds and in groups
of similar species, calculated from the data in Table 2. The approximate
mesn frequency of occurrence of plastic per species was calculated by:
(1) estimating the frequency of occurrence of plastic for each species
from Table 2, where possible; and (2) calculating a mean frequency of
occurrence for these estimates. These mean values are approximate aund
should only be viewed as indicating trends among taxa.

Approximate mean

Frequency of frequency of
Ho. of species occurrence of pccarrence of
exaxined for plastic in taxon plastic per species
Taxon plastic in taxon (1) (%)
FROCELLARIIFORMES
Diomedeidae 5 100 28
Procelleriidae 21 26 24
Gadfly petrels L) 100 [
Prions & 100 40
Shearwaters~fulmars 9 67 al
Other & 100 32
Bydrobatidae 6 8 38
Pelecanocididae 1 0 ]
SPHENISCIFORMES
Spheniscidae 2 0 0
PELECANIFORMES
Phasthontidse 1 0 0
Fregatidae 1 0 0
Phalacrocoracidae 4 i) o
Sulidee 5 20 ? (low)
ANSERTFORMES
Anstidae 6 0 0
CHARADRIIFORMES
Scolopacidae {(phalaropes) 2 100 45
Laridae 226 L47 <3
Skuas-jsegers 3 0 0
Gulla 14 71 [
Terns > a1 ? (very low)
Aleidae 216 <50 x11
Murres—guillemot s~ 26 <17 <1
marreleta
Aukleate-dovekis [ 1 67 18
Puffins 4 75 14
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by surface-seizing, 9X of those feeding by dipping, and none of those
feeding by plunging or piracy contained plastic (Table 4). Some bias is
present in these results, hovever, because shearwvaters, which vere
classified as primarily pursuit-divers, also feed extensively by surface~
seizing. If the data for shearvaters are combined with those for surface-
seizers, am many as 52% of the surface—seizers and as few ap 167 of the
pursuit-divers contained plastic. This bias notwithstanding, a significant
number of species previously considered to be exclusively gubsurface-
feeding coutaived plastic found only at the surface of the water,

suggesting that wany pursuit-divers exhibit a Ereater range of feeding
behaviors than was believed previously.

Table 4.-~Frequency of occurrence of plastic in seabirds from
Alaska with respect to primary feeding method (from Day 1980),
Feeding method classifications are from Ashmole (1971) and Day
(1980).

Ro. No. Frequency of
examined with occurrence

Feeding method {n) plastic (%)
Pursuit-diving 1,532 399 26,0
Burface-seizing 157 25 15.9
Dipping 256 24 5.4
Plunging 21 0 0

Piracy 2 0 0

Birde feeding by plunging or piracy show no evidence of plastic
ingestion. Plungers generally sight individual prey items below the
surface of the water (Ashmole 1971), where floating plastic is not found,
and they probably camnot distinguish objects as small zs plastic particles
from the air. Those birds feeding by piracy take food dropped by other
birds; such food is primarily fish (Ashmole 1971) and appears to contain
little or no plastic.

Birds feeding by bydroplaning, a method not used by Alaska's seabirds,
2lso exhibit high rates of plastic ingestion (Tables 2 and 3). The priona
use this method to filter surface vater, wvhere the plastic occurs, through
their bill lamellse (Ashmole 1971). Approximately 502 of the prions
sxamined by M. J. Imber (pers. commun.) conteined plastic (Table 2).

Another feeding method, scavenging at the sea's surface, is used to
varying degrees by seabirds throughout the world (Ashmole 1971).
ortunately, its importance relstive to other feeding methods is often
difficult to quantify, Scavenging is common in many procellariiform birds
and jn gulls (Ashmole 1971); interspecies varistion in degree of scavenging

i:?blbly dccounts for some of the varistion in ingestion frequencies seen
gha:. groups.
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Plastic ingestion also can be correlated with a given sgpacies?
preferred prey (Table 5). Generally, those species of seasbirds from Alaska
relying primarily on crustaceane or cephalopode had a higher frequency of
plastic ingestion than did those relying primarily on fishes (Day 1980):
species feeding primarily omn crustaceans had a significantly higher
frequency of ingestion than did fish-feeders (x* = 305.6; 1 df; P < 0,001;
chi-gquare R x C test; Conover 1971), as did cephalopod-feeders when
compared with fish-feeders (x* = 68.2; 1 df; P < 0.001). Thue, secondary
ingestion of plastic via fish is evidently low, although it has been
proposed for blue-footed boobies in the Galapagos Islands {Anonymous 1981).
Cephalopod- and crustacean-feeding seabirds showed no significant
difference in the frequency of plastic ingestion (xz =1.,1; 1 df; P >
0.05), indicating that both were important in effecting plastic ingestioen.

Table 5.——Frequency of occurrence of plastic in seabirds from
Alagka with respect to primary prey type {(adapted from Day 1980).
Prey type classifications are from Ashmole (1971) and Day (1980),

No. Fo. Frequency of

examined wvith occurrence
Prey type (n) plastic (2)
Crustaceans 566 270 47.8
Cephalopods 39 22 56 .4
Fishes 1,363 156 11.4

Prey type waa s better predictor of plastic occurrence in seabirds
than was feeding method, probably becsuse of the particles' similarities
(location in the water colusm and in physical attributes) to known and
probable prey items. A number of known and probable prey items ocecur
regularly in surface waters, where plastic might be mistaken for, or
ingested, along with these prey. In Alaska, squid larvae live primarily
wvithin the upper 0.5 m of the sea's surface; in addition, the adults
undergo a circadian pattern of vertical migratiom and are found at the
sea's surface at night (Clarke 1966; C. G. Bublitz, Institute of Marine
Science, University of Alaska, Fairbanks, Alasks pers. commun.), The
planktonic larvae and adults of many pelagic crustaceans (e.g., copepods,
euphausiids), which many of the light-brown particles of raw plastic esten
by seabirds resemble (Table 2), are also found at or near the water's
surface (Mauchline 1980; Raymount 1983).

The egges of many fishes are also found at the surface of the ocesn
(Bart 1973). These pelagic eggs axe rarely recorded in seabirds, probably
becguse they are rapidly digested in the birds' stomachs. Flyingfish
(Exocoetidae) eggs attached to plastic have been found in Laysan and black-
footed albatrosses (Pettit et sl. 1981; Harrison et al. 1983), and some ses
ducks and gulls eat the benthic eggs of some nesrshore fishes (Outram 1958;
Gjosaeter and Saetre 1974). Colton (1974) originally mistook the light—
brown pellets of raw plastic that he had caught in neuetom tows for pelagic
fish eggs, and several scientists at the University of Alaska mistook the
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sapples of Day (1980) for fish eggs. The small, round pellets could also
be mistaken by the birds for the eyes of squids or fishes or for the bodies
of larval fishes. Thus, it is not surprising that those seabirds feeding
primarily on crustaceans or cephalopods exhibit a higher occurrence of
plastic than do those species feeding primarily on fish.

Interspecific Variation in Plastic Ingestion

An obvious question to be asked is whether seabirds actively select
specific kinds of plastic or randomly eat any plastic that they encounter
at sea. Exampination of two data sets from the North Pacific suggests that
the former hypothesis is correct.

Table 6 compares the numbers and frequencies of colors of 833 plastie
particles ingested by Alaeka seabirds (Day 1980) with nimbers and
frequencies of colors of 250 pieces of floating plastic sighted from the
deck of a ship during a ¢ruise in the subtropical North Pacific from
Honolulu, Hawaii, to Hskodate, Japan, between 10 and 22 August 1984
(Dahlberg and Dsy 1985; Day unpubl. data).

Ve make two assumptionz about this latter data set: (1) We assume
that the frequencies of plastic colore in the subtropical North Pacific are
Tepresentative of the frequencies of colors of plastic in the subarctie
Forth Pacific, where the seabirds were collected; and (2) since about 733
of the plastic particles ingested by these seabirds are raw polyethylene
pellets rather than plastic fragments, we assume that the frequencies of
rav polyethylene pellets in the ocean are reflected in the frequencies of
colors of these larger plastic objects. We see no reason why there should
be geographic variastion in frequencies of colers of plastic in the ocean;
Dahlberg and Day (1985) found no geographic variation in frequencies of
types of wmarine debris. HNo data are available for determining the accuracy
of the second assumption.

There is a significant difference between frequencies of colors of
plastic objects in the stomachs of sesbirds from Alaska and frequencies of
colors of floating plastic objects (X? = 1,280.4; 7 df; P < 0.001; chi-
square goodnese-of-fit test; Zar 1984). In this test, we omitted the color
columns "orange" and "transparent” (Table 6), since they could not be
adequately com