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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-
tioa to the Executive Summary, the proceedings of the workshop contains an
introduction, the full text of the papers presented at the three technical
sessioas, abstracts of oral presentations, an abstract of a poster sessions
aad 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, aad 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 representiag 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 Maaagement Councils, representatives of several conserva-
tion groups, and officials of fisheries agencies of the Governments 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 Washingtoa Communications Service, 150 N.
Muhlenberg Street, Woodstock, Virginia, prepared the Executive Summary.

Special thaaks are extended to the University of Hawaii Sea Grant
College Program for their assistance in handling the logistics of the
workshop aad aidiag in the preparation of the proceediags for publication.

Pacific Sea Graat College Programs contributing funds for the workshop
iacluded the University of Hawaii  NOAA Grant No. NA81AA-D-00070!, the
University of Alaska  NOAA Grant No. NA82AA-D-00044C!, the University of
California  NOAA Grant No. NA80AA-D-00120!, aad the University of
Washington  NOAA Grant No. NA84AA-D-00011!. This proceedings is also a
Hawaii Sea Grant College Program cooperative report, UNIHI-SZAGRANT-CR-
85-04.
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EXECUTIVE SUMNkRY

I. IHTRODUCTIOR

For the past decade, concern has been groving among scientists' fish-
ermen, conservationists, and others over the markedly increased volume of
marine debris apparent in the world's 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
turtl.es, seabirds, and fishes--organisms which may become entangled with or
ingest man~de debris. This debris may also pose a potential threat to
human safety aa a result of fouling vessel propulsion systems.

Many of those concerned have pointed out the need for a more precise
definition of the problem. In 1982 the Marine Mammal Commission asked the
National Marine Fisheries Service  NNFS! 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 Honolulu laboratory,
NMFS, established a Steering Gronp to organise an international 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.

~Ob 'eigjzgg . � The objectives of the Workshop, as defined by the
Steering Group were to: �! review the state of knovledge on the fate and
impact of marine debris to determine the extent of the problem, �!
identify and make recommendations on possible mitigating actions; and �!
identify and make recommendations on future research needs. The Steering
Group recognised that active fishing operations, such as tbe high seas gill
net fisheries in the North Pacific, may also pose a serious threat to mar-
ine species, but determined that this problem vas beyond the scope of the
planned Workshop. Thus, the Honolulu |forkshop vas limited to considerat'ion
of marine debris and its impact on marine speciea.

'U '
sion, the Workshop was opened vith a review of the ezisting conventions,
lava, and regulationa that could provide a legal framework for 'dealing vith
the problem of marine debris. gackground and ezperience papers on three
aspects of the problem vere presented in the technical sessions that
followed. The session topics were: the source and quantification of
marine debris; the impact of debris on marine resonrces; and the fate of
marine debris in the world's oceans. Secause of the broad public interest
in the topic, particnlarl.y as regards the entanglement issne, a fourth,
general session «as held to focus on identification of management needs.

Upon completion of the technical sessions, participants met in four
separate clerking Crompa to discuss the results of the technical sessions
and to formnlate recommendations on needed actions. Lt a final plenary



session ~ Working Group chairmen summarized the results of these delibera-
tions for consideration by the Workshop participants as a vhole ~

U.S. Pish and Wildlife Service, the Marine Mammal Commission, the NMFS, the
North Pacific Fishery Management Council, the Pacif ic Pishery Management
Council, the Pacific Sea Grant College Programs ~ and the Western Pacific
Regional Pishery Management Council.

participants included representatives of these groups along vith
scientists from various disciplines, administrative and management person-
nel from federal and State offices, and representatives of the fishing
industry, the academic cowaunity, conservation groups, and aquaria.
Although participants vere primarily from the United States, scientists
from the Republic of Korea, Japan, the Republic of China  Taivan!, Nev
Zea]and ~ Canada, the Federal Re pub l ic of Germany and the United Kingdom
vere also present.

l I BkCKGROUÃD

The tendency of marine mammals and other marine species to become
entangled in pieces of fishing or cargo nets, packing hands, and other
debris lost or discarded at sea has been recognised for many years ln the
mid-1960's, the North Pacific Pur Seal Commission noted the increasing
number of northern fur seals in the harvest that vere 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
North Pacific Ocean.

Over this same period, it haa become apparent that the problems of
entanglement are not limited to northern fur seals, but also involved other
marine mammals species, including the endangered Ravaiian monk seal, sea
lions> harbor seals, amd northern elephant seals. Other incidents
involving entanglement of seabirds, marine turtles, and fish have also been
recorded.

ltaneonsly, it has been found that sose species, including
endangered species of sea turtles and many species of marine birds, are

eating ocean debris such as plastic bags, small plastic pellets
 believed to ha the za» form of material used in molding plastic products!,
~ nd oth« man~de materials.

awhile many of the incidents of entanglement and ingestion of marine
dobro have been observed im the Norah Pacific gasin, data from other areas
of the vorld shov that the problem i.s global-

la most instances, the extent of entanglement in and ingestion of
materials by marine species ia not kmoem; mor is it clear chat impact this
+teraction betveen marine aaimala amd mam~de debris may be having on
+dividual animals or polsalatioms as a mbole. There is reason to believe,
unsevere that entanglement of northern fur seals im net fragments f linea

aadsI amd other Alai'a sutj'te m ai~ificamt mortality factor.



Based on data analysis carried out in preparation for the April 1982 meet-
ing of the North Pacific Fur Seal Commission, a preliminary estimate of the
annual mortality rate due to entanglement at that time was that it was more
than 51 of the population as a whole. Subsequent analyses indicate that
mortality from entanglement may exceed the original estimate and probably
has its greatest effect on young animals.

There are also questions about the sources of such debris and what
ultimately happens to it once it enters the marine system. However, it is
increasingly apparent that marine mammals, seabirds, turtles, and fish are
becoming entangled in or are ingesting manmade debris lost or discarded in
the oceans.

IIX. SUMKlRY OF TECHNICAL SESSIONS

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

Session I. Source and Quantification of Marine Debris

The purposes of this session were to describe sources of marine debris
and, to the extent possible, indicate the quantity that aay 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 accurate estiaates of the volume
of debris both entering and 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 l5 fisheries
annually. The Japanese coastal sardine and herring fisheries represent 72Z
of this activity. The trend in nse of high seas gill nets is not clear,
but it appears the reduction in Japanese high seas effort since l958
 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 debrief' While not as large
as the high seas gill net fishery in terms of ailes of netting in the
mater, the trawl fishery is a significant effort in the area. Since about
l962, the total trawling effort by all countries has been relatively stable
at between 2,000 and 2,SOD vessel months per year  Low et nil� ! ~ This view
was generally corroborated by Fredin.

Another significant source of debris vas suggested in the presentation
by Seilson. Both from land-based and wntemelated activities, the general
population contributea a variety of debris in the fora of polystyrene,



strapping bands, rope, packaging materials of many types, plastic bags and
sheets, and plastic food utensils.

The quantity of debris in the lorth 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-
«eat Alaska, and kachitka Island in the Aleutians. Merrell reported that
trawl netting constituted 67 to 85X of the debris by weight on the beaches
studied in Alaska. Neilson reported that a synoptic survey of Oregon
beaches yielded 26 tons of material in about 3 h. It vas primarily poly-
styrene, plastic food utensils, bags or sheets of plastic, and plastic
bottles. Fishing materials represented a relatively small part of the
totals

Nahlberg and Jones reported results of debris observations on the open
ocean. Prom a survey between Hawaii and Xodiak, Alaska, Dahlberg noted
geographic areas of concentration, due presumably to the action of ocean
currents. The types of material were similar to those reported by Malison
in Oregon. loth Dahlberg and Jones noted that the asount of debris sighted
was low, but a paper by Lenars indicates that the observed densities are
not inconsistent with sortality 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. k reviev of the literature by Vallace included some unpublished
results of research on debris entanglement and debris ingestion. Also
noted were same impacts on humane, including entanglement during underwater
activities and in vessel propellers.

Incidences of entanglement have been monitored most extensively for
northern fur seals, primarily as part of the snbadult male harvest- Since
the late l960's, a record of such observed entanglement has been made for
8t. 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 6.51 per year! in furseal populations in the l'ribilof Islands. ks part of this «or%, Fowler
developed models «hich indirectly related the population decline to
entanglement, but more recently and more directly, in a paper presented in
this session, shoved correlations between observed entanglement on land and
changes in the number of pupa born.

Since Steller sea lions feed also in an area used by fur seals, it is
not surprising that these animals are also observed entangled in netting
hand plastic packing bands. Calkins reported on such incidents and also on
beach surveys that attempted to determine the proportion of marine debris
on beaches that haa potential for entangling animals. Similar observations
vera reported on by Stewart and Toches with respect to several species ofpimnipeda in the Southern California light. In general, rates of entangle-
mat im this area were sech lower tham for the northern species discussed
above



There are scattered incidences of monk seal entanglement, some in
published reports but many in unpublished reports and field notes. Such
reports have been collected and were summarized for the years 1976 to 981 84

in a paper presented by Henderson.

Three papers reported on entanglement or ingestion of marine litter,
primarily pi.astic bags and pellets' One reported on such incidents in New
Zealand, one on marine birds around the world, and one on marine turtles.
Wiie the fact of such plastic ingestion is clear, the actual impact on the
individual animals is much lese clear.

In separate papers, High and Carr reported on directed and 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 derelicts These studies demonstrate that such "ghost" gear will
have 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 ~ Pate 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 gering gea.
Two papers were presented on forcing mechanisms for and behavior of the
general circulation, foi.lowed by tm presentations that viewed the question
of fate of marine debris from model perspectives.

Prom presentations by geckel and Reed, it is evident that our under-
standing and description of general circulation have advanced significantly,
due particui.arly to the wealth of direct current measureaents made during
the past decade. The lack of knowledge of debris behavior with time and the
natural variability of the upper ocean, however, preclude prediction of
debris transport on an individual item basis. Concentrations of debris,
however, were suggested to be aoat likely in either the Subarctic Conver-
gence Zone or on the west coast of North kaerica from about lat. 40' to 50 N.

Presentations by Celt and Gerrodette focused on model approaches to
the problea of debris. Gelt indicated processes whereby debris would aoat
likely be concentrated and regions where such processes are active. The
Subarctic Convergence «as again noted as a region of reduced spreading
tendency. Observations presented by Dahlberg indicated higher concentra-
tions of debris actually existed here. Cerrodette presented a conceptual
model., based on population dynamics, which considered aarine debris as a
group of various species whose birth and death rates are poorly quantified-
Critical for this approach is information on how much debris existed and
where and «hen it entered the aarine enviromnt ~ This aodel was a useful
fraaework for Vorking Croup III discussions about possible aitigating
actions and for identification of needs fot future research.

IV. gaea OZ WORXrme Caam mETXSCS

The reports of the four Sorting Groups reflect the perspectives from
which each approached the issue of marine debris in the world' ~ oceans � itsorigina, its iapact on aarine species, its fate in the aarine enviroment,



and tools for addressing and managing the problem. Full reports of the
three technical Working Groups and the Working Group on Management Seeds
are included in the proceedings of the Workshop. The Working Group
reports are smmarised here.

ke became apparent during the final pl.enary session of the Workshop, a
amber of common conclusions and similar recommendations emerged from the
individual Working Groups Por example, the groups agreed on the need for:
extensive efforts to educate the public on the marine debris problem,
quantitative data to assess the impact of debris on marine resources; and
increased information to determine the sources and distribution of debrief'

Working Group participants agreed that despite insufficient data,
available evidence showa that marine debris now threatens a umber of
marine epeciea, including marine mawels, seabirds, marine turtles, and
fish, and presents a haaard to vessel operations. Clearly, the problem is
not limited to any group or groups of animals> but can affect commercially
valuable species and endangered and threatened speciea, aa well as human
safety at sea.

kt the same time, the groups recognised that marine debris may have
positive benefits for both marine speciea and man, such as a tendency to
concentrate finfish, which should be investigated.

It was also recognised that entanglement of nontarget marine animals
in actively fishing gear may pose as great or a greater problem than
interactiona «ith marine debris, and it was agreed that this issue should
be addressed in another forum.

While tha precise impacts on marine populations as a whole are not
knee, the Working Groups agreed that it waa clear that marine debris
negatively affects certain marine species on an individual levels These
include the northern fnr seal, which ia experiencing a population decline,
and the endangered Hawaiia» monk seal. Marine debris also impacts other
apeciea, including certain aeabirds, turtles, and fish resources Thus,
the Working Groups placed major emphasis on the need for studies to assess
the impact of marine debris on marine resources. Such studies should be
undertaken in concert with efforts to educate user groups and the public on
the marine debris problem and to obtain additional information on its
source and extent.

From the common threads «oven throughout the four Working Group
reports, it was clear that education may be the most effective first step
in addressing the marine debris problem. Information programs explaining
the problem should be developed for user and interest groups, including the
f4hing industry, the plastics manufacturing industry, the public, merchant
carriers, the military, and appropriate international groups. Such efforts
could lead to a reduction in the discard of material from both shipboard
aud land+seed sources and could spur development of relatively simple
techniques to reduce the impact of such debrisi

& Working Groups recommended that programs be implemented to apprise
Mlvmd indmstriea amd the public of the extent and impacts of marine
debris and the maine by which these probl~ aight be mitigated. tor



example, the fishing, industry should be advised that wanton discard of
unvanted gear and net fragmeats may eadaager not only marine mammals,
birds, aad turtles, but caa impact fish resources through "ghost-fishing"
 the tendency of same 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 aaimals. 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 fishiag nets and other gear should be advised
of simple measures that could reduce the potential adverse effects of such
material on marine species' Por example, plastic packing bands could be
stamped with iastructioas that they be cut before they are discarded.

The Working Groups also agreed that the general public should be made
avare of the marine debris problem aad its help solicited ia increasing
efforts to clean up beaches aad areas where debris may concentrate.

ht the same time, the Working Groups agreed that a mechanism is needed
to improve the ezchange of ideas, data, aad techniques on the marine debris
problem. It waa specifically recomsended by oae group that the IMPS
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
comsen terms and the assembly of a catalog or reference collection to aid
in identification of net fragments aad other forms of commonly found
debris.

Iaternational cooperation vms considered essential in addressing the
marine debris issue. Working Group I ideatified possible sources of addi-
tional information and ezpertise that might contribute to an increased
uaderstanding of the problem. These sources include the Internatioaal
North Pacific Pisheries Commission data oa aet design and usage in the
northeast Pacific region; availabl.e data on U.S. fishing activities in
the eastern portion of the North Pacific; aad historical, observations of
entanglement, particularly involviag northern fur seals-

The Working Groups also agreed on the need to obtaia more information
from foreign fisheries operating ia the U.8 Ezclnsive Economic Zone and
from fishing activities elsewhere in the world, both to piapoiat origins of
marine debris and to determine the ezteat of the problem. For example, it
«as recommended that information oa fouling of fishiag aad recreation
vessels> as well as other waterborne traffic, should be collected in order
to assess the full scope of impacts on marine debris-

Workshop participaats identified several steps that could be taken to
help determine the origin of marine debris, such as a requirement that all
fishing nets be marked for identification. both to determine the origin of
the derelict net and the area where it was lost. lt was suggested that
ocean-going vessels be used as "platforms of opportuaity" to help assess
the quantity aad distributioa of debris aad that fishing and merchant
vessels should be asked to contribute data on rate aad. location of gear
loss so that the fate of such debris could be determined.
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The Working Groups also recommended that efforts be initiated to
investigate means of regulating sizes and types of mesh need in those
sections of nets likely to be lost or replaced at sea. It was proposed
that fishersaen be reqnired to install biodegradable  e.g., vegetable fiber!
material in critical portions of nets and on fishing pots. Accidental loss
of nets might be rednced through development of charts to identify areas
where mage are known to exist.

Xt was also considered important to conduct ezperiments to study the
fate of lost fishing nets, inclnding where the nets go, how they are bro'ken
down by natnral forces, and how long they may pose a hazard to marine life
and hnmans.

%!rkshop participants noted that, while several species and types of
marine animals are impacted by marine debris, it ia not possible to make
generaliaations abont the problem. Available information suggests that the
northern for seal is the species most seriously affected by marine debris,
bnt because of limited data, precise estimates of entanglement-caused
mortality rates have not been prodnced. Additional research is needed to
gain a better understanding of the effects of debris on northern fur seal
popnlation dynamics. At the same time, it vill be necessary to address
other potential causes of the ongoing decline in the northern fnr seal
population

Xt «as concluded that fnrther information is needed ta confirm the
level of northern fur seal mortality resnlting from entanglement; to
determine if northern fur seals become entangled in netting of all sises in
proportion to its fraqnency; to compare the distribntion of netting at sea
and on beaches; and to measure tbe drag effect o» seals entangled in debris
and the impact on the animals' ability to forage. Five specific research
project ~ were recommended to obtain information in these areas: radio-
tagging experiments to track entangled seals', placement of marked debris
near rookery islands to determine its fate', additional beach snrveya to
document qnamtity and types of debris; sampling programs to determine
distribntioa of debris at sea; and comparison on impacts on northern fnr
seals «ith those on other pinnipeds.

workshop discussions snggested that the marine debris probi.em today
may parallel the pesticide problem as it emerged in the 1960'a. Jnat as
raptors «are the early indicators of widespread pollntion by pesticidea,
northern fnr seals may represent the "tip of the iceberg" as regards marine
debris� . That ia, marine debris may be a generic and widespread problem,
and investigations of its impact on other species may indicate similar
patterns and effects lt waa felt that, if additional research om northern
fnr seals leads to a recognition of a widespread problem, scientists and
«anagera vonld be in a better position to manage marine resomrces in
general.

V~ CONCLUSIONS AND RECOMNIHfMTXONS

The Nor@shop considered the informatioa presented during the technical
~ aasions and oomclmded that there is ample evidence that debris of both
terrestrial am' shipborne origin are widespread im the marina environment.
Neo smeh 4ehr4a <s 4Mwa to interact with a wide variety of marina
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mammals, fishes, turtles, birds and invertebrates, in most instances th
consequences and quantitative im acts s e

impacts of this xnteraction do «ot appear to
these int
e ve understood. Hovever, substantial qualit t 'da ive evi ence indicatesin eractions are contributing to increased t l'

resulting from natural causes. mor a ity over tbat

Aa a means of addressing the uncertainties surro d' th'un ing is problemi e mxtigating the known impacts, the Workshop agreed to the follovin
recommendations: ee o e o oving

Education. � Efforts should be undertaken to advise user and interest
groups of the nature and scope of tbe marine debris bl S h
should inc pro em. uc groupss ou include the fishing and plastics manufacturing industries, mercbant
carriers, the military, appropriate international groups, and the public.

Assess the impact of marine debris on marine resources, including
fish species, northern fur seals, Havaiian monk seaI.s, seabirds,
and marine turtles

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

Determine the fate of lost gear and debris once it is deposited in
the marine environment.

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

Obtain vorldvide data on vessel disablement as a result of

interactions vith marine debris.

Additional efforts should be undertaken to: Develop alternative
methods for both fishing and nonfishing activities to replace those methods
that contribute significantly to the marine debris problem; identify and
publicixe geographic areas vhere fishing gear is likely to be snagged and
lost; determine the impact of debris on the seafloor; obtain data on gear
Loaa of high seas gill net fisheries; estabi.ish the severity of the debris
problem in areas other than the North pacific; examine possible positive
benefits of debris; determine impacts of ingestion of debris by seabirds
and turtles and other marine organisms; and expand existing stranding
netvorks for marine mammals, birds, and turtles, and incorporate examina-
tions for evidence of interactions «ith debris.

' ~tip'.--Tvo major efforts are recommended:

Regulate disposal of material that can result in high negative
isspact on resources; and

Investigate nse of biodegradable materials in gear construction
and the recycling of net materials.
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additional ly, it is recommended that ef forte be made to regulate uee
of gear that hae a maJor impact on reeourcea and to encourage aurveys and
clean ep of beachea «here interactione between marine apeciee and debris
ia likely to occur.
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LEGAL AVTHDRITIES PERTINENT TO ENTARGLEMERT BY NARIRE DEBRIS

Michael Gosliner
Office of Geaeral Counsel, NOAA

Washington, D.C. 20230

ABSTRACT

A variety of statutes and treaties are potentially
applicable to marine debri.s, although no lav specifically
addresses this problem. These lave may be separated into four
categories: pollution control lava such as the London Dumping
Convention or the Ocean Dumping Act, vildlife lavs such as the
Kadangered Species Act or the Marine Naval Protection Act,
fisheries lava such as the Nagausoa Fishery Conservation and
Management Act, and pollutioa abatement Lave such as the Super-
fuad Legislation. All of these authorities are analysed and the
eaforcement difficulties are considered. Alternative enforce-
meat mechanisms are examined, includiag gear marking, a bouaty
system on discarded fishing gear, and an expanded observer
program. Where possible, the statutes are examiaed to determine
vhat types of research vould be most useful in filling the infor-
mation gapa vbich inhibit effective utilization or enforcement.

ISSUE

Tbe Marine Mammal Commission  Commission!. ia a letter dated
18 November 1983, requested that the Rational Oceanic aad Atmospheric
Administration  NOAA! identify ead evaluate all domestic and international
authorities vhich may be useful in preventing the dumping of fishing gear
and other debris vhich may be responsible for the eataagleaent of marine
mammals. Tbe Commission further requested that aay authority be identified
vhich might be used to facilitate the recovery of gear fragments aad other
discarded material already in the sea. In making its request, the Commis-
sion voiced its concern for the seriousness of the entanglement problem,
particularly vith respect to the North Pacific fur seal and the Navaiiaa
monk seal.

SUNNART AND CONCLUSION

Although the extent of the eataaglement problem is uaknovn, it has
been hypothesised that the numbers of fish, maziae mammals, and seabirds
killed or injured by discarded fishiag gear aad other debris are substan-
tial'~ Several pollution coatrol statntea aad treaties vhich prohibit or
limit tha dumping of debris into the oceaas may be useful ia curbing the

Q L S ShOnOOO Osa a, e TOOhilo  OditOto! ~ trOCOOaiaao of the SorhohOS oo the Sat O Osa IOSOOt
yg aorioo nohrIo, ss-SS %srcmher ISs4, aoooloIo, soooki. U.s ~ sop. coooor., soia Tooh
mes, NNa-~-eve-54. I%85.
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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 birds, fish. marine mammals, and sea turtles ~

The Magnuson Fishery Conservation and Management Act  lfagnuson Act!.
«hich regulates fishing within 200 miles of the United States ~ may also be
used to prohibit the disposal of fishing gear at sea and the entanglementof vildlife. Riever, for any of these lave to be enforceable the origi-
nator of the debris must be identified ~ Since the disposal of debris
generally occurs in remote locations, identification of violators is
usually difficult. Alternative methods of enforcement, including more
extensive marking of gear, the institution of a bounty on net fragments,
or the expansion of the observer netvork should be investigated.

Even if no additional fishing debris is ever lost or disposed of,
that currently in the oceans may continue to present a hazard to fish,«ildlife, and navigation. Fishing nets are highly persistent and may
remain so.spended in the mater column indefinitely. Provisions of the
Federal Rater Pollution Control Act and the Comprehensive Enviromaental
Response, Coapensation, and Liability >Let arguably provide authority for
the clean up of debris vithin the 20Wile, U.S exclusive economic zone
 Ezz! .

Recently a marked decline in the fur seal populations of the Pribilof
and other North Pacific islands has been observed. In 1980, the species
population eae estimated to be I ~ 74 «illion seals. Current estimates place
the population at about 1.2 million seals  North Pacific Fur Seal Commission
1984!. The decline estimates for the Pribilof Island population ia between
5 and 8X per year.

Although it i ~ known that fur seals do become entangled in fishing
gear and other debris, mrtality rates of entangled seals are unknown.
Iomever, it is likely that many of the seals which become entangled in
discarded fishing gear or other debris cannot free themselves and ulti-
mately die from strangulation, starvation, or infection. Fovler �982! has
hypothesized that 5X or more of the fur seal population may die annually
free entsngleaent and that this mortality may be a primary cause of the
observed decline in fur seal numbers.

In addition to seals, other marine mammals, including uhales, may be
prone to entangleaent. Sea turtles have also been cited as potential
entanglement victims. The mortality of seabirds due to entanglement in
fishing gear has been estimated to be several hundred thousand per year.

Loot or discarded fishing gear also continues to capture fish as it
drifts at sea This untended activity ia referred to aa ghost fishing and
affects coessercial and unexploited species of fishes es mell aa marine
mammals, birds, and turtles. Concern has also been expressed that drifting
gear poses a safety threat to vessels. Some entanglement of vessel propul-
eLon systems has been reportede



DISCUSSIOH

Statutes and Treaties

Most statutes and treaties that are pertinent to the problem of the
disposal of fishing gear at sea and the resultant entanglement take one of
tvo tacks ~ The London Dumping Convention  Convention!, the NARPOL Proto-
col, the Marine Protection, Research, and Sanctuaries Act of l972  MPRSh!,
the Federal Mater Pollution Control kct  FWPCk!, and the Resources Conser-
vation and Recovery Act of 1976  RCRk! seek to prevent the disposal of
harmful substances in the oceans. Wildlife statutes, such as the Marine
Mamsal Protection Act  MMPA!, the Fur Seal Act, the Endangered Species kct
 ZSL!, and the Migratory Bird Treat Act  METE! generally prohibits with
certain exceptions, the capturing or killing of species subject to their
provisions. This second category of lava does not prevent the discard of
debris, except as may be specifically prohibited by regulation if a ta3re is
reasonably certain to result. Rather, it imposes sanctions only after a
protected animal is actually ensnared.

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

Lastly, there are lava vhich provide mechanisms to abate existing
pollution problems' Provisions of the PWPGL and the Comprehensive Environ-
mental Response, Compensation, and Liability Act  CERCLk! authorize the
clean up of certain substances. These statutes and treaties are discussed
individually and in detail below.

Pollution Control Lama

Pollution control laws regulate vhat substances may legally be
released into the oceans and specify the circumstances under which those
releases may be made. The Federal statutes which address ocean dumping are
administered primarily by the Environmental Protection Agency  EPk! ~ The
focus of much of Epk's authority is the control of hasardous substances,
particularly toxic chemicals. Therefore, EPk regulations are often
designed to address those materials- rather than the persistent objects
which may be responsible for entanglements. If the various definitions of
haaardous substances contained in pollution control statutes can be con-
strued to include discarded fishing gear, clean up authority may exist.
Statutea which authorise the clean up of hasardous wastes are discussed in
a later section.

b dum f

26 U.S.T. 2403. � The Conven-
tion to which the United States is a party, prohibits the dumping of
certain mastes or other matter at sea. Dumping" under the Convention
includea "any deliberate disposal at sea of wastes or other matter from
vessels. " bnt does not include "the disposal at sea of vastes or other
matter incidental 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 ~ III, 51!, Under this definition, some of the debris
responsible for entanglements may be covered by the Convention, but other
debris may not be-

Clearly, debris that ia generated on land and taken to sea for the
erpress purpose of dumping is within the coverage of the Convention. How-
ever, dumping, for the purposes of the Convention, only includes deliberate
disposal ~ key accidental loss of debris is not governed. Nore important
in the context of entanglements is the exception for the disposal of matter
incidental to the normal operation of vessels. let discards which are
generated in the course of fishing operations may be considered to fit that
erception. The countervailing 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 constitute the
normal operation of a fishing vessel

The Convention requires the issuance of a permit before most materials
can be dmped, but prohibits, except in emergency situations, the dumping
of wastes or other matter listed in Annex I to the Convention. Included in
%net I are "persistent plastics and other persistent synthetic materials,
for ezampl.e, netting and ropes, which may float or remain in suspension in.
the sea in such a manner as to interfere materially with f ishing, naviga-
tion or other legitimate uses of the sea"  kanex I, f4! ~

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

ka discussed bolo», the MPRSk, which implements the Convention, when
strictly construed, may not prohibit the domestic dmping of refuse, but
may merely prohibit transport for the purpose of dumping. Nevertheless,
regulations issued pursuant to the NPRSk seem to impl.ament the strictures
of the Convention.

kyplicability of the Convention to the disposal of fishing gear may
prove helpfnl in alleviating the entanglement problem. Japan ratified the
treaty in 1980, joining other siaable fishing nations such as the U.S.S.R.,
People' ~ Iepnblic of China, the United States' Canada, and Poland as con-
tracting partiea kmong the principal exploiters of the North Pacific
fisheries only the Iepnblic of Korea bas not joined the Convention- Even
though the Convention addressee the problem on an international scale, it
ia not a panacea- Since the generation of a significant portion of the
emtanglimg debris takes place at sea, enforcement is difficnlt, if not
hapoaaible. It ia not known precisely bw other party nations have
implemented the Convention domestically. k research effort ia heing

dertaken to ascertain the specific foreign laws that may be applicable
to the entanglement problem.
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Protocol of 1978 r atin the Internationa Conven i n for th
Prevention of Polluti n r Sh' s 1973  NARPOL P otocol .--The MARPOL
Protocol seeks to counter most forms of poltution generated by ships,
including that from oil, toxic substances, sewage, and garbage. The MARPOL
Protocol, unlike the Convention, covers the accidental disposal of matter
incidental to normal vessel operations. 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 not
governed by the MARPOL Protocol.

Annex V to the MRPOL 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, snd plastic garbage bags is prohibited." An
exception is made though, for the "the accidental loss of synthetic fishing
nets or synthetic material incidental to the repair of such nets, provided
that all reasonable precautions have been taken t.o prevent such loss."
Although these accidental losses of nets are exempted from the general
prohibitions of Annex 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 NARPOL Protocol consists of
far fewer parties than the Convention. Of the major North Pacific fishing
nations, Japan, People's Republic of China, the U.S.S.R., and the United
States have ratified or acceded to the MhRPOL Protocol. Japan is the only
one of these nations to adopt the optional annexes  including Annex V!, but
acceded to the lQUPOL Protocol with a reservation. The optional annexes
are not now in force. They shall enter into force only after they have
been adopted by at least l 5 nations whose fleets jointly constitute 50X of
the gross tonnage of the world's shipping.

As with similar attempts to prohibit the dumping of inert substances
in the oceans, the HARPOL Protocol should be virtually unenforceable. To be
covered, not only would net fragments have to be identifiable to a particu-
lar vessel, but it vouLd have to show that the loss of the gear was not
accidental or that reasonable precautions to prevent the loss were not
taken.

The Act to Prevent Pollution from Ships  Act! �3 U.S.C. $1901!, domes-
tically implements the MARPOL protocol. Under the Act it is 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 �3 U.S.C. f1907!. Since the
United States has not yet adopted optional Annex V, its prohibitions are
not included in the Act.

P R d 8 n r es A of 1972  MPRSA

addresses ocean dmping by regulating the domestic transportation of wastes
or other debris for the purposes of doaping and by prohibiting the act of
dumping vithi» the U.S. territorial sea and contiguous xone  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 sons.

The NPR&k provides that except in those instances in which a permit
haa been issued, no person shall transport from the United States, and no
vessel registered in the United States shall transport from any location>
any material for the purpose of dumping it into ocean uutere �3 U-S-CD
il411 a!! In taking this tack, the U.S Congress failed to prohibit expli-
citly the dumping of debris but clearly prohibited transportation for this
purpose. let fragments are, in general, not purposefully transported for
disposal. The intent to dispose of fishing gear usually does not develop
until it breaks at aea, after it has already been transported. Thus, the
%%8k appears, on its face, to be inapplicable to gear discarded from
doaestic fishing vessels or to debris from other vessel classea.

The legislative history, however, expresses a congressional intent to
prohibit the actual dumping of debris� , not merely ita transportation for
the purpose of dumping. The purpose of the legislation, as explained in
the Senate report accompanying the 1972 MPRQ., uas to han "the transporta-
tion for dumping ~d ~i~ beyond the territorial jurisdiction of the
United 8tates of ~ .«sate material unless authorised by a permit"  emphasis
added!  8. Rept 451, 92d Cong., Zd Seas., reprinted in [1972] U.ST Code
Cong. 6 M. News 4234, 4234! ~ Elsewhere in the U.S. Senate report, hou-
ever, the purpose of the Act was declared "to be the regulation of the
transportation of material for dumping into the oceans. ."  +I . at 4243!.

The aeeaing inconsistency among the statutory language and the two
expressions of legislative intent ia clarified in the section by section
analysis of the Senate report. That analysis provides that the prohibition
of certain actions under the Act "on the jurisdictional basis of regulating
transportation ia an appropriate assertion of sovereignty of the United
8tatea without breaching the inherent issues of international maritime law"
 ~I ~ at 424'! o kl though the high aeaa are open to a 1 1 nations and no
nation way validly subject any part of thea to their sovereignty, the right
to regulate commerce proceeding from the porta of a country including that
engaged in by foreign vessels, ia «ell recognised in international law.
Thna, Congress concluded that " aJ ~ serting jurisdiction to regulate trans-
portation by persona subject to the jurisdiction of the United States for
the purpose of duaping in the oceans  whether they be high seas or not!
attains the same objective as a direct prohibition of dumping without doing
violence to principles of international la»"  +I . at 4246!.

That Congress intended to prohibit the dmping of material aa well as
transportation for the purpose of dlmaping ia also enunciated in the legis-
lative history of the 1974 aaendaenta to the MPRS&. The Senate report aet
ont the purpose of the aaendmenta: "to aaake tthe MPRSk] ful.ly consonant
with the treaty responsibilities of the United 8tatea under the Convention
oa the Prevention of Narine pollution by heping of Qastea and Other
Natter"  8 Rept. 726, 93d Cong.! 2d Seas.! reprinted ia 'U.8. Code Cong. 4

Sawa 2792' 27'92! ~ 'This treaty y discussed in !Teeter detail above,
rayaim its signatories to prohibit the "dmying of certain, designated
amtarials, including synthetic nets and ropes, not merely the transporta-
tion for the purpose of dumping.
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Congress has made it clear that its purpose in enacting the MPRSk and
amendments vas to prohibit the dumping of waste materials in the oceans,
absent the necessary permit. In fact, such a prohibition is mandated by
U.S, treaty obligations pursuant to the Convention. However, the drafters
chose to sidestep the potenCial international ramifications of placing a
blanket restriction on dumping in the high seas. Rather, Congress saw fit
to invoke its power under the Commerce Clause  U-ST Const. Art. I. $8,
Cl. 3! and address the problem of marine pollution by restricting the
transportation of wastes for Che purpose of dumping. Most likely, Congress
never envisioned a situation vhere material could be dumped at sea without
being transported for that purpose. Lumsdaine  L976!, in discussing the
coverage of the MPRSh., states that the Act should be broadly interpreted to
include this apparent omission.

broadly construing, the requirement of the kct that the transporting be
purposeful may reaedy also this apparent omission. When they head to sea,
fishermen knov that gear wil.l 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
a statutory construction to cover the act of dumping rather than transpor-
tation for that purpose, the material purportedly responsibLe for numerous
entanglements is not subject to regulation under the MPRSA.

Assuming that the MPRQ. prohibition section is interpreted as being
applicable only to the transportaCion of material for the purpose of dump-
ing and not the act of dumping, the prohibitions of the Convention may have
been elsewhere incorporated into the Acts Although the strictures of the
Convention vhich prohibit the dumping of persistent synthetic materials at
sea are absent from the prohibition section of the NPRSk, they have been
incorporated into the dumping permit section. The statute �3 U.S.C.
$14LZ a!! reads:

"The Administrator [of KPk] shall establish and apply criteria
for reviewing and evaluating such permit applications..-- To the
extent that he may do so without relaxing the requirements of
this subchapter, the kdainistrator, in establishing oz revising
such criteria, shall apply the standards and criteria binding
upon the United States under the Convention, including its
knnexes,a

The Epk general counsel's office has interpreted the inclusion of the
Convention criteria in this section as liaiting them to permit review.
Others have suggested that mention of the standards and criteria of the
Convention has the effect of incorporating the totality of its provisions
into the MPRSk. %hen viewed in the context of Epk's own regulations, the
latter is probably the hetter interpretation.

The purpose and scope of EM regulations which implement the MPRSk, as
stated at 40 C P.R. f220.1, include the establishment of "procedures and
criteria for the issuance of permits by the EPL pursuant to section 102 of
the bet " However, the same section of the regulations reiteratea the
prohibitions section of the ket, bringing them within the scope of the
permit regulatioas. In discussing the relationship between the MPRRk and
international agreeaents, the regulations �0 C.F.R. 5220-1 b!! state:
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"In accordance vith section 102 a! of the Act, the regulations
and criteria included in this Subchapter...apply the standards
and criteria binding «pon the United States under the {Conventionl
to the extent that application of such standards and criteria do
not relax the reqnireaents of the Act."

Since the
mentioned

regarding
that they
riaed the

prohibitions of the NPRSk have been incorporated into the afore-
snhchapter, the standards of the Convention, including those
dumping vithont a permit, are probably applicable to the extent
parallel or strengthen the Act. Section 108 of the MPRSk autho-
khninistratar of EPL to issue such a regulation.~

Xf it is determined that the %%8k ia applicable to the discard of
gear by domestic. fishermen anywhere and foreign fishermen vithin the 12-
mi contiguous aone, any such discard would require a dumping permit.
keong those anbstances for which permits will not be approved are "persis-
tent inert synthetic or natural materials which may float or remain in
~ nspenaion in the ocean in snch a manner that they may interfere materially
with fishing, navigation, or other legitimate uses of the ocean" �0 C.F.R.
5227.5!, So interpreted, these regulations, in line vith the restrictions
contained in kanex I of the Convention, vould prohibit damping of synthetic
net fragments or similar material ~

Ia amaary, the HPRSk may be disparately interpreted. k blanket
prohibition on the deaping of nondegradable fishina debris may be read into
ita prohibition section, particnlarly vhen viewed in light of statements in
the legislative historyi Eren if the prohibition section is construed as
applicable only to the transportation for the pmrpose of dumping, the
prohibitions an dmmping inert materials contained in the Convention may
hare been incorporated into the MPRQL via ita permit section and the EPL
regnlation s.

td V e Po t Ck 33 UegiC 12 1 ~ -Section
311 b! l! of the B6'Gi �3 U.S.C. 5�21 b!�!! establishes the United
States pal icy that

'Section ?N �3 U.S.C, 51418! praridas that, im carrying ont the
responsibilities and anthority conferred by this sabchapter. the kdainia-
trater fof Epk!, the Secretary [of the Aary!, and the Secretary of the

ykgtaeat ia which the Coast Oeard ia operating are amtheriaed to isaac
leech regmlatiama as they deeda appropriates"

The MPRSL vas enacted before the establishment of the United States'
20~ile RKK. kt the time of passage, the NPRSk prohibited dumping of
aaterial transported from outside the United States into vaters then sub-
ject to U 8 jurisdiction, 12 miles fram shore. In light of statements in
the legislative history which express an intent to prohibit dumping within
all coastal waters under U.S jurisdiction, it seeas consistent vith the
pnrposea of the MPRSk to extend its prohibitions and permit requirements to
the bomnds of the HZ ~ ka extension of lQ%SJl, jnrisdiction vould have little
effect on the activities of foreign fishermen, since they are already
prohibited from discarding gear into the EEZ by the lfagnuson hct, ~~ra.
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"there should be no discharges of oil or hasardous substances
into or upon the navigable vaters of the United States, adjoining
shorel,ines, or into or upon vaters of the contiguous mone, or in
connection with activities under the Outer 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 Pishery Conservation and Management Act of
1976! ~ "

The definition of "discharge" given in section 311 a!�! of the PWPCA
�3 U.S.C. 51321 a!�!! 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 "haaardous substances" must be stretched
if net fragments and other entangling debris are to be included within the
coverage of this Act �3 U.S.C. l1321 b!�!!.

"'Easardous substances', which are designated by the Environ-
mental Protection Agency, are those elements or compounds which,
when discharged in any quantity...present an imminent and sub-
stantial danger to the public health or welfare, including, but
not limited to, fish, shellfish, wildlife, shorelines and beeches."

If the entanglement problem is of the suspected magnitude, there ia 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 FQPCA to the entanglement situation is whether the debris in question
can be cl.asaified aa either an element or a compound. The List of Hasard-
ous Substances found at 40 C.F.R. Table 116.4A and prepared pursuant to
Section 311 of the FWPCA, enumeratea over 300 substances. All of these
substances are toxic chemicals Although it is conceivable that a creative
interpretation of the hasardous substances definition could be used to
include netting and debris, the toxicity of the chemicals currently desig-
nated as being hasardous evidences a narrower interpretation of this phrase
by the EPA, the agency responsible for the enforcement of the Act.

Resou c Conserv ti and R v Act o 1 76 RGB 42 U.S C
~66 01 . � The RCRIL regelstes the dlsposel of solid veetes to proeote the pro
taction of health and the environment. Solid wastes controlled by this
statute include discarded solid or liquid material from industrial, commr-
cial, mining, and agricultural operations. Discarded fishing gear probably
ia a solid waste under RCRA since it is generated in the course of commer-
cial activities.

Same sol.id wastes are further classified as "hasardous wastes" if they
"pose a substantial present or poteItial hasard to human health or the
enviroment where improperly treated, stored. transported, or disposed
of. -" because of their "quantity, concentration, or physical, chemicals or
infectious characteristics" �2 U.S.C. 56903  5!! ~ The KPA ia required to
promulgate a list of haxardous wastes taking into account the substances'
toxicity, persistence, and degradability in nature, potential for accumula-
tion in tisane, and other related factors such aa flammability. corrosive-
ness, aa4 other hagat4ea characteristics" �2 U.S.C. 56921! . A list of
designated hasardoua wastes appears at 50 C.F.R. 5261..30 ~ ~. Similar



to the PWPGl list of hazardous substances, this list is dominated by toxic
chemicals. Other hazardous wastes may be designated under 50 C,F.R 5261.20
~ ~. if they exhibit ignitability, corrosivity, reactivity, or toxicity
Net fragments exhibit none of these characteristics. Similar to mast other
pollution control statutes, the existing regulatory scheme is primarily
designed to control toxic and reactive chemicals, not inert substances such
as lost or discarded fishing gear or other debris.

Changes in the Kpk regulations 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 klthongh no materials
have been designated by EPA as hazardous wastes based upon their persia«
teace or slow rate of degradation, these are considerations expressly
~ ncmerated in the Act.

Designation of some fishing gear ae haaardous substances may be help-
ful in curtailing entanglements. Generators of hazardous vastes must keep
accurate records which identify the quantities of hasardous waste generated
and the disposition of those vestee' However, other requirements under
ECRU foz handling hazardous wastes may prove to be overly burdensome and
inappropriate to the control of fishing debris, Records must be kept of
all haaardons vaates transported, including their sources and delivery
pointsi facilities which store, treat, or dispose of hazardous wastes must
be licensed and keep records of the dispositions of those vaates.

%bather fishing debris is characterised as hazardous vaste or not,
some potential benefits of RCRk may apply to the entanglement situation.
?he Act �2 U.S.C. 56973 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 ident and substantial endangerment to health or
the enviroment, the kdainiatrator tof KPk] may bring suit on
behalf of the United States...to immediately restrain any person
contributing to such [activities]

~ines may be levied upon violators «ho fail to comply «ith these
restraints Since net fragments and other fishing debris are solid wastes
 and potentially hazardous wastes! and their disposal would likely result
im the endangeraent of the environment. injmnctive relief may be applicable
to the discard of these materials. To seek an injunction, however, the
prospective violator must be identifiable,

wildlife Laws

Wildlife statutes prohibit the taking of designated species absent a
permit 4 "take" is variomsly defined in the statutes, but always includes
the killing of the protected animal Takes can also be caused indirectly,
Chtcegh habitat deetzuctioa  ~P~ v. ~R~ ~~~ gf Lpga ~ ~I
gg.~II~> 639 P 2d 49S  9th Cir. 198l!! Zt is unlikely that takings

eatmnglememts in gear that haa been intentionally discarded meld ever
enchained in a permit issued by a vilillife agency since such a cake

nmsLXC %e avoidable in most instances



In general, no violation of these laws occurs until an animal is in
fact taken. The mere discard of debris does not, except in extreme circcmc-
stances, constitute s violation of wildlife law. Without some mechanism
for identifying the owners of gear responsible for entanglement, enforce-
ment of these provisions is virtually impossible-

If it can be shown with reasonable certainty that an action is likely
to result in a take, that action csn be prohibited irrespective of whether
it actually results in a taking. Under this interpretation, the Fish and
Wildlife Service has prohibited waterborne activities in designated manatee
protection areas �0 C.F.R. 517 .100! ~ Similarly, the discarding of marine
debris could be regulated under wildlife statutes if areas can be identi-
fied in «hich the discard is reasonably certain to take protected species.

Marin Protection h NMPk 16 U.S.C. 51361 .� Section 102 of
the MNPL, 16 U.S.C. 51372, sets ou.t prohibitions on the taking of marine
mamsmls. It is generally unlawful for any person or vessel subject to the
jurisdiction of the United States to take 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 marine
medals. Permits for the taking of marine memml s may be issued under a
variety of circumstances, including those takings which are incidental 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 «hich have been designated as depleted . keong marine mammals
designated as being depleted are those species listed as endangered or
threatened under the ER. Since the Rawaiian monk seal and several species
of great vhales which inhabit North Pacific waters have been listed as
endangered under the KSL, the narrower bases for issuing permits for
depleted marine mammals is particularly germane to this discussion.

The North Pacific fur seal is currently excluded from management under
the EN' when the substantive terms of the MME contravene the Interim
Convention for the Conservation of the North Pacific Fnr Seal, 8 U.S.T.

fund ~or kaz.s~ ~W~ v~
~$~, No. 84-1838  D.D.C. 28 June 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 aegis of the %PL.

k petition to list the fnr seal as a threatened species under the
Nk is now under consideration. If management vere pursuant to the %Pal
ancl the fur seal were listed under. the ESk, the greater protection given a
depleted species under the lotto' would apply Takings would only be allowed
for scientific research, and no incidental taking ~ould be permissible.

The extent of whale entanglement is unknown, but that it is possible
haa been demonstrated in the North Atlantic. Thirty-five humpback whales
became entangled im nets of the capelin fishery in the Labrador Sea during
1982' Of these, all but four were released alive  International Wildlife
lsa4!.
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S a k 16 0 S.C 115l ~ � The Fnr Seal. Act makes it unlawful
for any person or vessel subject' to the jurisdiction of the United States
to engage ia the taking of fur seals in the North Pacific Oceaa except as
provided for in the act or its regulations. The primary exceptions to the
takiag prohibition is the controlled commerciaI harvest conducted pursuant
to the Fur Seal Treaty and the provision for subsistence taking by Indians,
plants, and Eskimos. day capture or killing of a North Pacific fur seal by
entanglement ia fiebiag gear or other debris is likely to he a violation of
tbe Par Seal Act ~

En n ed S cies Act ESk  L6 V S C. 51531 .� Under the ESL it is
generally unlawful for any person subject to the jurisdiction of the United
States to take aay endangered species within the territorial sea of the
gaited States or on the high seas. k similar prohibition on the takiag of
threatened species is contained in 50 C.P.R 5227.71 ~ Nore extensive than
its definition under the MNPh, the term "take," when used in the context of
the ESk, includes kiLLing, trapping, harming, or capturing.

Under certain circumstances it i ~ permissible to take endaagered or
threatened wildlife. The 1982 amendments to the ESk incorporated proce-
dures whereby the incidental take of endangered species may be allowed �6
1J.S.C. 	539 a! L! B!! It is possible that an incidental take permit
could be issued to cover entanglement ia accideatally lost fishing gear'.
Iowever, this exception is probably not applicable to entanglement in
debris that has beea intentionally disposed of since an allowable taking
mast be iacideatal to aa otherwise lawful activity. If disposal of nets at
sea is considered to be a violation of one or «ore of the aforementioned
pollution control laws, a permit could not be issued.

TIso further Limitations on the uae of M iacideatal taking permits
should be noted. ka currently writtea, the ESL provides for the issuance
of such permits only for takes which occur within a state or the terri-
torial sea of tbe United States.  These permits may be issued only for
takes which are otherwise prohibited by L6 U.S.C. 51538 a!�! B! ~ ! Permits
which allow for incidental takes by entanglement or other means could aot
be issued for takaa which occur beyond the territorial sea. Second, per-
«ita could not be issued for the incideatal take of endangered or threat-
ened marine mammals Under 16 U.S.C. 51543 any more restrictive, con-
flicting provision of the NNPk. takes precedence over the ESk. Since all
listed marine mammals are deemed to be depleted under the NMpk, only per-
mits for scientific research may be issued for those species.

Similar to incidental take permits, the incidental taking of threat-
ened species pursuant to 5G C.P.R. $111.72 e! is probably inapplicable to
eataaglemeats resulting from discarded gear Iacidental taking of threat-
ened apeciee is allowable only during fishing or scientific research activ-
ities ~ The prohibited disposal of gear cannot rightly be considered a
f4hing activity.

4 previomsly mentioned, ewe whale apeciea and the Hawaiian monk
eal> ell of which are endangered, may be amsceptible to entanglement.

'++ssegh prissarily tropical, some apeciee of endangered or threatened sea
«a may alao be subject to entanglemaat Not presently on the endan-
eak threatened species liat, the North Pacific fnr aeal ie nader

e.+aIL4eeatiom for 3.iat41 as a threatened apec4a-
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B T t hct MBTh 16 U S AC. f701 . � The United States
has entered into four separate treaties  with Canada, Mexico, Japan, and
the U.S.S R.! to protect migratory bird species.~ The MBTA provides the
domestic framevork 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 MBTh to the case of au unintentional. poisoning of
dnericen widgeons, the court in ~gn' t 4 ~g~it w. Corbin ~P ~Sr~i �44
F. Supp. 510s 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 no showing of intent was required to obtain a convic-
tion for the killings: "the guilty act alone fvasJ sufficient to make out
the crime"  Id. at 536! ~ Even though the accused cosositted no willful viola-
tion. they vere "in a position to prevent [the kiIlingsl with no more care
than society might reasonably expect and no more exertion than it might
reasonably exact from one vho assumed his responsibilities"  Id. at 535-536,
citing Norissette v. United ~S~, 342 U.S. 246, 256!. The court also
noted that "penaltiea commonly are relatively small, and conviction does no
grave damage to an offender's reputation"  Id. at 536!

Parallel to the situation in Corbin ~F, 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 dis-
card of fishing gear is in no way an onerous or unreasonable burden.

The list of migratory birds enumerated at 50 C.F.R. il0el3 includes
several species that may be subject to entanglement. Examples of suscep-
tible species are: several duck species' most shorebirds, grebes, guile'
jaegeras COrmOranta, murree, peliCana, and terna.

Ostensibly appl.icable to the problem of seabird entanglement, the MBTA
may be limited in scope h 1980 Department of Interior solicitor's opinion
concludes that the taking prohibitions of the MBTh do not apply to U.S
citixens in foreign countries. h subsequent solicitor s opinion addresses
the extraterritorial applicability of the MBTh in the fishing context.

" Riven if the incidental take of migratory birds by...Japanese
fishermen constituted a violation of the Japanese Treaty and the
MBTh, prosecutions by the United States could be brought only if
the violations occurred in the U.S. territorial waters

Convention for the Protection of Migratory Birds, 16 August 1916,
United States-Canada, 39 Statute 1702; Convention for the Protection of
Migratory Birds and Game Maaasals, 7 February 1936, United States-Mexico,
50 Statute 1311; Convention for the Protection of Migratory Birds and
Birds im Danger of Extinction, and Their Enviroment, with Annex, 14 March
1972, United States-Japan, 2f U 8-T 3329; Convention Concerning the
Coaservation of Migratory Birds aud Their Enviroment, 19 November 1976,
United States-U 8 S,R , 29 U,S.T. 4647 .
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In tha aolicitor9s view, the META prohibitions apply to foreigners only
within the U 8 ~ 3-mile limitn Xf this is the case, prosecutions under the
lSTL would not be suitable mechanism for preventing the majority of bird
entsng?ements by f oreign f ishermen. s

ln tight of nn'tsd ~pt 36s v. ~M' chell �53 F ~ 26 996 �th Cir. 1977!!,
it is nearly certaia that the Mpyh tahin t sanctions are inapplicahle vithin
foreign jurisdictions, Applicability of the MSTA to takings by U.S. citi-
sens on the high seas, however, ia more likely. To limit the statute's
applicability to lJ.S. territory would leave open a large imaunity for
violations by U.S. citisens on. the high seas. Therefore, the MBTA may be
useful in deterring saae entanglements caused by domestic fishermen.

Pisheries Law

ent Act ns n Act 16 U. S. C.nd

"Except im cases of emergency...or ae specifically authorised. ~ eno
fishing vessel may intentionally place into the fishery conserva-
tion none f20 &sile limit] any article, including abandoned fishing
gear, «hich may:

"�! Interfere with fishing or obstrnct fishing gear or vessels;
ox

"�! Cause damage to any fishery resource or marine maanmle"

Furthermore, weasels which encounter any abandoned article are required to
report the natmre and location of the article immediately to the Coast
Cuard.

Although the foreign f ishing regulations specifically prohibit the
intentional disposal of gear, no caunterpart regulations exist for domestic
Hsharmea. The Magnnson Act provides for the deve1.ops ent of fishery manage-
ment plans  PMP'a! which affect foreign and domestic fishing. All FMP'a
shall contain conservation and management measures which are appropriate to
the fishery being regulated. Tt is not clear whether conservation and

A contrasting view was expressed in a 1975 solicitor's opinion dealing
with the applicability of the 1912 Migratory Bird Treaty with Japan to gill
mat fishing operations- Citing a section of the treaty which obligates the
parties to prevent damage to birds fromm pollution of the seas, the opinion
caao44aa that this focus "could appear to negate any intent to ignore

varies om the high seas."

~180l!.� primary among the purposes of the Magnusoa Act is the conservation
and management of the fishery resources found off the coasts of the United
States. As one means of fulfilling that purpose, Congress bas restricted
foreign fishing within the 20tbaiie BEE. Poreign fisherman are required ta
obtain permits before fishing in the EKZ- permits issued ender the Magnusan
kct may contain appropriate conditions or restrictions which are related to
fishery conservation and management. One restriction placed upon foreign
fishingp codified at 50 C.P.R ~ $611.169 directly addressee the disposal of
fishing gear:



29

management measures may be included in an PHP if their purpose i ~ solel to
p on to marine mammals or birds. However, entaaglements ofe xs so e y to

vil,dlife are only oae aspect of the problem created b the di l
o ia ing gear. There is little doubt that the dumping of gear and debris
nay be regulated under the Msgnnson Act if the prohibition is directed
towards all.eviating the problems of ghost fishing or vessel entanglement.

Carrantly, a proposal to amend all ezisting FMP's to prohibit the di ~-
posal of gear at sea by domestic and foreign fishermen is under considera-
tion by the National Marine Fisheries Service.

Pollution Abatement

Fishing gear and other debris vhich are currently adrift in the oceans
may continue indefinitely to present a hazard to fish, wildlife, aad navi-
gation owing to their inert nature. Two statutes administered by the EPA
could make funds available for the clean up of debris if the problem were
shown to be severe enough. Similar to other statutes which control pollu-
tants, these laws principally are tailored to the recovery of hazardous
substances, particularly toxic vastes. However, a literal reading of the
statutes indicates that the clean up of discarded fishing gear or other
debris nay be fuaded under these acts.

Con e siv Bvi nmnt Rs n a ti n and Liab '

CBRCLA 42 U.S ~ C ~ 9601 .� Pursuant to CERCL& �2 U.S.C. 59604 a! !
authority is given for the clean up of certain hasardous waste sites:

"whenever  k! aay hasardous substance is released or there is a
substantial threat of such a release into the environment, or  8!
there is a release or substaatial threat of a release into the
environment of any pollutant or contamiaant which may present aa
isnsinent and substantial danger to the public heal.th or welfare,
the President. is authorised to act, consistent with tbe national
contingency plan, to remove...such hasardous substance,
pollutant, or contaminant. ~ ~

Clean up of these sites may be accomplished using moaies of the CKRCLA
trust fund, in some instances, even when the violator is not identifiable.

h "haxardous substance" for the purposes of CER~ includes any haaard-
oua waste identified under RCRA, those haaardous substances listed under the
NPCA, or any other substance designated pursuant to CBRCLA. As discussed
previously, it is coaceivable that net fragments may fit the criteria for
designation as hasardous under RCRA or the PWPCA, although they are aot
currently listed. Under CKRCLA, IPA may designate as haaardous those sub-
stances which, "whea released into the environment may present substaatial
danger to the public health or welfare or the environment..." �2 U S.C.
49602 a!! . What constitutes the public welfare is not delineated under
CICLA Guidance regarding the meaaing of this phrase nay be gleaned from
the PMPCL In that act, the "public health or «alfare of the United States"
includes, but is not limited to, "fish, shellfish, and wildlife and the
shorelines and beaches. " �3 U S.C. 51321 d!! ~ lf this standard i' appli.-
cable to CERlXk it ia clear that tha public welfare would be imperiled by
nntanIXeaent o ia or wif fish or wildlife and that, CPA could designate net fragmeats
aa n haaardons substance.
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If discarded fishing gear were to be designated as haaardous, the fact
that it had been released into the enviroxment vould allow the president to
provide remedial actions. For the purposes of CZRCL&, "enviromsent"
includes the territorial seas, the contiguous sons, 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 enviroment and upon exposure, ingestion, inhalation, or
assimilation into any organism either directly from the enviroresent or
indirectly by ingestion through food chains. will or may reasonably be
anticipated to cause death, disease, behavior abnormalities, cancer...or
physical deformations, in such organisms.. ~ ." klthough fishing debris may
cause the death of organisms, it is not the result of ingestion, inhala-
tion, assimilation, or mere exposure. However, the definition of pollutant
or contaminant is not necessarily limited to substances which are harmful
to organisms in one of these four ways. The EPL could, if it thought the
situation severe enough, probably designate net fraNsents and other debris
as pollutants or contaminants. Zf the debris were determined to be a
pollutant or contaminant, the disposal must present an imminent or substan-
tial danger to tbe public health or welfare. Assuming that the BIPED
definition of public welfare is applicable to CERCLk, such a danger is
probably engendered by fishing debris.

The final requirement under CKRCLA which limits the authority to clean
mp haaardous substances, pollutants, or contaminants is that the actions
must be consistent with the national contingency plan  RCP!. The SCP sets
np a system whereby priorities for taking resaedial actions for releases are
set. ~ng the criteria to be considered in ranking releases based upon
the relative risk or danger to public health or welfare of the envirorssent
az'e: the population at risk, the hazard potential of the substances, the
potential for contamination of drinking water supplies, the potential for
the destruction of sensitive ecosyateas, and other appropriate factors �2
U.S.C. 39605!. k detailed description of the hasardous waste site r'anking
system appears at 40 C.F.R. part 300. Appendix k. kt present, 538 sites
have been listed and ranked.

For the clean up of discarded fishing gear to be effectuated using the
fnnds available under CBRCLk, it must be shown that the scope of the
entanglement problem i' extensive enough to warrant a priority ranking. To
accomplish this, the identification of a site where the problem is particu-
larly acute is probably necessary. It is unlikely that any single release
would be significant in itself. To be a problem worthy of CERCL& clean up
attention, an area of limited sise where debris is particularly concen-
trated or harmful to the enviroment would probably have to be identified.
Zt should be noted, however, that CKRCL& �2 U.S.C. $9604 d!�!! provides
that:

' Ihere two or more noncontiguous facilitiee are reasonably
related on the basis of geography, or on the basis of the threat,
or potential threat to the public health or welfare or the
-eeviro~t, the President may, in his discretion, treat these
,rIelated 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 knovn,
funding for the clean up could be recovered from them. In that event,
adherence to the priority system for hasardous waste sites would be less
strict ~ Additionally, CERCLA allows for the assessment of damages against
the generator for injury to, destruction of, oz loss of natural resources
resulting from the release of a hasardous substance.

Fede al Wa e P llu 'on Con ro A FMPCA 3 U S.C. $1251 .--In
addition to possible clean up under CERCLA, clean uy is also possible under
the RICA if net fragments are determined to be hasardous substances for
its purposes. If a substance is discharged upon the waters of the United
States ~ including those of the EEZ, "the President is authorised to act to
reaove or arrange for [its] removal...unless he determines such removal
will be done properly by the owner or operator of the vessel..." �3 U.S.C.
f1321 c! l!!. 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 Legislation

Typically, pollution and wildlife laws are ineffectual with regard to
entanglements ~ Even though thousands of illegal takes may occur annually,
it is virtually impossible 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 ~ Assuming
that the disposal of net fragaents is a violation of these laws, the
incidents take place in distant and diverse areas at sea aud mostly out of
the viev of observers. Even if the origin of a net fragment is determined,
it would still be difficult to prove that it vas dumped and not merely lost
in the course of fishing activities. A similar problem exists in enforcing
the regulations issued under the Nagnuson Act. To be a violation, gear
anat have been intentionally discarded.

A further impediment to markedly reducing entanglements 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 unilateral action that the United States
can take which would address the disposal of gear by foreigners outside the
2~ile l.imit ~

Alternative Znforceaent l4echaniams

Mithout a workable enforceaent scheme, existing mechanisms for con-
trolling the disposal of gear or entangleaents are mere paper tigers.
Pour alternative enforcement scheaes are presented belo».

Hahing gear he rgnired. Xa this vay riolators «ill be much more readily
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identifiable. The cost involved ia such a program may be prohibitive,
though, since markings would have to be detailed enough to distinguish s
large number of fishermen sad numerous enough to sllov ideatificatioa of
small aet fragments.

Another consideratioa to be weighed before institutiag a markiag
system, is what type of activity is the regulation seeking to preclude.
Although it is true that sll lost gear is equally liable to ensnare fish or
wildlife, is it reasonable to punish those vho accidentally lose or break
equipments If the purpose behind a marking system ie to prosecute those
vho intentionally dispose of gear, a shoving of that inteation is required
in additioa to merely ideatifying the origin of the gear. Narking alone
vill not 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 givea to the reasonableness of requiring fishermen
to recover any portion of accidentally lost gear.

ment problem is the institution of s 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 eatsnglemeat 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 bouaty system.
The reward for turning in used nets would have to be high enough to provide
sa incentive for turning in gear that would otherwiee be discarded at ses,
but low enough to make the program affordable. Checks would also have to
be designed which would foil those who msy seek a reward for turning in
old, retired nets that may already have been disposed of properly. Reports
indicate that trawlers often recover frsgmeate in their nets. A bounty
system may be useful in encouraging these fishermen to bring ia this debris
rather than rereleasiag it into the ocean watered'

There exists a persistent rumor that Korea has implemented a bounty
system oa nets. Rhea 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 s model for the design of a United States
system.

Ex anded observer netw rk---At present, observers sre only placed on
foreiga fishing vessels' Even tgough the Magnueoa Act prohibits the
discard of gear by foreign fishermen, some violations probably occur-
Stricter enforcement of existing regulations may alleviate some eatsngle-
mente. The observer network could also be expanded to include domestic
fishing vessels. Although the authority for placing observers on domestic
vessels is uncertain, the decision in Balelo v. ~Baldri ~ 724 P. 2d 753  9th
Cire 1984! would seem to permit it.

Citizen suite aud ewards.� Enforcement of most of the etstutee that

may be applicable to the entanglement situations ie difficult at best.
Those responsible for enforcement often cannot cover the expansive area
over which violations might occur. In some instaaces 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 fishermen and numerous enough to allow identification of
saall net fragments.

Another consideration to be weighed before instituting a marking
system, is what type of activity is the regulation seeking to preclude.
klthongh it i ~ true that all lost gear is equally liable to ensnare fish or
«ildlife, js it reasonable to punish those vho accidentally lose or break
equipments 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 th» origin of the gear. Marking alone
will not 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 fishermen
to recover any portion of accidentally lost gear.

h
asnt problem is the institution of a bounty systea 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. k bounty, however,
auld only be effective against entangleaent in gear that is intentionally
discarded or recoverable when lost. It is not known what percentage of
entangleaenta occur in these categories of fragments.

Economic factors must be well evaluated in designing a bounty systea-
The reward for turning in used nets would have to be high enough to provide
~ n incentive for turning in gear that would otherwise be discarded at sea,
but loe enough to «ake the program affordable. Checks would also have to
be designed which uould foil those vho aay seek a reward for turning in
old, retired nets that aay already have been disposed of properly. Reports
indicate that trawlers often recover fragments in their nets. Jl bounty
ayatea aay be useful in encouraging these fishermen to bring in this debris
rather than rereleasing it into the ocean waters.

There exists a persistent ruaor that Korea has implemented a bounty
system ou nets ~ When asked about this, a Korean fisheries official waa
unaware of the existeace of any such systems If a Korean bounty prograa
does exist it aay be helpful as a model for the design of a United States
ayatea o

nd k-~t Freaent, observers are only placed on
foreign fishing vessels. Even tough the Magnuson Lct prohibits the
dimeard of gear by foreign fisheraen, soae violations probably occur.
Stricter enforceaent of existing regulations aay alleviate arne entangle-
~tsi The observer netvork could al.so be expanded to include domestic
fishing vessels. although the authority for placing observers on domestic
vessels is uncertain, the decision in ~~t v ~i~~ 724 F. 2d 753  9th
Cir, 1%4! vuuld seem to perait it.

.� Rnforceaenc of most of the statutea that
may be applicable to the entangle+ant situations is diff'icult at best.
%eea rasponsible for emforceaamt often canaot cover the expansive area

vtalatious aight occur Xm moaa instances agencies util.iae
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theshese limited resources to counter more immediate threats to human health
and welfare. Two ways of increasing the enforcement effort regarding these
lava are by alloving citizens to commence legal actions or by providing an
incentive to those vho provide information that is used in enforcement
actions.

Citizen suits are provided for by the MPRSA �3 U.S.C. il415 g!!.
Under that section, attorney's fees msy be swarded in appropriate cases.
One such case vhere a citizen plaintiff prevailed snd was awarded fees is
~Sev One ~S und Fisheries v. ~Ceilnve �29 F. supp. 1 136  D.R.I. 1977!!.
The court there states, "[tahe possibility of such fees serves as an incen-
tive for private parties to enforce provisions of the various statutes
deemed too important to be left to the limited enforcement resources of the
Justice Department"  Id. at 1139!. Citizen enforcement is generally diffi-
cult, however, in view of the problems in gathering evidence snd success-
fully prosecuting this type of lavsnit.

Providing revards to those vho furnish information which leads to
successful prosecutions is another vay of obtaining public participation in
enforcement- The U.S. House of Representatives version of the NPRSA pro-
vided that a portion of a levied f ine would he paid to any individuat. who
provided information leading to the conviction. The Senate apparently did
not approve of the notion of federally subsidized informants snd did not
adopt the provision  Meinstein-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 seldoms
if ever, invoked.

LITEBkTIJRE CITED

Fowler, CD V.
1982. Entanglement as an ezplanation for the decline in northern fur

seals of the Pribilof Islands. UnPubl. manuscres Natl. Nsr. Nammal
Labes Northwest and klaska Fish. cantus Batik Nar. Fish. Serves
NOAE, Seattle, N 98115.  Background paper submitted to the 25th
Annual Neeting of the Standing Scientific Committee of the North
Pacific Fur Seal. Cosusission, Ottawa, Ontario, Canada, 1982.!

Lumsdaine, Je L.
Eco. . . 153.1976. Ocean dmsping regulation: ka overview. 5 Eco.

%einstein-Bacal, S.
1978 The ocean dmping dilemma. IO Law ka- 868.









37

THE TYPES AND ESTIMATED AMOUNTS OF FISH NET
DEPLOYED IN THE NORTH PACIFIC

Richard N. Uchida
Southwest Fisheries Center Honolulu Laboratory

National Marine Fisheries Service, NMA
Honolulu, Hawaii 96812

ABSTRACT

This report reviews tbe major net fisheries of the North
Pacific and provides crude estimates of the amount' of net gear
available to the various coastal and high sees fisheries. Speci-
fications of gill nets, purse seines, trawls, set nets, haul
seines, and lift nets, «hen available, are provided, together vith
the number of units of nets and vessels operating in the f ish-
eries. First-cut estimates indicate that there are about 170,000
ha of gill net, 2,000 lm of purse seine, 5,500 km of trawl net,
and 8,900 ha of miscellaneous net gear available to the various
Nort'h Pacific net fisheries ~

INTRODUCTION

The modern fishing industry has developed primarily as a result of three
technological revolutions-mechanization, echo sounding, and development of
synthetic fibers  Kristjonason 1959! ~

The advent of synthetic fibers brought about a major revolution in the
fishing industry. Nylon, the first of the synthetic fibers to be devel-
oped, had wide applicationa in fishing nets. Made from polyhexametbylene
adipamide, nylon, snd other amides sncb as perlon and rilsan al.l possessed
excellent characteristics for constructing the ideal fish net  Arxano 1959;
Lonsdale 1959!.

Nets made from nylon and all other synthetic fibers, eventually 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 «ell
as a menace when they become a component of tbe marine debris.

This report reviews the major net fisheries of the North Pacific  Fig
I! and makes an attempt at providing some measure of the amnnt of netting
used in coastal and high seas fisheries It is by no means an exhaustive
reviev and excludes many of the minor net fisheries operating along coastal
areas of North Pacific rim countries. Reviews of tbe net fisheries are
gearwriented; however, because there are many areas of overlap in gear
types for any given speciea, the net gear that contribntee most heavily to

S ShSaara eel I 0 TOahiSS  esitore! ~ tCeCealiaSI Ot the WextobOS OS the tate gal Xaaar.t
of nsriss ss«sis g 25 Ss sovashss 1 5esy assoleIa y I4shi i s s ~ ass co++p r ~ soAA
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harvesting the species will be the one emphasized. When available, the
gear specifications, ss 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 differeat through-
out the world Differences in the gear used, even for catching the same
species and in 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 CHAl4LCTERISTICS

Netting, which is basically constructed of yarns or threads to form
meshes, can be fabricated by eachine or by hand in any sise desirable, in
whatever type and sine of twine, and can be either knotted or knotless.

Before synthetic fibers came into general use, most twine used to
fabricate webbing came from natural fibers such as cotton, liaen, hemp,
manila, aad sisal. Synthetic fibers first appeared ia Japanese gill nets
and in portions of surrounding acts in 1949 with the introductioa of nylon
webbing. In 1951, vinylon  pol.yvinyl alcohol! was used in surround nets
and later vinyl.ideae 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 70Z of the
productioa, and by 1964, IOOX of all netting material made in Japan.

Additional syathetic fibers such as vinyl chloride, polyethylene,
polyester, and polypropyleae were iatroduced subsequently for fishing nets
that required specific properties The downward trend ia the production of
natural fiber acts and the upward trend in the productioa of synthetic
fiber nets in Japan in 196048 are illustrated in T'able 1; the percentage
of the various types of nets made of the different synthetic materials is
given in Table 2.

Table 1. � Fishing aet production in Japan  Japan Chesical Fibres ksso"
ciation 1971!.  Sourcef Ministry of international Trade and Industry,
Japan.!

Soeerol 57oebobie troobsooo 47 2 I'boo
Tl boo Tiber

Sfeo0 octo oooo to 17oloTI 7ol7eloTI tel 7- Fol!-
Teer eolol. botel botel to17aloo eicobol TIoTIICeoo cbloolso 7O17eotoe oobrlooo toottlooo

1!CO 10,594
ltcl 11,195
194 2 I I,7 31
I!C! I 2,905
1944 14.015
I94 5 14,234
1940 17,77 3
1%7 Ise705
190a Is,ts!

2,344
1,004
l,�4
1,041

744
547
400
341
344

0,152
9,1st

10,!SC
12,904
13,209
15~449
If,37$
10,304
Is IS47

!,439
4,134

4,974
4,474
0,944
9,344

10,20!
9,414

!s294
!,547
4,040
2,320
2,939
3,345
3,514
Tit!!
3,447

709
715
509
409
043
017
044
SC9

1,090

520
409
304
448
310
179
105
103
07

93
157
181
414
559
442

407
547

99
197
5CS
947 Ss

1,534 104
1,715 77
2,591 71
1,549 150
3,5IP 107
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Table 2. � Utilization ratio of syathetic materials for fishing nets
in Japan CX!  Japan Chemical Pibres d.ssociation 1971!.

Set Purse Cil1 Li ft Lever Cultur e Other
nets scious Trsvl astu nets nets nets nets total

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

Not all acts are pure, that i ~ , the «ebbing may be of mixed tvine, for
ezample, fibers of nylon may be mixed «itb polyvinyl chloride. There are
more than l0 different mixtures «hich may consist of up to four different
~ yathetic materials .

The sins of netting yarn folio«s the internationally accepted tez
system, «hich i' the «eight ia grans oi 1,000 m of single yarn  von Brandt
aad Klust 197l!. Por heavy tristed yarn aad for all plaited yarns, the
Rtez number is used. This is defiaed as tbe «eight in grams of 1,000 m of
total aettiag yarn. Fishermen ia the United States, Canada, aad Great
Britain, ho«ever, have heea reluctant to use this system. hstead, they
rely oa the number system «bich is a carryover from the old cottoa t«ine
desigaatiom  Ncgeely aad Welsh 1980!. Excellent detailed discussions on
types ead uses of trine aad aettiug for commercial fishiag, on methods used
to manufacture nettiag, aad oa aet design may be found in Nomura aad
Tanasaki �975! aad Mealy and Welsh �980!.

Terna come in different degrees of t«ist: soft, medium, hard, aad
eztra hard. For bottom trails, medium-laid yarn is used. The aettiag yarn
should combine high, «et-knot breakiag strength at the smallest possible
t«ine diameter, be highly resistant to abrasion, have relatively high
~ ztensibility under all fishiag conditions, have good elasticity for «itb-
standiag the shock of a sudden heavy load, and bare ao knot slippage or
kant inversion Thas, plaited netting is highly preferred for bottom traerl
 voa Irandt aad Kinet 1971!.

Nets almsys have soma degree of hydraulic resistance, that is, duriag
te«ing, dragging, pursing, ead hauling, there is some friction of tbe

tmefetence to trade aeaea does aet iapLy endorsement by the NationaL
jIarimn Pi.sheries gervice, NOEL.

?elyamide
Polyviay1 alcohol
Vinyl<dane
Polyviuylchloride
Polyester
?olysthylene
2olypropyleue

4 21 7 43
12 Ly O
80 3 5 5
69 5 4
20 72 4 2
IO IO 46 2

92

13 100
9 100
2 100

13 100
100

10 100
1 100
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aetting as it passes through vater. Because the efficiency of the aet aa a
fishing gear depends primarily oa its shape in the water, clear knowledge
and understanding of the net's resistance due to the use of the different
fibers, twine sire, mesh aixe, knot type, and angle of attack are required.
The hydraulic resistance of the net is also directly proportional to the
area of the aet; thus, if the net area increaaea "a" times, so vill the
resistance  Nomura and Yamasaki 1975! ~

Deformation of the net, which can decrease its fishing efficiency, can
occur even in weak current. Experiments ia Japan have demonstrated. that
deformation of set nets can occur in currents aa veak as 0.25 knot. La the
current speed increases, the floats along the upper edge of tbe net are
pulled dovnward into the water, aad under strong currents the whole net is
flattened aad forced to the bottom. ks net tension increases further, the
whole net simply drifts away if aot anchored properly  Nomura aad Yamasaki
1975! .

Men a aat is towed, for example, during trawliag, it tends to take a
form of minimum resistance, that is, the height at the head of tbe net
decreases with increasing speed; however, after a certaia ship speed, the
net becomes stabilized at a constant height  Nomura and Yamaxaki 1975!-

Ia the sections tbat follow, a variety of gear is described. Some of
the gear descriptious were obtained from the Pood aad Agriculture Organisa-
tion of the United Nations  FLO! �965! ~ Explanations aad definitions from
the PRO catalogue are too detailed and lengthy to reproduce; therefore,
only a fev of the basic and important terms are defined bere.

o Preservatives used are- 0 ~ none used; T ~ tarred; C ~ barked,
cutched, or tanned; Cu ~ copper; and I resin.

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

o Depth is the n~ber of meshes down the side of each panel.

o "Salting rate" is a system of specifying the poiats, hara, aad
meshes cut~

kbbreviatioaa used are:

Nan
Sia.
Comb.
S.V.R.
Gal ~
Swivel
Spher
Lam. Ply.
R.

manila
ai.sal

comb iaat ion rope
steel wire rope
galvaaiaed
swivel
~ pher ice 1
laminated plywood
hard lay  of twinea

-or linea!

N.
S ~
pm.

g
Rg

diam+

po
mo
b.

medium
~ oft
fathoms

grams
kilograme
meters

diameter
point  aide knot!
mesh

bar
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The folloviug definitions are frou Xlust �973!, Nomura and Tamazaki
�975!, and Neleely and Walsh �980! ~

snd headzope. Breast linea are attached to side panels of trawl gear and
to the ends of purse seines and gill nets.

saines into «hich fish aze concentrated by sequentially strapping aboard
~ ections of the bunt to dry up the fish before they are scooped aboard in a
large scoop called a brail.

Cod d b ct ' h b . � These terms aze used to describe the
heavy stab iu the aftermost sections of trawl gear where fiab accumulate
during the fishing operation. Some larger vessels drag the entire cod end
up an inclined ramp at the stern of the vessel, and susIIer vessels are
required to split the catch into snallez amounts that can be brought aboard
ia increments up to 3 tons pez hoist.

changes in dimension in the form of elongation oz extension due to applica-
tion of a tensile force. The complexity results from several factors whichinclude but are not restricted to tbe amount of elongation immediately afterapplying a breaking load, reaction of the yarn to a gradually increasing
load, zeaction under sustained load ovez long durations, reaction of yarn to
zepeated loading and unloading, total or permanent elongation, and energy
absorption.

n .� k lo«er section of the net to which«eights  lead or chains! are normally attached. The tera "groundline" is
aceetimes also used in describing the low leg of bridles used to pull a
tza«I through the «ster. k footrope provides downward thrust to oppose
upward thrust of the float line to facilitate opening of the net iu fishing
operations ~

hd � ' ' lb
length  L! of the rope along which tbe «ebbing  V! i ~ hung and the
stzetched length of the «ebbiug. Poz example, 628 u of stretched «ebbing
hung ou 440 m of rope will produce a hanging ratio of L/V 440/628 0.71.

Igm~.-~ e*pression ai.so quite commonly used aud defined as  V-L!/W.

.� These terms aze used interchangeably
to describe the top strength member rope and its fixate «hich are normally
attached to assist in vertical opening of the net

trawl gear in the aftsmection of the net and are used to connect the main
body meshes to meshes of the fish bag.

.~fera to the great balk of netting used to fill
in the basic design of the net, exclusive of peripheral parts such as zib-
lineu, huudrope, footzupe, breaatlinus, selvage strips, intermediate sec-
t&%a, aud fish bug
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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., tennis net ~
safety net, basketball hoop net, and fishing net.

N tin webbin b.� These three terms are used interchangeably to
describe the basic material. from which nets are made ~

~Pal.� h single section of netting cut to a prescribed shape and sixc
that is joined to other panels in the construction of a completed net.

~Ri ~es. � Strength member ropes attached to outer seams of trawl
gear. Whenever netting attached to riblinee is hung in  unit length of
netting attached to less than one unit length of ribline!, it becomes a
load-bearing member during fishing operations and assists in opening the
net to ita desired shape. %ensver netting is hung to riblines with iden-
tical unit lengths, the riblines serve only to limit the extent of damage
whenever a net is tora and to assist in bringing aboard large catches of
fish after the net has been collapsed during retrieval.

S va d s nd s va s s.� The machine~ade or man-
made, double twine edges along a length of netting or along the edges of
pane1.s of netting. Selvage strips are narrow 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 made utilixiag larger mesh
sixe in addition to larger twine sixe. Their main function is to more
equally distribute load among strength-bearing members such ae headropes,
footropea, breastlines, and riblines, to main body meshes ~

~ ~aavy ropes which are permanently threaded through a
maximum of seven steel rings placed around the cod end to allow pinching
off a part  one-half to 3 tons! of the catch. Splitting straps are uti-
lixed by small vessels to bring aboard small sections of large catches.

NET CLLSSIFICkTI01I

The following brief descriptions of the various types of net Sear used
in fishing were adapted from lomura and Yamaxaki �975! ~

I. Gill Nets

l. P d s . � One or both ends of the net are
anchored; need in shallow inlets or narrow waterways where
fish such aa sardine migrate.

l. .-Wet drifts with current; used mainly
in open offshore waters; for night sets, lights are attached
to ends of nets; meed in the salmon gill net fishery.

lines
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1 F red mid«at ill net.-Wonstructiou same as fixed surface
gill nets; fishing depth is adjusted by use of long float
line; ends of net anchored.

2 ~ ' id t ill a ~ � Same as drift surface gill net;
fishing depth adjusted with long float line; used to capture
sardiae, mackerel, and saury.

cod, f Rounder, shark, mackerel, sea bream, shrimp, aad crab.

1 ~ P ed tt 1 . � Set on or near the bottom with anchors~
effective fiahiag depth to 200 m.

. � linet allowed to drift freely over sea
bottoms

Bnc ' .~ill aet, which is set inside a large
eacircliug net to first encircle the fish school; the inner net
gills the fish. used to catch young yello«tail.

B- S ' 1 .-W aet in which one end is anchored aad the other
other eud is to«ed ia a circle to bring the uet ia contact with fish

Sia n 1 .� Single uet «ith or without leadliae
used to entangle fiab; used for king crab and tuna.

sandwiched between t«o outer paaels of large~eshed «ebbing;
used to entangle or trap fish iu a loop of webbing.

II. gaul Nets

hlCL
along shoreline aad pulled by hand toward the beach.

.--This aet is a long, conical bag with wings

.-W net in «hich one end is first attached to a
buoy underwater before setting; remainder of tow rope, net, aad
opposite side tow rope ie then payed out as boat travels a
triangular course to return to the buoy; buoy is retrieved and
the t«o ropes are heeled by the boat thus bringiag the wings
closer together aad driviag the fiab into the net mouth

3i ~T~g. Monical aet pulled by one or tvo boats for set
periods of tiki
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 I! ]~g t'ai~.� Uses beam or other devices to spread
net mouth; examples are dzedge and coral net.

uet mouth; examples are bottom fish trawl and shrimp
trawl.

~ � Uses two boats to spread net mouth;
examples are bull travl and paranzella net.

b. Mid t t 1, � Hauled in midlayers; mouth held open
either by otter boards or by tvo boats.

III push Set

Triangular, bag-shaped net tvo sides of which are fixed to scissorlike
crossed bamboo sticks; net is pushed forward in shallov vatez by baud
or boat.

IV. Lift Net

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

I. S � i t n . � Net ie set deep beneath the vater
surface and is allowed to flow freely from the boat; hauling
lines are attached to keep the net from drifting avay;
submerged net is lifted upward when fish schools aggzegate
over uet; used to catch saury, mackerel, and horse mackerel
«ith the aid of light attraction.

2. On - t lif .--Small scooping net is used.

.-Wet is a lift net operated by two boats.

I. Four-ang1e dip net.

2. Thzee-hoat lift net

3. Four-boat lift net

4. Eight-boat lift net

Vi Surroumding 1e t

Net used to encircle fish schoo3.s from the side as well as the bottom',
net is rectangular or has a bag with «ings thus resembling a haul seine.
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*. Su 'n met th k � 4 senisurroumding net; bag net
 better referred to as e lift net! is used together vith a
pair of vimg nets; used at might vith lights to attract fish
schools.

b. 8 rom di vit ou ock t.

I Su oun ' net vi h u s 'm .� Net is set around a fish
~ chool snd the purse line quickly pulled im to close off the
bottce of the net.

a. Oa 'm .� Het is set after skiff holding ome
emd of the net ie launched; boat then pays out met to
surround fish school; the seiner then retrieves purse line
and bridle from the skiff and the net bottom is closed: met
i ~ hauled vith a power block; example: tuna purse seine-

b. T s ' .� The purse line or «ire rope is
attached to the simkera, similar to the oce-boat seine;
net operated by tvo boats; t«o-boat seine differs from
one-boat seine in twine size, mesh size, length, vidth.
amd lemgth~dth ratio.

2 ~ 8 oundin vi h s in .� Lampara-type met; has
neither rings mor purse lime along the bottom.

VX. Cover Set

~t~.-Mmical met thzovm by hand so that it opens nearly flat
aa it falls on the «ater surface; net sinks rapidly due to «eights
attached to edge of net.

frame; operates by covering fish; hand hauled.

VXX Trap Net

Fish are caught in collecting units from «hich escape is prevented by
lnbyrimths and retarding devices such as gorges and funnels

.-~ar consists of a
leader met and main met.

stations ~ Wlm ne't is
406 m long and 100 m «ide; leader net is nearly 4�00 m
longr

.~et bee three parts � bag net  or maim
met vith bag!, barrier net  or playground net! ~ and leader net+
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a. Stations n ' .� Main net is 200 m long;
used to catch yellowtail, horse mackerel, squid, and some
pelagic species.

b. Stati nar net wit a s.

B ~ Ned '

l. Sa din stati n n .� Bag net does not reach to bottom; has
leader net and big playground net with bottom sloped upward.

2 ~ He ' st i n t. � Met is boz-type bag net.

3. Salmon s i na u t. � k surface or bottom trap net used on
grounds with swift currents.

C. Small-sc l s ation tra e . � k pound uet «ith main net,
leader, and conical bag net

D. Geidin ba ie . � Screen labyrinth net; gear consists of a fence
 or fences! which guides the fish to one or more retaining chambers.

B. P tabl tra nd s n

1. Co d ts a d f k ne . � This gear can be used singly
or arranged in systms vitb wings and leaders; net has
basketlike or cagelike appearance; made of wood, netting,
wire, or plastic.

2. Sti~~t.-<et is fized on stakes or anchored witb mouth kept
open by frame; usually placed in strong river currents

HEY FISHERIES

The net is a relatively young invention and was probably introduced in
bunting earlier than in fishing  von Brandt 1964!. hlthough nat 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 Brendt 1964!. But it seemed inevitable that net fishing would occupy a
prominent part in the fisheries of many nations as net ~aking 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 ia no longer e problem since machiae~ nets from major
industrial and manufacturing nations can be delivered to the most rmate
places of the world.

Today, the net fisheries harvest a large umber of species using a wide
assortment of gear including gill nets, tangle nets, travls, purse seines,
set nets, lift netsy and haul seines Excellent reviews of some of the
major fisheriee in the North Pacific may be found in a number of reports
 Alverson et al. 1964; Chit«ood 1969; Frey 1971; 'lakahashi 1972; Browning
1976; and lorrester et al. 1978, 19S3! ~

Zn the eeetione that follow, arne of the major net fisheries in the
North Pacific are resie«ed
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Gill Net Fisheriea

In the chronology of net gear, the gill net evolved after the beach
seine but ve?l before the development of the purse seine  Brovning 1974! ~
ln terms of tonnage of fish landed, hovever, the gill net has to rank behind
the purse seine and the travl.

Although resembling the beach seine, the gill net fishes on a different
principle, that i ~ , vhereas a beach seine surrounds or closes off the path
of a school of fishy the gill net ia simply a vaIl of netting vhose meshes
either form a "noose" around the heads and bodies of fishes and molluscs
that svim forvard vigorousl.y  von Srandt 1964; Browning 1974!, or entangle
legs and spines of crustaceans Purthermore, the gill net is much more
versatile because it can be fished at the surface, in midvater, or on the
bottom and be anchored or aet adrift.

Gill nets may be classified into several categories depending on geo-
graphic area On the U S- vest coast and Alaska, gill nets may be classi-
fied into tvo broad categories-<rift nets in their several forms and the
aet or anchored gill net  Brovning 1974! ~ In Japan, in addition to the two
mentioned above, there is a third classification referred to as a "movable
type" gill net in vhich the net ie used to encircle or ia set near fish
school.s and the fishermen activel.y drive or herd the school into the meshes
of the net  Yamaha Motor Co .  Tamaha! 1979a!

There are a number of major and minor fisheries in tbe North Pacific in
vhich fishing vessels uae gill nets exclusively or in combination vith other
gear. These include fieheries for salmon, squid, tuna, barracuda, pomfret,
usury, shark, «hite seabees, I'acific herring, yellovtail, mackerel, bonito,
flyingfish, sardine, pollock, king crab, cod, bream, shrimp, and flatfish
 g~a aW Vmasaki 197S!.

4 net much like the gill net is the tramsasl net. Trammel nets have tvo
outer veils and an i.nner, longer sagging curtain. They are designed to pre-
vent fish like halibut, «hich can svim poverfully in reverse, from freeing
theaselves from a standard gill net. k fish swimming into a trammel net
entangles its head in the small. mesh and drives the inner curtain through
the outer vali- The mesh then collapsee behind the fish. bagging it and
blocking its escape  Pleachner 19S3!.

Sacause of the extra time and skill required in fishing vith trameel
nets, aany halibut fishermen use a simpler suspended or "trammelised" gill
net. This type of net is fabricated by taking a single~lied net and
intervmavtng a vertical string or line at intervale to prevent the net from
expandinl to ita full height. The added slack traps the fish in a bag of
mash. This adaptation to the gill net fishes cleaner and offers a little
mor» protection from seal. predation; hovever, it ia not effective at catch-
ing large fish  Pleachner 1983! ~

Coastal Gill Ret Piaheriea

Ta Japanese net fiaheriea, although the etcher of boats that can ba
operated in fiahariea amch as aaallwcale trarlhag> purse seining, boat
«eimimg, and fixed met fishing is limited by a licensing system> the number
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of gill-netters is l.icensed only in certain prefectures; therefore, gill
netting is a papular fishing method among coastal fisheries and provides
support to many families that rely solely on income from fishing  Yaaaha
19'19a!- In fact, of Japan's fleet of 328,000 fishing boats that are under 0
gross tons  GT!, 38,000 or 1% use gill nets exclusively.

Fishing with gill nets is a relatively simple operation along the
coasts of Japan. The small fishing boats operate close to shore and can set
and retrieve nets «ith saall crews  Yamaha 1979a!. Major species taken
include sardine, mackerel, horse mackerel. saury> skipjack tuna, yellowtail>
bluefin tuna, swordfish, salmon, traut, cod, shark, sea bream, flatfish,
octopus, squid, sea urchin, sea cucumber, shrimp, and crab.

In the coastal drift net fishery for salmon and trout along the
northern half of Japan 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 S0,024 MT annually  International North Pacific Pisheries
Conunission  INPFC! 1979!.

The type of gill net used in the coastal fisheries varies considerably,
depending on the target species. The fishermen decide on the most appro-
priate design and construction of the net, taking into cansideration 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 entangl.ing
efficiency  Yamaha L979a! ~ 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 cm, the float line is 30-48 m
with a 35-401 hang-in, and the leadline is about a aeter longer than the
float line. The boats in this fishery carry about 7-8 men and are about 20
CT. Each boat sets about 40 units of nets per aet  gamura and Taaaaaki
1975! .

The Spanish aackerel fishery uses ~ different net with a mesh sine of
7.5 cm, a depth of 130 aeshes, and a float line 26 m long Because the net
is intended to drift at the surface, the leadline, which is 25 m long, is
withaut weights. The hang-in is 44.5E in the float line and 44.6X in the
leadline  Noanra and Taaasaki 1975!.

The gear used in the mackerel drift net fishery ia siailar to that used
in the sardine drift net fishery except that the aeah sine ia 7.0-8.5 ca and
depth varies widely free 200 to 500 mesh. The length per unit of net is 7S
a and the hang-in is 3l&iOX  Kamura and Tamasaki 1975!.

There ia also a mackerel bottm gill net which has a mesh sixe of 7.6
cm, i ~ 100-400 aashea deep, with a float line of 36.4 a and a Ieadline of
33.3 m. The hang-in is MX  Noaura and Yamaaaki 1975!.

Xn the flyimgfiah drift net fishery, the gear ia fabricated into three
parts � the end met, the first leader net, and the second leader net. Thirty
mnita of net are strung together to form a length of gill net stretching
l,047 a long  Raaera amd Taaaaaki 1975!.



Still. another gear used in the coastal fisheries is the shrimp bottomgill net  Nomura and Yamaxaki 1975; Tamaba 1979a!. M'ade of nylon webbing>
the mesh is 6-10 cm aad tbe net is 10-17 meshes deep with a 50-69Z hang-inEach unit is 2.5 m long.

For shark fisbing, s bottom gill net with mesh sixes 17-25 cm is used»aad because sharks are caugbt by trammeling, tbe haag-ia is as large as 4GZ-Tbe net is 18 meshes deep with a stretched length of 50.5 m hung oa a floatlime of 37-9 m. The leadliae is 30.3 m. The boats operating in this
fishery are 7-10 GT with eight men. aboard. Usually, each vessel sets 40-80units of gill aet pez day.

The Soviet Union' s coastal fisberies bordering, the North Pacific
involve traps, beach seines, and «eirs to capture maturiag salmon from
schools that are migrating to the spawning grounds The areas fishedinclude the east and vest coasts of Kaacbatka, the aozthern part of theOkhotsk Sea, along the coastline borderiag the Okhotsk Sea from LisyanskyPeniasula to tbe kaez area, knur River basin north to the Iska River, coastof Primore, Sakhalin, Kuril Islands, snd the Calf of kaadyr  Fig. 2!  IHPFC
1979! .

Soviet fishermen use several different types of gill nets and tangle
nets for fishing in the northwestern Pacific. Ia general, nets aze 20-30 mlong, but for certain types of fishing, e.g., deep bottom fishing, nets maybe up to 1,000 m long. The depth of tbe aet is dictated by the targetspecies. Moat set gill nets are 1.7-2.5 m deep; most drift nets are 6-15 mdeep. kadzeev �966! described several nets used in the aorthvestern
Pec if ic, ss f ol lowe:

.� The net is 25 m long aud 25 meshes deep',hanging ratio is 0.50; mesh aixe is 80 mm', and tviae sixe is 20/12.a
W .� The net i ~ 30 m long and 30 meshes deep',hanging ratio is 0.60; mesh cise is 48 mm; and twine sixe is 18/3
C b s o i 1 n .� The net is 46 m at the corkline and 42 m atthe leadline; the depth is 6.5 meshes; hanging ratio is 0.42<.46; and the

t«iae sine is 20 12- No mesh sixe is given.

ratio is 0.60; nesb cise is 14 mm; and the t«ine siss is 130/6.

d n � The net is 36 m Iong aad 5 1 m deep; bangingratio is 0.60; mesh sixe is 16 mm; and twine sixe ia 61/6 ~

d ' t , � The net is 30 m long aad 6 .4 m deep; hanging ratio
is 0.60; the mesh sixe is 40 m; t«ine sine is 34/12.

W aerator is the sine of the yazm «itb vhich the twine is
cometz«cted amd the denominator ie the numbe» of yarns im the t«iae.
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Figure 2. � Areas fished for salHIoa by soviet fisberaIen
 International North Pacific fisheries COIsaiseion 1979! ~

S d i n . � The net is 30 e long and 3 3 a deep; hanging ratio is
0.60; trine size is 34/12. No nash siae given.

d ' ~ � The aet is 30 a 1ong and 6.0 to 15.2 a deep; hanging
ratio ia 0.60; twine sise is froe 34/6 to 61/6- Io neah size given.

Tnforaation is lacking on the amber of unite of gear used in the
varions Soviet fisheriea.

Canadian aad Seited States fisheraen, including those in Alaska, fish
for ealaoa in inshore naterao Salmon fishing with nets is prohibited at any

f~ the eater coast vith ainor exceptions Thus' except for
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salmon taken by trolling, the bulk of the Canadian snd United States catch
comes from purse eeines aad gill nets fished in inshore waters.

The Canadian gill net fishery for salmon in Georgia Strait is largest
in the Fraeer River area where fleet size reaches 800 vessels duriag the
summer fisheries for cockeye and piak salmon, and during occasional fall
openings for chum ealmoa  Argue et al. 1983!. Ia the resainder of Georgia
Strait, there are perhaps 3,000 gill net boats that fish at least oace. The
boats in this fishery are 10-15 m and carry nets with meshes of 130-149 mm
for cockeye, pink, and coho salmon and 165-216 mm for chum aad chinook
salmoa. 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. Ia 1981, 2,508
gill~etters and combinatioa gill net-troll boats fished for pink, chum, aad
sockeye salmon ia British Columbia waters  Beacham 1984a, 1984b, 1984c!.

A Caaadian skiff gill net fishery also exists for high value roe her-
ring  Ness 1977a; Forrester et al. 1983!. In this fishery, gill nets now
account for about half of the herring roe catch  Houretoa and Haegele 1980! ~
These gill acts are fished from aluminum skiffs especially developed for
this fishery. In 1978-79, 1,300 gill-nettere 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 50X of the landings
from these states in 1975  U.ST Department of Commerce 1978!. Following,
gill nets in order of importance wae the purse seine which accounted for 35%
of the salmon landings, whereas lines produced just 14%. The remaining 1X
of the catch came from haul eeinee, otter trawls, pound nets, floatiug
traps, pots, dip nets, reef nets, and wheels. A summary of operating units
for the U.ST Pacific coast fisheries in 1975 is shown in Table 3 ~

Ia 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. Moaofilament nylon webbing was used by a few fishermen in 1958 but
was banned in Washington and Oregon in 1959 and in Alaska ia 1960 ' The ban
on monofilameat gear, however, was not applied to Indian fisheries ia Wash-
ington aad in the Colombia River where existing fisheries commonly used
moaofilament gill nets. In 1965, a multiple strand monofilament gill net
wes introduced in Washington and is legal gear at the present time.

Although the U.S. commercial salmon fishery operates in the four
Pacific coast states, only Alaska and Washingtoa have large net fisheries.
The regulations concerned with the Alaska salmon fishery are extremely
complex and involve variations, by statistical districts, in fishing season,
gear specifications, aad type of gear allowed  Table 4! ~

In Washington, the commercial salmon fishery, which is carried out in
Puget Sound, Grays Harbor, Willspa Bay, Columbia River, and offshore,
depends primarily on puree seines and drift nets. In Puget Sound, drift
acts may be 549 m long with stretched mesh varying from 114 to 210 mm,
depending oa area, season, and target species. Around San Juan Island, 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
mesh size 127 mm. The season here ruas from July through November  INPFC
1979! .
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Table 3.� 8Lmmary of operating uISitOI 1975  U.s. Departmeat of Counnerce l978! ~
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Table 4.� Net regulations in the Alaska salmon fishery, by type
of gear and statistical districts  International North Pacific
Pishezies Conmission 1979!.

Beach eeines>
traditional

and hand-

hauled purse
seines  m!

Legal gear

District Drift net Set gill net
 m!  m! Minimum stretch

mesh  am!

203  June!
152  other months!

Arctic-Tukon-
Kuskok«im 91 183-274

Bristol Bay 274
13791

Alaska
Peninsula-
Aleutian
Islands 366

183 W57

183-411

183-366

133

Chignik

Kodiak

Cook Xnlet

Banned

274

274 153 but 178 during
Chinook run 165-457

Prince Nil liam
Sound 274

229-274
Southeast

Alaska 27-549 203  <60 meshea deep!
>203  <40 meshes deep! 183-457

The Columbia River f isbery han four seasons: «inter  February-March!,nprimg  April~y! ~ summer  tume-July!, and fall  August~vsmber!  ZSPFC1979!,

-' Cnlkformia, l&e Oregon, ha ~ hammed gill met f ieb4ag. for ealmoa audopurmtas omly au ocein troll fishery  XIPPC l979! ~ �

The commercial salmon fishery in Oregon consists only of the ColumbiaRiver gill net fishery', «hich is the same as that for Washington because ofjoint responsibility for management, and the octan troll fishery DrifCnets are the only commercial gear allo«ud in the Columbia River fisherybslo« the Ionneville 5sm. Above it, set gill and dip nets are permitted inthe urclusive Indian commercial fishezy Drift nets up to 457 m aud setgill nets up to 91 m are legal gear Tn february-March and in Augusta a1~ miniee mash sine is enforced Co reduce the catch of steelhead troutThe mesh siss is reduced to II4-mm mesh minimum in June-July only forsockeye throughout the Columbia River to protect the amnion chinooksal%% s
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Other major gill net fisheries in waters of the Pacific coast states
include those for herring. Exclusive gill net fishing for herring was not
alloved in Alaska until 19Y6 where regulations adopted by the Alaska Soard
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
minimum mesh sixe of 5.4-cm stretch mesh. Nets can be no longer than 91 m
and the maximum aggregate length alloved is 366 m per gear hol.der. The net
is rigged with anchors and buoys and has an average fishing depth of II m.
Although current regulations do not specify vessel type or sixe, the tradi-
tional boats are 5-9 m akiffs. The fishery operates only briefly  I 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;
however, the gill net is by far the most frequently used. Gill nets used in
this fishery became more competitive when set or anchored nets vere per-
mitted in 1976-T7. The result was that fishermen targeting primarily for
herring roe shifted from round-haul nets to gill nets and this shift ia
continuing mainly because buyers prefer the larger fish and higher percent-
age of females in gill net catches.

ln 1970-80, 363 vessels participated in the herring roe fishery, more
than in any other commercial net fisheriea in California. Of these, 306
were gill-netters.

Other gill net fisheries in California are for surface and bottom aea
bass, bonito, and barracuda. Trammel nets are used for halibut and angel
shark, and drift nets for thresher shark and swordfish. Average sets are
about 20 to 30 pieces of net; each is 82.3 m long and 28 meshes deep. Tn
1975, there were 75 drift nets operating, for barracuda, 56 units for sea
bass, 35 units of tramsel nets, and 648 units for a variety of other
~ pecies ~

High 8eaa Gill Net Fisheriea

Two important high seas gill net fisheriea exist in the North Pacific-
one i' for salmon, the other for squid.

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

The area of operation of the Japanese mother ship salmon fishery is
shown in Figure 3. The number of mother ships and catcher boats that can
operate in the salmon fishery ia licensed by the Japanese Ministry of Agri-
culture and Forestry  JNF! ~ Xm 1969-78, these numbers varied from ll to 40
mother ships and from 172 to 369 catcher boats  Table 5! ~ Catcher boats,
mse monofilament gill meta with a minimum stretched mesh of 120 mm; however,
«ore than 60Z of the gill meta in nse have a mesh sixe of 130 mm. Each
catcher boat is allowed to set from 12 to 15 km of net at the maximum
depending on the area heing fished  MFFC 1979!- Jones �982! haa estimated
that annual fishing effort in the Japanese salmon mother ship fishery haa
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Figure 3.~tatiatical areal divisions of the Japanese salIson fisheries,
1971  International North Pacific Fisheries Coaaissioa 1971! ~

Table 5.~sages ia the Japanese salaoa aother ship fishery
luring 1969-78  effort in thousands of taas!  International
North Pacific Fisheries Coamission 1979!.

Tear No. of aother ships No. of catcher boats Fishing effort~

Onaalative gaaatity of gill net used, ia thousands of taas.

1969

1970
1971
1972

1973
1974
197 5
1976

1977

1978

11

11
11
10
10
10
10
10

6 4

369

369
369

332
332
332
332
332
24$
172

6,217
6 ~028
5,839
5,917
5,850
5,433
5,633
5,811
3,984
2,721
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fluctuated from 0.5 to 9.3 million tens  one tan ia 50 m of gill net!. The
changes in f ishing effort are related ta quotas and restrictions imposed for
available fishing grounds. Since 1978, effort has averaged about 3.0 mil-
lion tens annually and has been concentrated in the grounds just south of
the Aleutian Islands inside the United States fishery conservation sone.

In the land-based fishery, the JMAF has licensed about 325 vessels,
vhich are required to lead their catches et designated porta. These vessels
use monofilament gill nets with a minimum stretched mesh of 110 mm although
nets with 115 mm meshes are more cosnsonly used. Each vessel is allowed to
set. a maximum of 12 or 15 km of nets  IHPPC 1979!. Specifications far a
Japanese salmon gill net ere 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 tens 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 operation around 1972, the billfiah drift net
fishery has about 395 vessels, a third of which f ish with drift nets full
time for billfish. The drift net used is usually 50 m long and 9 m deep.
The remaining vessels in the fleet fish salmon drift nets part-time or
engage in tuna longline during other times of the year.

The sudden surge of vessels entering this fishery vas the result of the
oil shock" of 1973 and the Japanese Government ' 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 f ishery because of the
advantage gained through low fuel consumption and elimination of bait costs

The fishery now operates year raund. Between July and October, bill-
fish appear of f Sanriku and after October, migrate southward, ending the
Sanriku drift net fishery. Some vessels, however, continue pursuing the
migrating fish and establish bases aa far sauth as Nagasaki Prefecture in
Kyushu. In addition to billfish, the drift net captures skipjack amd
yellovfin tunas, mahimahi, and sharks.

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

The Japanese squid fishery, which developed rapidly in 1978 in the
northwestern Pacific, targets the red squid.3 Most of the vessels partici-
pating are salmon driftwetters that shift to squid fishing after the close
of the salmon season. This near fishery, however, like the billfiah drift
net fishery, met stiff opposition, mainly from the squid jigging boats.
The result wae that on 1 January, the JMF restricted squid drift~etting

Courts I C. 1979 Japan' ~ squid fishing industry. Tokyo
University of Fisheriea, Tokyo, Japan, 34 p-  Mimeogr.!



Table 6.� Specifications for s Japanese salmon gill net
 Food and kgricnltnre Organisation of the United Rations l965!.
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to the area north of lat. 20'll and west of long. 170 E. Japan has a squid
drift net fleet of 534 vessels.4

Of the llG vessels in the Taiwan squid fishing fleet, about 30 operate
in the central North Pacific during, Hay-September. The western boundary of
this fishery is long. 170'V. There i.s no eastern or northern boundaryi
After the completion of the May-September season, the vessels, together with
others joining the fleet, move to the western North pacific grounds located
«est of long. 170'W. In the Taiwan squid fishery, the jigging and gill-
netting combination vessel of about 390 GT 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 Ff The vessels are capable of remaining at aea
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 Japanese nets, are relatively cheap and
are not expected to provide service for more than two seasons. The meshes
of Taiwan nets are smaller than those of Japanese nets, measuring 94 mm
compared with 115-120 sss. 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 Pisheries

The purse seine takes fish at or near the surface- It is widely used
for capturing schooling fish such as sardine, horse mackerel, tuna,
mackerel, salmon, anchovy, 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 during retrieval
To prevent the fish school from escaping 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 i.s, it should be able to
withstand tension, impact, and friction during setting and retrieving. The
type of net fabricated depends on the target species; for example, night
fishing for horse mackerel and mackerel does not r~uire 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. Por tuna sein-
ing where setting is done at high speed, the net should not only be fast
sinking but al.so be strong enough to resist the impact of tuna rushing into
it to avoid capture  Nomnra and Tamaaaki 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. k lampara net i' an example of the former, whereas ~ ring net is
typical of the latter. The actual function of the seine ie to form a
curtain or wall of netting rhea a school is surrounded. The seine ia buoyed
at the top, weighted on the bott', and has either a large central bunt and

Low, L.-L 1982. Memoranda issued 13 December 1982, on Taiwan
avoid fishery in the North Pacific." Natl. liar. Fish. Serv. Northwest and
Alaska, Seattle, Sk 98115. 5 p.
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Table 7 ' � Specifications for various purse seines used throughout
the world  adapted from Momnra and Yastasaki 197 5!.

Major part of nct Depth of net

Lmgtb
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nat
 in!
1.

Stret-
ched
secsh
size
 an!

1

Nmn-
her of
yarns

�10 d!
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depth
b

Depth
 m!Naia species ol' fish

1 Hanisg British
Columbia

Ic, Waters
le. Waters
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Coast

Sergan CL
irish Ssa
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Wales's

AdAc
Oecao

Borgen Ct.
Kast China
Sea
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4.0
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9
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3800
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83

Sahnon

14 God

9.0 45¹» 400 350

380 860@or+ay 21¹»

short viagsa as in the lampara net, or has pnrse ringe through which a
parsing line passes to close off the bottom. The lampara-type net is used
for horse macarels mackerel, «ncbovy, sardine, tnna, and bonito. Mast
present lay sainas are made of nylon, vtnylon, tetoron, and kyokurin  Nemxra
and Tamaaaki 1975!.

FieMmg gsith ptsrse aeinee can be classified into one-boat and tm-boat
opmra@ogLse The advantages of a orat operation are that it ie not labor
4Cflekee, the act can be shot hg xostgb seas. capita% investment ia smaller,
404 054tatioggal esgpemsea are leaa IKsedvamtagee arm Chat the net cannot

Xn ptsrse seining, the fish school is first spotted and encircled with
the net. kfter the nat is set, tbe parse line that rnns through rings on
the bott' of the net ia closed and the net is hanled with a power block-
First to be retrieved is the Rower part of. the net «ith the ringa. By banl-
ng the met uniformly, the fish school is concentrated in the bnnt, which is

nsaally strengthened to «itbstand the strain. The fish school tbua concen-
trate4 ie then reaoved from the bnnt in small pOrtieas with BCOop neta  ven
Srandt 1%4!
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aet in shallov vater, more time is needed for setting aad hauling, and
hauling ia difficult i.n swift currents. In a tvo-boat operation, the seine
can be set in shallow eater, time of setting aad hauling is reduced, and
haul.ing in swift currents is relatively easy. The disadvantages are the
need for larger crevs, inability to operate in rough seas, and higher opera-
tional expenses  Yamaha 1984!.

Net construction differs according to the species sought. In a one-
boat operation to catch mackerel and large horse mackerel, nets are fabri-
cated from vebbing «ith No. 21 to 24  yarn number! twine, stretched mesh
aixe of 5% cm, and a buoyline varying anywhere from 495 to 915 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
siae of 3 ~ 3 cm  Momura and Tamaaaki 1975!, and the buoyline for a sardine
purse seine used in the one-boat operation has a buoyliae of 340-500 a vith
a ratio of bunt. depth to buoyline length of 0.10 to 0.20.

In tvo-boat purse seining, the bunt has No. 18 to 21 twine and M cm
mesh for catching mackerel and horse mackerel. Sardine seining requires a
net vith No. 6 tvine aad 1.7 cm mesh Fishing in bays and inl.eta requires
yet another net «ith No. 4 to 6 twine and I.l cm mesh. Tuna fishing
requires a net with No. 60 to 80 tviae and mesh sise of 9 cm in the buat
 Nomnra and Yamaaaki 1975!. For tvo-boat operations, the net is 580 to
1,000 m long at the buoyline; the ratio of the bunt depth to the buoyline
length ia 0.18 to 0.25. The tvo-boat sardine purse seine is 210-780 m at
the buoyline with a ratio of bunt depth to buoyLine depth being 0.20 to
0 ~ 30  Nomura and Yamasaki 1975!.

Coastal Purse Seine Fisheriea

Data available on the Philippine purse seine fishery. which contributed
about a third to the 1980 commercial fish production, indicate that there
were 313 seiners operating ia 1975; hovever, the aumber reached 413 seiners
or about 17X of the commercial fishing fleet by 1980  Encina 1982!. The
seinea used are about 457&94 m long and 82 m deep. Fishing is done at
night vith lights to attract phototactic speciea. The moat important
commercial species taken include round aced, chub mackerel, yellovfin tuna,
~ ardine, bigeye acad, herring, jack mackerel, saury, and anchovy  gureau of
Fisheries and Aquatic Resources  gFAR! 1975; Shomura et al. 1975! L fish-
ing gear similar to the purse seine, called the ring net, i ~ also need in
the Philippines This net combines the features of the round haul seine,
which haa the bunt in the center flanked by tvo wings, and the purse seine
 Eacina 1982; Rite and Yesaki 1982!. This fishery had 158 «nits operatiag
in 1980, and the principal speci.es taken included round scad, bonito, skip-
jack tuna, frigate tuna, mackerel, and chub mackerel  bPAR 1975!.

The surrounding net in Japan has overtaken the travl as the single most
important gear in terms of total catch With the enactmeat of the 20~ile
fishing sones, Japaaese travlers vere forced to phase out operation ia many
traditional distant eater fishing grounds and fish closer to their
homeland, thus contributing to the relative increase in the surrounding net
fishery from local waters  Tamaha 1984! ln addition, technological
advances im electronic fish finding equipment provided the surrounding net
boats with a greater advantage> 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 ever 40 GT  constituting 76K of the fleet!, medium-
scale boat ~ of 5-40 GT  making up 22X!, and small-scale boats of <5 GT
 accounting for 2X!  Yamaha 1984!.

The surrounding net fishery is also divided into geographical regions
in Japan. There are "northern surrounding net fisheries" which target
members of the mackerel, sardine, snd anchovy families in offshore waters of
Rokkaido and northeastern Japan, the "west Japan surrounding net f isberies"
whish fish mainly for mackerel, horse mackerel, and sardine in the East
China Sea, and the "pelagic surround net fisheries" for skipjack and other
tunas in the western tropical Pacific.

The surrounding nets used in Japan are seinee vith or without pursing
lines although the former type predominates. They are aet by one or tvo
boats although recent trend.s have been to a one-boat operation. Sardine g
horse mackerel, and mackerel make up 9& of the surrounding net fishery
catch «itb smallez quantities of skipjack and other tunas, yellovtail.
dorado, and ktka mackerel included in the remainder. In tbe small- and
middle-scale surround net fisheries, boats in the 14.9 to 19.9 GT class aze
the most numerous. Set specifications for this fishery are shown in Table
8. k smaller seinez, for example, in the 8-9 GT cl.ass, vill nee a smaller
uet  Table 9!.

Table 8. � Specifications: purse seine fiebing gear  Yamaba 1984!-

Table 9.� Net Specifications for small Japanese purse
sainers  Yamaha 1984! ~
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Tabl.e 10. � Various two-boat purse seine fishing operations  Yamaha 1984} ~

Table 11.--Specifications for nets used in various one-boat
and two-boat fisheries  Nomura and Yamazaki 1975}.
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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
travel.ing to the fishing grounds. Each seiner is equipped with its own
pursing wire winch and a net haule~. Table 10 gives data on fishing grounds,
boats, and nets used for various two-boat purse seine fisheries operating
in the coastal waters of Japan. Detailed specifications for nets used in
various one-boat and two-boat fisheries are given in Table Il.



In the northeastern Pacific, United States and Canadian fisheruen usepurse seines of various dismnsions in fishing for salmon and herring ~ Thespecifications and construction disgrace of salmon and herring purse seinesused by Canadian fishermen are given in Tables 12 and 13 ~ In southeastern
Alaska, U,S. salmon fishermen avitch to purse seining during the offseason
for salmon  Ness 1977b, 1977c! .

For Canadian fishermen fishing in British Columbia, the maxinmm legallength of salmon purse seine is 402 m in all statistical areas except inthe Strait of Joan de Puca Were purse aeines may be up to 549 m. Purseaeinee vith stretched meshes <90 ess are not peruitted, and in same areas
seines arith stretched aeshes of <102 ~ are not alloved on or after 20Septeaber. Canadian aeiners fishing for pink, chua, and sockeye salmonnuabered 532 vessels' in 1980-81  Beachaa 1984a, 1984b, 1984c! ~

Zn the 0 S. Pacific coast aalaon fishery, three types of purse seines
are cosssonly used:

often differing in ainor details according to fishermen preference and
netaakex's specificatious.

in .-W short, shallo» seine of Kodiak and other Alaska areas,tailored to regulations of the Alaska Departaent of Fish and Gaae.
Alaska limits purse seiaea to a aaximuu of 457 n vith shorter maximumsfor some areas. In southeastern alaska, the maxismm peruissible length is457 m and the minimum is 274 a. Purthersore, no net may be <25.5 m ordeeper than 35i7 a. This net i' as representative as aay in the salmonfishery in alaska. Xn other areas of alaska, different regulations apply-For exassple, in Prince William Sound, the miniamm length allovable is228.6 n vhereas the maxieea i' 274 m The uininnu depth ia 17.4 I, the

maxima ia 31.1 a. Zn tbe Kodiak area, purse seine lengths from 183 to 377
a are allovable but at least 9l.4 asst be 150 meshea deep vith a ainissnn
depth of 200 aeshea.

Dry~a ~~e. � The washington State and Sritiah Coiuabia drum seine isshort �00 a!, rather shallov �00 meshae!. The seine is actually rectan-
gular vith corkline aud leadline nearly equal instead of having a short
leadline aa in regular eeines.

High Seas Purse Seine Fisheries

Puree seining for tuna began as far back as 1914 vhen nets fabricated
priaarily for capturing "whitefish"  barracuda, sea baaa, and yellovtail!
mere first used. The subsequent developuent of a perse seine designed
apecifical.ly for tuna and the tuna fishery aa it is knovn today is veil
donmented  Creen et al. 1971!.

The early tuna purse eeines vere fabricated of cotton netting but
rapid deterioration of this aaterial liaited successful development of the
tuna fishery. Theo aajor technological develolssants~he nylon net and the
peseer bloc~ave a treaendona boost to the fishery These innovations
also sssyed tisse +uk iacreaaed efficiesoy aad fishing effort by alloving the
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TabIe I2.� SpeCifiCatinna far a Canadian "eafiftaure" ealman purse seine
 Pood and Agriculture Organization of tbe United Natinne 1965!.
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Table 13.--SpeCificati $EEs fOr a Canadian winter herring purse E cine
 FOOd and kgriC!fit gre Oegaghitatinn of the United Nffti fni 1965! .
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seiners to set and retrieve the gear faster and to increase the number of
sets possible in 1 day.

Purse seines and purse seiners have increased in sixe over the pest
two decades. During the early 1960's, a typical seine vas 420 m long by
seven strips deep  one strip ~ 100 meshes!  McNeely 1961!. k net described
by Coe and epergne �977! was 1,280 m long by 13 standard �0.8 cm mesh!
strips deep. The maxiraum sixe net used in the newly developed purse seine
fishery for skipjack tuna in New Zealand waters measured 1,682 m long and
263 m deep  Sahib et al. 1980!. The purse seines have also undergone
modification by addition of a Medi»a panel which is a replacement webbing
of 5.1 cm stretched mesh in the top strip of the net in the back-dowe area
 Berhea et al. 1977! ~ This modification evolved as an effort hy U ~ S. tuna
fishermen to reduce mortality of porpoise which are caught in the tuna
purse seine.

Most Japanese tuna seiners operating in the western Pacific fishery
for tuna are considerably smaller �50 to 500 GT! than the average United
Stat:es 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 t~-boat seining.

Table 14.� The number of tuna seiners, by sixe class, fishing
in the eastern tropical Pacific  Inter-@aerican Tropical Tuna
Commis sion 1983! ~

Carrying capacity  short tons!Class PercentNumber

1

2 3
4 5
6

<51
51-100

101-200
201-300
301-400

>401

0 5

9 5
7.3
7,3
5.9

69 ~ 5

1
21

16
16
13

153

Total 220

T. Otsu, trip to Japan report, 31 January to 22 February 1975.
Available Soutbrest Fisheries Center Eonolul» Laboratory, National Marine
I'isheries Service, NMk, P. 0. So@ 3830, Honolulu, RI 96812.

In the eastern Pacific tuna fishery, the number of boats in the inter-
national fleet operating each year from 1965 to 1982 ranged fran 244 to
397. In 1982, of 262 tuna fishing boats participating, 220 boats or 841
vere seiners  Inter-american Tropical Tuna Cemaission 1983!. The umber of
tuna seiners in 1982, by sixe classes, is given in Table 14. Specifica-
tions of a U.S. tuna purse seine are given in Table 15.
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En the fishery for bluefin tuna off Japan, the Japanese seiner uses a
net 1,250 m long, and the deepest part of the net is about L,500 ~ashes
deep, each mesh measuring IB cm stretched for a total depth of about 270 m
 Nomura and Yamaaaki 1975! ~

Travl Fisheries

The trawl fishes in midlayers down to the sea bottom or just off it
for flatfish, shrimp, cod, haddock, rockfish, pollock, and other groundfish
species. Basicaily, the travl is a tawed bag net, with a vide mouth at one
eud, which tapers to a narrow opening  cod end! that is tied shut during
haul.ing. The funnellike shape of the net guides the fish towards the cod
end.

The construction of a trawl net is extremely complex. Et is fabri-
cated from several panels cut according to a prescribed formula. Joining
the resulting panels asd ropes to form the net requires cousiderable knowl-
edge of the dynamic forces imposed on parts of the net under operational
conditions. Also, allowance must be made for unexpected extraordinary
forces vhich may be exerted irregularly on the net.

The leading portion of a travl net is called the ving, which Leads
backward to the body or belly  Lippa 1961! ~ The belly then tapers off into
an intermediate section and finally the cod end. The lower Ieadiug 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 sise of the webbing can vary widely from
80 to 240 mm; whereas the cod end can have meshes of l5 nm depending on the
target species.

Several methods are used to keep the mouth of the travel from collaps-
ing during hauling. One is the uae of a heavy horisontal beam. gem
travls may be used vith heavy "tickler chains," which are dragged along the
sea floor in front of the net opening betveen the two guides on which the
beam rests, to frighten fish. Being the original gear of the old steam
travlers, beam trawls are nov used only on small vessels. The trawls can
be toved in pairs, one on each side of the vessel; however, such operations
can decrease stability unless the vessel is specifically designed for
handling tvo travla  Homura and Yamasaki 1915! ~

Another method is to use two vessels. This method, called "bull
travling," uses a large net which can be hauled 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 Yamasaki 1975! The horixomtal force provided by a
pair of otter boards, which essentially act aa "kites," keeps the mouth
open as the net is toved through the water VerticaL forces are supplied
by floats attached to the headrope 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  Kerr
L972! The depth of tow eau be regulated also by the amount of warp paid
ont and by adjusting vessel speed
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For the pelagic and se«ipelagic trawl, one of the basic requisites isthe use of high-tenacity synthetic twines. Netting yarns, in addition tohaving high vet-knot breaking strength, should have particularly high
extension and elasticity to equalise differences in load distribution inthe fore net, thereby reducing the danger of shock loads bursting the nstin heavy seas  von Brandt and Kinet 1971!.

The semipelagic trawl «as fabricated to overcome problems in gettingtbe «outh opening of the net to s«eep the water coin«n for f ish tbat
concentrate just off the bottom and outside the normal range of bott>atra«la which have Lo«vertical openings ~ AIthougb vertical openings ofthese tra«1e can be atretched by various means, such modifications to tbe
net usually produce a reduction in tbe borisontal vidth. Ne«construction«ethods using four snd six sea«s have produced nets of high vertical andvide horixontal openings «hich are considered best for bottom tra«ling-

There are some important differences bet«een uid«ater and bottomtrs«ling  Kutakov et al. 1971!. These sre.'

o Because mid«ater trawling is aimed trawling, eearcbes are made for
schools of fish «ith bydroacoustic instruments. Upon detection.the vessel determines tbe school's depth and maneuvers into posi-
tion before shooting the net and dragging tbrougb the school.

o Because mid«uter tra«ls fish in the water column bet«een the
seabed and sea surface, fish are able to dodge the oncoming net;therefore, «id«ster tra«l nets are constructed symmetrically, thatis, their top and botto«panels are equal ~ There ia no overhangas in the bottce era«l or reverse overhang «hich exists in sometra«ls where the footrope moves abead of the headrope.

o The «outh area and the to«ing speed of a mid«ater tra«l consider-
ably exceed those of a bottou tra«1. Tbe increased resistance ofthe net being hauled through tbe «ater coLumn, ho«ever, requiresincreased po«er of the «aim engine.

The length of time that a travl is to«ed is dictated by the catch
rates prevailing. kt the end of tbe to«, tha net is hauled aboard and thecod end emptied of fish. DemerseL trawls, vhich are designed and usedprimarily to scrape the sea floor, are particularly subject to damage andfrequently to co«plate loss.

Coast Tra«L Fisheries

T«Jape«, coaataL a«aEL-scale tra«Xs in use can be classified into
four types, aa foLLo«s:

.� Simpleet of the tra«Ls, this type coneista

ara either to«wk «ikh o«e or t«o boats or are fastened to out
stretched poles at the bo«a«d ster«of a veau«L «hich «akes u.ae
of tichL currents or «i«4 po«er to get the fiah into the net.
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o ~Peas t 1.� This type of trawl has a bees of bamboo, eood, PEP,
or metal to spread and hold the net mouth open.

o ~d~ene .--The net has a wood or steel frame with claws made of
steel or other types of metal. Tbis dredge digs into and scrapes
the aea floor as the net is towed and is used mainly for shell-
fish.

 �982b!.

These vazious types of coastal small-scale tzawls can be hauled either
by side trawling or stezn trawling; the latter is considered more efficient
bnt requires a net hauler.

Except for the dredge, the other trawls aze hauled either near the sea
bottom or in midwater, depending on the conditions of the fishing grounds
and the target species. The Japanese also engage in another type of fish-
ing where the net is hauled 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 hairtail as the major target
species, 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
axsmplep a vessel may fish with a small~eh �0-mm stretch mesh! trawl
throughout the year for various miscellaneons species but switch in winter-
spring to a chain net �~ stretch mesh! for flatfish or in spring and
autumn to a large~ash  80-90 mm stretch mesb! net for sea bream and
skipjack tuna  Yamaha 1982a! ~

The small-scale otter travel has the following specifications  Tab1e 16!.

Table 16 .--Specifications for a Japanese small-scale
otter travel  Yamaha 1982a!.

No. of meshes
Ro. of

Midth Wngth sheets
No of threads Mesh stretched

thicknea s  mm!

Ming net 12
Ming net 12
'Ming net 12
Ceiling net 12
gelly net 12
Side belly net 12
Bag net 12
Fish catching section 12
4tch 12

28

28
28
23
28
28
20

20
20

100 100
100 100
100 100

200-100 200
100 300
100 300
100 100
100 200
100 200

2

2 2

1 2 2 1 2 2
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0 Towing wire 'rope Lspe is 8-9 mm diameter, and its length is three to
four times the vster depth.

o Otter boards made of wood or resin with sixes not to exceed 60 x
125 ca.

o Ming net, ceiling net, belly net, and bag net of nylon> 12 ply,

o Float of foam plastic.

o Sinker of iron or ceramic.

The boats operating in this type of fishery sze usually constructed of
NP, with bull weight of 4.4 tons and a full load displacement of 9.$4
tons. Overall dimensions are 14.04 m long, 32.60 m vide, and 1.63 w deep
at midship.

~ fisl cry that op rates net gear in coastal shallow vater and in bays
ie the dredgewet fishery which catches not only shellfish as vas done in
years past but nowadays also targets crustaceans and demersal fish.
because Japanese fishery statistics combine dzedge-net catches with beam
trawl catches, it is not possible to determine exactly what species are
taken by this fishery; however, based on combined beam tzavl&redge nat
catches, the species include horse mackerel, mackerel, flatfish, cod, ktks
mackerel, thornybead, sailfin sandfish, drum, croaker, lisardfisb, purple
pike conger, cutlassfish, ray, sea bream, sea bass, sand lance, shrimp,
crab, squid, octopus, ark shell, and sea slog  Yamaha 1983b!.

0redge nets vary widely. If the vessel is targeting demersal fish or
crustaceans, the iron fzame with dredge teeth is fabricated so that it
slides over the sea floor on a pair of runners; special weights are added
to tb» runner vben fishing for shellfish. The total veight of the dzedge
net depends on the engine horsepower and towing capacity of the boat ~

There xs no standard shape oz sise or opening on these dredge nets-
The usual siss of the iron-frame assembly is 250-300 cm vide and 20-30 cm
high, overall when it
it is 3&0 cm h vheuen i is fatted with a fish or shrimp dredge net' howevers

igh eu fitted mth a shellfish dredge net. The dredgel

net is fabricated of ol e h 1p y thylene netting; mesh siss varies according to
t e target species. For shellfish, the mesh is 60 wm; for demersal fis

of c
Along the british Columbxaia coastline, travlere catch some 30 specieso comarcially important bottom fish includi so c ' is x.nc u ing sole, cod, lingcodi

s rimp xppa 1967!.

Most of tbe Canadian travlers are
the Inited 8 re purse-scene vessels like th«e oftates Pacific coast These travlers are srav ers are stout, beaay~ ha

, sn ave a wheelhouse and galley located forward
aae s are tween 9 and 30 m lo andawp e. Powered by diesel.s ofck apace is aft and quite 1

~ although the typical vesse 1 i ng an between 5 and 100
vesse s cloeez to 2~9 CT.

The fleet is made up of �3 year-rcnando yea~ trawlers  fishing more than



part t ine or incidental travl era   <4 months per year� ! ~ Vessel s are classi-
f ied either as single-gear travlers, which tov f rom a single point  usually
starboard! on the vessel, and doublegesr travlers, vhich to» f rom tvo
points oa the vessel ~ Many vessels use a reel on vhich the travl net is
wound-

There are tvo types of trawl nets used in the Canadian fishery; the
box trawl  or western or Pacific trawl! and the f 1st travl  or eastern or
atlantic trawl!  Lippa 1967! - Usually, vessels up to 49 GT uae 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 ia the Horth Pacific, perhaps the
largest fishery in terms of the number of vessels involved and the number
of species harvested, include fishing vessels froe Japan, the U.S.S.R.,
Republic of Korea, Taivan, Canada, United States, and the Polish People' s
Republic. The speciea targeted by this fleet are shown in Table 18. Ia
the Bering Sea, pollock constituted 80Z and flatfish 11X of the catch. The
bulk of the catch vas taken by Japanese vessels and Soviet vessels took
eeet of the remainder. Snail anouata of pollock vere also taken by the
Republic of Korea  Forrester et al. 1983!.

Canadian and United States vessels fished mainly for Pacific halibut
in the Bering Sea region and saall aaounts of herring were also taken by
United States vessels  Forrester et al. 1983!. This situation, however,
changed in 1984  DE L. AIverson, pere comaun, 26 November 1984!.

In addition to groundfish, there are directed fisheries for herring
conducted aainly by the Soviets, and for shrimp and small aaounts of squid
by the Japanese  Forrester et al. 1983!.

The nmber of Canadian, Japaaeae, and United States vessels fishing in
the Bering Sea region in 195470 aad Japanese vessels fishing in the saae
region ia 1971-76 is shown in Table 19. The umber of Canadian and United
States vessels operating ia 1911-16 and the nmber of Soviet vessels oper
sting in the Bering Sea are not available.

Ia 'the contiguous states aad British Columbia, the major species taken
«e hake �$Z! Pacific ocean perch and other rockfish  ZZZ!, flatfish
<tncluding Pacific halibut! �2Z!, pollock  IIZ!, and sablefiah  8Z!-
oviet vessels caught 47Z of the groundfish, nostly Pacific hake, and Japan

acco'nnted for 26Z, the United States 15Zy Canada 6Z ~ and the Republic of
orea N. The Polish People'a Republic also caught hake in 1975-76,

averaging 3S,000 ÃT per year. The ember of Canadian, Japanese, and United
States vessels fishing in the northeast Pacific region in 1963-76 i ~ given
in Table 20.

operations of the foreign trawl fisheries in the eastern Bering Sea,
~lentil Islands region, Oelf of klaaka. ead off the coasts of Naahington,
regon> and California have been reported in detail by Prater �916!,

Forrester et al ~ �978!, Rakkala et al. �979!. French et al. �981!, Nelson
et al ~ �981! ~ and Nell et al �981!i
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Table Il.--specification g for a canadian herring mid9fater tra9fl
 Food and Agriculture Organization of the United Nations 1965!.
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English common name
 lN PFC preference first!

Japanese common or
standard nameScientific name

Sharks

Gakarhiriui ZyOptcr¹S
Sq¹al¹r araalhias

Herrings
C ¹pra harritg¹S pallasi

Codfishes

Mcrbcsrr'¹S Prod¹d¹s
Mirrogadus proxinuts
Thcragra chakogramma

soupfin shark
Paci6c dogfish abura tsunozairie

Pacific herring, herring nishin

Pacific hake

to mood

Pacific pollock, walleye
poHock, whiting, pollock
Pacific cod, true cod

hciku, rnerurusa

suketo dart

ma dara, taraGadhr masroccphal¹s
Rockfishes

Scorpaerudae
Scbasrcf al¹l¹s

Scbastcs brcoisPiriis
Scbasrcs jfaoid¹s
Scbastcs goodri
Scbasrcs ari¹ia ¹s

Scbasics pa¹rispiair
Scbarrcs pinaigcr
Scbastcs r¹bcrrim¹s

Gree nlxngs
OPhiodorr rlo¹gat¹S

Sable6shes

AaoP oPoma firn brio
Fcavstskzs

Hippoglossoidcr cbirsodo¹
Hippoglossoidcs rob¹st¹s
Hrppagloss¹S srcaokpis
LcPidoPscna bi irrcata
Limarrda aspera
Athcrcsthcs cacrma¹ai

lockfishes

Pacific ocean perch
silvergray rockfish
yeHow tail rockfish
chil ipepper
verrnHion rockfish

speckled rockfish
canary rock6sh
yeHoweye rockfish

menuke rui

arasuka menuke

gin menuke, kuro menuke
kin menuke, kiobire menuke

sbu menuke

hara menuke, bokachio
orenji menuke
kojin menu kc

kin mutsulingcod

blackcod, sablefish gin dara, hokyuo mu.tsu

uma garei, shiro garei
dOfO garei, shiro garei
ohyo
shumusu garei, asaba garei
kogane garei rosuke garei

flathead sole

Hathead sole

Pacific halibut, halibut
rock sole

yeHowfin sole
northern arrowtooth

fiounder

turbot, arrow tooth
fiotmder

petrale sole

abura garei
Athcrcsthcs storrrias

Eoprcrta jorda¹i
abura garei
petoral nameta, tsubame

gati
namcta garei, baba garei

arnerika nameta

English sole, lemon sole igirisu gareiParOpkF7r ocrld¹s
Strtttsrra

Paadal¹s borccdis

Pc¹rdalar g¹ai¹r¹s
Par¹hdrrs jardarri
P adahrs phstparos

hokkoku aka ebi

benisuji ebi
pink shrimp
pink shrimp
pink shrimp
Prawll

Table 18.� list of scietttific and cottnaott ttatttee of fieb apeciee
taken in the hlsska grouttdfitth  Forreater et al. 1978!.
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ysb]e l9.� Rnaber of vessel.a, by type and by country, fishing for groundfish,
sbrinP, and herring in the Bering Sea region, I9$4-76  adaPted from Forrester
et al. 1978, 1983!. Source: Fisheries Research Eoarl of Canada', Fisheries
agency of Japan; Northnest and klaaha Fisheries Center, National Marine
Fisberies Service ~ U. S ~ Department of Cosssetce; and International Pacif ic
Is].ibnt Ceaaiss ion.

gill aet longline Trawl

Onited Qait ed United
Tear canada Japan gtatee Canada Japaa St atee Canada Japan Japan State S

1954
1955

11
9

3
6

29

14
20
31

33
53
32
15

9
7

10
IO

Ibther abip type gronadfisb fishery, Sotth pacific trawl fieberyI end Sorth
pacific loagli~ill aet fishery; iacledee banish asian, pair tzawl, side trawl. and
stern trawl.

Saber of weasels liceased ia tbe land-based trawl fishery; iaclndee nanish
~eine aad stern trawl. These vessels opetsted ia the 0hhotsh Sea aad waters adjeceat
te tbe garlic Islande as wall ae in the Seriag 8ea Usta are aot available on the
++her of weasels operating ia th& Sating Sea testa

Soae weasels operated both gill nets snd longliaes. h detailed breakdown hy
gest type is not available.

1956
1957
19SS
1959
1%0 3

1%1 � 138
1962 67
1963 � 112
1964 97
1%5 68

1%6 � 55
1967 � 53
1%8 � 88
1%9 64
1970 � 12

1971 6
1972 � 28
1973 � 14
l974
197 S 6
1976

ll
19
17
16
13

138
67

II 5
30
10

13
19
22
20
23
23

3 1
7

19
35

34
43
52
36
19

4
17
ll

7
6

13
13
29
64

165

243 S4
225 70
148 93
l94 103
149 126

129 172
198 173
175 184
186 182
193 182

182 182
222 182
154 182
177 182
154 182
139 182
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Table 20.� Nutsber of vessels, by type and by country. fishing for ground-
fish, Shrimp, and herring in the Northeast Pacific region, 1963-76  adapted
from Forrester et al. 1978, 1983!. Source: Fisheries Research Board of
Canada; Fisheries Agency of Japan; International Pacific Halibut Cosuaission;
Northwest and Alaska Fisheries center, National Marine Fisheries service,
U.s. Department of coauaerce; Pacific Biological station, B.c.

Type of zsssel

parse seine pots'Tr awILaos lineGill net

Dolt ed Snit ed United United Uai.ted
Tear Canada Japan States Caaada Japan States Caaada Japan States Canada Japan States States

lacladee Danish seine, side trawl, ead stere trawl.
Shriap fishing.
'Do- data are available oa tha amber of sessel ~ that fished for ehziap. Data

regardiag the aaaber of weasel ~ fi.shiag for herriag were awailable oaly for the
herring fishiag season  epproaisately 1 May to 30 kpril of the following year!;
therefore, the gill aet end perse seine data Siwea here foz calender years acteally
are for fishing seasons, e.g., data for 1969 sre for the period 4 1lay 1969 throagh 2
Day 1970. Do zecord aas tept of the naaber of reseal ~ that fished for herring «itb
Sill nets prior to 1969 ~ Soee weasels that trawled foz grooadf ish also fished for
herriag. Vessels fiehiag with loaglines toot halibat; no date are available oa
amber of longline, haadliae, or troll weasels that fished for speciee other than
helibat

Zacludse abont 25 weasels which fished oaly for species other than halihat in
1971 and 1972, an aataown amber ia 1973 ~ ll in 1974s 5 ia 1975, and 415 in 1976.

Dmbez of klasta based weasel ~ aahaowa.
Ln additioaal 543 United States weasels were engaged ia the aorthsaet pacific

fi.aberiee acing other gear or aaclassified gear.

1963
1964
1965
1966
1967
1968
1969 4
1970 11
1971 72
1972 54
1973 266
1974 I ~ 002
1975 1,25S
1976 s 1 s068

236
207
189
212
151
145
144
167
154

1 165
14 144
12 76
16 163

105 160

6
21
26
28
23
34
24
22
23
22

342 113 � 19
227 115 � 24
237 132 -- 28
298 144 � 30
286 74 � 25
194 17 � 20
221 19 � 43
233 34 � 77
ill 135 � 46
242 104 � 12
211 161 � 27
165 247 � 13
194 214 � 130
616 18$ � 173

77
82
74
79
81
75
73
64
64
56
62
68
76
87

4 268
7 265

13 264
25 272
26 312
28 288
33 287
31 338
31 314
66 306
31 403
31 434
29 350
25 532

18
18
22
15
20

30 9
24
29
39
30
39

85
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The Japanese fishery for grouadfish in the Bering Sea developed over
many years of fishing and in recent years had four principal components:
ths mother ship fishery, the North Pacific trawl fishery, the North Pacific
longlin~ill net fishery, and the land-baaed trawl fishery  Balrksla et al.
1979! ~ These f isheriea contributed 64, 31~ 0.3, and 52, respectively, to
the Japanese catch from the Bering Sea in 1971-76.

and minced fish fleets, and longline~ill net fleets. Catcher boats are
pair traulers, Danish sainers, stern trerlera, and longline gill-netters;
pair traulers are the mainstay of the fleet. The number of mother ship
fIeets and the number of catcher boats attached to them are given in Table
21 for 1952-76. Characteristics of catcher boats and travel gear are given
in Table 22-

Table 2li � Pleat of the Japanese mother ship fishery, 1952-76
 International North Pacific Fisheriea Commission l979!.

Number of fishing vesselsaNumber of mother shipsYear

Source: Fisheries Agency of Japan.
includes scouting boats.

1952

1953
1954

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

3

3
7

14
16
16
16
16
12
12
11
11

ll
ll
11
11
ll
11
11
11
10
10
10
10

10

57

105
205

406
506
461
460
460
410
410
369
366

379
369
369
369
369

369
369
369
332
332
332
332
332
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r h P c ' awl f 'sh .� This fishery consists of factory stern
trawlers, which are usually larger than 500 GT and operate independently;
these vessels fish and process their catch. Products, which consist of
minced fish, froxen fish, and fish meal, are transferred to refrigerated
transport vessels which carry thea to Japan. Siss of vessels and gear
characteristics are given in Table 22. The main target of these trawlers
i ~ pollock in the eastern Bering Sea; Pacific cod and flounders are also
caught in the trawl. In the Aleutian Islands region, 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 in recent years  Table 23!.

Land-1 s d tr fish .--The vessels in this fishery are essentially
independent travlers and are prohibited by Japanese regulations from trans-
shipping their catch to cargo vessels' All vessels return to Japan after
catching a full load. The target species are mainly flounder, pollock, and
rattails. The gear need was mainly Danish seines; however, in recent years,
the stern trawl has dominated. In 1969-76, 182 vessels operated in this
fishery; however, the neaber declined to 143 in 1977 and to 75 in 1978
 Table 23!. The catches include chiefly flounder, Pacific ocean perch, and
black cod  Porrester et al. 1978!.

The Soviet trawl fishery harvests a substantial part of its total
catch from the Sering Sea and off the United States Pacific coast. Fishing
off Alaska initially in 059, the Soviet fleet expanded into the Gulf of
Alaska and along the kleutian Islands then moved into waters along the
Alaska coastline. Ny 1966. they had fleets fishing off Oregon and Wash-
ington and subseqnentI.y expanded farther into waters off British Columbia
and California  Pruter 1976!. The Soviets are now engaged in joint venture
operations  I! ~ L klverson, pars. coaaen., 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 ome step further in the Soviet opera-
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 stores and receive, freese,
and transport catches to port; oil tankers, passenger ships, tugs, patrol
vessels, and at times hospital ships. The number of side and factory stern
trawlers operating in waters off Washington, Oregon, and California in
1966-77, and off Alaska in 1963-74 is given in Tables 24 and 25,
respectively The basic types of Soviet trawlers used in the groundfish
fisheries off klaska are given in Table 26. The sine of BNRT's  large
freeaer trawlers! and the dimensions of their trawls used to harvest wal.l-
ey» pollock and sitka mackerel are given in Table. 27.

Tr¹rlera of the Republic of Korea first entered the fisheries for
llaskan groundfish in 1967. Korean stern trawlers, similar in sine and
design to Japanese ones, target on pollock. Vessel size and fishing gear
dimensicms, shown i» Table 28 ~ are probably representative of the Korean
trewl fleet operating in the North Pacific trawl fishery  Nakkala et sic
1979!,
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Table 23 ~ � The number of fleets iu the Japanese mother ship
fishery and tbe number of vessels in the Japanese North Pacific
trawl fishery, North Pacific longline-gill net fishery, and land-
based trawl fishery, 1954-18  Nelson et sic 1981!. Source:
Pereyra, M. T., J. B. 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. Fish.
Serv., NOAA, 2725 Montlake Blvd , S , Seattle, MA 98112; Sasaki,
R. 1977. Outline of the Japanese groundfish fishery in the Bering
Sea, 1976  November 1975-October 1976!. Unpubl. manuscr., ll p.,
Fisheries Agency of Japan. Far Seas Fish. Res. Lab., Sbimizu 424,
Japan; National Marine Fisheries Service data on file at Law
Enforcement Division, Alaska Regioaal Office, Natl. Mar. Fieh-
Serv., NOAA, P. O. Box 1668, Juneau, AX 99802.

Mother ship fleets Independent vessels

Nortb
Pacific Land-

longliue based
gill net trawl
fishery fishery

Meal

and Longline
Fr eeaing minced gi 1 1 net

fleet f lect f lect

North

Pacific
trawl

fisheryTear To ta1

22
22

21
22
22

33
26

30
27

32
23
22

1954

1955
1956

1957
195S
19S9
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972
1973
1974
197 5
1976
1977
1978

2 2

4 4 2 4 4
13
II

10

6 6
e
7

6 5
3 5
4 4 4
3 3 1 I

1 I 5 5
5 2

4 4 4 5 5 5
6 6 6

6 6 5 5 5
5

I 1
4

14 5 5

2 2 1 2 1
1 1

2 2

4 4 4
6

13
32
21

17
12
12

13
14
12
11
10
12
10
10

10 8 8
6 6

2

3 2 2
2 2 2

42
42

42
42
42

68
42
42

35
57
Sl
54

54
70
93

103
126
172
173
184
182
182
182
182
182
182
182
182
143

75
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Table 24.� Number and equivalent gross registered tonnage of
different Soviet catcher vessels sighted off Washington, Oregon,
and California, 1966-75. Sigbtings vere by National Marine
Fisheriea Service personnel and do not include repeated sight-
ings of tbe same vessel.a  Pruter 1976!.

Factory
stern CrawlersSide tra«lers Equivalent

gross tonay
all classesTear SRT SRTR SBTM To ta 1 HMRT RTH To t el

1966 149 9 13 171
1967 -- � � '126
1968 24 -- 14 38
1969 12 � 6 18
1970 � � 8 8
197 1 6 6
1972 2 � 3 5
1973 12 � 8 20
1974
1975

Not differentiated by class ia 1967.

Table 25.~umber and equivalent gross registered tonnage of
different Soviet catcher vessels sigbted off klaska, 1963-74.
Sigbtings «ere made by National. Marine Fisheriea Service person-
nel and do not include repeated sightings of tbe same vessels.
Observations not extensive enough to provide comparative numbers
in 195M2 and unavailable for 1975  Pruter 1976!-

Factory
stern tra«lera Equivalent

gross tons,
all classes

Side trmrlers

MET RTN To ta 1Tear SRT SRTH SHTN SRTX Total

1963 155
1964 237
1965 330
1966 248
1967 191
1968 97
1969 66
1970 65
1971 92
1972 111
1973 25
1974 25

7 9 12
11 25

9 44
7 66
5 90
9 127

11 144
7 102
6 161
7 155
7 174

162

258
366
301
264
192
202
220

2 203
7 285
9 196
8 214

39 -- 39
48 � 48
56 - 56
44 � 44
55 � 55
64 -- 64
42 2 44
51 11 62
78 16 94
82 15 97

10 1 11
28 1 29
36 3 39
42 4 46
53 4 57
71 3 74
79 6 85
97 6 103

102 5 107
100 11 111
105 15 120
117 14 131

177,000
7

194,000
147,000
180,000
207, 000
141,000
200,000
290,000
300,000

79,000
167,0GO
233,000
245,000
279,000
324,000
377,000
447,000
438,000
497,000
498,000
546,000



Table 26.� Basic types of fishing vessels employed by the U.S.S.R.
in groundf isb f i.eberies off Alaska  Pruter 1976! .

Length
<u!

Hoe in

crew Descriptive remarks

Vessel Cross

type tons

38SRT 265-335 22-26 8uall side Crawler of older
type

8RTR 505-630 26-2852 Medium aide travler~sually
transahips catch to factory
ship bnt usy operate
independently end proces and
freese ovu catch

54SRTM 700 30 Large side trawler-frequently
operatea independent of
factory ships and processes
and freeses ovu catch

SRTK 775 Iev class of trawler equipped
«ith stern r¹up for more
efficient trawling.

HHRT 3,170 90 Factory trawler which normally
processes and freeses ovn catch.

RTM 2,657 Never type of factory trawler
having increased lack ares
aft for more efficient
handling of gear and catch.

Table 27 . � Sise of Soviet  Bl0IT! factory stern travlers and trawl
dimensions used by fishing val1eye pollock and Atka mackerel as sbo«n
by data of United States observers in 1976 and 1977  Bakkala et al.
1979! .

Typical gear diaenaioas

Ground Cod end
rope asst

length sine
 u!  cm! Otter hoards

Target
species

78-87 21657 3s837 2s000-2s320 77+4 77 >4Halle ye
pollack

78&7 2,$81 3,SIO 2,000 31.0 44.0 3.0-$.0 Round to oval.
1,200 kg.

Range in vessel aise Head
rope

Length Cross length
 m! tone Horsepower  u!

3 0-6 i0 Round to ovaII
variable in
siae 1,600-
1,800 kg.



Table 28.� Vessel size and fishing gear dimensions of three Republic
of Korea independent stern trawlezs boarded by U.S. observers in 1977
 Bakkala et al. 1979!.

Ce sr

Vassals daxa Croond 0C Cer
gaadrope rope Vertical Cod and board

Xangtb Cross Rorno 8O. in length length opening sech eisa eisa
 e! Con e pceer cree  e!  a!  e!  c !  e!Veaeal

~8 84 2,28f 3,200 SB S9 78 0 10 2.5r3.8
100 S,080 0,000 IS! 80 7S 10 3.0z S.O
104 5,377 3,800 92 74 10S 38 10 3.0x4.8

Taiwan trawlezs, which f ixst entered the gxoundfish fishery in 1974
and have nmbered only one or two independent stern tx'awlere, target
walleye pollock and flounder  Bakkala et al ~ 1979!. The vessels are from
900 to 1,90G CT and can produce only frozen fish products  Nelson et al ~
1981!.

The size and type of tra«le used by the foreign fleet in the eastern
Bering Sea, Aleutian Islands region, and the Culf of hlaska vary consider-
ably; the specificationa of tbe tra«I net and otter boards are summarized
in Tables 29 and 30.

United States tra«lers in tbe North Pacific groundfish fishery are
essentially similar to the Canadian vessels and totaled 225 in 197G. Table
32 sho«s the umber of tra«lers operating in the f ishery in 1969-70, by
tonnage class and the most common types of tra«l gear used  Forzester et
al. 1978!, The amber of U.g. trawlers hae increased in recent years  D.
L. klverson, pars. coaeen., 26 November 1984! ~

Miscellaneous Net Fi.sheries

There are a amber of other miscellaneous fishezies which rely on nets
although the intensity with «bich this gear is employed is not as great aa
that in the major net fisheries Included are the set net ~ haul seine, and
lift net fisheries.

Tha aet net is actually a passive gear «hich ie eet ia coastal ~stere
to guide migrating fish, or those empt by currents, to folio«a "lead»
kata ona or sore enclosures free «bich they have difficulty escaping. The
haul.seine, «hich includes the beach seiae aud boat seine, is set im the

Canadian tzawlers participating in the fishery for groundfish in the
Berth Pacific average 60 CT and range between 3 and 265 CT. In 1968-7 !,
the fleet consisted of 65-73 vessels of «hicb roughly 60Z fish at least 6
months of the year  Table 31!- The vessels are essentially the U.S.
Pacific coast seiner type ere«ed by 2-5 men. Catches are hauled aboard the
vessels by means of «inches, borne, and net reels. Details of the types of
net and otter boards used are given in Table 31  Forester et sic 1978! ~



85

a O 0
g

e
R
00
g~ I
4J
p

V 4J
~ I
CS V

~ P

dl

0O
a
4
V
JJ
O

P P

~ ~
In ceI

P
~ eI g 0 4

l4

g 0

d
Q

e
InCea 04~ ~

Cel CVCC

InP
'V 5
R~

O V
P

O 1
Q O

Q cvOO

I I
O Q

00

in
an e0

O

I
an

an
I

an

g
V

O C4
O Ie

V
CL
O

P~ I ~
V

O
O e
w In
44 IPi

O
I

Q
~ O
Ian

4
4J 4J Q I4
V V
4J as
4J as
0 0

4
4
JJ
4J
O

e
p
CQ

44

Ie
V
Cl~ I4

40
g O

p
44 p

R
p R p
'R d
M

~ I

p

e
p p

p
4 4
4J 4J
p w

~ J V 0
g

4J
4

4 g 0 V 4 p
g
V
O

g

'CI
A

p IS
O

'O
d A

O
be
a Cl

O
as

IS

a
p C4

g
0

IC M
c0
V
4 ~

EI
4J A Oa
e
0 e 0

AI H~ k
a A
e ~ 44

CP
4 4J

A g
apo
JJw e

'V lg
g
00 p

IS
V V 44

V IC
0 OI W

W
00 be
g p

~ I SI
A&I e

~ el a

V P ~
e aecO

~ R0
p

pp8
00 a

g g
4J ee P

JC
W IX! CC
ON V

I
dw p
Oe Ie

p
4J w
C4

< 4
a d

CPM O
~ be
p g 4

eI
~ pw
be ~ 1j
p
g CS 4
ga ~
I W00
I CH
~ d

Oa SP M
CC Ce
pa p

~ ~
P V

Ca �e al
V V ~

A
Ca R C0
CL Ca Cl
e v
4J 4J CI
0 0 V
IL IK sl

V P
aa
V V ~

0 0 IC
~ b 0
p ~ P

V eV
0 0

ggtv

O
OQw

I

Q IVI
I

Qan~
cn an ln

O w
w In

QJ~
ec en vt

g
V N ~
e CS 4
C 44
e
A& 4I
1 a0 4J
4RCO

4
~ ~

C0 00
g d
p ~
4J 4J
CP V

V
sl el

kOk
~ P 8

~ I
44 as ee

4J M
I O I V
pa Vp
41M 4JM

Oa
4J

40
P

W W
e

A C
~ 0 CJ

0 O
Scca

W~
C

~ V P
O 0 e
RI C

JJ
CJ 40~
p g p
lcl O ~

e
Cl 4

O

v e
00

Ie Sa
cp a
P 0

A
O
4J 'CI
~ V
p a

ck

4a
~ I V
e 0
te 4J

V V ~
dae

V V
CD 4J 4
R V V
o ~ a

PM
V 4W
e ~
P V
ga A
~ Vw

4%A
O

p ew
a &
VOA

0
ga cl~ t4
ale

Cl ~
paa

4J
4

w Oa
O

p g

5%
V

~ e
p

g ~
~ ee Ite
a gs
cJ ra V
~ ~ V
a

cl a
0 e
CP



86

V V 4 e
e
JJ
4

W 0

JC
li
0
JJ
0
4

4
JJ

~ I
JJ
CRI

V 4e e
JI JJ
CA

CI
4

CN
O

O
eJ

liI
0
4 ~ I Ci

e8

'e
a

4
~ t
4

IJ

a

~ I

4
~ 0
a

a
4IJ IJ

e rw CCJJ 4
0 ol 4IJ IJ ~ JJ

CI IJ~ JI
VIi CI 0 'Il

4
~ J
Ct
4
JI
IJ
a

CC

II

CS

4 EJ
4
OI

4

CI
a

a
0
tt P
a~
4

ti
P

0 1Iti
ti ti

N 0 N
t ~ ~
ti tt

IC~ I92' ~

a
JJ
O

CI

0 ICJJ r
ti

Ih Q
0 IA

CC
A Q

V

Ie

4 W
JC A0 V
0
aa
~ 4

0 a
C4

CD
In
Ie

r
4 &
4

P

Q ~ V
I

O

Ci
I

CV
I

al

tv
I

lCI

gR IJ
JJ 4
4 e

~ IV
0 4
ai

4 g~
0 g%5

RP
ti

Itt
tt

IO
ai
I

Q
sn

eial
Q O
Itl

0 OSn JO

0 e

CJ

e

IJ
~ I
e e ii

a e
4 e eCI

CII

a

IO Ie a

a

4

0 a a
Ol

0

VO~
g w
e4 CO

e w

e

e JJ
e e

O

a R
IO~

~ pl
e~
4 e
O
W ~

'0

O IJ

e

a
O 0
o ~

~ CO
~ e
0 p
N~

M CO
C$

1
~ w
e M
VOw

4

~ J JJ
CI ~
e
e

VC en
04.

a ln
ti O Ci

Ci
I I

Q Q

~ 4~ t Q
I ti

tC JO

e
j IJ
4

N O
JJ JJ

4



87

Table 31.� Size distribution  gross tons! of vessels engaged in
the Canadian Pacific coast trawl fishery and average type of
gear used, 1968-70  Forrester et al. 1978!. Source: Fisheries
Research Board of Canada.

Year and number of vessels

1968Tonnage class 1969 1970

ill vessels

Total vessels

Average gross ton

73 72

55.1 59.3 60.9

Vessels fishing 6 months
or longer in each year

Total vessels

Average gross tons 61.259 ~ 7 60.0

Average hesdrope length: 21.9 m.
Average ground rope length: 28.7 n.
Mesh size in interaediate and cod end: ll2 mm.
Otter board size: 2 2 z 1.2 e

Otter board weight: 325 kg.
Otter board type: steel or wood and steel ~

3-24

25-49
50-74

7 5-99
100-1 24
125-195

265

12-24

25-49
50-74

7 5-99
100-124
125-195

12
2718 7 6 3 0

3

17
17

4

4
2

13
26
17

6 4 5

13

16 4 3 2

ll
20

19 5

3 5 I

4

14
1,1

4

3
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Table 32.� siae distribution  gross tons! of vessels engaged in the United
States Pacific coast trawl fishery and average type of gear used, l969-70
 Forrester et al. 1978!.

�4
2&49
50-74
7%99

1~124
I25-105
$0-RE4

8stra recap trawler
TO1AL
Atsraee 8tssc caw
 ~ stcrtt tamp state's! $0$

5pcd6cstieas for tits matc ~ t7pcs of ctatsI 0ssr ttsccl me es fosotts:
~ Ba4m

50-71 a �7.7-21.7 m!
01-04 a �4.7&L7 m!

550 Ctstm

6$ ft  III m!
95 fc �9.0 at!

%45.0 ia �02-I27.0 cms!
L5-RO ia  8L0-I27Al tmtt!

4D is �148 mm!
4D is  I 149 mte!

7Qx44 fl �.1x 14 at!
700 lh �44.7 ha!

8 t W~St mm~~ofr~rWCmmm~u~mCaura D ~t~FW~C~

vicinity of known concentrations of fish, then hauled either by hand,
«achine paver, or boats to herd the fish into the bag. In lift net fish-
ing, the entire gear is sub«erged snd kept there until a school of fish,
lured to the net either by chum«ing or a light, is sufficiently concen-
tratedo The net is then hauled quickly to entrap the fish in the bag-

get Net Fisheries

Xn countries like Japans «here fish are knovn to «igrsts along the
coast, conditions are very favorable for set net or fixed net fisheries.
Tn areas where set net fisheries have developed, coastal currents are
usually «oderates the coastline is uneven and interrupted by nu«erous bays,
~ nd veather conditions are ideal  No«ura and Ta«aaaki l975!. Exceptions
are in places like Hokkaido «here vtnter conditions can severely li«it
f Rehinge

Of the three types of set nets for«arly used in Japan, the "otoshi
a«its is the only one re«aiuiug and can be found in «ajor bays *long the
Japanese coast including Saga«i Say, Ka«a«o Bay, Toss Says Toys«a gay, and
Vakasa Bay,

The Japanese classify set nets as lariat «ediu«e and 0«all Eaa«plea
Of large aet nets Ca«he fe«nd in Nke Prefecture Vhere they Sre fixed in

lhsaaces Lmtttctc
Gsosseaora Lassoes

lfsttt esca
fatcstmshatc assi fsrwsccl
Codccsi

Ocsasmssstt
8fse
Wcfshc

52
105
40
19
15

4 0 I
210

57
109
42
18

12 6 0 1
225
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water depths of about 30 m over mud and mud-sand bo ttom to catch ye 1 Xov-
tail, tuna, sardine, 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 trips in territorial vaters. k few, however. make
2-3 day trips. In 1967-79, the set net produced about 26X of the total
Japanese salmon 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 funnel,
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 aet the net in deep waters of
50%0 m with the upper margins reaching only to the midlayers in the water
column. This move toward deepwater sets was prompted by severe winter
conditions, particularly around Rokkaido where bad weather severely
restricts fishing  Yamaha 1980!. These deepwater sets have produced higher
catch rates than surface sets.

kaong set nets of medium siss is the sardine trap net This net has
an ascending portion, a trapping portion, and a fence net. Set 1.8-3.7 hs
from shore, the net measures l20 m long by 80 m vide and varies in depth
from 20 to 40 m. The pocket ia 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
summer, these nets capture sardine as well as mackerel, horse mackerel,
squid, and other species. These nets are fished along the Pacific and Sea
of Japan coasts of Honshu.

Mother set net of medium sine is the herring trap net, used mainly
along the coast of Iokkaido. This net usually measures 45 m long and 20 m
vide in the bag net and has a 150 m long leader net. Operated hy three
boats, the net i.s usually fished for only 3 months from lhrch through May.
One boat lifts the net while the others serve as carriers. The target
species is spawning herring.

k small. tray net is operated year round in many small bays along the
Japan coast. Consisting of a main net, leader net, and bag net with flay-
pers, the net is operated by one boat creved by two to three fishermen.
gpecies taken usually include sea brem, Spanish mackerel, perch, cuttle-
fish, flatfish, croaker, and squid.

lani Seine Fisheries

The heal seine i ~ operated on the same yrinciple as the trawl; thatis, the net i ~ dragged along the aea floor or in midvater. Essentially,
the net has long wings «hich serve aa barriers that drive the fish toward
tbe bag. The toy line or upper edge of the net ia buoyed with floats
«hereaa the bott<a line, which drags along the sea floor, is weighted with
sinkers Moat nets have pocket bunts similar to the cod end of a trawl ~
5aia 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 symmetrical, or off to one side or
asyametrical  Torban 1964!.

Haul seines vary from small 100 m nets to large 2,000 a ones  Kask
1947; Torban 1964! ~ 9epth varies from 10 to as auch as 40 m in sane
European nets. The cod end. or pocket can be 10-12 m long. Meshes in the
wing are graduated from 75 to 15 ca,' the meshes near the center are amaller� ~ 5 to 2.0 cm! ~ The ground l.ines and float lines are 1 5 cm in diameter;
«hereaa the hauling lines or warps, attached to the wings, are 2.0 cm in
diameter and about 1,500 a long. The warps serve a dual purpose', in
addition to their use as a haulimg line, some fisheries use the warps as
frightening devices by attaching twigs, leaves, or straws to them.

Haul seines such as beach seinea can be used in shallow wat:er where
fish are lmown to aggregate. The net is usually set with the aid of a
skiff at the direction of a fishing master. Hauling in the warp and net
can be done by hand but this operation requires considerable labor- Some
European beach seine fisheriea now resort to mechanical haulers ~

The Hawaiian "hukilau" net is a typi.cal example of a beach seine which
requires many helping hands im hauling. The leaves of the ti plant are
attached to the warp of this net which serves as a scare lime. Species
most commonly caught in the hukilau nets are jack, threadfin, bonef ish,
milhf ish, goatf ish, and mul let.

akinawan fishermen use a variation of the haul seine which is set from
two boats but also requires many hands. In this method, the haul seine is
set at designated fishing grounds by saal.l fishing boats, then the fisher-
men enter the water and begin hitting the surface with their hands or scare
lines to startle the fish and drive thea out from their hiding places
between rocks and within coral heads. Some of the fish, in attempting to
escape, becaae entangled in the «ing net; however, most are driven toward
the bag «hicb is then hauled aboard the boats. Species caught by this
method usually include wrasaea, parrotfishes, golden banded fusiliers, and
flyingfishea  Tamaha 1979b! Similar fishing methods are used in the
Philippines where the fishery ranks fifth in terms of commercial fish
production  gncina l982! ~ The aajor species caught are ~C~ spp.,
parrotfish, snapper, siganids, and neaipterids.

The Japanese have a form of net fishing called boat seining in which
fish are caught by filtering aidlayer waters with a net. The gear used in
this type of fishing is different from that used in bottom trawling opera-
tions, and the target species differ  Yamaha 19g3a!

debat seining rtqnires the following:

o ~W ~n g. � Section of the net need to intimidate the fish and
promote school formation.

o I~~n . � This section prevents fish from escaping «hile guiding
tha into the hag area
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o ~ba net. � This section holds the fish.

o ~Tou ro e.- Rope used by the boat to toe or hold the net ~

One type of boat seine  "patchi ami"! ia Japan is the largest net used
in any of the boat seine fisheries, requiring tvo boats of up to 20 gross
toas to tov it.  Yamaha 1983a!. Based on 1983 data, there are about 700
groups 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, aad cuttlefish; however, sardine and anchovy predominate
in the catch.

In "patchi ami" seining, the tvo boats are tied together at the bow
and share 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 tvo boats
are positioned up current from the school then advancing «ith their bows
still joined, they lay out the buoys and then the bag net into the water.
ht 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.
Qhea t' he eatire net is set, the tvo boats tura 90' and ran parallel. to each
other in the direction of the school, laying out sufficient tov rope to
bring the mouth of the aet to about the same depth as the fish school ~
Qhen the net is finally positioned at tbe proper depth, towing begins.

In retrieving the aet, the two boats come together and are again
secured at the bov. Net haulers commeace the retrieval onto large drums or
reels mounted on the deck; hovever, the main net is hauled in by hand
Then the bag net is brought up to the surface, s transport. boat is called
up to the stern of the two net boats, and picks up the buoy, buoy line, and
the bag net. Set specifications for this fishery are given iu Tables 33
and 34.

Another type of boat seining called "gochi ami"  type B! in Japan, can
be either a oae- or tvo-boat operation. The net, which bas a high ratio of
shrinkage in the center section, expands into a large bag when placed
across a current or towed  Yamaba 1983a!. This aet is ideal for toeing
aloagside reefs or near the sea bottaa; thus it can be used in places such
as rough or rocky bottcsa vhere a standard bottom trawl cannot be used. It
is highly effective in fishing for red sea bream, threeline grunt, silver
vhiting, lisardf ish, barracuda, and porgy.

0ne-boat operatioas usually harvest small f ish, whereas two-boat
groups target large fish. The specifications of the net in a one-boat
operatioa are presented in Table 3S.

Li.ft Net Pisheries

Three typical examples of lift nets are the basnig  hag net! used in
the Philippines, the conical type such aa that used in the Hawaiian opelu ~De Lee~ s spp.! fishery, and the stick held net used in Japan.

The main characteristic of this fishing method is that the net reeains
smbmerged until ready to be hauled up vertically and at least partially out
of the water to catch fish, which coagregate above it  Ben-Yami 1976!
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Table 33. � Specificationa for a Type k boat seine
 "patchi ami"!  Yamaha 1983a!.

MaterialFame of parts Nark Thickness Mesh size /@entity

Ring aet

Nein aet

a Polyvinyl alcohol ll mm

8 mm
7 mm
6 mm

b

c Po1yviny 1 alcohol
d

120 cm

60 cm
30 cm

Month of

bag net e Polyvinyl alcohol 24 cm 2

0.5 mm

 Japanese
minnow
net-105

yarns per
50 cm!

Trap  inside
of bag Det! 1 Ryloa 0.5 mm

m Polyvinyl alcohol 18 mm
n  diameter!

Sale rope

o Polyvinyl alcohol 18 mm
 diame t er !

Read rope

Table 34 � Differences in specificatioaa of Type k boat seine  "patchi
ami"!, by area, type of operation, end speciee targeted  Tamaha 1983a!.

Naia catchType

4S 20.2teheohe, Rehiore T~t operation ged eee breae etc

Pehooha! Fekeyoohi Tvo-hoot operetioa Creat and red sea breea 3B 4-40 3 30

Tee-hoot operation Creat end red eea brea 3B.W.S 45

IBOa~t oporetioe gillaginoid and berrecode Zi

22 5 ISMed eee bream ead great
ged oee breaa lieerdfieh

oad berracode
Lieerdf ioh a@4 horraceda

22 5
lg

IS
6%.5

Sage! Tobe

Saga. %aha

Nagasaki, Lo»

f

8

h Nylon
i

3
k

No. 4

�.329 ~!
z 4 yarns

Mead
rope

leegth
 a!

Beg
net

height
 e!
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Table 35.--Specificationa for a type B boat eeine
 "gochi ami"!  Tamaha 1983a! ~

8tandard

No. Noah No. of aaehea
of ciao No. of
yarns  ma! Width length sheetsMaterial

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

The lift net is beat for catching fieb that fora dense and compact
aggregations. In the Philippinee, the baanig is operated with a night
light during the dark phase of the moon  Encina l982!. The gear consists
of a pair of bamboo rafts, dugout, poles or booma, and a large net emewhat
like an inverted mosquito net.

Improvements in the gear after world Qaz II included larger boats pro-
pelled by marine diesel engines. To increase lighting power and thee
attract more fieb, high candlepower lamps or generatoze were need  Enciua
1982!.

In 1980, the baenig fishery contr'ibuted 106,194 NT of fish or roughly
21.71 of the total comamzcial fiab production. The fleet consisted of 624
units oz 26X of the total commercial vessels operating. Speciee targeted
by tbe basnig fishery include round aced, anchovy, sardine, and elipmonth
 SPAR 1975; Encina 1982!. Table 36 gives the specifications and
configurations of the net.

The Japanese stick-held lift net ie used principally in the aauzy and
mackerel fisheries in which the vessels have a large battery of lights.
These lights can be «lasaified into fish searching lights, fish gathering
lights, and fieh leading lights. The first step involves the use of
searchlights to search for fish schools. The net, which is suspended fzom
outrigger bamboo poles or boone amd hauled toward the vessel when zetriev-
inga is aet after a school ia located and the fish gathering lamps are
turned on to attract the fish to the boat- 4 red, fish leading lamp with
adjustable light intensity concentrates the school aver the net  Nomura and
Xsmmaeki 1975!. This method of fishing haa an advantage in that the net
cannot only be adjusted to a specific light attraction system, but also

L C D
p C
N I J

diag net
Wing net
Ning net
Wing net
Upper salvage
bottom salvage
The aide of bag aet
The bottom of bag uet
Shirk net
Upper triangle
Lever triangle

Nylon
Nylon
Nylon
Nylon
Polyvinyl alcohol
Polyvinyl alcohol
Nylon
Polyvinyl alcohol
Nylon
Polyvinyl alcohol
Polyvinyl alcohol

4 4.5
100 5.7

50 7.2
100 7.2

5-10 600
5-10 600

100 800
150 250

50 7.2
25 25
20 20

36 61
6 43 2
6 43 2
6 43 2

30 43 l
40 50 1

6 43 2
8 38 l

12 43 2
30 43 2
40 50 2
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can be used to corral the fish between the net and the vessel's hull, thus
reducing the chances of escape  Ben-Yami 1976!.

ESTIMATES OF TM AMOUNT OE RET GEAR
AVAILAELE FOR USE

The preceding sections demonstrated the diverse nature of net gear in
use in the Rorth Pacific, even within the same fisheries. Gil.l nets,
trawls, 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 siss, hanging
ratio, thread sise, and color so that there is no "typical" gill net for
any one species. Likewise, trawls and purse seines vary considerably in
aise, webbing, meshes, and configuration. This variation in gear results
from many factors, among them being fishermen or net manufacturer's prefer-
ence, the behavior and life stages of the species sought, and regulations
adopted for the fisheries.

Although there is «ide variation in gear, what ia of interest is a
perspective of how much net gear is actual.ly 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 Rorth 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 available for nse in the %orth
Pacific are gi.ven in Table 37. It should be pointed out that because the
data contained in Table 37 represent mostly major or large fisheries, the
estimates are minimums. Many small, coastal fisheries have not been con-
sidered in the computation.

It can be seen in Table 37 that the amount of gill net used in the
Rorth Pacific fax outstrips that of purse seines, trawls, and miscellaneous
gear such as boat seines, set nets, and lift nets. Snarly 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.

SPECUIkTION OI GEAR LOSSES

because gear losses are never reported, it is not possible 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 «orld's oceans has increased dramatically, and with it there
has been a concomitant increase in the amount of fiahingmelated debris
daaped into the sea  Mehle and Coleman 1983!. Furthermore, the kinds of
debris and derelict fishing gear finding their way into the ocean has
changed. Whereas fishing nets manufactured before the "synthetic boca"
were made of natural fibers and, therefore, were degradable within a rela-
tively short period when they became derel.ict, the synthetic nets, ropes,
and lines of the past three decades, when loathe «ere more buoyant, longer
lived, and in scae cases nearly invisible under water. The result of this
change in fibers used for netting and lines 'haa meant an increase in
mortality of not only marine animal.s bnt also marine organisms. Unlike
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working nets, vhich are set and retrieved within a specific time period,
the free-floating derelict net, often brokea into large and small frag-
ments, fishes indefinitely, thus representing miles of entanglement for
fish, crustaceans, molluscs, marine mamnmls, 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.
ln the Icelandic cod fishery. for example, each gilimetter fishes about
100 nets per day. These nets last only a few weeks and each boat can use
up to 400 nets ia a 4vnonth season  Frechet 1964! . hlthough 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 �981! demonstrated that' derelict gill
nets have the potential for causing major fish losses. Visits to sitea
where sunken derelict gill nets were found shoved that they remained intact
and continued to capture fish for more than 2 years. Living and dead fish
of several species and numerous crabs were always present in one of the
nets that covered about 186 m �,000 ft !.

The ubiquitous gill net is vithout doubt the gear most disliked by the
aongill net segment of the fishing industry, yet it provides support for
many fishermen throughout the world.. had 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 veil as in
catches' For example, marine mammals have been accused of "gnaving a siz-
able gash" in the catches of commerciaI fishermen  Pleschner 1983!. It haa
been estimated that seals alone cause losses totaling at least US$10 F 000
per boat per year.

In the purse seine and boat seine fishery, one 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 on rocky bottes or coral if sets are made in
shallow vater. Net damage is also likely to occur if large predators, for
example, sharks are caught together with small target species.

Trawls, like gill. nets, can be easily lost should they become "hung
up" on the bottom during travling operations. Also, bottom trawls are
highly susceptible to damage «hen being hauled over rough bottom. Loss and
damage to trawl gear are probably highest during and isssediately after the
exploratory fishing phase when grounds are still unfamiliar to the trawl
fishermen.

keong the miscellaneous gear, the lift net is unlikely to be Ioet
since almost all operations are conducted over still, quiet waters. Noxe-
oyer, the nets are attached to linea which are run to outriggers or bamboo
poles that are secured to the fishing vessels. Fishing operations can be
halted at any time and the net removed from the water should it become
necessary to do ro during sudden storms and changes in sea conditions.
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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,
i.t ia unattended kltbough most set nets are strategicaily placed in
locations where weather and sea conditions are not expected to be adverse,
sudden storms aud the resulting heavy seas could generate currents strong
enough to break the mooring or anchor lines attached to the set nets,
thereby setting thea adrift to become components of marine debris.

SUMMARY

The major net fisheries of tbe North Pacific are reviewed to develop
arne perspective of the amount of gear available to them for fishing. Por
the 15 major gill net fisheries in the North Pacific, it vas estimated that
roughly 170,000 km of netting «ere available to them for fishing. Por the
l0 purse seine fisheries, the netting available «as estimated to he a
little over 2,000 ha, vhereaa for 12 trawl fisheries the estimate reached
5,500 1m.

keong the various net gear discussed, it «as speculated that gear
losses vere highest in the gill net fisheries, followed by the travl fish-
eries and set net fisheries. Because modern net gear is fabricated predm-
inantly with synthetic vebbing, and. therefore, nondegradable, derelict
netti.ng reains a part of the marine debris indefinitely thus threatening
air-breathing animals as veil as fish, crustaceans, and molluscs in the
marine environment.
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%hellish name Scientific name

Ral iotidae
Ttunnus ~slalun s

Abalone

Albacore

Anchovy
Angel shark
Ark shell
Atka mackerel

Barracuda
Bastard halibut

Sigeye
Bigege seed
Sillfish

Black porgy
Sleefin tuna  northern!
Bonefish
Bonito
Bream
Chinese herring
Chinook salmon
Chub mackerel
Chum salmon

Clam

Cod

Coho salmon
Crab

Crnrfieh
Croaker

Cut laaaf iah

Cettlefiah
Dorado
Drum
Dmogeneea crab
Filefiab
Flatfiah
Flonnder
Flyiagfiah
Frigate tena
Giaaard chad
Goatfiab

Golden banded fusilier
Creenland turbot
Grant
Haddock
Iairtail
Ialibmt
14Tvcatfieh

Engr aul ide e
Squa tinidae
Arcidae

~Sh>~aena sp.

Selar c no hthalmns
Iatiophoridae

«Therm s ~th nus
Altula ~vu ddd
Sarda sp.
Spar idae
Ilisha ~el Bggta

~cp~lr l

Pelecypoda
Gadidae

ts
Sr achyer a
Nacrnra
Sc i aeni.dec

Tr ich inr idae
Sepioidea
~C~haena app.
Sciaenidae
Causer ~na ister
~tsv doa se tentrionalis, S ~ 1~50 d ~B't
pleuronectiformea
Plenronectidae
Rxcoetidae
huzia thazard
Doroecmidae
Mellidae

Caeaio ~ch ~oona

Pomadasyidae

~Tid;~i~ hSSBI~
Pleur onect idee

Appendiz Table l.� Englieh and scientific names of fishes, molluscs, and
crustaceans mentioned in this report.
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Scientific nameEnglish name

kppendix Table 1.-continued ~

Kemiramph
Ee rr ing
Horse mackerel
Indo-Paci f ic mackerel
Jack

Jack mackerel
Jeff ish
Kiag crab
Large yellow croaker
Lever
Lixardf ish
Mackerel
mackerel scad
Nahimahi
lhrnsoda
Me rLhaden
Ni lkf ish
lhllet

Nenipterid
Octopus
Opelu
Oyster
Pacific round herring
Parrotf ish
Paete shrimp
Perch
Pink salmon
Pomfret

Porgy
Prawn

Pmrple pike conger
Red sea bream
Red sqmid
Ray
Ronnd herring
Ronnd seed
Sailfim sandfish
Salm!n
Sand lance
Sardine

Sanry  Pacific!
Seal lop
Sea baaa
Sea bream
Sea cucumber
Sea mnesel

Hemir amph idae
Clnpe id.ae
~>ra burns ~au>nidus

Carang i da e
~bn raulis ~sonics
Ep in ephel i de e
Paralithodes camtschatica

Rhadophyceae
Sanrida spp.
Scombridae, Carangidae
~bees terus nacarellus
Co~r~haena ~hi ~nr is
kuxis rochei

Brevoortia app.
~Cheap chases
Nogil idae
Memipteridae
Octopodidae
~gyterns spp.
Ostreidae

~gt ieus teres
Sea~ spp.
~duet chinensis, d. ddbb~icus
B'mbiotocidae

Strmateidae

S ep.
band~Is ~lat taros, ~PLus

orientalis, P. chinensis
bbdseneson cine~its

t h saba ~ii
]~i~d sp.

~be dbbd~s n~aruade'
IIIIII '
Sa lmni dae

dabbhddtdbd ~ers natus
Clmpe idae

>~s ~ira
Pectimidae
Serremidae
Sparidae
Iolothmroidea
lfyt il idae
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8'nglish name

 Japanese!

Appendix Table l.-continued.

Sea sheet

Sea slug
Sea ur chill
Shad
Shark

Shrimp
Siganida
Sillaginoid
Silver vbiting
Skipjack tuna
Sl ipmoutb
Small yellov croa
Snapper
Sockeye salmon
Sole

Spani sh mackerel
Spiny lobster
Squid
Steelhead trout
Suimming crab
Svordfish
Thornyhead
Threadfin
Thread!in bream
Threeline grunt
Thresher shark
&out
Tuna
Slits aeabasa
%ress

Tel lovf in tuna
Tel hwtai?

Scientif ic name

Iudibr ancb ia
Ecb inoi de a
Dora snmidae
Cbondrichthyes
Maczura

Siganidae
Sillaginidae
~S' 1~a spp.
~Xt~sw~ns ~amis
Leiognathidae

Lutjanidae

Pleuronectidae
s ~ni h viue

Palinuridae
Teutboidea

~Slash g~irdn<~gi
Por tunidae

~Xx l~s ~dmus
8corpsenidae

P~~ma app- l
us a~l~

Sa lmoni dec
Scombridae
~8y~~n n~~l'
Labridae

BBkRRRk 41h3I~CS.
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DISTRIBUTION AND MIGRATION OF PLYING SQUID, OMMASTRZPKKS
MRTRAMI  LESUEUR!, IN THE NORTH PACIPIC

Yeong Gong
National Fisheries Research and Development Agency

Pusan 606, 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 vere examined to determine seasonal distribution and

the North Pacific.

Flying squid was taken by commercial fishing vessels in
waters vith surface temperatures ranging from 9' to 22 C. The
best fishing occurred in vater temperature of l5'-l6 C in May
through Ju1.y and between l3' and 18 C in August through January-
High densities of flying squid were found in thermal fronts of
18'C in August and 15'C in September. The deneitiee of flying
squid in the western North Pacific were higher than in the
central North Pacific. The high densities of fIying squid in the
western North Pacific were attributed to the high gradient of
oceanographic properties in tbe region.

Mantle length measurements of flying squid indicated
dominant modes at 38-39 cm in the central North Pacific from June
to July and at 30-31 cm in the northvestern Pacific from
September to December.

The migration of flying squid in the North Pacific vms
hypothssised from observations of the monthly distributions of
catch per unit effort, mantle length 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 xone began in
autumn, as ~aters cooled vith the development of the Oyashio.
Large squid started its southward migration from more northern
eaters than sma1.1 squid but reached the spawning grounds ahead of
the smaller squid.

Q a s» Shura ass s. 0 ToehQe  elitota!, ptocecafusa of cba sottahoy oa tbe Fata gas lapsed
et mlxiee ~4, $-29 Amber 1944, leao1ala, saeaii. s.s sap. cosaer., soaa Tach. ÃImo.

~ snaa ~~stc 54» 19$S»
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IMTRODUCTZON

distribution in subtropical and temperate oceanic vaters  Young 1972;
Okutani 1973; Roper et al. 1984!. The annual catches of this species in
the Nortb Pacific by Japan, Xorea, and Taivan averaged about 300,OOO metric
tons  MT! in recent years. Exploratory fishing in the North Pacific by
Korea» drift gill net vessels began in 1979 and by the 1983 season, about
100 vessels vere operating in the area.

Even though there are many reports describing the distribution and
movemeut of flying squid in the northvestern Pacific, mostly by Japanese
scientists  Mnrakami 1976; Nurata et al. 1976, 1981, 1983a, 1983b; curate
and Xshii 1977; Naito et sic 1977a, 1977b; Morakami et al. 1981; Xubodera
et al. 1983!, the reports do not contain information on the seasonal
distribution and migration routes of the squid in the central North
Pacific.

This study �! examines the seasonal distribution and migration of
flying squid in the North Pacific based on density distribution,
oceanographic conditions, and body sixe composition of squid taken in the
Korean drift gill net fishery from 1980 to 1983 and �! develops a
migration model of flying squid in the North Pacific Ocean.

MkTERlhLS AND METHODS

During the 1980&3 fishing seasons, about 207 Korean gill net vessels
operated in the North Pacific. Of this total, 132 vessels provided 871
vasael~nth catch and effort data. Vesse1 sixes ranged from I 50 to 500
gross tons  GT!, and half of them «ere in the 200-300 GT range. Each unit
of gill net «as 50 a long aud 8 a deep  Table 1, Fig. 1!, vith xaesh sixes
ranged from 96 to 115 m. The average number of gill nets used by one
vessel per day vas 200 in 1980 and 540 in 1983  Table 2!.

Table li � Details of tha Korean flying squid gill net  mesh 0.497 mm! ~

Length of Eanging ratio Depth
float line of net

 m! Upper Lover  m!
mesh siae

 ~! Net

0.446 0.457 Nylon monof ilament
0.497 mm.

Do.
Do.
Do.

8.7950

8.74
12.30

7.80

0.446 0.454
0.459 0 A70
0 @61 0.471

105
110

11$

50
50
50

knnual and monthly catch per unit effort  CPUE! in kilograxas per net
vere calculated for each statistical block  I of latitude by 1 of
longitude! corresponding vith 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  DNL!
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Table 2.� hanual 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  ÃT!  parentheses indicate number of vessel-months!.

Carabao by
ae. of sampled

gall aet eessel ~
lair.s  !yy!

storage go ~
of gill set ~
per eeseel-

mmth

geerego go
of gill set ~
par eoeeol

day

Catch per
eeeeel~ath
 toa/eeseel-

aeath!

ga. et ge- of
ee e et 1 ~ et ate 1s

year registered stapled

Ro. of
lays

f iehed

Catch per
tait aet
 hg/sec!

9 �4!
9 <73!

54 �27!
56 �l9!

684
1,374
6 ~ 373
7,560

1980 14
l'901 34
l982 60
1983 99

139,638
194.060

2,733,635
4,070,372

3,017.3
6,06l.6

21,�9.3
27,130. 5

3el73A
5,398.1
8 359.!
9,7l4.5

21.6
15,4.
7.8
6.7

204.1
286. 9
428. 8
538.4

48.6
83.0
65.1
44.8

IogsI or
ate raga 207 138  873! 15,379 ! ~ 317,705 57 ~ �l.g 65.8 7.8477.18,424. 5

coapoaitions were obtained for each l' of latitude by 5' of longitude
bloc.k.

The optimum tggmperature for flying squid fishing waa calculated as a
weighted mean of catch and surface temperatures in each statistical black
having both temperature measurelaent and fishing, record. Catch per unit
effort for statistical blocks waa plotted together with the surface
thermal structure derived from the MC4LA Satellite infrared data from the
northwestern Pacific  Japan Fisheries Information Service Center l983!.

Eased oa the analyses of CPUE and temperature, aa attegapt was made to
describe the density distribution and migration by sian group of flying
squid in the North Pacific.

RESULTS

Dietributio» of Catch Per Unit Effort

The distribution of annlgal CPUE  kilograms per net! by statistical
block �' of latitude by l' longitude! for the Korean flying squid gill net
fishery ia the North Pacific from l980 to 1983 is showa in Figure 2. The
fiehiag grounds are found in the region of 1st. 30'-45'N and lang. l43 E-
180' in 1980 and lat. 34'~'N aad long. l42 E-179 W in l98l. The fishing
grounds expanded to the central North Pacific east of long. l70' and 16S'W
ia l982 aad 1983, respectively. The member of statistical blocks with high

s ia the same region west of 180' tended to decrease in succeeding
years from l981 to X983. The distribution of monthly CPUT by statistical
block in the l983 season i' showa ia Figure 3. The number of blocks having
CPtm's higher than 6 kg/net increased in succeeding maths from Nay to July
ia the area lat. 35' to 40'N aad Iong. 150oE to 165'W. In August, the
fishing grounds were formed north of lat. 40 N and the center of the
grounds was farther to the «est between long 1M' aad 165'E in the
northwestern Pacific. I» September, the fishing grounds extended from
Nokkaido to long. l65 E, and the eastern limit of the fishing ground moved
gredmally westward ia subsequent months throagh Dcceaber and January The
centers of fishing groggmds thus tended to shift to the north by 2 or 3' ia

eeefli maths froa Nay to July ia the central North l'acifi,c, thea west
to off NekkaQo in Aegeat amd September> and to south off morthera Honshu

am39e~emt aOaths th!remgh January o
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7ignre 2.--Annual flying squid catch per unit net  kiZograas per net!
plotted by 1 sqcares in tbe Korean gill net fishery in the North Pacific
freya l980 to 1983.
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I'igare 3 deathly flying Iqail catch per eait aet  tilogreas yer net!
Ilotted by F' Iqaare ia the Koreaa gill aet fiehery ia the North Pacific
free lhy 1983 to Jeaeery l984.
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Monthly catches by I' of longitude in the 1983 seasoa are shown in
Figure 4- Ia June and July the peak catch vas located in the area east of
long. 170'E, and the peak shoved the trend gradually shifting westward from
August to December except for November.

Monthly CPUB by 1 of longitude ia the 1983 season is shown in Figure
5. In May CPUE's vere high in the region along long. 1704W ~ In June and
July CPUE's were quite high in the region along long,. 170'B. In August,
CPUZ's were high in the region vest of long. 160 B. From September through
November high CPUE's were found in the area around long. 155'-l65 B.
Through the ~hole fishing season the area vest of long. 160 E had slightly
higher CPUB's than the area east of long. 160'E. However, there were no
significant differences by area in distribution of CPUE's than there were
in distribution of catches.

Catches Relative to Surface Thermal Structure

%nthly chaages in frequency of catch of flying squid and surface
temperature at the locations where Korean gill net vessels operated in the
North Pacific are showa in Figure 6 ~ The range of surface temperatures for'
cosaaercial f ishing of squid vas 9 -22 C. The water temperature for the
best fishing raaged from 15 to 16'C in Nay 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 I5 C
isotherm in September  Fig. 7!.

Msntle Length Compositions of Flying Squid

Monthly DML measurements  sexes combined! in the 1983 seasoa  Table 3!
indicate four size groups in the catches: small  <25 cm!, medium �7-32
cm!, large �5-39 cm!, and extra large  >40 cm! ~ The dominant modes vere
at 38-39 cm in region C east of long. 170 B from June to July, and at 30-31
cm in region A wnat of Iong. 140'B from September to December.

The monthly frequency distributions of DML  Fig ~ Ba! indicate that in
June large squid were present ia the area south of lat. 39 g and medium-
sized squid in the area north of lat. 39'I- From July to September large
squid vere found in the northern area while small squid vere in the
southern area. Large squid with modal lengths of 40 cm vere found at lat.
41'-43 I in October and lat. 39'-40 N in November The proportion of large
squid decreased in the area south of lat. 38'N in December.

Frequency distributions of flying squid by 5 of longitude in the 1983
~ eason are shown in Figure Bb. Cenerally, large squid occurred more
commonly in the eastern areas from Nay to October, vhereas medium-sized
squid vere more commonly found in the «astern region from November to
December.

DISCUSSION

Exploitation of Flying 8qnid and Fishing, Methods

Flying squid have been caught in the orth Pacific in the Japanese
~id jigging fishery since %974 and ia the drift gill net fishery since
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Figure 4.--Catch of flying squid by 1' of longitude in the Korean flying
squid gill net fishery in the North Pacific, May 1983 to January 1984.
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Pignre 5 ~ � Catch per unit effort of flying aqnid by 1' of longitude in the
Korean gill net fiahery in the I'orth Pacific, May 1983 to January 1984.
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150

145 R

Figure 7.� Surface theaaal structure based on infrared imagery from
meteorological satellites of the National Oceanic and ktnospheric
kdRinistration and the catch per unit net of f lying squid by statist ical
block � of latitude by I' of longitude! from the Korean gill net fishery
in the northeastern Pacific in August and Septenber 1983. Thermal
structure traced from Japan Fisheries Xnfornstion Service Center �983!.
Oar}c circle denotes catch per unit net Small dotted lines denote the
thermal fronts. Figures denote temperature in dearees Celsius
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Table 3. � Monthly modes of dorsal mantle lengths of both sexes
of flying squid from the Korean gill net fishery in the North
Pacific 1983 fishing season  S ~ small; M medium; 1 large;
LL ~ extra large squids!.

Main

f ishing
2

area

Month!
year

Io. of
saaple s Model length  cm!

S M L LL

12

40

39
40

43-45 49

Mode a 4,847

A < eest of long. 160 E; B long. 160 -170 I; C east of long ~
170 B ~

Munbers underlined indicate the eeet dominant mode.

May 1983
June

July
Aug.
gept.
Oct.
Mow.
Dec.
Jan. 1984

143 25 29 32

638 � 28 32
698 � � 32

639 25 � 32
635 � � 30
718 25 � 30
590 � 29 31
569 � -- 31
217 22 27 31

35 38

39
-- 38-39

35
36

35

B,C
C

C

A,B,C

A
A
A
A
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1978  kkabane et al- 1979; Kubota and Tasui 1980; curate et al. 1980, 1981,
1982, 1983a, 1983b, 1984; Suisan Sekai 1982; Ogura 1984!. With the decline
of the atoch of fodatodea pacificna in the Sea of Japan and eith the
economic difficulties in the tuna longline fishery, Korean gill net
vessels, mostly converted tuna longliners, have increasingly shifted their
efforts to the exploitation of flying squid in the North Pacific. Since
1982 catch and effort levels for this species have gone veil beyond the
exploratory stage. The catch of 54 monitored vessels vas 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 eastvard each year
since 1979 and reached as far east as l.ong. 161 W in 1983  Fig. 2!. The
fishing season lasted about 9 months from Nay through January with peak
catches occurring from July to November  Gong et sic 1984!. As shown in
the monthly distribution of CPUK, 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 at 1500 or 1600 with the setting
of the nets ~ Setting vas done at vessel speeds of 5 or 6 knots and was
usually completed in 2 or 3 h. Net hauling began at 0200 or 0300, after 7
or 8 h of soaking, and vas completed in about 8 h. Each set consisted of
about 200-250 nets of varied mesh siss in summer and 150 or 200 nets in
vintere During the 1983 season the number of gill nets used averaged 540
per vessel per day.

Life Ristory of Flying Squid

Ommastre hes bartrami has transoceanic distribution in. the subtropical
and temperate region of the North Pacific Ocean from Japan to North kaerica
 Young 1972; Okutani 1973; Naito et al. 1977ad 1977b; Saba and kkabane
1980; Nurata et al ~ 1981, 1983b; Nurakami et sic 1981; Ogura 1984! ~
Recently it vas reported that this species also occurred in the eastern Sea
of Japan  Kasahara 1984; Sato et al ~ 1984!.

Based on geographically separated spavning grounds, some authors  Saba
and kkabane 1980; Nurata et al ~ 1980, 1981, 1982! divide the flying squid
into tvo groups: the northwestern Pacific  vest of long. 170'8! and the
central North Pacific. However, it is difficult to separate the population
into tvo groups because the CPUlL' is rather high around long. 170'K based on
the Korean gill net fishery.

The spawning season of the flying squid extends from January to May ~
and it has been reported that spavning occurs in Kuroshio waters south of
lat. 35 N and west of 155 B. Considering the broad area of the Korean gill
net fishery in winter and spring  Figs. 2, 3!p it appears that the spawning
grounds of flying squid would extend farther eastvard in the central North
Pacific.

The flying squid is known to undergo vide migrations. Baba and
kkabane �980! shov that the species migrates northward early in the season
amda turne veatvard in the fall. It is possible tO distinguish fast-groving
aH alov-growing groupao The former occurs earlier in the northern area
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than the latter  Murakami l976; curate and Ishii 1977; Roper et al ~ 1984! ~
Naito et al. �977b! and Murakami et al ~ �981! repor ted that large squid
always appear ahead of smail squid during both the northward and southward
migrations and that large squid are distributed farther offshore than small
equ1de

The monthly mantle length compositions from Korean catches show that
large squid appear in the northern area earlier and are distributed farther
eastward than smaLL squid  Pig. Ba, 8b!- However, it is noted that this is
not always 'truce

Xshii �977!, Murata and Ishii �977!, and Tamura and Nakata �983!
believe that the flying squid spawns from late autumn to vinter and the
lifespan ie 1 year. However, Murakami et al ~ �981! and Kubodera et al ~
�983! stated that large squid over 40 cm are 2-year olde.

Oceanographic Structure and Density
Distribution of Plying Squid

There are many reports on water temperature in the northwestern
Pacific flying squid fishing grounds  Murata and freya 1970; Murakami 1976;
Murata et al. 1976, 1980 ' 1983a, 1983b, 1984; Naito et sic 1977a, 1977b;
Xmbodera et al. 1983; Aaano et el ~ 1984! ~ However, none of these relate
oceanographic conditions to fishery data. Xawakami �983! reviewed the
temperature range and optimum taaperatures for squid fishing in the Kuril
1'rout region. According to his report the range of water temperatures in
which flying squid were caught throughout the fishing season in the North
I'acific was 6 -24'C, and the higher catches «ere in. 15 -20 C water ~
gnbodera et al.  L983! reported that seasonal changes in distribution and
surface water' temperature. Sea surface temperatures in the Korean drift
gill net fishing grounds «est of long. 161'if ranged from 9' to 22 C, and
the most favorable temperature for flying squid fishing waa 15 C  Fig. 6!-

gubodera et al. �983! 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 Korean flying squid
gill nat fishing ground reached the Subarctic Domain in autumn. The
horisontal gradients of temperature and salinity in the Subarctic Boundary
vere higher in the eeet than the east  Muromteev 1958; Dodimead et al.
1963; pavorite et al. 1976!. It ia easy to understand «hy the density of
flying squid would be higher in the eeet than the east based on
oceanographic features'

Migration Modal of plying Squid
i» the North Pacific

k migration model for flying squid ia hypothesiaad based on the
monthly distribution of abundance indices, monthly mantle length composi-
tions by statistical block, and the hydr'ographic features of the North
Pacific  Fig. 9! .

ka shown above free the horiaontal distribution of oceanographic char-
acterietica, the oceanic structure of the North Pacific ia divided into
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three different waters. The farther vestvard, the narrover the Transitional
Doaain and. the higher the horisontal 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. llaito et al. �977a! 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. Eovever, the group
of large squid starts to move southward from the north vhile the group of
small squid starts to move from the south. In the fishing grounds . the
larger squid move ahead of the smaller squid during the southward migration
period. kccordingly, the group of large squid group does not always move
ahead of the group of small squid everyvhere in the North Pacific.

The flying squid which are spawned south of the Subarctic Boundary in
winter carry ont s northward migration in the warmwater system of the
Kuroshio and grov relatively fast in spring and summer'. The first born and
faster groving squid of the large group enter the Transitional Domain after
passing the thermal front in the Subarctic Boundary, but they are prevented
from migrating farther north by the salinity front between the Transitional
and Subarctic Bomain. On the other hand the slow groving squid of the
~ mall group become concentrated in the thermal front. They begin the
reverse southward migration in autumn with the onset of cooling 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 spawning ground earlier because they move ahead of the snLa11
group during the migration. The density of flying squid in the
northwestern area is higher than that in the central North Pacific area
because the gradient of oceanographic properties in the vest is higher than
in the east. Distances between oceanographic boundaries are narrower and
the siss of migration circuits smaller in the northwest than in the central
areas as shown by the migration »odel  Pig. 9! ~

The general pattern of movement and migration of flying squid is
clocbrise in the North Pacific. However, the monthly movement of t: he
center of the korean drift gill net fishing grounds vaa counterclochrise ~
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NET LOSS FROM TRAM, FISHERIES OFF ALASRA
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Seattle, Washington 98115

ABSTRACT

The moat dominant fisheries off Alaska in terms of
geographical extent, seasona1 duration, and volume of catch is
the trawl fishery for groundfisb. This fishery began in earnest
in 1954, mainly by foreign nations «hich now number seven, and
only recently has been joined by domestic trawlers. The number
of foreign trawlers increased rapidly to more than 400 vessels by
1963 and fluctuated around 300 vessels until 1975 ' Since then,
the number of foreign vessels bss decreased gradually. Domestic
trawlers have remained small by compari.son in numbers and
physical siae. However, expansion of the domestic trawl fleet
has been rapid, from just a few vessels iu 1979 to 93 in 1984.
The total fleet sixe bas, 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 Alaska
region. Estimates are made of the «caber of boats and fishing
effort. Effort is measured by number of vessel~nths of opera-
tion. Since these trawling activities contribute to entanglement
of marine mammals in active fishing gear as well as passive lost
or discarded gear, tbe eztent of net loss as a source of marine
debris is estimated. These estimates are derived free data
collected by the Foreign Fisheries Observer Program.

HfTROMCTION

Pribilof Xsl.ands have been observed e«tangled in pieces of debris.
presumably Cbis occurs es a result of encounters at sea with floating
materials and the animals' behaviozal attraction to this debris  Fiscus and
Koaloff 1972! ~ Studies have shown that a large portion of the animals was
entangled in net debris, much of which wae trawl «et fragments  Fowler
1982!. It was also noted that the animals are caught in large trawl net
debris and that the large net fzagments presented more mesh openings
in which seals could become e«tangled

The increased observatio«a of entangled fur seals coincided with a
period of rapid development of a large trawl fishery iu the northeast

lR ai 9 ~ Sheaera aaa K O. Yeshiva  aairera! ~ Ptaeeeaiaaa af eha Wartahes ea the rata allll 2$9aar
af uarise Sahria, fs-29 aaaasber le@, eeaelsLa, Saasii V.S. Das. camaar. ~ SSai Tech. Nasa.
%ms, ssaa-I&ll$%-sate-5i f995
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Pacific, particularly in the eastern Bering Sea. This fishery is no« the
most dominant off hlaska ia terms of geographical extent, length of fishing
season. amount of fishing effort, and volume of catch.

Since I.ost or discarded gear aad other debris from the travl fishery
may contribute sigaificantly to the entanglement of fur seals and possibly
otber marine mammals, it is the purpose of this paper to reviev the nature
and extent of the tra«l fishery and estimate the amount of gear that may
have been lost or discarded.

HISTORY AND PROGRESSION OF FISHERIES

Historically the tra«l fisbery off Alaska has been predominantly
foreign in origin. Japanese trawlers operated in the eastern Bering Sea
during 1933-37 and 1940-41, bnt the major development of the foreign travl
fishery did aot begin until 1954. The chronology of this development is
outlined belo«:

1933 First commercial operations for flatfish by Japanese tra«lers in
the eastern Bering Sea for fish meal folloving explorations in
1929. The fishery «as discontinued in 1937  Fig. 1!.

1940 Japan reentered the fishery «itb a mother ship fleet of 9 to 12
catcher vessels. Catches vere maialy froxen for food. Tbe
fishery vas interrupted by the second World War and terminated
in 1941.

~ S~ III~ IS S IS & IV ~

Figure 1.� Priacipel fishing grounds off Alaska, 1933-37 and
1940-41.
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1954 Japan reentered groundfish fisheries on the eastern Bering Sea
flats  Fig. 2!. Flatfishes vere the target species for
prOCeeeing into fish meal. Tello«fin sole, LimLnnd ~i~ra, vaa
the principal target species.

1959 The U.SOS.R. fishing fleets moved into the eastern gering Sea
after successful exploratory surveys in I954 end 1958.

1961 Total catches of flatfish peeked neer 610,000 metric tons  MT!;
yellovfin sole «as apparently overharvested. Exploratory
vessels vere sent into the Gulf of Alaska by Japan.

1962 The U.8.8.R. started coasaercial operations in the Gulf of
Alaska.

1963 Japan folio«ed the example set by U.S.S.R. and moved saae
independent stern travlers and longline vessels into the Gulf of
Alaska «hich fished «est of Kodiak Xsland ~

1965 Fishing operations by Japan moved farther eastverd and southvard
in the Gulf of Alaska.

1966 Fishing vessels of Japan end the U.S.S.R. op~rated along much of
the North kaericsn coastline  Chitvood 1969, Pig. 3!. Principal
species harvested in the Gulf of Alaska vere Pacific ocean

lO& ImW

Figure 2- � Principal fishing grounds for flatfi.shee in the
Bering Sea �954-59! and expansion into the Gulf of klaeka
�962&5! o
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Figure 3.� Principal fishing grounds by vessels from Japan
aud the U.S.S.R., in the Bering Sea, Aleutians, sad Gulf of
Alaska ia 1966.

perch, Sijjas~te ~al ~e, aad sablefish, ~Aao i~1m~ fimbria. Ia
the Bering Sea, the abundance of yellovfia sole has been
substantially reduced, Pacific ocean perch vas being rapidly

prime target species as a result of introduction of automated
"minced meat" procesaing operations aboard vessels

1968 Trawlers fram the Republic of Korea moved into the eastern
Seriag Sea  Fig. 4!.

1974 Taivaa stera travler initiated operatioas on grouudfish ia the
eastern gering Sea ia becember aad a loagliner fished in the
Gulf of Alaska iu 1975 ~ A large stern tra«ler from the People' s
Pol.ish Republic  Poland! entered the eastern Gulf of Alaska aad

1977 The Naguusoa Pishery Conservation aud Management Act  Magausou
Act! vas implemented «hich exteaded U 8 ~ management jurisdiction
over the fisheries resources «ithia 200 miles of its coastline.

1978 Pirst joint venture operation started ia the Gulf of Alaska

1979 Poland extended its fishery into the eastern Bering Sea 1%exico
sent three stern trmvlers to fish ia the veatern Gulf of Alaska,
but their fishery «ms discontinued after m short season.
Regulations «ere enacted under the lbtgausoa Act to exclude
foreign travliag from southeast Alaska ~



134

Figure 4. � Areas of grouadfisb fisheries off Alaska, by
Japanese and U.S-S.R. vessels aad those iron aew entrants
into the fishery  Republic of Korea, Taiwan, Poland, and
Mexico!, iu 1967-79.

1980 Joint veature fisheries started in the eastern gering Sea and
Aleutian Islands region and domestic trawliag operatioas
increased and expanded into the eastern gering Sea, primarily
for Pacific cod  Fig. 5! ~ The U S.S.R ~ «as excluded from
conducting ~ directed fishery off Alaska under regulations
proeulgated by the lhgnusoa Act. Ro«ever, Soviet joint venture
with United States vessels for ye1.lovfiu sole ia the eastern
gering Sea aad other species ia the Calf of Alaska were allowed
to continue k West Gernaa stern travlsr entered into joint
venture fisheries with United States vessels in the eastern
gering Sea, aad this vessel was also allowed sone directed
fishing. ks donestic fisheries developed after 1980, quotas for
foreign fleets «sre reduced, resulting in lo«er fishing effort-

1982 Poland «as denied permits to fish off klaska-

1983 Tai«an did not conduct a directed fishery for grouadfish but
participated in joint venture operations.

1984 Joint venture aad domestic fisheries had increased dramatically
and «ere rapidly replaciag foreign fi.shing effort Joint
ventures «ere conducted «ith processing vessels froa eight
countries  U.SiS.R., Republic of Korea, Japan, Tai«an, @st
Oeraaay, Poland, Portugal, and Spain!. Portugal entered trawl
fishery in gering Sea The 'U S.S.R. snd Poland resuned tra«1
fisherxes.
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OR N4 ~ le ~ WW 1% ~

Figure 5. � Areas of V.S. donestic snd joint venture trawl
fisheries off Alaska in 1980-84.

Xn summary, eight foreign countries  besides Canada! have participatedia the travl fisheries off Alaska. Japan has had the longest history of'fishing in the region and has aounted the greatest effort over the years.The U.S.S.R. had the second largest fishery until it «ss denied directfishing privileges in 1980. The second position «ss thea taken over by theRepublic of 4rea. The fishing effort of tbe rauaining countries  Tsivsn,Poland, Vest Geznany, Portugal, and Maxi.co! vas small by coaparison andsnounted to <SZ of the total effort. Mexico no longer participates in thefishery after fishing only one short season in 1979
MAGNXTUDB OP CATCRBS

Tello«fin sole in the eastern bering Sea vas the species thatstinulated the devel.opjaent of Jspaaese sad 8oviet fisheries in 1954 and19S9, respectively. Catches of yellovfin sole peaked at 610,000 MT ia 1961aad declined thereafter, due to overfishing  Sskkala et al. 1979! ~ Totalgroundfiah catches off Alaska, coasisting aaialy of yellovfin sole, peakedat about 680,000 MT during 19S443  Table 1, Fig. 6! Mare than 95Z of thecatches came fry the eastern gering Sea during this period.
Aa yellovfin sole declined in abundance, the fisheries began to targetoa Pacific ocean perch ia the Aleutians, on the eastezn bering Sea, thecoatiaental elope, aad the Gulf of Alaska. Catches increased fzaa 1963 to1966, but the resource «as aot large and vss soon depleted. As the fisheryfor Paci,fic ocean perch shifted to the Gelt of Alaska during this period,the eastern gazing Ses conponent of the total catch off Alaska dropped toabout S~SZ.
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Table 1.--Total groundfish catches off Alaska and distribution
between the Bering Sea-hleutians region and Golf of Alaska,
1960-83.

Percent distributionTotal
catch

�,000 m! Bering, Sea-Aleutians Gul f of AlaskaTear

1954
1955
1956
1957
1958
1959
1960
196 1
1962
1963
1964

196 5
1966
1967
1968
1969

197 0
197 1
197 2
197 3
1974
197 5
1976
197 7
197 8
197 9
1980
1981

1982
1983

13

15
25
24

51
222
538
682
607
331

759

858
684

1,066
1,202
1,372
1,804
2,3 11.
2,515
2,280
2,180
1,839
1~752
1,458
1,573
1,444
1 ~ 585
1,718
1 e697
1,929

1OO.O

100.0
99 4
99.7
99.9
99 9
99.9
99.9
9 9.9
96.8
67.3

54.2
75.4

86.8

88.0
91.5

94.7

94.7
92 8
92 2

91,2
89.8
90.3
86.2
89.3
88.0
86.0

85.0
86.0

84.0

0 0
0.6
0.3
O.l

0.1
0.1

O.l
O.l
3.2

32.7
45.8
24.6

13.2

12.0
8.5

5.3

5.3
7.2

7.8

8.8
10.2

9.7
13.9
10.7
12.0

14.0

15.0

14.0

16.0
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Figure 6.-Mistorical catches of groundfiah off Alaska, 1954-83 .

The groundfish catch increased drmetically again after the fisheriee
shifted to pollock ae a target species beginning in 1964. The utiliaation
of the abundant pol.lock resource becaae possible vith the introduction of
automated "surimi"  ainced neat! operations aboard large fishing and aother
ship veesels. Total groundfish catches peaked at 2.5 nillion RX 1972 and
during the period froa 1966 to 1977 pollack generally accounted for over
85Z of the total catch. Since most of the pollock resource ie concentrated
in the eastern Bering Sea, the haring Sea-Aleutians cocapanent of the catch
gradually increased to over 8N of the catch off Alaska  Pig. 6!

In 1977, the lagnuson Act «aa i~leaented and catch levels becaae
regulated. Catches «ere reduced frun 1.8 aillion MT in 1976 to 1.5 million
IT in 1977 ae all the foreign fishing activities cane under a cannon set of
148' fishing regulations. Catches, ho«ever, increased again as conditions
af graundfish resources in 1ater years iuproved  Bakkala and 4e 1984!. In
1983, 1.6 million ÃT of groundfish «ere landed by the foreign and joint
~ure f isheryi

VBSSI S he TRkWL GSAR

The travel fisheries of f Alaska uae several types of vessels «hich can
be divided into t«o aain aeries of operation: 1! nother ship fleet

2.0

o
u

C 1.5
0

0

6 1.0
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operations in which several small fishing boats del.iver their catches to a
mother ship for processing and 2! the independent trawler operations in
which 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 �969!, Bakkala et al. �979!, and Nelson
et al. �981!.

The mother ship fleets are composed of varying numbers of catcher
boats  pair trawlera, Danish seinera, and stern trawlers!; the size of an
individual fleet is dependent upon the processing capacity of the mother
ship. The catchet boats deliver their catches in detachable cod ends to
the mother ship for processing. Small motor boats called "kawasaki"
normally 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 which U.S. trawlera catch and deliver cod ends to foreign processor
vessels, is another farm of the mother ship fishery. The U.S. observers
monitoring these joint venture operations have noted that cod ends full af
fish have been last during the transfer to the mother ship.

Typically, a Japanese mother ship is 175~ long and employs 6-20
catcher vessels varying in length from 27 to 51 m. Nost of the mother
ships are in excess of 10,000 gross registered tons  GET!, and the catcher
boats fras 200 to 500 GRT. The independent trawlers vary from the small
�0 m, 350 GRT! class to the large catcher processors �10 m, 5,500 GRT!-

Four fishing techniques have been employed in the groundfish fishery:
pair trawling, Danish seining, side trawling, and stern trawling. Pair
trawling i' the primary technique employed by the catcher boats of the
Japanese mother ship fleets. Ualike the other fishing gear which is tawed
by a single vessel, a pair trawl is tered between two boats moving along
parallel course. The Danish seining differs from trawling in that the net
ia laid out along the bottom with wings spread. lt is then tered 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 yallowfin 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 fisheriea of all other nations utilize
stern trawls

The size and dimensions of fishing gear utilized off Alaska depends
on the size of the catcher boat. These characteristics are summarized in
Table 4.

Cod end mesh aires have been measured by U.S. observers, whereas the
average ates of netting material per trawl was derived from calculations of
the net dimensions. The cod end mesh sizes vary from 8.0 to l3.0 cm, and
the amount of netting material per trawl from 1,400 to 4,900 m  Table 4! ~

FZ8RIIC EFFORT

ka index of fishing effort, aa it relates to the patential amount of
trawl gear that could be lost or discarded and be a potential source of
emtanglememt to marine mammals, is the number of veasel~ntha of trawl
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DefinitionVessel class

Mother ship fleets

Mother ship � surimi Mother ship f1eets with capacity to
produce surimi  s minced fish product!,
frozen products, and meal.

Nother ship fleets witb capacity to
produce frozen products snd meal.

Mother ship - freezer

Nother ship - joint venture Nother ship fleets where the catcher boat
fleet is composed of U.S traelers and tbe
mother ship is of foreign registry. Fish
caught are defined ss U.S. landings.

Catcher boats Pleet of 6 to 20 vessels which transfer
catch to mother ship for processing. In
the foreign directed fishery, side
trawlers have been phased out and the
numbers of Danisb eeiners and stern
trawlera have been reduced. Pair trawlers
predominate in tbe present Japanese
fleets. In tbe growing joint venture
fishery, the catcher boats are U.S small
stern trawlers.

Pair trawler
Danish seiner
Side trawler
Dependent stern trawler

Independent trawlers

Large side trawler Has been replaced by more efficient stern
trswlers. Nay transfer catch to mother
ships but could operate independently and
process and freeze own catch. Soviet
vessel abbreviation � SRTN.

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

Small stern trawler

Independent stern trawler 1,500 GRT or
greater uitb capacity to produce frozen
products and aeal

Large freezer trawler

Independent stern trawler 1,500 GRT or
greater witb capacity to produce surini,
frozen products, and meal.

Large surimi trawler

Table 2.� Type of vessel utilized im the groundfish fishery off
hlasks  GRT gross registered ton!-
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Table 3.� Physical characteristics of foreign vessels in the
Sering Sea-hleutians and North Pacific groundf ish f iehery.

Length Mo. in
 m! Horaepower crewNation Gross tonsVessel class

6,318-27,060 1.35-201 9, 100 250-270Japan

12
18

I, 200-2,700 22-3 250-6 0350-500SsLall stern travler

Large freeaer travler 2,000-4,000 75-102 3,400-4,400 45-60

Large sur ini travler 2,700-7,500 92-143 3,400-5,000 60-100

U.S.S.R.
4,000-18,000 110-174 2,000-5, 000 <280

300-400 22-26
540%50 26-28

38

52

26 5-335

505-630

800 30Large side travler
 SRTM!

700

1,000775Snail stern travler

 SRm!

1,900-2,000 87-962,300-3,800 76-89Large freeser travler
 INRT!

2,3 20 78-802,100-2,200 82-83

Republic
of Xorea 8 f506 23 ~ 799 52 7 4

404-1,438 51-70

2,000-4,000 7 5-102 3,400-4,400 4~0

52-5 5620-904Snail stern travler

Nother ship
 Surimi, freeaer,
and joint venture!

Catcher boats

Pair travler
Danish seiner
Snail stern travler

Nother ship
 Preener and joint
venture!

Catcher boats

Snail side travler
Nediun side travler

Large freezer travler
 RTN!

Nother ship
 Joint venture!

Snail stern travler

Large stern travler

125-215

97-150
27 9-280

32-38
27-38

51-58
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Foreign NIothership %76 m

Foreign Pair Trawler 35 m

Foreign Oanish Seiner 27 m

Foreign Indeperjdent Stern Trawler 50 m

Foreign Large Stern Trawler
110 m

Damestic Joint-Venture Trawler 36 m

Oomestic Catcher-Processor 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.

Area
of

aattiag
aatspial

 a !

Vertical
opening

 a!

horizontal
0 peuisg

 u!

Headrope
lengtb

 m!

Footrope
laegtb

 n!

Cod and
mesh
 ca!

Jepaseae

24-30 36-54 8 0-8.5 8.0-8 5 2,100Bapsadent stere
trawler s

7.5 S6 130 148 8 0-9,0 4,150Pair trawlera

35 115 128 7 5-9 0 2,300

50-85 54-90 9.0-13 0 4,900

Daeisb aeieers

22-3 S7-27Large f.edepesdeat
stets trerlera

3.5-7.5 12 30 55-6 5 50 70 8.0-13.0 2,100geal 1 independent
stern treelers

goriet

16-284.5& 31-50Botem trawl

Pelagic trawl 25-30 70-120 70-1 203 5-45

7 5-100

55-112

6-7.5 22~ 6~0Koreaa trawl

Poiisb trse1 18-23 20-68 55-1 12

operations. This effort nuit can then be extrapolated to the number of
trawl drags snd the amount of netting material fished. Fishing effort also
provides some indication of the amount of discarded fishing associated
debris such as plastic banding material and fragments of netting. Fur
seals have been noted to become entangled in these smaller pieces of debris
 Fiscus and Xozloff 1972!.

Number of Fishing Vessels

Braving upon information provided by Chitwood �969!, Forrester et al.
�978!, and annual reports on foreign fishing activities off Alaska issued
by the National Marine Fisheries Service Law Bnforcement Branch in Juneau,
the composite compilation of the number of Crawlers  excluding support ves-
sels! that operated off Alaska i» 1933-84 is shown in Table 5 and Figure 8.

Before IForld Var EX, the number of travlers that operated off Alaska
was no more than 13. The fishery reamed after the var with ll vessels in
1954 which increased to 82 vessels by 1959 when the U.S.S.R. joined the
fishery The fleet size built rapid1y to 432 vessels by 1963. 1!uring
1964-7$, the number of vessels generally varied between 300 and 400-
Iovawer, in 1976, just before tha implementation of the Magauson Act, the
nmmber of vessels increased dramatically to 422 � a level at or near the
historical peak for the fishery. Therafter, the number of foreign trawlars
gradual1y declined as the domestic fisheries  joint venture with foreign

8.0-13 .0

8.0-13.0

8.0-13.0

8 0-13 0

1,400

4,900

2,900

2,900
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Table 5.� Estimated totaI numbers of trawlers that oyeratec1 off
Alaslca, 1933 � 84.

Republic Mexico
of West andJapan U S S.R Korea Poland Taiwan Geraany SpainTear

To tal

1940
1941 12 8

12

20

15

preliainary eatiaatea.

1933
1934
1935
1936
1937

1954
1955
1956
1957
1958
1959

1960
1961
1962
1963
1964

1965
1966
1967
1968
1969

1970
1971
197 2
1973
1974

197 S
1976
1977
1978
1979

1980
2981
1982
1985
1904'

5
5

II
8

13

11
9

13
13
29
62

190
200
200
221
150

131
166
166
157
175

221
207
218
212
211

206
237
288
218
210

213
210
203
205
185

80
100
150
211
196

201
240
174
115
137

175
174
158
107
126

65
'27
3S
48
41

40

6 7
8 7

13
57
18
13
17

23
31
31
29
28

3 I
I

2 I
2 5

13 3

24 4
25 3
3 4

3
4 3

United
States
J oin't

ventore

22
36
53
65
85

United
States
catcber

pro ca sa or

5 5
ll

8
13

11
9

13
13
29
az

270
300
350
432
346

332
406
340
272
312

396
381
376
319
3S3

288
422
344
286
284

328
313
304
317
322
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Figure 8 ~ --Total number of Crawlers that operated off klaska, 1954-84.

vessels and purely domestic operations! became established and regulations
became more restrictive on the foreign fisheries ~ In addition, tba
U.S ~ S.B~ and Poland were denied direct fishing privileges during 1980-83
which resulted in further considerable reduction in the number of foreign
vessels that operated of f klaska. By 1984, the number of foreign trawlera
had been reduced to 229; however, the total number of vessels still
ezceeded 300 �22! considering the 93 U.S. trawlers

Vessel.-Months of Trawling

Before 1963, the veaselmnths of effort vere estimated by multiplying
the number of vessels  sighted or reported! by typical days of operation
per year. The typical number of days of operation and average umber of
drags per day were derived from data collected by the U.S. Foreign
Fisheriss Observer Program  Table 6!. From 1964 to 1976, the number of
vesaelmnths of operation vas estimated from monthly sightings and reports
of foreign vessel operations as given in "Foreign fishing activities in the
Bering Sea and Gulf of klaska" issued by the IS Law Enforcement Branch at
Juneau, klaaka. The vessels that were on the grounds each month were
assmed to have operated the vho1e month, even though the actual nuaber of
days of operation would vary depending on weather conditions and other
factors. This method of calculation results in s aazimm estimate of
fishing effort. kfter 1976, the actual amber of foreign fishing days off
kleska vere provided by radio reports from the vessels under regulations
proamlgated by the Magauson kct. The ember of vessel-months of operation
sea be tallied free these reports. Iovuver, to maintain comparable
esthhates of fishing effort, the same procedure of estimation for 1964-76
«ae used for the 1977~ period

300

I
200

E

R
100

::;:::-" U,KS.R. snd Othe@ ..-;-'::.:-:-;-':.:-'-::-': "-'::; ':.:-."-"'.;:.~,'-.'.

196= 1960 1966 1970 1975 1980 1985
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Table 6.� Typical number of vessel days of operation per yesz
and average number of tra«I drags per day foz trawl vessels
that operated off Alaska.

Vessel-days
of operation

per year

Runber

of drags
per dayTrawl vessels

150

220
220

70

Nother ship catcher boats
Large trawler
Small tzavler
Joint venture tra«ler

Japan

180
70

0 S ~ S.R. Tr aw ler

Joint venture tra«ler

200
l30

Republic
of Korea

Tr avler
Joint venture tre«ler

Poland
70
40

Travler
Joint venture travler

100
40

Ta ivan Tzawler

Joint-venture travler

200
80

Vest

Germany
Trawler

Joint-venture tra«lez

Mexico
180Travler

Table 7 sbo«s tbe estinated amount of trsvl fishing effort off alaska
from 1954 to 83 by nation and geographical region. These data are alsoplotted in Figure 9. The total amount of fishing effort increased rapidly
fraa 66 vessel~ntbs of travl operations in 1954 to 2,700 vessel~ntbs in
1963. The effort declined to an avezage of about 2,200 vessel~ntbsduring, the 12 years �964-75! ~ Xn 1976, the effort increased dramatically
to a historical peak of 3,215 vessel~nths. However, after tbe Magnueon
Lct vas implemented a year later, the effort declined gradually to the
level in tbe late 1960's.

%spite recent expansions in the domestic fisheries after 1980, the
effort is still predominantly foreign. Japan bas remained the nation «itb
the largest fishing effort. Fishing effort by the Ii S.S.B «as actually as
high or higher than that of Japan during 1961<7, but declined after 1967
~ nd in 1980 direct fishing operations ceased due to U S. regulations.
fishing effort by the other countriee is still a saall percentage of the
total

!bst of the fishing effort «ns concentrated in the bering Sea-kleutian
region  Fig. 9! kt the inception of tbe tra«l fishery in the Culf of
kasha «ben the fisheries targeted on Pacific ocean perch, fishing ef fort
see relatively high %en this resource «ae depleted after 1967, the
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fishing effort decreased dramatically in the Gulf of Alaska and remained at
a relatively constant level  llZ! of the total f ishing effort.

Although the trawl fishery is a year-round operation, most of the
effort is couceatrated during the warmer amer mouths. Typically, vessel-
months of effort are distributed as follows:

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

3 ~ 6 5.9 6.0 4.8 7.2 16.8 16.9 10.1 10.3 8.3 6 .0 3.9Percent

Table 7 ' --Estimated amount of trawl fishing effort off Alaska
ezpressed in uImmber of vessel-months of operation, 1954-83.

Effort by region
Effort in vessel~nths by nation

Japan U.S.S.R. Others Total
Bering Sea-

Aleutians

Gulf of
AlaskaTear

1954

1955
1956
1.957
1958
1959
1960
1961
196 2
1963
1964
196 5
1966
1967
1968

1969
1970
1971
1972
1973
1974
197 5
1976
1977
1978
1979
1980
1981
1982
1983

66

54

78

78
174

350 50

1,400 300
1,100 900
1,100 900
1,100 1,600

760 1,360
740 1.,860
87 5 1,180

1,015 935
1,275 675
1,220 695
1,560 835
1,580 960
1,555 790
1,445 705
1,565 770
1,180 680
1,935 1,000
1,826 416
1,832 363
1,776 310
1,860 141
1,365 0
1,356 0
1,704 0

66
$4
78

78
174
400

1,7 00
2,000
2,000
2,700
2,120
2,600
2,055
1,950

5 1,955
5 1,920
5 2,400
5 2,545

10 2,355
10 2,160
25 2,360
50 1,910

280 3,215
67 2,309

122 2,317
355 2,391
390 2,391
520 1,885
420 1,776
410 2,114

1,600
1,700
1,220
1,600
1,093
1,445
1,728
1,759
2,176
2,340
2,102
1,890
2,114
1,660
2,96 5
2,136
2,078
2,].7 5
2,029
1,635
1,57 1
1,726

400

1,000
900

la000
962
505
227

161
224
205

253
270
246
250
250
250

239
266
337
250
205
388
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3000

C 5 2000
I
C 0

gg 1000

3000

2000

!

C 1000

1955 1960 1965 1970 1975 1980 1986

Figure 9.--Total fishing effort off hlaska, by nation  top panel!
and by region  bottom panel!, 1954-83.

Observations on Net Loss in i%83

The Magnuson Act requires that foreign vessels fishing in the U.S.
2~ile fishery conservation sone  PCZ! carry 9.$. fisheries observers
Foreign vessels participating in joint ventures with I 8 ~ catcher boats in
federally aanaged waters in the FCZ �-200 «iles! are also s«bject to this
reqnirment. The Magnnson Act authorizes the nse of observers for the
pnrposes of l! collecting biological data needed for fisheries aanegeaent,
2! «onitoring coapliance to fishing regulations. end 3! cooperating in
research related to the conservation of living «arine resoercee. The
Northwest end alaska Fisheries Ce«ter ad«inisters the observer program for
foreign and joint ventere fisheriee i« the U.8. FCX i» the eastern gering
-gee e«d northeast pacific Ocean~ Thin program has been need to provide
data o« a aide range of «anageaent, eoepliance, and reeenrch proble«s

. Freach et al- 1982!
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One of the areas in vhich the program hss been involved is the
collection of data on the nmaber and type of marine mammals incidentally
caught during fishing operations. Based on data collected by observers,
Loughlin et al. �983! reported on the number and type of animals caught by
the trawl fishery from 1978 through 1981. In addition to this active
interaction between marine mammals and the trawl f ishery, Fiscus and
Kosloff �972! and Fovler �982! 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 Fovler's report, the observer program instructed its
observers to monitor the discarding and loss 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. k 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 «ere asked to monitor net~ending
operations to determine how often nets «ere repaired and the amber and
~ iae of pieces of vebbing that were discarded during such occasions. They
were also asked to determine the fate of «ny cod ends that were damaged
beyond repair and to report on the loss of nets 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 amsmary of saae of the information collected during 1983, the
only complete year of data collecCion at this time

During 1983, 1.8. fisheries observers vere stationed aboard foreign
vessels in the gering Sea-kleutian region for 13,994 days «hich accounted
for 44.2Z of the total foreign effort. In the Gulf of klaska region,
observers spent 4,046 days aboard foreign vessels accounting for 50.6X of
the total effort. There vere 368 reports senaarising data collected on the
discard and loss of netting in the gering Sea-Aleutian region and 92
reports from the Gulf of Alaska region. From revie» of these reports, it
ia apparent that many observers had difficulties monitoring net~ending
operations and thus collecting data on the amber and size of materials
discarded. Observers found that net~nding operations vere usually
performed during the period observers vere busy performing sampling duties
below deck. It was also noted that it was difficult to monitor netmending
ac'tivitiea without vessel personnel being aware of the observer's activity
and purpose- Debris from net~nding activities vould likely not be tossed
overboard in the observer's presence For these reasonsy Che information
reported by observers which vas found most useful for this report was the
umber of instances where nets or cod ends were accidentally lost during
fishing operations.

In the gering Sea-Aleutian region, ll of the 368 reports submitted by
observers indicated that s net oz large portion of the net vas lost during
a fishing operation  Table 8!. Of the 17 reports, 8 were free vessels
participating directly ia the foreign fishery. The eight reports cited the
1oes of eight meta or portions of nets. If it is assmed that these
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No. of
Total reports So of

So. of with reports
reports aet Ioes lost acts

percent Sstinated
observer So. of
coverage net lossesRegion/nation/vessel class

gering Sea-Aleutian

Japan

S6 7
71.S
36.4

Nother ship
Large travlers
laal 1 trawlers

7
29

250

1
1

ll

South Korea-travlers 60 45 ~ 7

Vest Geraany-trailers 70.1

Total foreign fishery 349 43.5 16

Joint venture 19 15 56.6 26

44.2Total all fisheries 17 23

Coif of alaska

Japan

15
30

66,6
57 ~ 1

Large travlers
Seall travlers

South Korea 29 3S ~ 5

Total foreign fisheries

Joint venture

'Total all fisheries

41 ' 3

19lg 10 14 72 ~ 9

1292 16 50.6 23

1
%caber of aet losses Ceterained by: Total a~her ~ Nnuber of reportel lost

nets/percent observer coverage.

reports account for all of the nunber of nets lost during the period of
obaerver sampl.ing, then an estiaate of the n~ber of acts possibly lost
during the 1983 fishery can be extrapolated to vance!s «ithont observers
 total nnnber of net losses equal aber of reported net losses/percentage
observer coverage! The resultant estiaated number of nets or large
portion of nets 1ost in the foreign fishery in 1983 «as 16  Table 8!. The
other nine reports «ere free the joint venture fishery They listed 16
inntanccs «here cod ends «em lost in the transfer of either fell or enpty
cga} ends bet«een foreign processing vessels and U.S- catcher boats. The
estimated nuaaber of cod ends lost in the entire joint venture fishery in
the goring Sea-kientian region i» 1983 «ns 26  Table 8!. There vere t«o

Table 8 ~ � Mumber of reports for U.S- observers of losses of nets or portions
of nets and estinated nunber 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 ~
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reports from observers indicating the loss of two nets or portions of the
nets in the foreign fishery in the Gulf of Alaska in 1983. These two
reports result in an estimated loss of four nets or portions of nets in
l983  Table 8!. Observers reported 14 cod ends Ioat during transfers in
joint venture fisheries in the Gulf of Alaska resulting in an estimated
loss of 19 cod ends in the joint venture fishery  Table 8! .

Therefore> s total of 65 nets or portions of nets vere estimated to
have been lost in the foreign and joint venture fisheries off Alaska in
l983. Most of the estimated losses �5! occurred in the process of
transferring cod ends betveen processing vessels and catcher boats in
joint-venture fisheries. It 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 vhich
may have occurred in the 1983 trawl fishery.

EXTKllPbLATED ESTIMATE OP MET LOSS 1954 82

To provide the vorkshop a starting point froa which to discuss the
potential net loss associated historically with the travl fishery, we have
made an estimate of the net loss 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 assumption
is made that the rate of loss for all years vas the same as that observed
in 1983, then it is possible to estimate the loss for earlier years. The
l983 data suggest that. the rate of loss in the foreign fishery is distinc-
tively different from that of the joint venture fishery There are tvo
possible sources of losses in the joint venture fishery.' loss associated
directly with trawling operations and the additional. loss due to the at-sea
Cransfer of cod ends. Therefore,'in estimating net losses for years pre-
ceding 1983, tvo rates  number of nets or large portions lost per vessel-
month! of loss vere applied to the effort  vessel~nths! from earlier
year ~  Table 9!.

Xt ia difficult to determine hov realistic the estimates of net lose
are for 1954-82 because there ia no corroborative information available.
We 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 Qe suspect that the gear loss in the Gulf
of alaska frees 1965 to l977 may have been higher than estimated since
foreign vessels targeted on rockfish in areas in the eastern Gulf of Alaska
over rather rough bott'. The lilrelihood of gear loss or damage vould. be
increased in that type of fishery. We also suspect that for the period
1+~4> the amount of gear lost may have been substantially higher than
estimated, since substantial foreign fisheries targeted on pacific ocean
perch over rather rough sea bottle at that time. Before 1960, the fishery
vaa to acme extent still experimental; therefore, the probability of gear
damage and loss «ay have been higher than estimated as well..

DISCUSSXON

Xt ia evident to ue that there is no reliable estimate of the amount
tel gear damaged or loat in the trawl fishery off Alaska Although

OCtnal observations vere made by V.g obaervera in 1983, they nay be
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Table 9.� Extrapolated eati«ste of net or large portions
of net loss in the travl fisheries off Alaska> 1954-83 ~

Bering Sea-
Aleutians

Gulf of

AlaskaYear Total

inadequate because of sa«pling circa«stances. Rates of gear loss before
1977 are even less reliable because levels of fishing effort can only be
approxi«ated. The potential for obtaining future data which vill provide
«ore reliable esti«ates of the a«ouut of gear lost no» exists through the
observer progra«. By lav, all foreign vessels «ust nov carry U.S.
fisheries observers while participating in directed or joint venture
fishing activities in the 0 8 FCK. There is a need to evaluate the work
already perforned by observers in this area and deveiop a plan for future
data collections which vill provide the infor«ation needed to «easnre the
impact of the trawl fishery. Many foreign vessel operators see« to be
acutely aware of the interest of observers in the collection of data on net
loss and the discard of debrisi IC is apparent that the presence and
activities of observers can also be used as a deterrent to the discard of

is by foreign vesssels.

1954

1955
1956
1957
1958

1959
1960
1961

196 2
1963
1964
1965
1966

1967
1968
1969
1970

1971
1972

1973
1974

1975
1976
1977
1978

1979
1980
1981
1982
1983

1 1 1
1 2
4

10
16
16
17
12

16
11

14
17
17
22

23
21
18

21
17

29
21
21
22
20
27
34
42

0 0 0

0 0 0 4 4
4

10

9
10

10 5
3 2

3 2 3 3 3
3 3 3
3 5

15
22
22
23

I

I I
I 2
4

14
20

20
27
21
26
21

19
20
19
25

25
24
21

24
20
32
24
24
27

35
49
56
65
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Ae we improve onr sampling of the foreign and joint venture operations,
ho+ever, we need to obtain equivalent data from the rapidly developing
domestic trawl fisheries. The expansion of the domestic fleet bas
essentially limited foreign fisheries to targeting on pollock, yellowfin
sole, and turbot in the eastern Bering Sea, and pollock in the Gulf of
Alaska. Fisheries targeting o» pollock and yellowfin sole operate over
relatively smooth ocean bottcsss or use mid+ster trawl gear As such, the
probability of gear damage and loss in these fisheries i.s low.

On the other hand, domestic fisheries have developed for Pacific ocean
perch and Atka mackerel in the Aleutians and flatfishes and other bottom
species in the Gulf of A1.aaka. These fisheries are often conducted over
hard uncertain bottom where the probability of gear loss ia higher. The
need to monitor gear damage and loss in these fisheries may be greater than
in other domestic fisheries that target on pollock, yellowfin sole. and
Pacific cod over relatively smooth ocean bottom.

I ITERATURE CITED

Bakkala, R., W. Hirscbberger, and K. Ring.
1979. Tbe groundfisb resources of the eastern Bering Sea and Aleutian

Islands region. Mar. Fish. Rev. 41�1!:1-24.

Bakkala, R. G., and L.-L. Low.
1984. Condition of gronndfish resources of the eastern Bering Sea and

Aleutian Islands region in 1984. Unpubl. rep., Northwest and Alaska
Fish. Cent., Natl' War. Fish Serv., NOAA, Seattle, VA 981 15, 202 p.

Cbitwood, P. E.

1969. Japanese, Soviet, and South Korean fisheries off Alaska,
development and history through 1966 . U.S. Fish Wildl, Serv., Bur.
Caesar. Fish. Circ 310,

Fiscus, C. I , and P. Xoaloff
1972. Fnr seals and fish netting. Appendix E. ~I Fur seal

investigations, 197li Unpnbl. rep. Natl' Mar. Mull Lab.,
Northwest and Alaska Fish. Cent , Natl. Sar. Fish. Serv., NOAA,
Seattle, WA 98115.

Fbrreater, C. R., A. J. Beardaley, and T. Takabasbi.
1978. Groundfisb, shrimp, and herring fisheries in the Bering Sea and

nortbeaetern Pacific � historical catch statistics through 1970. Int
North Pac Fish. Comma. Bull. 37. 147 p.

Fooler, C. W.
1982 Interactiona of nortbern fur seals and comamercial fisheries.

Trans. N Am. Wildl. Nat. Resonr. Conf. 47:278-292.

French~ R, R. Nelson, Jr., and J Wall ~
19g2. Rol.e of United States Observer Program in management of foreign

fisheries in the northeast Pacific Ocean and eastern Bering Sea.
km J. Fish Manage 2:122-131 '



153

Laughlin, T. R., L. Consiglieri, R. L. BeLoag, and A. T. Actor.
1983- Incidental catch of marine mammals by foreign fishing vessels,

1978-81 ' Nar. Pish. Rev. �-8-9!: ~9

Releoa, R. Jr'� , R. French, and J. WaIl ~
I'981 ' Sampling by U.S. observers on foreign fishing vessels ia the

eastern Bering Sea aud Lleutian Island region, 1977-78. Mar. Fish.
Rev. 43�!:1-19>



l 54

THE OREGON EXPERIENCE

Judie Reilaon
Oregon Department of Fish and Wildlife

Portland, Oregon 97208

There is virtually no information available to the Oregon
Department of Pish and Wildlife ta judge the extent of injury or
death to fish, aquatic, and terrestrial wildlife resulting from
ingestion of ar entanglement in plastic debris. This paper
describea the impacts of plastic debris on fisb and wildlife
along the 563 lm. �5~i! Oregon coast based on the findings
o f a cleanup project .

To learn more about tbe 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 end inventory the debris. By
filling out questionnaires, they indicated pounds collected,
miles walked, and whether debris «as generated by beach use or
ocean drift Debris categories included food packaging and
utensils, fishing gear, rope, strapping, six-pack holders,
bottles and jugs, or bags and sheeting. Dead birds found on the
beach this fall vill 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 th» past 5 months. It all began because the Nay-June issue of
the Alaska Pish and Geae Department'a magasine waa delivered to my office
by mistake. Flipping through it, I was drawn to an article entitled, "The
Plague of plastics," by freelance «riter, Tam Paul. Ee wrote about the
increasing proliferation of plastic debris into the natural environment and
the resulting ingestion or entanglement by wildlife.

Although I have no scientific background, I was aware birds become
entangled in monof ilament f ishing line and air-pack rings, but I didn' t
know they had an appetite for styrofoam and small bite of plastic.

In July, I attended the annual meeting of the Western Association of
Fish and Wildlife agencies. This gave me the opportunity to talk to fish
and wildIife managers fram tbe 14 vestern states, Alberta, and British
columbia. The folks I talked to agreed they had a vague awareness there

a problem with plastic but bad not seen much written about it-

~O Oea S O. rO*iae  oaitOre!, traceoaiaaa Of Ao QOrkohop Oa tbO tata boa 1$94CC
vtao lobrio, 25-29 sovoebor 1914, xooololo, soeaii. sisi soli co«seri ~ saaa roobi uoao.

~s 54. 19e5.
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At the end of the conference, the %cetera Association adopted a
resolution asking its members to "inform legislative aad administrative
bodies and the general public of the danger of plastic debris to wildlife,
and of the need to reduce its proliferation into the environment. s

I had the idea of organizing a cleanup of plastic debris on Oregon's
563 km �50 mi! of coast. All but 42 km �6 mi! is publicly ovned.

A steering committee vas formed. Ve divided the coast into 14 zones
and found local residents to be "zone captains" to identify which areas
were accessible and where debris, once collected, could be stacked.

Our statewide newspaper, The Oregonian, published an article on 11
August explaining the project and my telephone has never stopped ringing.
Ve had groups and individuals volunteer to help clean up debris, Chambers
of Ccnnmerce and service clubs offer to feed volunteers ~ five coastal
coammnity banks contribute money for food, and food brokers donate 307
dozen hot dogs and buna to feed the volunteers. A public utility company
provided 2,000 reprints of a Parks Magazine article entitled, "Plastic
pollution: A worldwide oceanic problem," aad these were mailed to each
volunteer. A discount store chain printed 5,000 large posters sskiag
marine users to keep plastic on board. The Oregon 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 ~

Ny origiaal goal was 1,500 volunteers � roughly 10 for each of the 241
ba �50 mi! of accessible beach. Ife picked Saturday, 13 October, to
coiacide with the Tear of the Ocean and Coastweek activities. The picknp
hours of 9 a.m. to 12 p.m. agreed with favorable tides.

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

On Priday, 12 October, the «esther took a drastic turn for the worse
Cele force winds lashed the coast. Small craft and beach erosion warnings
were repeated over aad over on the radio and people vere cautioned to stay
off the north coast beaches.

Saturday morning dawned to more high wind, hail, and driving raia.
Despite the black sky and bleak forecast, voluateers arrived by the car and
busload, dressed for the veather aad raring to go Because emergency
services closed two zones, some volunteers worked in the dune grass and
along beach roads and parking areas.

At the designated meeting sites, each volunteer was given a 5 3-liter
�~el! plastic collectioa sack. a free leach ticket, a verbal varning
about sneaker waves, and a questioanaire-

The questionnaire asked how many people vere in the party, the number
of males and females> amd the range of age- 4 asked for the location and
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number of miles gleaned and whether it was sandy beach, estuary, rocky
beach, or road ac ce e e.

The questionnaire listed different types of plastic debris and had a
category for special observations. They were on 12.7 x 17.8 cm � z 7 ia..!
card stock and included my name and return address for easy mailing ~

In addition to listing plastic debris, volunteers were asked to note
dead or sick eea lions or seals because of sn outbreak of leptospirosis in
marine mammals. Fresh dead birds were delivered to the Hatfiel.d Marine
Science Center Disease Laboratory for the Oregon State University staff to
necropsy. Twentymne birds were delivered to the center.

On Monday after the cleanup, I telephoned the zone captains to obtain
an estimate of the neer of volunteers participating and the sacks
collected. k total of 2,100 volunteers in the 14 zones filled 2,412, 5,3-
liter �0-gal! sacks. Over half of those who participated came from inland
cities and drove at least 121 ka �5 mi!. There vas excellent involvement
by coastal residents ae vel.l.

To my 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 debris. Ne know that on l3 October 1984, the Oregon
coastal beeches produced: 48,898 chunks of styrofoam larger than a
baseball. Noet wae found adjacent to our largest river mouths, especially
those with marinae or houseboat mooragee upstream. Styrofoam shows up on
the Oregon coast froa small bead size up to pieces as large as 0.9 x 1.2 m
� x 4 ft!. Coaetvide, the average percentage of styrofoam vas 601 but on
the north coast, it vae ae high ae 92'. By contrast, south coast sonee had.
smaller amounts, except on the beeches adjacent to river mouthed'

Strapping bande, of vhich there were 2,055, vere most prevalent on
open beaches. They come in all colors but are uniformly about 0.9 m � ft!
Tong e

Rope ie in high quantity on the entire coast; 6,117 pieces vere
collected' Small, 0.3-m �-ft! lengths and tangles 0.9 to 1-5 m �- to 5-
ft! long wash ashore, wound up in globe of kelp.

There were 1,442 six-pack ringe. They were most preval.ent on beeches
frequented by picnickers which may be due to Oregon'e law requiring their
breakdown vithin 120 days when exposed to ultraviolet light.

The 4,187 plastic milk jugs, bleach bottles, 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 south of the Columbia River. The
1~097 pieces of fishing gear artificial worms, large and small sections of
net. or lengths of mnofilament Tine vith hooks were collected. One large
net which had been on the beach for several months, weighed over 136 kg
<300 lb!. Fifteen to 20 units of heavy cord and fiber trawl net in 9.1-
12 2 m �~ ft! lengths had to be hauled away by truck.
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The 4,909 bags or sheets of plastic appeared in all locations. They
were generated equally from beach and ocean users.

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

The hirde collected included 10 northern fuluer ,Fulp~rue dlacialis,
1

murre, Uria aalfe. plastic particles vere only found in three fulmars ~
One had styrofoam, another had a herC, blue plastic ballpoint pen clip, and
the third had two hard, green plastic chips. The fulmar also had feathers,
pine needles, and bits of fish bone. The vestern grebe stomachs vere
crammed vith feathers. ALI birds had good fat content and did not appear
to be starving. The examinations gave no indication of the cause of death
ezcept as the result of the heavy storm.

SO QMT DID VE LEARN FROM THE OREGON EXPERIENCEZ

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

We do know it is possible to find over 2,000 individuals willing to
get up at 5 a.m., drive to the coast, and go out on 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, and lugging them back to their car or truck. kad aftez
they do that, they enjoy getting together with others to compare what they
found ~ They are also villing to sit down and fill out questionnaires and
attach postage to mail in the cards

We learned the north coast zones, adjacent to the Columbia River, had
the highest incidence of discarded net and styrofoam. The south coast none
captains felt most of their plastic debris vas from ocean drift because
severe vinds tend to keep the beaches free of lightweight material.
l'ercentage use of beaches by humans vas higher in areas adjacent to parking
lots on the main highway, especially those fzequented by people from the
larger inland citiea.

Plastic was not the only culprit on Oregon'a beaches. Aluminum foil
and food containers, aerosol cans, vine and liquor bottles, paper
containers, and newsprint vere mized vitb the plastic debris. This vas
especially true on tbe south coast where the majority of debris vas not
plastic.

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

Because plastic is lightweight and floats, it vas the mst obvions
debris collected. We have no vay to determine the amount of other material
vhich has been discarded in onr rivers or the ocean.

In several locations~ having completely cleaned a section of beach on
the morning of 13 October, volunteers returned to the same section a second
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time in the afternoon aad again the next morning followiag a high tide. A
5.3-Liter �0-gal! sack could be filled each time, and the ratio of rope,
strapping bands, styrofoam, jugs, and fishing gear vas the same. This
leads to the conclusion that the majority of the debris on the Oregon coast
is from oceaa drift.

SO TRMT MIGHT BK DONE TO REDUCE OCEAN DEBRIST

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

Row we all know there ia a fine line between emotionalism being the
motivator for cleaning up the beach and those who want to find out the
facts and work toward solving the problem. A 1984 Marine Debris Bulletin
article forecast that "Plastic particle pollution may provide the next
battlegrouad for seabird research and management." I prefer looking at the
problem as an opportunity to find solutions.

Ia aa effort to raise the public's awareness about plastic debris and
wildlife aad how they caa solve the problem, we are producing a 12~in
educational film entitled, "Get the drift " puaded by contributions from a
variety of interests, it will be available ia early January for use on
television aad to shov at schools and before civic groups.

There is a perceptioa by the public that plastic cannot be recycled.
I aa pleased to announce that the Society for the plastics Industry has
allocated 45 million to establish a Plastic Recycliag Foundation and
Institute to aggressively pursue methods to make it economically feasible
to recycle plastic ia large quantities. Although recycling does not
specifically iatercept the debris ingested by wildlife or which results in
entanglement, it does allow individuals an opportunity to take preventive
action aad be personally involved The plastic iadustry vill also explore
a «ay of having some items degrade more quickly whea exposed to
ultraviolet light.

The proposal. by the U.S. Department of Commerce to add wording
relative to discardiag at sea ia the commercial fishing regulations is a
begiaaing. T recosnsend similar language become a part of all angling and
marine board regulatioaa ~

As a pramoter of a volunteer effort, I know the problem ve are
discussing struck a responsive chord with the public. Their doaations to
date have had a dol.lar value to my agency of over $20,000.

<11 of you are professional scientists, policymakers, or journalists.
My wish ia that yoa «ill put your knowledge about the fate aad impact of
«arime debris into "street language." Rather than triggeriag counter
prodnctive action such as restrictive legislation which could cripple
several industries, we need to get our information out of the laboratories
o4 into the minds of those who can help find practical solutions.
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Z appreciate having the opportunity to chare the Oregon erpezience and
will be happy to anewer your questions.

Thank you.
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FISH SETS AND OTHER PLASTIC LITTER OH ALkSXA BEACHES

Theodore R. Merrell, Jr.
Northwest and Alaska Pisheries Center Auke Bay Laboratory

Rational Marine Fisheries Service, IOAA
Auke say, Alaska 99821

Qoantitiss of fish net fragments and other plastic litter on
Alaska beeches at eight. locations vere determined by foot surveys
fras 1972 to 1984. The beach survey sites extended about 3,000
km, from Amchitka in the Aleutian Islands to southeastern Alaska
end, therefore, provided a measure of accumulated litter from s
large oceanic area. I imitations and advantages of beach surveys
as an indicator of oceanic litter are discussed. Nost litter «as
from foreign fisheriesi Fragments of trawl veb always constituted
the bulk of the litter by «eight. Japanese gill net floats «ere
usually the most ntsserous item. Rumbers of gill net fragments of
each mesh sine 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 on different beaches varied
greatly. Quantities on southeastern Alaska beaches were usually
much less than in the vestern Aleutians. On Amchitka Island,
where surveys extended over the decade 1972-82, litter rapidly
increased during 1972-74  fram 122 to 345 kg/km of beach!, but
decreased 26X by 1982 to 255 kg/km- Between 1974 and 1982, there
vas a 37X reduction in might of trawl. veb on Amchitka beaches,
and the number of gill net floats declined 47X. The decrease in
Litter on Amchitka betvee» 1974 and 1982 is attributed to fewer
travlers and gilLwetters fishing off Alaska and shovs that
marine litter could be rapidly reduced if disposal of litter at
sea vere restricted.

IITROMCTION

A serious pollution problem has resulted frcss the enormous quantities
of plastic litter afloat on the oceans of the world. In 1975, it vas
estimated that 6.4 million metric tons  MT! of litter is annually discarded
free, ships  National kcademy of Sciences 1975!, and in Alaska vaters about
1,664 Mf of plastic litter is lost or discarded annually from fishing
vessels  Nerrell 1980!. In klaska, plastic litter-mspecially fish net
fragments � is common, even in the most remote, uninhabited areas.

Jg S S Shamata eSS S e. Zeehila  ell,tete!, Pteaeeaiage et the Werhehep oa the fate aaa Impact
et larvae sahara~ 5-8 Orreal 1Sa4, seeehL'cy Iaeeji s s ~ hes ~ ceeeer ~ seaa Tech
~e 5se 1SS5.
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The question is often asked: "So whaty Why be concerned about marine
litter'f" Litter is aesthetically offensive ~ Ropes and nets disable
vessels by entangling propellers, and sheet plastic can block cooling vater
intakea for engines. Lost or discarded litter, particularly net fragments,
traps marine maeuaals, birds, and fish, resulting in their suffocation or
starvation.

Annually, between 1972 and 1974 and again in 1982, I conducted
systematic surveys of ten 1-ha beaches of Amchitka Island which is 2,400 km
vest of Anchorage Alaska  Merrell 1980, 1984! ~ In 1984. I expanded the
surveys to southeastern Alaska but' did not repeat the AInchitka surveys ~

I tried to ansver several questions by my surveys'. What kinds of
litter vere on the beaches'? What vere the sources of litter? Did the
kinds and amounts of litter vary from ares to area and from "e to time?
Lastly, could I develop simple, quantitative methods for measuring beach
litter, methods that could be used by inexperienced people for comparable
results from different observers, different years, snd different geographic
areas7

In this paper, I discuss and compare results of my surveys on Amchitka
Island vith those of surveys in southeastern Alaska emphasising litter
that traps marine animals � trawl web, gill nets, and straps. I describe,
in detail, the methods used and discuss their limitations.

SURVEY METHODS

The methods vere the same for surveys of Amchitka Island and
southeastern Alaska. All pieces of plastic litter visible from walking
height vere recorded; that is, any pieces larger than about 5 mm. Only a
part of the litter actually present vas accounted for because I did not try
to uncover litter partially buried in sand, cobbles, or driftwood' To
minimise variability caused by differences in efficiency of different
individuals, I participated in all surveys. A complete description of the
methods and equipment is in the appendix.

LITTER 01 AMCHITKl. ISLAND AID

SOUTHEASTERN ALkSXA SRACEKS

With minor exceptions the proportions of each kind of litter on
kmchitka Island beaches vere the same in 1982 as in l972-74  Table 1!
 Merrell 1984!. Although hundreds of kinds of plastic items were found ~
only 23 items vere found 5 er more times in 1982. Twelve items «ere used
in commercial fishing; most of the other items vere probably discarded as
garbage from fishing vessels. The amount of litter on Amchitka Island
rapidly increased during 1972-74  from 122 to 345 kg/km of beach! but
decreased 351 by 1982  to 225 kg/km of beach!.

adoring the 4 years of surveys on Aacbitka Island, trawl-web fragments
vere, by far~ the most common item: 76-85X of all litter, by weight  Fig
l! ~ Trawl fishing, primarily by Japan and the 0 ~ 8.8.R ~ , on the continental
shelf of kXaaka reachel a peak in 1972, eben 706 travlers vere fishing in
the area  J. C. Ha amd, Law Enforcement Ir., Natl' Mar. Pish Serv., IOAA,
tumeam alaska/ pere ~ ccwsQn ~ ! 4 Subsequently in 1976 ~ as a result of
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Figure 1 � Trawl web and other plastic litter on 10 kachitka beachea,
1972-74 and 1982.

entenaion of Q.S. fiahery jnrildiction fron 19 to 322 ha  l2 to 2M ni!
offahore, the amber of foreign trawlers decIined 66Z, to 232 trawlera in
1982  Pig. 2!i This large reduction vae prinarily a reenact of fewer Soviet
veaaela � froa a peak of 377 @allele in 1972 to only 6 weeaela in 1982

It nay be asauaed that noet txaw1.~b fragnenta are fraa Japaneae
fiaheriee, although the nmber of trawlere fry other natione ia
increaeing In 1982, for exanpIe, over 80Z of the foreign trawlexe off
klaaka vere Japaneee. Other percentagee were: Republic of Korea 13Z,
U S 8 R 3X, Taiwan 2Z, Poland lZ, «nd West Ceznany <1Z  Hannond pere
coannn ! ~ The Ui8i trawl fiahery ia rapidly expanding bnt haa not bean in
exintence long enongh to contribute aignificantly to beach litter.

Secanee of thia rednction i» the trawl fiahery, X expected eaaller
qeantitiea of trawl web on kachitka beachee in 1982 than in 1974. Thi ~ «aa
indeed the caee � there was a 37Z rednction in total weight of trawl~1
accmnlatione on kachitka beachee  fran 272 kgiha in 1974 to 171 kg/kn ia
1982!. During the cane period, however, the nmher of trawl~b fragnenta
increaaed, and the average veight of fxaeaenta decreaaed abont 50X, fxaa
11.5 to 5 kg per fragnent.

Cill net floata do not caeae entanglenent, of coerce, bnt they do
indjcate the guantitiea of gill netai On kachitka Xaland, the neebex of
gill net floate incxeaaed ateadily betveen 1972 nnd 1974, thea decreaaed by
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1982. Most gill net floats and nets on klasba beaches probably oxiginated
froa the loag-standiag Japaaese high seas fisheries. For over 3O years,
Japan has been the principal nation fishing vith uoaofilament gill nets in
the North Pacific Ocean and tbe Bering 8ea, although Taivan and the
4public of Korea have recently begun gill net fisheries for salaon and
squid. There are tbx'ee aajor Japanese gill aet fisheres in the North
Pacific Ocean aad tbe gering Sea  Fig. 3!: �! a uotber ship fishery for
salaon in the Iering Sea aad the northern North pacific Ocean. �! a land-
based fishery, also for saluoa, south of the uother ship fishery, aad �! a
fishery for squid, south of the land-baaed salaon fishery 4 fourth lazge-
aesh, gill. net fishery for uarlias and othex pelagic species exists in the
central and «estern Pacific Ocean but is aot discussed here-
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Pxgure 2.� Sealer of travlers ia the gering gea ead nortbve t P f
Ocean 19~2  solid and dashed linea! aad veight of travl veb on
kaAitba slaad beaches  bars! - Seabed lines are eztrapolated for
years vitb ao 8oviet trav1 data. 8ource of data: 1954-59, Forreater
et a 1 � 978!; 1962%6, Chituood   1 969!; 1 970-82 ~ J. C Hammond pere .
C~a
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Figure 3 ~ � Locations of Japanese mother ship and land-based salmon fisheries
and squid 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 l974 and 1982  Fig. 4!. In 1977, the
U.S.S.R. closed a large area to Japanese gill~etters off its coact in
adjacent waters of the North Pacific Ocean and tbe gering Sea. Xn the same
year, the International North Pacific Fisheries Coswuissiou closed another
nidocean area between long. 175'B and l75 W and lat. 56'-46 N. Zn 1989
the number of Japanese salmon gill net boats was reduced nearly two-thirds
in the area remaining open to fishing, from 447 boats in l956 to only l72
boats. With fewer gill nets being fished and the elimination of gill-
netting frcxa a large oceanic area, tbe umber of gill net floats ou
kachitka beaches declined dramatically fram 126/km of beach in 1974 to
59Ihm in l982  Pig 5! ~

On the other hand, fishing effort in the Japanese land-based salmon
aud squid gill net fisheries is increasing, and Taiwan and the Republic of
gotea have started new gill met fisheries for squid in the North Pacific
Ocean. Little is hnoun about these squid gill net fisheries, except that
thuy are several times that of the combined Japanese mother ship and Iand-
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Figure 4.� Areas @here Japanese salmon 0other ship gi 1 1-net ters fished in
1 952-7 7 and 1 97 8-82,
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Hgnre 5 .~eaelative length  days by ki los1st sr 0 ! of Japanese g i 1 1-net tera
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based salmon gill net fisheries and extend over a huge area of about 122
mil lion km

Plastic straps, used in trawl fisheries to bind boxes of froaen fish,
nets, and other items for shipment, were also common on Amchitka Island ~
In 1982, straps vere second only to gill net floats as the most abundant
item. Coincident with the reduction in foreign trawl fishing off Alaska,
there vere 21X fewer straps on Amchitka beaches in 1982 than in 1974.

After my last surveys on Amchitka Island in 1982, there vas increased
concern about the numbers of marine animals entangled in litter, and in
1984, I vas able to survey beaches at seven locations bordering the central
and eastern Gulf of Alaska. Data from Amchitka Island indicated that' the
amount of litter from fisheries is roughly related to previous fishing
efforts Because trawl fishing has decreased in the central and eastern
Gulf of Alaska and is now prohibited east of I.ong. 140'W and north of lat.
54'36'I off southeastern Alaska  Stauffer et al 1983!, I, therefore,
hypothesiaed that there would be less fishery litter on beaches in
southeastern Alaska.

As expected. trawl veb and straps vere lese abundant in southeastern
Alaska than on Amchitka Island, but there vas a surprisingly large number
of gill net floats, despite the fact that no high seas gill net fisheries
have occurred nearby  Pig. 6!. At two sites in southeastern Alaska
Middleton and Ioyes Islanders the number of floats far exceeded the number
at Aachitka Island. Many vere weathered and had probably accumulated for
years. The types and the proportion of other litter, however, were similar
to those on Amchitka Island.

ENTANGLEMENT OF M&RIME ARIKLLS Il LITTER:
IS IT A SIGNIPICklIT PROBLEMS

Three types of plastic litter are known to entangle mammals, birds,
and fish: trawl veb, gill nets, and straps. There are many r'eports of
marine mammals becoming entangled in trawl veb hut fev data on the nmsbera
of entangled animals that die. Shaughnessy �980! has noted Cape fur seal ~
entangled in trawl web in southern Africa breeding colonies since 1972, and
Powler �982! concluded, on theoretical grounds, that aa many as 50,000
northern fur seals die each year in derelict trawl~b fragments. At this
workshop, there mre several reports of other marine mammals found
entangled in trawl veb, including Steller and California aea lions,
Hawaiian monk seals, northern elephant seals, and harbor seals.

Loss of discarded monofilament gill nets are also thought to
significantly contribute to the entanglement problem, but evidence is
lacking. I found only a few gill nets on beaches during the surveys, yet
gill net floats were nearly always the most numerous plastic litter on the
beaches. This is not surprising perhaps because more than 2.5 million
floats are in use in any year Several questions must be answered before
the extent of the gill net hasard can be assessed Hex long after loss do
gill nets pose a» entanglement hasardT Do floating gill nets ball up soon
after loss, thereby greatly reducing their entanglement potentialt Do most
nets eventually sink to the ocean bottca under the combined might of
leadline and entangled mammals, fish, and birdaT  Once sunk, nets will
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Figure 6. � Weight of trawl veb and numbers of travl~b fragments,
strap, and gill net floats on beaches at kachitka Island in 1982
and southeastern klaska in 1984.

remain on tbe bottom because floats lose their buoyancy when permanently
compressed by water pressure.! Why are gill net floats, unattached to netfragments or lines, nearly always the uost uberous plastic litter iten onbeaches? Hov do floats come loose from the nets to which they are
attachedT

Straps, the third plastic litter item, form continuous loops  Fig. 7!
that, if not cut before discarding, can entangle marine namsals Six
percent of tbe straps on kachitka beaches in 1982 vere uncut, and Eovler�982! noted straps on about one-third of the entangled fur seals on the
pzki1of Islands. Fur seals put their heads through the loops and are thenunable to hack out of them  Fig- 8! ~ This source of entanglement couldeasily he eliminated if' the straps vere cut before being discarded.
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Pig@re 7.--Uncut strap.

Figure 8.� Fnr seal vith anent strap arose' shoulders, St. Paul island,
Pribilof islands.
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CAVEATS AND INTERPRETATION OF BEACH SURVEYS

Comparisons between the 1984 survey ia southeastern Alaska and 1982
survey on Amchitka Island illustrate some of the problems affectiag
conclusions based on beach litter surveys  Fig. 6!. For example,
quantities af litter oa beaches vary enormously, even on beaches with
similar characteristics, such as Noyes and Kuiu Islands in sautheastern
Alaska. These islaads are only about 32 km apart; both face southwest aud
havt similar physical characteristics. Yat, compared to Kuiu Island, Noyes
Island has about 4 times more travl~b fragments, 1O times more travl veb
 by might!, 4 times more straps, aad 3 times more gill net floats.
lhddletoa Island is another striking example of unevenly distributed
litter. Beaches on the southern side of ?hddletoa Island are awash in
litter, whereas beaches on the aorthera side have almost none.
Undoubtedly, tides, cuneate, and prevailing winds affect the distribution
of l.itter. Thus, data from beach surveys should be used only for' broad
iaferences. Qmntities of litter are so variable and causes of variability
so little understood that elegaat statistical treatments are inappropriate
and could be misleading.

bespite these caveats, some valuable insights can be gained from well-
planaed, careful.ly executed beach surveys. For example, based on gill net
mesh sixes, I found that most af the gill net fragments on beaches in
southeastern Alaska were from the laad-based salmon snd squid fisheries
 Fig. 3!. On 15 km of beach in southeastern Alaska, 21 fragments of gill
net «ere found. Fourteen �71! of these fragments were 110- or 1 1M
stretch measure, which is the mesh sixe used in the Japanese land-based
salmon and squid fisheries. Only three �41! fragments were 120~m stretch
measure, the mesh aise used by the Japanese mother ship fishery ~

CONCLUSIONS AND RECONMENMTIOHS

I came to two coaclusioaa from my surveys. First, beach surveys are a
costmffective method of assessing the quantities, types, aad sources of
litter aad trends ia acctenxlations, if surveys are standardixed over
measured sections of beach. Second, litter oa 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
aad regulatory mechanisms were ustd more effectively to control ship-
generated litter. The priacipal international treaty regulating pollutio
of the mariae environment by ships is the 1973 International Conference on
Marine pollutioa from Ships which i ~ administered by the InterGovernmentaMaritime Consultative Orgaaiaatioa  IMCO!. Annex V of this treaty limits
the disposal at sea of plastics, including synthetic ropes and nets <"0l977! e ha of 1 February 1985, only 21 countries ~ representiag about 33
the gross tonaage of the world's merchant shipping. have ratified Annex V'Japaa, which haa been one of the principal sources of plastic litter rnAlaska meters, ratified the Annex V ia October 1983, bnt none of the otconatries with fishing fleets off Alaska  including the United States~8 $.8.R.a ~ ~ ~ y Republic of Korea, and Taxman! hare done soe The Nor'th PacificFishery Management Conacil, which controls conditions under which fishia permitted within 200 miles of the Alaska coast, could also be effectiveia reducing plastic pollntioa off hlasha Ships could be required to
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retain aboard al 1 garbage and scrap netting fo h d'or s ore disposal, as acondition for secur ing a f ish ing permit and penal t ' ld bpena ies could be imposed for
viol at lou s ~

onal studies are needed:
at are sources of

g gear need to be identi f ' d
of the gear xt

Po cause mo st net mat eriaI
y o f ishery that actual ly us d f

ve chemical or visual t
e to idenCify the national oey would be less hasardo ' f, an ne s cou

g I 1 nets should prob bl �gi ns
squid fisheries than

Beach surveys should be expanded to determine which regions have
the greatest. concentrations of Iit ter. Experiments should be conducted
with marked debris on beaches Co determine whether most litter stays ashore
once stranded. Finally, we need to inform fishermen that carelessly
disposed net s and s trap s can trap and kil I marine animal s.
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APPENDIX

INSTRVCTIONS FOR SURVZYING BEACHES AND RECORDING DATA

Careful preparations should be made before surveys begin- These
preparations include: �! precisely defined objectives, �! detailed,
expIicit instructions on methods and procedurea, �! portable marking,
weighing, and measurement equipment. snd �! large-scale maps of beach
survey sites.

Equipment for beach surveys  available from Forestry Supplies, Inc.,
P. 0. Box 8397, Jackson, MS 39204! is simple, inexpensive, and easily
carried: a Hip-chain to measure length of beach surveyed  Fight A-1!; a~ 1

Figure A-l.� Adjusting Hip-chain to begin measurement of beach survey.

Reference to trade names does not imply endorsement by the National
curine Fisheries Service, NMA.
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Trecoder Spotgun with orange dye to mark boundaries of beach surveys  Fig ~
A-2!; a set of Pesola precision spring scales, 50 to 20 kg, to aweigh
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 V.ST 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 Pesola 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 l 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 on, and litter does not
accumulate there.

MARKISG 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. lf 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 HKTHODS

Depending on the amount of lit ter, it normally takes from 4 to 16 h
for tvo people to survey 1 hn of beach. Count litter items vithin the
intertidal xone, from the vater's edge to the seavard limit of terrestrial
vegetation at the upper limit of normal high tide  Pig. h-4!. Most litter

Figure kA Limits of intertidal survey area at Middleton Island, calf of
>lassie- froa edge of «uter  bottle aad right of photo! to upper limit of
aormal high tide  center, «here drift«ood is conceatrated!. Ixtreme storm
tides scatter litter across the lo«Iand, «hich ia vegetated to the bluff
 upper left!, but this area is aot included in surveys.
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is concentrated near the upper limit of normal high tides. Count all
plastic items visible from s walking height  i.e., anything larger than
about 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 net
fragments  Fig. A-6!; ignore the burled portion. Do not dig or pull out
net fragments partially buried in sand, dziftwood, kelp, or cobbles. If a
Snarl of several sixes of netting cannot be separated, estimate the weight
of each size  Fig. A,-7! ~

INSTRUCTIONS FOR EKCORDING OSSERVATIOHS

See Figure A-8 for an example of a completed beach litter survey form.
Use metric system for all measurements.

Eight Margin

A metric scale is printed for measuring mesh sixes, twine diameter, etc.

Upper Left Heading

Name of surveyor s! aud date of survey.

Figure 4-5 -driftwood with traerl~b fzagmeut im foregzourNI. Iaformatioa
is recorded ou1y for litter visible om the surface.
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Figure h-6.--Trawl-wsb fragment partially buried in beach sand.
Information is recorded only for portion which is visible.

Figure 4-7.� Snarl of several sisea of trerl web. For each>
mesh sixes are measured, bat weights are estimated.
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Shoreline Length of beach.

Check predominant composition of beach  sand, gravel, or boulder! ~

Beginning snd ending times of survey.

Trawl Feb

Vse separate line for each fragment. Neigh snd measure any fragment
that has one or more complete meshes.

For artial fr cuts  "Part. Fr " .--Enter 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-

nearest whole scale marking. Obtain accurate weights of small fragments,
especially <1 kg Indicate "g" for grams or "kg" for kilograms for each
might.

stretched tight.

Twine. � Diameter of mesh twine in millimeters  mm! ~

glor. � Indicate mesh color by symbol: G ~ green, W ~ white, R red,
B ~ blue, 7 yellow, BK ~ black.

Eggs~. � Additional comments, e g , "snarl of mixed mesh sixes and
colors" or "weights of individual. fragments in snarl not estimated."

Strap

Indicate strap color by symbol as above  Trawl Web section! ~

~ stroke tally number of cut  open! straps, each color.

f~.� Measure inside length of each strap stretched tight  equals
one-half strap length!- Use separate block for each strap.

Trawl Floats

Indicate diameter  often marked on float! and color-

Use separate block for each float.

Synthetic Line

Estimate 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 dril.led or moulded in sides of
container.

Gill Net Floats

Stroke tally each «hole float or fragment greater than one-half.
Tally each float less than one-half as a "hard fragment."

Bottles

Stzoke tally plastic containers, collectively lumped under the terms
"bottles." Do not count tops or lids separately if ou container.

Cspa and Lids

Stroke tally those that are uot on containers .

Fr agments

Stroke tally hard and soft frag»a»ts separately. This categozy defies
precise definition. It is a subjective catchall for broken pieces of
larger items. Moat aze small. Include any fragment less than half the
original item. Arbitrarily decide vhether it is "hard" or "soft" plastic.
Most soft fragments are bits of syntbetic line, tzavl veb composed of less
than one complete mesh, or seine t«ine. Hard fragments are bits of gill
net floats, buckets, etc.

Stroke tally vithout differentiatimg size. These are inflated
commercial fishing floats, usually orange vith dark blue tapered tip.

Outboard Oil Containers

Stroke tally «ithout differentiating size  some are imperial quarts
a»d some aze U.ST quarts!

Six-I'sck Yokes

Stroke tally.

Miscellany

Use bl.a»k lines at bottom of form for additional items uot on printed
1%st. Continue remarks ou re«cree of form to describe unusual litter.

this clsssificstio» hss »ot yielded useful information and is time
smmamiILg~y be omitted
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Describe gill net wads, indicating mesh material  monof ilament or
mnltifilament nylon!, float material  hollow or sponge plastic!, color,
number and type of floats, stretch-mesh sixa, weight  actual or estimated!,
whether corkl.ine 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 completimg each survey, immediately check information recorded
on form to make sure all data are complete and legible. Add totals for
each item on each sheet and record sum 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 BNTANGLEMENTS

IN THE NORTH PACIFIC OCEAN AND BERING SEA, l978-84

Linda L. Jones and R. C. Ferrero

National Narine ~l Laboratory
National Marine Fisheries Service, NOAA

Seattle, Washington 98115

ABSTRACT

Since 1978, observers collecting marine mammal sighting data
in the North Pacific Ocean and Bering Sea during the period May
to August have also recorded sightings of discarded net debris
and entangled animals. Sightings of net debris vere made between
lat. 38'28' and 57'31'N and between long ~ 151'28'V and 179 35'E.
Of the net fragments that could be identified, three vere trawl
web, ranging in sire from about 1 m to larger pieces of
indeterminate sire, snd six were gill net, 20 to 150 m long. Tvo
travl net fragments had a total of three entangled northern fur
seal, Cali.orhinus ~s ~, but no marine masnsals or other animals
vere observed in the remaining pieces. One other northern fur
seal vas observed vith 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 . Oue of these vas
retrieved by a research vessel off Agattu Island, Alaska.
Although there were no marine mammals, several hundred seabirds
and salmon vere entangled.

During this study, data on most sightings of net debris vere
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 mammal observers  n
20! in the vestern North Pacific conducted searches for net
debris during daylight transits. In addition, personnel aboard
NOAA vessels began recording debris sightings in tbe eastern
North Pacific. These data are being used to examine the
distribution and to quantify the abundance of net debris. To
date during 304 h of survey, there have been tvo sightings .of
gill net and one of trawl net fragments This lo» 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 continne search efforts for
net debris and net entanglements during the 1985 and 1986 field
seasons ~

+n S g«msss s«S s 0 TsssQs  «sextets!, treceasiags of the workshop as rno rata s«4 Tessct
«f msrjs«5shrts, ss-2S s«ver«r Itasca ns««l>j<s ss««it s-s n«s. coaaer., seas T«ch. mm««.
~ nnsa-memss-sure-54. Has-
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ZHTRODUCTlON

Tvo sources of potential entanglement of marine mammals and birds are
fishiag gear in active use and lost or discarded gear. information
coacerniag the latter is limited. Dixon and Dixon �981! described three
methods of obtaining information on the distribution, amount, and
composition of litter in the ocean: estimation from the average amounts
per day generated by various kinds of activities such as fishing or
pleasure boati.ng; observation of floating debris at ees; and surveys of
litter on selected beachea.

Beach surveys have provided moat information to date due to relative
ease of conducting the cwork 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, hovever, does not necessarily
provide aa accurate measure of the kind or amount of debris floating in the
ocean.

Data have been collected at sea using surface to~a  Carpenter and
Smith 1972; Colton et al. 1974; Wong et al. 1974! and benthic travls
 Jevett 1976; Feder et al. 1978! ~ These have provided information on
plastic particles and miscellaneous debris but only limited information on
net debris DeGaage and Nearby �980! reported one instance of a lost gill
net in the eastern North Pacific Ocean. The only data on floating debris
collected by sighting surveys during vessel transits are provided by
Vearick et al. �973! in the central North Pacific Ocean and Norris �980 !
using similar methods in the Nediterranean Sea. Neither reported sighting
net fragments.

Coacera over incidental catch of marine animals hae been expressed for
turtles  Norris 1980!, sharks  Anonymous 1977!, seabirds  Tall et al.. 197 2;
Bourne 1977; King et el ~ 1979!, Cape fur seals  Shaughnessy and Payne
1979; ghaughneasy 1980; Bonaer and McCenn 1982!, baleen whales  Perkins and
Beamieh 1979!, mnall cetaceans  Beet and Rose 1977!, and northern fur seals
 Qaldichuck 1978; Koxloff 1979; Fovler 1982; 1985! ~

This paper summarises data collected oa net debris and associated'
eatanglemeate in the vestern North Pacific Ocean and southern Bering Sea
from May-hngust 1978 to 1984. These data provide quantitative information
oa the amonat of net debris present in these areas during the summer, and
comparisons between years may be possible Data from tvo cruises in the
eastern North Pacific are al.ao included.

Nost data mere obtained by United States biologists collecting, marine
aeaml sighting data on Japaaese salmon research vessels under the United
States-Japan cooperative research program on Dali's porpoise- Bach year
Japaa conducts salmon research in the North Pacifi.c from long,. 150'E to
175 M. Vessel tracks are at interval.s of about 5' longitude. Since 1978$
data have been collected by United States biologists on Japanese salmon
research vessels operating from Nay to August along, standard Crack liaee
betmmea lat. 3B' and 57 N in the mmatera North Pacific Ocean and southern
Bering Sea- Beginning ia 1981, Uaited States biologists «ere also placed
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aboard commercial fishing vessels of the Japanese mother ship salmon fleets
operating, from 10 June to about 31 July. Bight United States observers vere
aboard catcher boats each day and collected marine mammal sighting data
during transits to and from the mother ship  Fig 1! ~

The biologists vere trained at the National Narine Nanml Laboratory
 ML!, Northwest and Alaska Fisheries Center. Seattle. Washington, to
conduct marine mammal sighting surveys using the standard methods of the
?8%L Platforms of Opportunity Program. Observations vere made from the
flying bridge of the vessel and the forvard l80 arc vas scanned. Surveys
vere generally conducted when visibility vas greater than 1,000 m and the
sea state waa Beaufort 4 or less. These are termed "on-effort" data and
are used for quantitative estimates of marine mammal populations. Under
less favorable conditions and during fishing operations  e.g., setting or
retrieving gill nets!, sightings vere recorded but vere considered "off-
effort" and used only for determining distribution and seasonality.

During the period 1978 to 1983, data on net debris, abandoned gill
nets, and associated entanglements vere recorded inconsistently. Starting
in 1984, biologists 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 animals
entangled. Binoculars � x 50 or 10 x 50 power! were used to obtain
details of the sighting. The sixes of the fragments vere estimated as the
ship passed by them.

BESULTS

4 total of 1,768.5 nmi vere transitted during 196.5 h of "on-effort"
observation for net debris during cruises in the period from 1978 to 1983
in the western North Pacific  Table 1! ~ Tvo sightings of net debris vere
«ade: a travl fragment at lat. 52 5 and long 170 I and a gill net
fragment at 1st. 38'N and long. 174'E  Fig. 2! ~ There vere no marine
animals entangled in these net fragments  Table 2! ~

In 1984, 20 observers logged 973.2 h on "on-effort" surveys covering
7,559 nmi in the western North Pacific and 1,200 nmi in the Bering Sea,
north of 1st. 53'N. Three sightings of travl net pieces vere made; each
piece vas about 2 m in aise. There were also nine aightings of gill net
fragments ranging in siss from <0.5 to 150 m  Table 2 and Fig. 2! ~ No
animals were entangled in these fragments Four sightings of discarded
gill net vere within the mother ship salmon fishing area. Five sightings
acre in the area of the squid gill net and Japanese land-baaed salmon
fisheries  Table 2!

Xn addition to those described above, 30 sightings of net debris
during "off~ffort" observations have been recorded. Four of these were
trawl nets, 20 vere gill nets, one had trawl amd gill net fragments, and
the remainder vere not identified  Fig 3! ~ Of the tzav1 net fragments,

Tao northern fur seals, 1 sa'lmon shart~ ~ ~~, 11 birds  various
species!, and an unknown caber of salmon were also entangled in gill net
fragments, The siam of the gill net pieces ranged from 0.S to 200 m.
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The majority of net debris sightings vere gill net fragments in the
western North Pacific  Table 3!. Of seven sightings in the eastern North
Pacific' one trawl fragment, two gill net fragments, and four unidentified
fragments vere recorded. Za the Bering Sea, there were six fragments; one
was travl net, the remainder, gill net  Table 3 and l'ig. 3!. The
preponderance of gill net fragments is a reflection of sighting effort:
being mainly ia gill net fishing areas.

The effect of weather conditions on sighting of debris is shown in
Table 1. There vere no "on-effort" sightings of net debris ia sea state of
Beaufort 4 or greater althoagh there vere 309+ h of observation. During
soff~ffort" periods, net fragments vere sighted on nine occasions in sea
states of Beaufort 4 or greater, however, in five cases the fragment vas
entangled in the vessel's gill net or other gear being brought on board
 i.e., fragments vere not sighted free floating! ~

Za 7 years there vere eight records of gill net discard from vessels'
Corkliaes and leadlines vere removed in all but one case gise ranged from
a clump of net <0.5 m~ to a 400 m length.

Since 1978, three lost or abandoaed gill nets have been sighted. Xn
1978 DeGange and Nevby �980!, aboard a salmon research vessel in the
western North Pacific �st. 49'15'N sad long 168'l4'E!, observed the
retrieval of 1,500 m of gill net with 99 seabirds, 2 salmon shark, Lgla~n

an abaadoaed gill net  approximately 15 km! vas retrieved off Agettn Island
 lat. 51'38'N and long. 175'48'B! by the cree of a vessel dedicated to
mar'ine mammal research. No marine mammals vere entangled bnt there vere
two salmon shark, L. ~d't ~s. At least 255 anklets  several species!, 14

wrreI, 'Uria spp., 17 shearnierI, ~Paf inus epp., and 14 anideatifie6 birds
were also entaagled. Salmon vere in poor condition indicating the net had
been fishing for at least several days. Salmon vere counted for only 35
mia of the nearly 3 h of the retrieval period; the minimnm observed conat
eas 175.

On 15 July 1984 at lat. 55'l8'1 and long. 174'20'E, one section of
gill net  approximately 5 km! including radar> radio, and light bnoys vas
lost dnring fishing operations. Tso sections  approximately 10 km! «ere

'4

~ nd acsserons salmon.

DISCUSSEON

The amocmt of aet debris aad number of associated entaaglemeats
observed are lo» ia spite of the fact the study was conducted primarily in
the gill aet fishiag area. The low incidence of sightings may be a
fnactioa of the difficulty of sighting debris or of infrequent occurrence
of net frayeeats. Certainly fragments are difficult to aee if vsather
conditions are poor or the distaace fry the vessel is large. Although the
aajority of oar sightiaga involved spotting floats om the fragments, the
'floats are small, often drab colored ~ aad therefore, often difficnlt to see
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Net debrisVessel
Lat ~ R Ioag. Type Siae Eatsagleaeato

A Rosters North yscffic Ocsee

6/14/84 Coaaercisl SO'44' 171 49'E

6/24/84 Cosaere1 sl 49~29' 173'3S'E
I-l.f a hall Eely

Gill aet ead trs«l
«itb fleets

Gill set «itb
floats

Tr s«l
Gill sec»i.tb

floats
Gill aet «itb

floats
Gill aet «itb blas

f'lost ~
Gill aet
Gill aet
ylost «itb bisct

«ebbiag
Gill set ~ 3-S

floats
Gill aet
Gill aet, blecb
Gill aet
Gill set
Gill aet

5 ~ Noae

02
10 0

6/26/$4
6/27/$4

52«07'
51 46'

174'34'E
174'2S'E

Coaaere i el
Coaao re i el Noae

Noae
7/I/84 ~rcf el 49' 57' 173'3$' E

7/3/84 Coaaerci el f1 ~44' 174'l 2' E
go laos

«berk
Noae10 ~

0.2 0
1 0'
Qabaoea

7/4/$4
7/12/84
7/13/$4

169i2$'x
173'51'E
174'03'R

fl 4S'
50 41'
51 33'

Research
Reeesrcb
Casse rci el Noae

Nose
7/14/$4 Ceaaercisl 56 3S' 179'05'N

1 a
2 0

c

3 0
0.5 0 el«ay

2

100 0 or aors

7/15/$4
7/15/$4
7/16/84
7/18/84
6/27/83

Sli 55'
f1 ~ f5'
50 401
49'44'
S2' S 1'

173i35' E
173i35' E
179'03' E
1.74'47' E
174'SO' 8

Noae
Noae
Noae
Eely
Rs laos,

ll birds
Noae
Northers far

oesl

Coaaere i el
Coaaercisl
Coaaerc iel
Ceaaercisl
Camercf el

7/9/83
6/19/$2

172'06' E
170i47' E 20 ~ 3-ca bell

Well Piece
ere«ad
saiael' ~ seek

Oakao«a

fO'59'
50~16'

Coaasre i el
Cosaere 1 el

Gill aet
Gill aet �!

Tre«l �!6/20/$1 Re eearcb
2 aortbera

for seals

42'22' 180~00

Rasters Nortb Pacific Oceea
6/4/4 4 search

6/6/$4 Re soarcb

6/6/$4 Research

6/7/$4 Researcb

44 40' 130'23'V

44'39 130 27 "N

44e37I 130e27e N

44'44' 130'3$'W

Net »itb glass
bel I

Nsbso»s

babas«a

2 ~ cl«ay

Qabao«a

saba«os

Noae  escaagled
Oa CTN Reer!

NoseNst «ith yello»
gloss bell

Ret «itb yello«
glass bell

%re»l
Gill aet

7/29/84
7/13/78

39 27'
45'49~

155'00 "N
172 59'N 0.5 x 2 a

babas»a
Noae
1 aortbeca for

seel
Uabaooa

7/27/78 Research 43'30' 175'00'V Gill aet 200 a

C ~ Nsrfss gee
6/30/84
7/l3/$4
7/12/$4

177'43'E
179'2l'E
177'S2'8

Cease rcisl
Camercf al
~rcisl

57'0S'
36'30'
56«29'

Eely
Algae
Noae

2 ~ el«ay
0.5 0 elcay
gael 1 eaoaat

Gill aet
Gill aot
Gill sat «itb

fleets
Gill ast
Gill aet rieL

floats
Trs«l �!

7/13/$4
7/16/$4 5 a

5 + 1-2 0
trsfliag

llabw~

56'40'
56'34'

K7$'08 'E
l75«39'8

~reiel
Geaaescf al

1 aortbers far
seal

7/9/8$ Reeeeseb 57'31' 152'28'N

Table 3.� Locations and types of net debris collected during poor sighting
conditions, fishing, operations, snd other periods of nonactive search for
net debris  "off-effort" !
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unless close by and weather and sea state conditions are good. Since gill
net monofilament is nearly transparent in vater, to date gill net debris
without floats attached have only been recorded when they entangle on
operational gear. Thus, our sightings of net debris may underestimate the
amount present in this area.

Observations of the discard or loss of gill nets from research and
commercial vessels have been rare. The economic incentive from selling
used nets for recycling in Japan may hei.p to reduce the amount of discard
 K Kssaiy 6 2 0'temachi 2-Chome, Chiyoda-ku, Tokyo, Japan to M. Bahlberg,
Auke Bay Lab., Northwest Alaska Fish. Cent., Natl. Nar. Pish. Serv., %GAL.,
Auke Bay, AR 9982l pere. commun., July l983!.

Hovements of live animals entangled in debris may attract an
observer's attention and increase the likelihood of sighting. However,
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 lov probability of entanglement. In the Japanese mother
ship salmon fishery, entanglement of porpoise is a relatively rare event,
even in the large commercial nets l5 km long  less than one porpoise per
set!  Jones l984!. Therefore, the probability of an animal being caught in
a small fragment vould also be expected to be lov.

All aur sightings of marine mmmnsals entangled in debris «ere of
northern fur seals. Although entanglement in gill nets is rare in the
salmon fishery  <lO per year!, fur seals are frequently observed playing
near the nets. It is possible they similarly play with frayxents and
become entangled if the mesh and fragment sise are large enough.

Determining the impact of net debris on marine animal. populations vill
require more information on a nmsber of factors. 1>istribution of animals
in relation to fishing operations, sise of mesh, sise of fragments, and the
fate of debris in relation to ocean currents carrying the debris from its
original location. For example, one gill net � km long! became tangled
into a "green rope" «ithin 24 b during a severe storm  Jones pers. observ.!.
Surf action may tangle net debris similarly  %rrill 1977:fig. l; photo-
graph in Anonymous 1973!. These actions vill reduce potential adverse
impact on marine animals. Data are also needed on the relationship betveen
fragment and mesh sixes and catchability of different species.

United States biologists on Japanese commercial and research vessels
vill continue to collect data on net debris and associated entanglements in
198$ and l986. Observations of net debris «ill also be recorded by the
Rational Oceanic 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 DEHRIS
IN THE NORTHWESTERN HAWAIIAN ISLANDS

 Abstract only!

John R. Henderson and Miriam E. Pillos
Sonthvest Fisheries Center Honolulu Laboratory

National Marine Fisheries Service, NOAA
Honolulu, Havaii 968l2

Since 1982 Southvest Fisheries Center Honolulu Laboratory,
National Marine Fisheries Service, field personnel in the
Northvestern Havaiian Islands have monitored the presence and
accumulation of vebbing and other marine debris considered to pass
a haxard to Havaiian monk seals. This paper smmsarixes results of
this effort in 1982 and 1983. Webbing samples have been grouped
by tvine diameter and mesh sixe and provisionally identified as to
gear type. Rates of accumulation of marine debris are presented
for Lisianski and Laysan Islands.

of zoo Sorsohos oo t ho Poco 4%4 roSo osS. ahaaarO Osd n. O. roIai4e 44<<oco~ ~ ~~~ ~ S S ~ n c., Soaa rOOg. mooO.
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OBSERVATIONS OF M&N-MAM OBJECTS
ON THE SURFACE OF THE NORTH PACIFIC OCEAN

Michael L. Dahlberg
Northwest and Alaska Fisheries Center kuke Bay Laboratory

National Marine Fisheries Service, NOkk
Anke Bay, Alaska 99821

and

Robert H. Day
Institute of Marine Science

University of Alaska, Fairbanks
Fairbanksp Al,sska 99701

Studies in the late 1970's of seabirds feeding on plastic
aud observations of the entanglement of marine mammals in man-
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 rraiainp reseal ~Osho ISaro, e Ioh «es kept 'of
man~de objects observed while transiting west from Cape Spencer,
Alaska, along 1st. 55'N until reaching long. 155'W and then
traveling south to Honolulu, Hawaii; a second leg from Honolulu to
Hakodate, Japan, «as transited in mid-kngust of 1984. Sightings
of 206 items «ere made betveen 13 July and 4 August during 124 h
and 51 min of viewing while the ship traveled 2,917 nmi. Most
�9'! of the debris items were seen between 1st. 31' and 39'N
along long. 155'W, an area of surface convergence. Only three
sightings of net debris were made, and no animals «ere observed
entangled in or near the small pieces of webbing. On the second
transect from Hawaii to Hokkaido, Japan, 521 objects vere seen
between 12 and 21 August during 74 h and 10 min of viewing, while
the ship traveled 2,573 nmi. The highest density of material was
seen between lat. 30' and 35 N. One small piece of gill net and
one piece nf unidentified webbing vere seen. Again, no animals
«ere observed entangled in the netting.

INTRODUCTION

Tbe abundance of marine litter, especially plastic materialsp has
reached staggering proportions. Hundreds of millions of pounds of debris
are being dumped into the sea each year; later, unknown portions of thisdebris appear on beaches. some of which are far from centers of human

jg, ae aa Sh4eaf o OO4 I e 0 +0 ES 1AI  OlitOtO! a PINCOOlhSO Of thE' WO?eOSO9 OO t hO PECo OOSof %ciao ashton fs-29 sooeosIox 1984, nooololo, nooa1L S S soy Coauor, Rosa Tooh- nsoo~, NmA-~-sstc-S4. 1915.
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populatio n  Herrell 1980!. Limited observations of marine debris in the
central North acific Ocean during 1972 indicated that litter on the sea
surface xs not limited to the vicinity of shipping lanea  yenrick et al ~
]973! ~ The concern over marine debris is relatively nev and scient if ic
k ~ledg» about the fate and impact of marine debris is t d lris is just eve oping.
Little is known about the source, amount, and impact of this debris, and
virtually nothing is known about the dynamics of marine debris distribution
and disappearance.

L'n the present study, observations on marine debris were systemati-
cally observed during routine sighting surveys for marine mammals and
marine birds conducted aboard a Japanese traiaing vessel  TV! in July and
~gust 1984. The sususer cruise of 1984 vas the maiden voyage across the
North Pacific Ocean by the TV ~O ~r Hare, which is operated by the Faculty
of Fisheries. lokkaido University, Hakodate, Japan. After a port call at
Juneau, Alaska, a cruise track was followed to sample stations with
oceanographic instruments, small mesh nets, and pelagic gill nets en route
to lonolulu, Hawaii, mainly along long. L55'W  Fig. L!, and then back to
lbkkaido-~oint of origin. k log of marine debris observed was maintained
betveen stations while the vessel was underway.

SURVEYS HETaoDS

Observations were made from either the bridge  8 m above the «ster! or
the flying bridge �0 m above the water! while the vessel. was traveling
between stations or during the setting of gill nets. Items were usually
sighted whil.e 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 sighting, the distance from the observer to the item and the
azimuth from the ship's heading to the item also vere estimated and
recorded vith 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 Lt the end of the cruise. a formula
for dead~eckoning vas used to estimate the geographic coordinates of each
object sighted from the time of day and half-hourly navigational positions.
The items observed vere classified by date and time observed, geographic
co ordinates, distance aad angle of sighting, and type, description, and
estimated size of material. No object was placed in more than one
classification

Sighting Survey Effort

ighting surveys were conducted duriag 32 days while the shxp
s>tad approximately 34 degrees of latitude, mostly al ng g.alo ion e 155 W

F g ~ L! ~ Observations on the Alaska-lawaii transect commenced at 1st.
long. ]40 QL.2'V, and terminated at the Diamond lead Lighthouse

45.y |0 a distance
~ ~59Z! vere surveyed. garvey effort averaged a ut - per y,
about 82Z of the survey ti» was spent in sea-surface conditions of
eamfort scale 4 or less  Table L!. Ibring 16 of the 23 days, drift gill

. 155 I while the vessel drifted a
k alo lo L55 Va ort distance: therefore, most �5Z! of the cruise track along ong.
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Beaufort scale No.
Date
1984 3 4 Total

ILLS KA-HAWAII I

3:12

I:06

4:40
3:28

l:35

I:4I
2:40

I:54

I:23

1.55

I:11
1 ~ 51

I:16

3:00 0:55
1.01

3:31
2 54

0:30

0;30
2:28

4:39
I:20
5.10

2:58

0:25

0:34
3:14

6:36

3:35

3:06
2:48

2:59
2 ' 542:50

3:42I:27

6:42
I:304:19

7 39

8:00
5:43

M'WAIT-JAPAN

af12
8/13
8/14
8/16
8/17
efla
8f19
8f20
8/21

3;20 10:10

8:10
10:00

8:40
8:30
8.50

6:30

7:10
6:10

2:10

3:30
2:00

4:40

8:00

0:40

0:40
4:00

6:2D
I r40

0:20

5:00

1:40

I 40

5:OD0:40
4:00

0:30
0:30

I:30
3:00
0:50

2:30
4:500:30

TataI

time 6 5:37 43:05ID: 50 46 .04 3:24 199:0130:01

Percent 5.4 33.0 21.6 15.123 ~ I

Qeslative

pexcemc 5 «4 28. 5 61.5 83.1 98.2 99 9

7/I3
7/14
7/15
7/16
7/17
7/18
7/19
7/20
7/21
7/22
7/23
7/24
7/25
7/26
7/27
7/28

7/30
7/31
a/I
8/2
8/3
Bf4

Table 1.� Sighting survey effort  in hours and minutes! by sea
surface conditions during the Alaska-IIavaii �3 July to 4 August
1984! and Hawaii-Japan �2-21 August 1984! transects.

3:12

6:29

6:15

2:52
4:31

3:10
5.18

3:55
4:Ol

5:09
3:48
5:35
6:38
6:02

6:36

6:34
5 ~ 44

5:09

6:42
5:49

7:39
8 00
5:43
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vas observed during daylight'. Only 6 of the 35 one-degree parallels of
latitude vere 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'M, long. 166'53.4'V on 12 August and
terminated at lat. 41'33.7'8, long. 143 15.2'g on 21 August. Survey effort
totaled 953 nmi �7X! during the transect of 2,573 nmi, which vas covered
in 10 days. Since the ~easel vas running continuously, latitudes transited
during darkness vere not samyled on the second transect. During this
transect line, survey effort averaged about B.5 h per day ~ and about 86Z of
the survey time vaa spent in sea-surface conditions of Beaufort scale 4 or
less  Table 1!.

Objects Observed

The objects recorded vere tabulated by various classifications, e.g..
descriptiou and type of material, distance and angle observed, latitudinal
band, and time of day observed. Moat  BOX! of the 727 objects were either
foamed or structural plastic in the form of fishing floats, irregularly
siaed sheets, or fragments  Fig. 2, Table 2!. Glass  bottles and floats!,
wood  logs and lumber!, and paper  mostly cardboard! constituted a
secondary grouy of materials, vhereas metal and cloth items vere rarely
seen. Only three small pieces  tvo gill nets, one 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
number of objects observed and the relative incidence  objects observed per
nautical mile surveyed! betveen lat. 40' and 29 N  Pig. 3, Table 3! ~ Only
one object vss seen between 1st. 49' and 43 8, although 23Z of the survey
miles of effort vas spent in that portion of the cruise track. Distance at
vhich objects «ere first sighted seemed to be related to their siss, color,
~ hape, and buoyancy; even small white fragments of styrofoam vere seen as
far away as 100 m, whereas small clear sheets of plastic vere never seen
farther than 75 m avay  Fig 4!. Since sighting effort vas concentrated
forvard in approximately a 180 arc from the starboard beam to the port
beam, fev objects �Z! «ere seen abaft. Nearly twice as many objects vere
seem to starboard compared vith port, because sighting effort from the
bridge vas done on the starboard side so aa not to interfere with the vatch
officers. The time of day objects «ere observed vas directly related to
survey effort during the day. Ilost of the survey effort  SIZ! vas betveen
0800 and 1600, during vhich time SBZ of the objects vere seen. The
discrepancy in composition between effort and objects observed vas due to
more effort'  8X! being expended over the time period 1900-2000 when gill
meta vere being set at slow speed; fev objects �Z! vere seen during this
time because of decreased distance traveled and crepuscular lighting
conditions

There vere tvo main concentrations of marine debris on the Alaska-
Havaii survey, one at 1st. 50'-52 N amd one at let ~ 31 -39 5  Pig. 3! ~ The
first concentration roughly coincides with a small xone of surface
dovILvelI.ing in the area 1st. Sl'-54'I  unpublished CTD data from TV Oah~i2
~ courtesy of Faculty of Fisheries, Iokkaido University, IIakodata,
Japan!; thi ~ surface dovmvellimg may be part of a small-scale eddy
gemerated by seamoumts in this region  Royer 1978; gha» and Napes 1979!.
>e second, larger concentration of debris vaa im e none of surface
e+alrmlence caused by converging Ekman transports betveea Rat, 28' and 42 K
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Table 2. � Description of objects observed adrift
on the surface of the @orth Pacific Ocean, July-
August 1984.

Macr ipt ion No. of occurrences

Rag
gal I
ganboo
gasket
Soard
Sottle
Sor1
Son
Bucket
bucket lid
Can
Cap
Cardboard
Carton
Cloth
Grat 6
Cup
Dish
Disk
Drun
Float
Fluorescent Ianp
pragnent
Gill net
Gill net float
Relaet
Incandescent laap
Jar
Lid
Line
Log
Magasine
Netting
Setting
Pallet
pan
Ring
Sandal
Screen
Sheeting
Shoe insole
Shovel
Sponge
Strap
Trawl float
Trael nabbing
Tray
Tube

9
3
2
4
4

85
1

10
9
I

3
1
6
9
I
5
1

58
4

309
3

23
I
5
5
2

Ig
12

I
I
I

3
3
I
I

94
I
I

1
6
1
5
I
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PLASEIC
487~66 . 8X

METAL
3~8. 4Z

QLASS
57~7.8Z

PAPER
18M.2X

CLOEH
4~8.1X

STYROFOAM
2lema.7Z

MOOD
2~. 8Z

Pigure 2.--Approximate coapoeition of a sample of objects sighted
ou the surface of the North Pacific Oceau, July-August i984-
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88 288 888 488
DISTANCE FROM VESSEL IN tlfTERS

Figure 4 ~ueulative frequency distribution  Z! of distance at «bicb
objects «ere first sighted froe the vessel.

 Rodan 1970! ~ Shaw and Mapes �979! also found plastic concentrations in
the region of 1st ~ 28'-38'I on a transect along long. 158'W, but. fonnd no
plastic north of Iat. 39~%.

There were also two asia concentrations of aarine debris on the
Rawaii-Japan survey, one at 1st 30'-35 II and one at 41'-42'I  Table 2! ~
The first concentration was again in the sons of converging Ehsan
transports  Roden 1970!. The second concentration was in an area just east
of Japan, which is an iaportant source for marine debris in the western
Pacific  e.g., see Merrell 1980!.

On the evenings of July 31 and August 1 at 1st. 34 and 31 Ã,
respectively, aeall plastic pellets and frayaents along «ith light~ange
thread, appeared in surface hauls of a surface ichtbyoplankton net that «as
to«ed abeaa the ship for 20 ain per bauI  Fig. 5!. Plastic detritus did
not appear in surface hauls at other stations between 1st. 554 and 27 N.
The band of surface water saapled by the circular net opening was
approxiaetely 20-30 cm, so very little ares was swept by the gear, yet in
severa1 of four hauls on the above two nights, aaaII pieces of plastic
appeared floating in the pan used to sort catches imediately after the
hauli The density of particulate plastics at the water snrface mst have
heea relatively high here for the net to have piched up mch aaterial
 Shiher 1982; Cregory 1983! ~
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Figure 5.� Fhoto~iczograph of plastic debris caught in a surface haul
of an ichthyoplankton net at lat. 31'I and long. 155'V.

DIS CUSSZOI

The large proportion of plastic materials  86K! observed in this study
is consistent with results of earlier studies of marine debris reported by
Venzick et al. �973! for the area between 1st ~ 35' and 3l'N and by Shav
and Rapes �979! for a cruise between alaska and Hawaii. klthough Venrick
et al. suzveyed for debris foz only 8.2 h, they sav 53 manmade objects, of
«hich two-thirds vere plastic. Plastic materials, rope, and twine
constituted 601 of the frequency of occurrence of debris observed in trawl
hauls in the Sezing Sea during 1975 and 1976  Feder et al. 1978!. Plastic
debris ia general poses some problems to shipping  lines and nets foul
propellers and plastic sheeting blocks seawater intake ports!, but debris
also has serious implications in animal mortalities  Coleman and Qehle
1984! .

Entanglement of seabirds and marine mammals in derelict fishing nets
and other man~de objects has been docmaented in several of the «ozld's
oceans  Tull et al. 1972; Shaughnessy 1980; Povler I982!. Ingestion of
marine debris, especial.ly floating plastic, by seabirds also may cause
mortality or decreased reproductive performance  Day 1980; Day et al.

raaeazch gill nets during 7 of onr 16 hauls in 1984. One fur seal escaped
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from the net as it was being hauled and one other was found dead in thenet- Of LB northern fur seals observed on 15 net-hauling occasions, noneappeared entangled in any manmade objects. The lov incidence of derelictfishing nets observed  �Z of all objects seen! and the fact that they werewrapped tightly in a ball may not make them available to entangling marinemammal s ~

deny of the objects we observed, especially the larger fishing gearfloats, «ere heavily encrusted with fouling organisms, suggesting that thematerial had been adrift for a long time  Qinston 1982!. In addition. someof the plastic floats had faded considerably from international orange to slight pink, indicating, long exposure. Determining the length of timemarine debris is adrift may be possibl.e through studies of marked gearreleased and monitored over a period of months or years with the aid of
satellite tracking buoys coupled with periodic visits by vessels to observeand record the appearance of the gear.

Density estimates of debris «ere calculated keeping in mind the three~ ignificant problems associated vith estimating at-sea densities of marinedebris. Pirst, paper objects are probably underrepresented due to si~kingand rapid deterioration once this material is exposed to seavater. Scca«sthe width, of the transect surveyed is extremely difficult to define becauseof the large variation in the sire of abjects seen and their visibility dueto distance, sea canditions. glare, color of the objects, and theirbuoyancy. Last of all, many objects sink and are never seen on censuses-Densities of marine debris in the study area vere estimated, «ith fourualifications:  I! Estimates refer only to positively-buoyant debrisi.e., debris at the surface of the water!; �! estimates refer only toobjects visible from the ship; the minimum sire of objects sighted wasapproximately 2.5 cms', {3! density estimates vere derived fram only theinner 50 m of transect «idth; 5% of all objects were sighted in the inner50 m of transect width, whereas only 24X were sighted in the next 50 m outfram the ship  Fig. 4!, indicating substantial fall-off of sightings; and�! ve assume that all objects larger than 2.5 cms were seen within 50 mof the ship.

Using the above qualifications, ve estimate that the average density
s 2of marine debris larger than approximately 2.5 cm vas 0.28 per km insubarctic waters �st ~ 39 -56 N! and 3.73 objects per km in subtropicalwaters  lat. 21 -39 N in the Alaska-Eavaii surveys and 1st. 27'-42 N in theHawaii-Japan surveys! ~ Densities of plastic averaged 0.15 objects per kmin anbarctic waters and 3.15 objects per km in subtropical waters  Table3! ~ Por comparison with the data presented by Venrick et al. �973!~ weestimated they sav an average of 4.24 pieces of marine debris per km ~ ofwhich 2.24 pieces were plastic, in the subtropical North Pacific Ocean.Their observations were taken in the area lat. 31'-35'I, long- 145 -155 Q,

and «ere thus, in the xone of highest density of marine debris found 12
years later in our study. The only other comparable data are frame theHediterranean, vhere Norris �980! found an average density of approxi-
mately 2,000 pieces of marin~ debris per km; 60-70X of this debris con-
sisted of pieces of pLastic. Although our estimates have severa1 qualifi-
cationa, they provide order-aHeagnitude approximations of densities af
eE4i~o-Large pieces of plastic and other debris.



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 amount of debris, but
beach surveys may be more useful and less costly in measuring the rate of
loss of debris from the ocean. However, beach surveys would not reveal
that debris lost from the surface by sinking. Beach surveys could also be
need to teat 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. Leaarz
Southwest Fisheries Center Tiburon Laboratory

National Marine Fisheries Service, NOAA
Tiburon, California 94920

ABSTRACT

First approximations of densities of discarded vebbing in
the eastern North Pacific Ocean aad Bering Sea are developed and
discussed. The approximations are based oa estimates of northern
fur seal mortality rates, assumed distributions of vebbing, aad
assumptions oa fur seal behavior. The results are examined with
respect to the design of sea surveys to determine the validity of
the assumptions and estimate densities of discarded vebbing.

INTRODUCTION

Part of the task of determining the effect of marine debris oa marine
mammals is to estimate the density aad distribution 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 deasities of marine debris that appear to be caus-

An analysis of available data by Fowler �982! indicated that popula-
tions of northern fur seals are uadergoiag higher thaa expected mortalities
and that discarded travl webbing and perhaps plastic wrapping bands could
be the cause of the unexplaiaed high mortalities. Further investigation by
Fovler �984! and Fowler et al �985! supported the first study by Fowler
�982! .

The studies presented data showing that about 64X of fur seals found
vith entangling debris on the Pribilof Islands were entangled in travl
webbing and about 22X vere entangled ia discarded plastic packing bands.
Their work indicated that discarded travl webbing is probably more impor-
taat than implied by the above data because seals entaagled in large pieces
of vebbing probably do aot reach the Pribilofs. The data also indicated
that only a small portion  8.5X! of trawl webbing that washed up oa beaches
is of the size that causes most entaaglemeats �0-25 cm stretched mesh! ~
Thus, it appears that' only a small portion of marine debris may be
responsible for the increased mortality.

~I R. S. Shonnra and H. 0. Yosbida  editors!, Proceedings of tbe Ho&shop on the Fate and !npact
of Harins Debri ~, 26-29 Hovenber 1984, Honolulu, Hanaii. U.S. Dep. Cmsner., HOkd Tech. Keno.
HHFS, HOkA-TN-HNFS-QfFC-54. 19S5.
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Fowler �982, 1984, pere. commun., Natl. Mar. Mammal Lah., Natl. Mar.
Fish. Serv., Noh, Seattle, Mk 9811~349, August aud 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, betweeu the tine that male
fur seal pupa leave the Pribilof rookeries and return as subadulta �0
months!, survival is only 3GZ instead of an expected 50Z.

Xf it is assumed that mortality rates are constant over the 20~nth
period, the estimate of instantaneous rate of total mortality  Z! without
the effect of marine debris is

0.5 ~ exp  -Z�0/232!!

Z -  InG ~ 5! /�0/12!

0.42

This is also au estimate of tbe rate of natural mortality  M!, because it
ia assumed that there are no nonnatural sources of mortality. The estimate
of Z given the assumed effect ~ of marine debris ie

0.3 ~ exp  -Z�0/12!!

Z ~ -ln �.3!/�0/12!

~ 0.72

kn estimate of the rate of mortality caused by marine debris  D! is
given by

Z ~ D+N

D 0 72-0.42

~ 0.3

The expectation of death caused by marine debris in l year  U! is given by
U D�-exp -Z! !/Z

0.21

The expectation of death caused by marine debris over the 2~nth period
is given by

0 D�-exp -Z�0/12!!/Z

~029

The literature  e.g., Kajimnra 1984! indicates that male pupa undergo
one or two migrations between the Pribilofa and California during the 20
mmtha at sea. assuming that the animals travel along the coast line  most
aightkngn are betueen 70 and 130 bm of the coast! and don't deviate from
their caerse, they travel between 5,400 and 10,800 ~i in the 20 moutha ~
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The migration appears to take about 2 months ia each direction. Thus it
appears that about 4 to 8 of the 20 months are spent migrating, sad the
remaining time is spent making local movements related to feeding aad other
activities. If it is assumed that similar distances are covered during
nonmigrating months, the pupa travel about 27,000 nmi during the 20
months at sea �,350 nmi per month or about 45 nmi per day! ~ This
amount of travel seems high, particularly in viev of evidence that not all
male fur seal pupa make the complete migration. It seems reasonable to use
27,000 ami as an upper bound and 5,400 nmi ss a lower bound.

Since we estimate that expectatioa of death from vebbing 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 0.000011

or in other words, there is oae fatal eacounter per 18,600-93,100 nmi of
travel.

There are no data available oa the searching path vidth of fur seals.
If the animals are detecting vebbiag visually, searching path width i'
probably around 10 m �.0054 ami! on each side. 0n the other hand, if
acoustics are being used it is aot unreasonable to assume that a fur seal
could detect a school of fish associated with discarded webbing 1,000 m
�.54 nmi! away. Thus, there appears to be one fatal encounter with
vebbing per 200 to 100,548 nmi of searched water  geometric average 4,484
nmi a! .

How do these estimates fit ia with what haa beea reported on observa-
tions from vessels7 k paper presented at the workshop  Jones and Ferrero
1985! reported that four items of trawl webbing were found during 1,153 h
of searching, while traveling 10,528 ami in the North Pacific. There «as
oae sightiag per 2,633 nmi. It seems reasonable that aa observer could
detect pieces of webbing 100-200 m �.054-0.108 nmi! on each side of the
vessel. Thus, it appears that there was oae sighting per 284-568 ami
searched. If Fowler's �982, 1984, pere . commun.! estimate that only 8.5Z
of discarded trawl webbing causes most mortality is correct, thea there

~ Rmeld be one unit of webbing of the dangerous mesh siae per 3,342%,683 ami
 geometric average 4,726 ami !.

To compare the estimated deasity derived from observations with
estimates derived from mortality rates, it is necessary to make more
assmptiona. First. it i' necessary to make an asaumptioa about the
percentage of eacouaters between fur seals aad webbing that are fatal.
Second, it must be assumed that vessels aad fnr seals are searching areas
that hare similar densities of webbing. It should be «oted that vessel
4baervations were made west of the major fur seal migration area in the
AH of Alaska. It seems likely that not all encounters are fatal. If this
Xa trme the estimated density of webbing derived from mortality rates is
teo Xo». It also seems likely that the seals would search ia areas that
caaCaim higher than average densities of «ebbiag, because factors that

. concentrate «ebbiag may also concentrate food. Ia additioa there probably
W4
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is some communication between animals that would increase searching
ability. Kajimura �984! noted that fur seals at sea tend to be solitary
except vhen feeding in areas containing food concentrations. These factors
would tend to cause density estimates based on mortality to be too high.
Perhaps violations of an assumption that all encounters are fatal and of
the second. assumption woold cancel each other out, and I vill assume that
this is true. Under this assumption the tvo estimates of vebbing density
are similar

Tbe results of the first approximations indicate tvo things. First,
the density of webbing appears to be quite lov. Second, there appears to
be enough discarded webbing to cause the estimated mortalities .

These two conclusions lead to further conclusions. First, if it is
desired to maintain populations of nortbern fur seals, serious research
should be conducted to verify that the problem is as serious aa it appears
to be. Second, preliminary efforts should be begun to reduce the apparent
problem.

The lov density of vebbing 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 vorking 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 PISHBRIES IN THE NORTR PACIFIC OCEAN
AND BERING SEA. SINCE THE 1950'S

R. A Fredin
Natural Resources Consultants

Seattle, Wasbington 98125

A, synthesis of data on the amount of fishing effort
generated by a number of net fisheries in the North Pacific Ocean
and Bering Sea since the 1950's is presented bere eo as to
provide background information relevant to studies of the fate
and impact of marine debris in the Nortb Pacific Ocean. It isestimated that total tra«l fishing, effoxt in the Bering Sea-
kleutian Islands~ortbeast Pacific Ocean moxe than tripled
bet«een 1956&0 snd 1971-75. Currently, overall effort remains
near the high level of tbe early 1970's, but trends have differed
bet«een areas and fisheries. Gill net effort by high seas salmonfisheries in tbe Bering Sea and central «estern North Pacific
Ocean currently is less tban one-half of «bat it «as in the late
1950' s and early 1960's. A tangle net fi.sbery for crabs in thesoutheastern Bering Sea vas terminated in 1973, and a herring
gill net fishery in the Bering Sea «as terminated in 1980. Peak
effort for both fisheries bad been in the mid-1960's.

INTRODUCTION

The history of commercial exploitation of fishery resources in theNorth Pacific Ocean and adjacent seas goes back more than a century, but ithaa only been vithin the past 30 years or so that a number of major netfisheries have developed for various species of fishy These include travlfisheries for groundfisb in the eastern and central Bering Sea around theeutian Isl.ands, snd xn the northeast Pacific Ocean' gill net and travlf isherxes for herrxng in the Bering Sea; a tangle net fishery for crabs insoutheastern Bering Sea; and drift nst fisheries for salmo» in the Bering,Sea and central and «estern North Pacific Ocean. Scale of development andduration oi tbe various fisheries are indicated in published reports of
catch statistics, but data on the amount of fishing effort generated by
those fisheries over the years are not readily available in the. Iiterature-
A synthesis of such data is presented here to provide background informa-
tion relevant to studies of the fate and impact of marine debris in the
North Pacific Ocean

S SSoaac'o aa4 K. O. Toaai4a  a4itoro!, preeaa4iasa ot cba uerkshoS oa who Nato aa4 Iapacx
~ 4 saFiso sahI io, 54-xs soraabot l5%, soaoxala, saaaii. nisi sas comit ~ so44 Tach ssao
~g suxk-xIMN~xo 54. I'505 ~
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MRIRG SEh-ALKUTIkE ISLkNDS REGION

Groundfieh, Shrimp, and Herring Trawl Pishezies

Post-world Vaz II fishing by foreign tzawlere in the gering Sea-
kleutian Islands region  Fig. 1! began in 1954 when Japanese vesseLs
initiated a fishery for flatfish ia waters east of long. 170 I- Fishing
wes largely exploratory in nature and limited in scale until 1959 when
Soviet trawlers, after having conducted surveys of fishery resources in
the region in 1954 and 1958, also started fishing for groundfieh  and
herring! on a commercial scale in the eastern Bering Sea. From that year
through 1962, there was s marked increase in travIing by the two nations,
judging from catches reported for Japanese and Soviet vessels, snd
information on the numbers of mother ship fleets and independent trawlersengaged ia Japan's fishery  Forreeter et al. 1978! 65H

60 N

55 H

l60 %l70 Wle Eleo E

Figure l.--The gering Sea region as defined by the International North
Pacific Fisheries Commission and its azesl divisions.
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Overall growth of the Japanese and Soviet trawl fisheriee during1954-62 is indicated by annual catches  ia metric toas  MT!! of grouadfishand herring  Forrester et al. 1978!.

Groundfieh catch �,000 ICT! Earring catch �,000 MT!
U.S.S.R.

5
62

96
154
140

10

10
80

150

Since 1963, Japan has reported not only the catches taken by thevarious types of travlers used in its gronndfish fishery but also thenumber of hours fished annually or, in the case of Danish seiners, tbanumber of sets made, which can be converted to hours of fishing  AppendixTable lk!. Hours of fishing by Japanese shrimp trawlers have also been
reported for each year of operatioa since 1963.

Pisbing effort by Soviet grouadfisb trawlers during 1963-76 can beestimated from their annnal catches and data oa sffort~ermnit-catch BPC! for Japanese travlsra, that is, the hours of fishing per ton ofgroundfish caught  Appendix Table 1B!. Fishing effort by Soviet herringtrawlers during 1963-76 can be directly estimated from catch and BPC dataprovided by the U.S.S.R.  kppendix Table IC!. Since 1977, 1976, 1977,1979, and 1980, ia that order, the U.S.S.R,, Republic of Korea, Taiwan,Poland, and Vest Germany have reported the number of bours fished annuallyby their respective tzawlers  Appendix Table lk! ~ Fishing effort byUnited States travlers engaged in domestic and joint venture groundfiahfisheries in tbe region since 1980 can be estimated from catches reportedfor those fisheries and KPC data for foreign travlers combined  AppendixTable 19!.

Total anaual trawl fishing effort for grouadfish, shrimp, and herringduring 1963-83, as reported or estimated for foreign and U.S. vessels inthe Bering Sea-Aleutian Islands region, is given in Table 1 and shown inPigure 2 ~ Effort was about 340,000 and 400,000 h in 1963 and 1964,respectively, but decreased to about 250,000 b im 1965 and 1966, mainlybecause of sharp drops in flatfish and herring catches by Soviet vessels-Effort then rebounded. aa tbe pollock fishery developed during the late1960's and peaked at approximately 500,000 h in the early 1970'a ~ Sincethea it has fluctuated around a level of about 450,000 h annually.
Effort by V.S. trawlere bas accounted for ata increasing fraction of

the total effort in recent years, fraa 3X in 1980 to 18B in 1983,
displacing aore and more of the foreign effort.

1954

1955
1956
1957
1958
1959
1960
1961
1962

13

15
25
24
46

159
435
533
476

13

15
25
24
51

221
531
687
616
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T7

O

0
x

1980

Figure 2.--Tzanl fiehing effort for groundfieh
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 travl fisheries for
groundfisb can be estimated by multipiying annual catches  text table,
above! by 0.$. the average EPC for groundfisb caught by Japanese tra«lers
during 1963%7, years «hen the average annual Japanese-Soviet catch «aa
about the same as it was in 1962  kppendix Table 1B! ~ Similarly, herring
tra«l 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  kppe»dix Table 1C!. Resulting estimates of annual effort during
195~2 are as follows:

Estimates of annual tza«l fishing ef fort �,000 b!

Groundfish Herring

~Ye U S.S.R.~JEan U ~ S R Tot

6

6
48
90

ks indicated previously by catch data, there «as a rapid buildup of tra«l
effort beginning in 1959. By 1961, it reached the level of the early peak
�96 ~4! aho«n 1» Pigur e 2.

The areal distribution of tra«1 fishing effort since 1963, as
indicated by data from the North«est and klaeka Fisheries Center, Rational
Marine Pisberies Service �MPC data file! foz Japanese fisheries, «hicb
accounted for approximately tbrse-fourths of the total trawl effort in the
region during 1963M3, has been as folio«s:

Percent effort by area
kverage annual ef fort

1 00 2 ~+4~Y1Xe

1963& 9
1970-76
1977-83

236
370
367

45
56
53

39
24
29

6

18

10
14

+

Effort shifted from krea 1 to krea 2 in the early 1970's es the pollock
fishery developed, and the closure of the U.S.S.R. 20Mile xone i» 1977
led to a shift in effort from kzeaa 3 and 4 to kzea 5  tbe kleutians
axea! ~

1954

1955
1956

1957
1958
1959
1960
1961

1962

6 8
12
12
23

80
218
266

238

2

31
48
77

70

6 8
12
12
25

117
272
3 91.

398
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The distribution of Japanese fishing effort by vessel type  Appendix
Table IA! bas beta as follovs:

Percent of average annual effort by vessel type

Side SternDanish
seine

Pair Side Stern

~Y~e ~ta~v ~taxi~ ~el"fish

1963%9 6 12

1970-76 I I +

1977-83 8 0

20
63

83

59
2$

9

Danish seiners and side trawlers fishing, for groundfish accounted for most
of the fishing effort through most of the 1960's, but stern trawlers have
since become the predominant type of vessel used ia tbe region. They
presently account for about 85Z of the total annual effort.

Berriag Gill Net Fishery - Japan

Crab Tangle Net Fishery � Japan

Japaa's crab tangle net fishery in the southeastern Bering Sea began
in 1953 and terminated i» 1973 Peak effort  Table 2 and Pig. 4-! vas in
1963%4, representiag a cumulative total of about 26,000 km of tangle nets
~ et during a season, one taa being a ~ length of net in this fishery.

NORTEEAST PACIFIC REGION

Foreign and Joint Feature Groundfish Trawl Fisheries

Poreiga trawling for groundfish began in the northeastern Pacific
region  Fig. 5! in 1962, vbea Soviet trawlezs initiated a fishery for
rockfish in the Gulf of Alaska. Japan started fishing in 1963. Ia 1966 ~
both nations extended their fishing operations to waters off British
Colmbia, Masbingtoa, and Oregon, Soviet vessels accountiag for most of
the effort by a wide margin. The Republic of Korea and Poland begaa
fishing ia the region ia the early l970's, and Canadian and United
vessels initiated joint venture fisheries with other nations in 1978 ~

Japan has reported the number of hours fished aanually by vessels ia
its gronadfish trawl fishery ia the region since 1963, and the U.S S-R. s
Republic of Korea, and Poland since 1977  Appendix Table 2k!. Effort in
the Gulf of hlaska by trawlers of the 1atter three nations prior to 197
«aa be estimated from their catches aad EPC data for Japaaese stern
travters  Appendix Table 2B!. Effort by Soviet trnwlers off British

The Japanese herring gill aet fishery in the Bering Sea peaked in the
mid-1960's  Table 2 and Pig. 3!, when practically all of the fishing
effort was in Areas 3 and 4, near the U.S.S.R. coast. During the 1970's,
practically all of the fishing was done east of Iong. 170'M  Area l!. At
its peak in 1965, cumulative total effort during the year represented
about 37,000 km of gill net  one tan being a 46~ Ieagtb of gill aet! ~
The fishery was terminated ia l980.
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Table 2.-Will net fishing effort for herring in the Bering sea,
1963-79, and tangle net fishing effort for crabs in the
southeastern Bering Sea, 1953-72  in thousands of tens! ~ Data
sources: herring, 1963-70 - Internationa1 cnorth Pacific
Fisheries Commission t,ISPFC! Bulletin 37; 1971-79; - XHPFC
Statistical Yearbooks; crabs - INPFC Statistical Yearbooks.

Japan

Herring gill net fishery net fisheryCrab tangleTear

Fishery teramated

1953

1954

1955

1956
1957
1958

1959
1960

1961

1962
1963

1964

1965
1966
1967

1968
1969
1970
1971

1972
1973
1974
1975
1976
1977
1978
1979
1980

Nk

M
225

454
Sl6
503

556
404

174
84

134
l 22

l31

96
46

128

53

9

Fishery terexa4ted

106
61

99
l47

84

99
78
93

292
438
642

639
452
447

440
485
272
252

28
l2
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Figure 5---The northeast Pacific region aa defined by the international
North Pacific Fiaheriea Coamission aad its areal divisiona-

Columbia in 1966, vben they targeted on rockf ish, can be sinilarly
estiaated  Appendix Table 2C!- Travl effort by the U.S.S.R. end Poland
off ltitish Coleabia during 1967-76 and off MashingtonMegon&alifornia
during 1966-76 can be estiaated fzoa the catches of bake by the tvo
nations and EPC data for the Soviet hake travl fishery  kypendix Tables 2C
snd 2S!. Effort by Canadian and United States tzsvlera involved in joint
venture fisheries in different sectors of the region since 1978 can be
estimated fron their gzonndfish catches and EPC data for the commbined
tzavl fisheries of Japan, 0.8 S.R., tbe Republic of Korea, and Poland
 ayp W~ Table 2E!.

Total annual tzavl effort foz grovadfisb by foreign and joint venture
fisheries in the nortbeast Pacific region during 1962%3, as zeported oz
estimted and excluding a relatively minor amnt of effort by Japanese
banish aeinezs, aide travlezs, and ahri' travlezs in the mid-1960's, is
given in Table 3 and shovn in Figure 6.

Effort iaczeased free slightly less than 15,000 h in 1962 to nearly
110,000 h in 1961 ~ decreased to the 100,0C0 h level during the next 5
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Table 3- � Trawl fishing effort for groundfish in the northeast Pacific
reSion 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 ~ International North Pacific Fisheries
Commission!. Data 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 2Z.

Fozelga Joint veatere

Republic Uelted
Teer Japea U.S.S.S. of 4ree POIeed To teI Ceeede Stetee Total Total

Oelf ef aleehe
ZÃFFC ereee
Sbeaeaia to
ooetheeetere

e
+

I 5
22
39

I
4
3 I 5

22
39

Sritieh
ne lmhka~
ISFF0 ereae r
Charlotte
cad
valeeseer 5 5

I9

12

3 2
8 I
2 2

e
I
5

7 5
7

8 l
l

+ I

1%2
I%3
1%4
l%5

195 2
1953 2
1954 3
1955 8
1966 13
1967 l4
1968 15
1%9 24
1970 15
1971 19
1972 29
1973 37
1974 35
1975 39
1976 3$
1977 34
1978 28
1979 23
1980 32
1981 36
1982 29
1983 29

1%2
1963
1954
l%$
1966 I
1957 5
1968 5
1969 4
1970 3
1971 2
1972 4
1973 3
1974 7
19754
1975 3
1977 3
1978
1979 I
1980 I
198I
1982 I
1983

13
27
55
51
12
15
13
5

9
24 I
24 2
31 I
$2 6
40 7
15 5
14 5
7 5

l7 4

6

13
29
38
59
25
29
2'9
30
17
28
54
63
68
98
82
54
48
39

52
3$
32

7
ll
24
29
IS
S
6

II
8

14

6 4
+

3 I l

13
29
38
59
23
29
29
30
17
20
54
53
58
98
82
54
48
39
57
57
57
71

7
II
24
29
IS

5
6

ll
8

I4

5 4
4

3 8
8

6 7
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Tabla 3.-continued.

Poreiga Joiat centare

Unit ed
Total Canada States Total Total

kepsblic
Japan O,S,S R. oi Xorea Po4ndTear

Colaabi ~ to
Concept ion

o

3 7
14
19
20

1
1$14 8 4 5 5
12
20

+

3 7
14
19
20

To tal:
aortheast
Pacific
rebioa

13
29
38
59

115
16$
94

114
97
99

104
128I

1$
23

9 5
6

10
17
29

160
180
l50
$$
72
$1
84
99
d2
98

3 b
19
41
S9

+

1 5 7 5
7

+
4

13
26
46
65

Iacladiab eaters off the United States soathera booadary of the Taacoaoer area is 1st ~
47 30'I aad the aorthera boaadary of the Charlotte area is 1st 54 3l'R.

1966
1967
1968
1969
1970
1971
1972
1973
1974
197 5
1976
1977
197$
197 9
1980
1981
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Figure 6.� Trawl fishing effort for groundfisb
in the northeast Pacific region by Japanese,
U.S.S.R., Republic of Korea, Polish, Canadian
joint venture and United States joint venture
fisheries 1962-83 .

years, end built up again to 180,000 h ia 1975. It theo dropped to about'
70,000 h by 1978 and has since fluctuated between 80,000 and 100,000 b
annually. Current level of effort i ~ about 551 af the 1974-76 level-

Foreign trawl effort bss declined nsrkedly iu the region as s whole
since Canada and the United States establ.ished 200-s1ile fisberies
jurisdiction sones. Effoit by vessels engaged in joint venture f isheries
has offset a substantial portion of the reduction in foreign fishing.

Trends in trawl fishing effort by foreign and joint venture vessels
have varied xn different sectors of the northeast Pacific region  Fig. 7! ~
In the Culf of Llas4, the overal1 trend in effort bas been upward,
although the current level of effort is less than it was in 1975-76- 0ff
Eritish Coluabia. effort peabed at nearly 30,000 h in 1969 and then
declined over the next 10 years. Xt has beld at about 7,000 h in recent
ynere  through 1983!. Off Mashington-Oregon-Cali.forniaa the overall trend
4 effort has been downward. Effort in 1983 wss less than one-third of
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the mid-1970's level and only one-sixth of the 1967 peak. Effort ia joint
venture fisheries in the Gulf of Alaska and off washington-Oregon-
California has increased markedly in the past 3 years.

Ibeestic Groundfish Trawl Fisheries�
Canada and United States

Long 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 Britisb Columbia and
Vashington&egon-California. Annual effort by the domestic fisheries
during 1956-83, as repozted in publications of the International North
Pacific Fishezias Commission  INPFC! or estimated in Appendix Table 3, is
given in Table 4 and shown in Figure S.

Total annual effort by the United States and Canadian domestic trawl
fisheries foz groundfi.sh off British Columbia has been fairly stable since
1956. Effort off '4shingtonWegon-California by the United States
domestic trawl fishery also was fairly stable for about 15 years �956-
71!, but it bas since more than doubled.

JkPkNESE EIGR SEAS SALMON GILL NET PISHERIKS

Nother Ship Saladin Gill Net Fishery

Japan's postWorld Var II mother ship salmon gill net fishery began
in 1952. Area of operation during 1959-76 is shown in Figure 9. Prior to
1959, some mother ship fleets operated west of long. 160'E in the North
Pacific Ocean and in the Okhotsk Sea. En 1977. the U.S.S.R. 200-mile xone
was closed to high seas salsen fishing, and in 1978 waters east of long.
17$ E and south of 1st. 56'N «ere also closed.

knnual fishing effort during 1952-82 in the area depicted in Figure 9
is given in Table 5 and shown iu Figure 10 Effort is expressed in the
ccmculative amber of tans of drift gill net fished each year, one tan
representing 50 m of net.

Peak effort «ea in 1956, at close to 9 million tens It declined
over tbe next 20 years to about 6 million tens in 1976. Areal closures in
1977 and 1978 resulted in cutting the level of effort to about 3 million
tansI al 1 west of long. 175'B or north of 1st ~ 56'N.

Land-Based Salmon Drift Net Fishery

Japan's land-based salmon, drift «et fishery also began i» 1952.
kzea of operation before aud after the closure of waters east of long
175 E in 1978 is shown in Figure 9.

Data on annual fishing effort by large vessels in tbe fishery, which
are licensed to fish throughout the land+seed drift net area  the smaller
vessels being restricted to waters west of long. 149 E! and account foz
appItcnchaeteXy 85X of the total catch, are available for 1962 and 1972<2
 Table 6 amd Fig. 11}.
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Table 4. � Travl fishing effort for groundfish by Canadian and
United States domestic fisheries in the northeast Pacific region,
1956 to 1983, in thousands of hours. Data sources: Canada, 1956-
70 � International North Pacific Fisher'ies Commission  INPFC! Bull-
etin 37; 197 1-80 � INPFC Statistical Tearbooks; 1981 - Northvest.
and hlaska Fi.sheries Center'  MWhFC! data file; 1982 - Leaaan 1983;
1983 - Assumed same as in 1982. United States, 1956&1 - hppendix
Table 3; 1962 - INPFC Bulletin 37; 1963 � Charlotte and Vancomer
areas - hppendix Table 3; Colnmbia&onception areas - INPFC Bulle-
tin 37; 1964-70 � INPFC Bulletin 37; 1971-75 - INPFC Statistical
Yearbooks; 1976 and 1979: Charlotte&olnabia areas - INPFC Statis-
tical Yearbooks; Eureka-Conception areas � hppendix Table 3; 1977-78
and 1980 - INPFC Statistical Yearbooks; 1981 � CharlottMoluabia
hreas - SAFC data file; Eureka-Conception hreas - hppendix Table 3;
1982-83: hppendix Table 3

INPFC hreas

Charlotte snd Vancouver ColumbiaWonception Total by nation

United United United
Tear Canada States Total States Canada States Total

1956 31
1957 26
1958 23
1959 22
1960 26
1961 23
1962 25
1963 23
1964 28
1965 29
1966 28
1967 26
1968 29
2969 33
1970 29
1971 31
1972 28
1973 24
1974 24
1975 34
1976 36
1977 35
1978 33
1979 38
1980 47
1901 39
1982 35

' i9N 35

46

41
41

49
41
40
54
48
54
50
51
46
48
53
45
41
39
37
42
44
48
47
48

52
46
46
38
39

77

67
64
71
67
63
79
71
82
79
79
72
77
86
74
72
67
61

66
78

84
82
81

90
93
85
73
74

78

83
78
74
75
74
87
72
81
87
77
71
71

74
'79

85
100
106
105
122

106
112
137
148
161
179
199
174

31. 1 24 155

26 124 150
23 119 142
22 123 145
26 116 142
23 114 137
25 141 166
23 120 143
28 135 163
29 137 166
28 128 156
26 117 143
29 119 148
33 127 1.60
29 124 153
31 126 157
28 139 167
24 143 167
24 147 171
34 166 200
36 154 190
35 159 194
33 185 218
38 200 238
47 207 254
39 225 264
35 237 272
35 213 248
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Figure 9.--Japanese high seas salma gi11 net fishing areas.
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Table 5.~ill net fishing effort by the Japanese salmon motherchip fishery in tbe North Pacific Ocean, 1952 to 1982, inthousands of tans ~ Data sources: 1952-59 � Nanxer et al. 1965;
1960-80 � International North Pacific Fisheries Conmiasion  INPFC!Statistical Yearbooks; 1981-82 � Northwest and Alaska Fisberies
Center data file.

East of long 175 E

South of let ~ 56 N North of lat. 56 'N

West of

longe
Year 175 E

To talTotal

1952 311
1953 1,124
1954 3,225
1955 6,944
1956 6,377
1957 5,134
1958 7,098
1959 6,607
1960 4,842
1961 3,496
196 2 5,285
1963 5,051
1964 5,016
1965 3,564
1966 3,785
1967 4,165
1968 4,118
1969 3,241
1970 1,943
1971 3,261
1972 3,391
1973 3,852
1974 2,870
1975 3,081
1976 3,030
1977 1,753
1978 2,562
1979 2,459
1980 2,604
1981 2,512
1982 2,451

160
221

83
46

2,215
654

16
218

1,029
1,473

565
535

1,483
1,707

952

626
788

2,013
2 332
1,160

639

1,534
1,885
1,903
1,973
1,367

137
425

271

646
24

367

1,021
840
459
443

1,020
964

1,754
1,418
1,889

462
680
652
BOB
862
158
338
543
390
685

160

221

83
46

2,352
1,079

16
489

1,675
1,497

565
902

2,504
2, 547
I,411
1,069
1,808
2,97 7
4,986
2,578
2,528
1,996
2,565
2,555
2,781
2,229

158
338
543
390
485

471

1,345
-3,308
6,990
8,729
6,213
7,114
7,096
6,517
4,993
5,850
5,9 53
7,520
6,111
5,196
5,231
5,926
6,218
6,029
5,839
5,919
5,948
5,435
5,636
5,811
3,982
2,720
2,797
3,147
2,902
2,936
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Figure 10.-Will net fishing effort for salmon
by the Japanese mother ship salmon fishery in
the North Pacific Ocean, 1953-82 '
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Table 6.-MiII net fishing effort by l.arge vessels of the Japaneseland-baaed salnon fishery in the North Pacific Ocean, 1962 and1972-82, in thousands of tans. Data sources: 1962 - InternationalNorth Pacific Fisheries Comsission  INPFC! Circular Letter, 21October 1963; 1972-74 � Fisheries Agency of Japan  pere. commun.!;1975-76 - IHPPC Sec.; 1977 - Pisheries Agency of Japan  pers.comun-!; 1978-82 - Northwest and Alaska Pisheries Center data file.
Nest of

long. 175 8
East of

longe 175'8 Total

Year

6,865
6,865

I

O E

Pignre Il.~iII net fishing effort for saloon
by the Japanese land-based salaon fishery in the
North Pacific Ocean, I962 and 1972%2.

1962
1963-71
1972
1973
1974
1975
1976
1977
1978
197 9
1980
1981
1982

3,331
4,583
5,226
4,933
5,436
3,186
3,372
3,219
3,144
3,234
2,962

5ata sot available
1,825
1,169

794
1,0 57

511
533

5, 156
5,752
6,019
5,990
5,947
3,719
3,372
3,219
3,144
3,234
2,96 2
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The limited ef fort data for the land-baaed salmon dr ift net f ishery
point to a reduction in effort over the years similar io scale and timing
of the reduction ia effot't for the mother ship salmon f ishery.

OTHER HIGH SELS GILL NET PISHERIES

Several new and major drift gill net fisheries have developed in the
central and western North Pacific Ocean within the past decade or so.
These include drift net fisheries by' Japan, Republic of Korea, and Taiwan
for squid and a Japanese drift net fishery for marlin and other species.
Information on the amount of fishing effort generated by these fisheries
ia contained in documents submitted by T Chen, T- Cong, and K. Shima for
the Workshop on the Pate and Impact of Marine Debris, held in Honolulu,
Hawaii, in November 1984.

8Ul9fART

Pishing 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'a. Between theo and the early 1970's, there
was a severalfold increase in fishing effort. During the past 10-12 years,
the amount of effort has remained near the high level of the early l970'a,
with effort by U. S vessels engaged in domestic and joint venture fisher-
ies accounting for an increasing fraction of the total effort ia recent
years.

In the northeast Pacific region, foreign trawlera began fishing for
groundfish in 1962 Fishing ef fort by those vessels increased greatly in
the mid-1960's, declined somewhat for a few years in the late l960'a, snd
then rose to a record high ia 1975. It has siace fallen off sharply, but
fishiag effort by United States vessels in joint venture fisheries, and to
some extent by Canadian vessels engaged in similar fisheries off British
Columbia, has offset a substantial portion of the reduction in foreign
fishing. Current level of effort by the combined foreign and joint
venture fisheries is about 55I of the 1974-76 peak reached by foreign
trerlers.

Effort by Canadian and United States vessels in domestic trawl
fisberiea for grouadfiah from northern Washington to Dixon Entrance
 INFPC's Charlotte and Vancouver areas! has been relatively stable since
1956 Parther south off the coast of Washington 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 Sea-Aleutian Islands region and  b! United States
aad Canadian domestic trawl fisberiea for groundfish from British Columbia
ta California has more thaa tripled since 1956. Estimates of annual
average effort  third text table aad Tables 1, 3, and 4! are as follows:
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I 000 h

Fishing effort by the Jape»ese mother ship salmon fishery, a high
seas drift gill net fishery in the Bering Sea snd 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 salmon in the North Pacific Ocean, point to a similar
reduction in fishing effort by that fishery There has been no high sess
gill net fishery for salmon in the U.S S.R ~ 200 ile sane since 1977, or
east of long. 175'E, or south of 1st. 56'N, since 1978.

Japan' e tangle net fishery for crabs in southeastern Bering Sea wae
terminated in 1973, after 20 years of operation, and Japan's herring gill
»et fishery in the Bering Sea terminated i» 1980. Peak effort for both
fisheries had been in the mid-1960's ~
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Appeadiz Table IB.--Estimates of U.S.S-R. travl fishing ef fort for ground-
fish ia the Bering Sea-Aleutians region, 1963-78, in nmsber of hours  MT
metric tons!-

Japaa
V SOS.R.

Trailers  fish net! and Danish
eeinere-~roundf isb and herring Travlere-~ronadf ish

Catch Estimated effort
�fi! I  hours!»

Catch
 NT! '

Ef fort
 hours! ~

Hours
per t:onYear

~From Appendix Table IA.
From International North Pacific Fieheriee Commission  XNPFC! Bulletia

37 aad ZÃPPC Statistical Yearbooks. Grouadfieh catch by pair travl, side
travl  fish net! ~ stern travl  fish net!, aad Danish seines.

9'roa ZNPFC Bulletin 37  Table I! for 1963 ead from Morai et al.
�981! for 1964-76 '

%are per toa for Japanese veeseIs times U.S.S.R. catch.

1963
1964
1965
1966
1967
1968
1969
l970

1971

1972

1973
1974

l97 5
1976

171, 979
202,644
168, 269
181,932
26 2,382
301,47 3
310,027
368,547
389,529
401,806
341,318
373,787
356,955
353,701

211,581
350,663
3 50,561
414,521
747,052
916,979

1>072,132
1,47 7,219
1,802,880
1,913,897
1,752,331
1,526,183
1,299, 261
1,210,629

0.81. 28

0.5779
0.4800
0.4389
0.3512
0.3 288
0.2892
0.2495

0.2l61

0.2099

0.1948
0.2449
0.2747

0.2922

92,000
155,000
115,000
IGG,GGO
177,662
133,97 5
186,700
231,881
397,47 7
4I 2,896
347,969
435,052
338,417
279,697

74,778
89,574
55,200
43,890
62,395
44,051
53,994
57,854
85,894
86,667
67,784

106,544
92,963
81,7 27
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hppendix Table lC.--Estimates of U.S.S.R. trawl f isbing ef fort for herring
in eastern Bering Sea, 1963-76, in number of hours  Kf metric tons!-

Catch
 m! '

Ho. of

t 0%re
Ho. of honrs Hours Effort
at 3.4 h/tow~ per ton  hours!»Tear

'�.6!
'�.6!

 90,000!
�05,000!

150,000
175,000

13,209
50,191
75,602
27,227
12,937

Bi876

Pzoa Nurai et al  l981! ~

Prom catch and catch per unit effort dats  by vessel class! provided
by U.S.S.R. during United States and U.S.S.R. fisheries meetings.

sFrom data provided by U.S ~ 8 ~ R. for 1974 for eastern Bering Sea.
 hverage hours per tow for three vessels clseeee: BMRT-7; SETS-6; and
SBTR-6 ~ !

"Catch times bours per ton.
Rounded average of 1968-73 data.

1963

1964
1965

1966
1967
1968
1969
1970
1971

197 2
1973
1974
197 5
1976

22,255
94,491

117,202
23,000
54,000
34,361
19,800
14, 206
16,812

3,885
14,762
22,236
8,008
3,805
2,536

Kk
Hh
Rh

0.5935

0 5312
0.6451

1.1838

0. 2396
0.2583

s�.6!
'�.6!
'�.6!

13,209
50,191
75,602
27,227
12,937

8,876
�1,880!
 8,523!

�0,087!
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Appendix Table 1D.--Estimates of trawl fishing ef fort for groundfish hy
the U.S. domestic and joint venture fisheries in the Bering Sea-Aleutians
region, 1980-83, in number of hours.

19831980 1981 1982

5,858
32,668
38,5 26

14,187 24,800 41,368
7 8,53 5 108,6 03 21l,155
92,722 133,403 252 ' 523

laura per ton of catch for
foreign travlers � =' 2!

13,426 30.394 44,930 82,247

Estimated total hours of travI-
hag by U.S. and foreign vessels
for groundfish � + 5! ~

Estimated number of hours of
trawling by foreign nations,
incuding Danish seine drags
 Japan! converted to hours
at 2 h per drag  from
Appendix Table 1A!

Foreign catch of groundf ish by
travlers  from R. Nelson,
Northwest and Al,as@a Fisheries
Center  vith longline catch
subtracted!!  pere ~ commun.!

U S. trawl catch of graundfish
Domestic landings
Joint venture landings

To tal

 from R Nelson pere. commun.!

Estimated equivalent nmsber of
hours trawled by U.S. vessels
in the domestic and joint ven-
ture fisheries � x 3!

446,815 412,487 396,785 361,889

1,282,114 1,258,347 1,178,050 1,111,003

0.3485 0.3 278 0.3368 0.3257

460,241 442,881 441,715 444,136
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Appendix Tab1e 2C.� Estimates of trawI. fishing ef fort for groundf ish by the
U.S.S.R. and 1'oland of f British Columbia  Charlotte-Vancouver areas! y 1966-
76, in number of hours  MT ~ metric tons!.  Except for 1966, estimates are
derived from data for the U.S.S.R. hake fishery.!

U,S.S.RE Poland

Estimated
effort
 hours!

Hake Ho ~
catch of
 MT! ' tmre2

Hake
Effort Hours catch

 hours!s per ton  MT!Year

'From Murai et al. �981!. No hake catch in 1966, but total
groundfish catch of 33,000 MT.

Prom catch and catch per unit effort data  by vesseI class! provided
by U.S ~ S R. during United States and U S ~ S ~ R. fisheries meetings ~

skt 2.5 b per toe ae derived from data for 1974 for British Coiunbia>
Washington, Oregon, and California.

Hours per metric tons for Japanese trailers  923 h per 5,198 MT, or
0.1776! times 33,000 NT  U.S.S.R groundfieh catch!.

kverage for 1967-74; used to estimate effort.

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

0

11,260
35,804
52,792
25,491

5,021
5,816

13,840
1,799
3,493
3,918

HJL

2,458
7,708

10,050
4,701
1,028

931

3,101
403

Ki

Mh

~ �,861!
6,145

19,270
25,1 25
11,752

2,570
2,328
7,752
l,003

�,768!
�,983!

0.5457
0.5382
0.47 59
0.46 10
0 ' 5119
0.4003

0.5601
0.5575

'�.5063!
�. 5063!

0

0 0 0 0
0 0
0 0

15,704
2,054

0

0
0
0

0

0 0 0 0
�,951!
 I., 040!
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Appendix Table 2D.� Estimates of traul fishing ef fort for groundfish by the
U.S.S.R. and Polaud off Vashiagtou-Oregon-CaIifornia  Columbia-Conception
areas! in the northeast Pacif ic regions 1966 76' in nUmber of hours  HT ~
metric tons!.  Estimates sre derived from data for the U.S.S.R. bake
f ishery» !

U.S.S.R. Poland

Hake Ho.
catch of
 NT!' tc s'

Es timated
effort
 hour s! ~

Hake
Bf fort Hours catch
 hOura!~ per tOn  MT
Year

Prom %xrai et al ~ �981! ~
2Prom catch and catch per unit effort data provided by U.S.S.R. for

1967-73. Data on number of tous and bours fished in 1974 provided by
U»S,S,R»

2At 2.5 h per tow, as derived free data provided by U.S.S R. for
1974.

"Catch times hours per ton for U.S S.R. fishery
Baaed ou hours per ton for 1967.
Estimated from average hours per ton in 1974 and 1977.
Average for l974 and 1977. Iours per ton in I977 derived as follows:

Bours fished 26,036; bake catch 99,938; hours per ton 0 2605

1966

1967

1968
196 9
197 0
197 1
197 2
1973
1974

197 5

1976

128,000
195,092

67,896
109,225
200> 7 54
146,7 26
111, 269
139,060
156,708
155,405
154,129

RL

50,346
16,054
21,893
25,825
26,157
17, 277
20,566
24>725

HA

~ 82,43 2!
125,636
40,135
54,733
64,562
65,392
43,192
51,415
62,175

s�1,066!
'�0,646!

0.6440

0.5911

0.5011

0.3216
0.4457
0.3882

0.3697
0.3968

2�.3286!
~�.3286!

0 0 0 0
0 0 0

2,220
44,3 54
41,542
23,668

0

0 0 0
0 0 0

821
17,600
13,6 50
7,777
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Appendix Table 2B.--Estimates of trawl fishing effort for groundfish by the
Ilnited States joint venture and Canadian joint venture f iaheries in t' he
not'thesst Pacific region, l978-83, in ncnaber of hours � T ~ metric tons! ~

Japan-U.S.S.R.-Republic of gorca-
Poland conbkned

United staten
joint venture

Canada
jo iu t venture

ge t iuat ed
Ca tcb ef fort
 Ht!  bourn !

Ra tiuated
Catch ef forteffort Catch bourn

Tear  honte!  Xt!' per tonkr ea

Oulf of klaaka
ghunagiu-
aontbeaatern
area

britiah Columbia
Charlotte-
Vancouve r
atone

1978 $03 3,952
1979 1,404 8,310
1980 2,058 5,676
1981 I 481 3,$40
1982 581 2,421
1983

24,$88
36,657
I 2,302
19,796

9 9,028
124,065
4e,sos
61,203

lptcm kypaculiu Table 2A.
Prm Ieottlweat and Llaaha yiaheriaa Center  bUAPC! data file.
Prem barger et' al �984!
Catch ticaea boccra yer tos for Japan. Uegegebe ~ leyuhlic of goree, end PoIaadiUnta for 1978-80 are ft» IÃPPC etatiatical Yearbook fot 1980. Uata for 198140 are

frcm Pacific Eeatine Pirberiee Coaaiaeion Lnnnal Reporte for 1982-83
Average for 1978-$2.
kvetage fot 1978 $1.

Waebisgton
Oregon
Calif ornia
Co lcmbia-
Conception
arena

1978
1979
1980
1981
1982
1983

1978
1979
1980
1981
1982
1983

4$,176
39,030
5$,505
52,917
35,486
31,827

1 $1,468
130,787
163,598
198,942
121,546
11 5,9SO

0.3181
0,2984
0.3393
0. 2660
0.2920
0 2745

0.1273
0.1690
0.3626
0.3837
0.2400

'�.2s69!

0.2513
0 2955
0 2536
0.3 234

� 2810!
� 2810!

48
1,522
1,911

16,966
74,450

142,984

856
$,634

27, 537
43c5$7
67,46S
72,100

1$
454
64$

4,512
21,739
39,249

215
2,610
6,983

14,086
�8,958!
�0.260!

1,814
4,233

13,210
18,400
20,0S1
27,71S

231
715

4,790
7,097
4,BE2

�,120!
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Appendix Table 3.--Trawl fishing effort for groundfish by the V.S ~ domes-
tic fishery in the Charlotte-Vancouver and ColumbiaWonception areas of
the northeast Pacific region, l956-83, as reported or estimated, in nua-
ber of hours  NT metric tons!. Data sources: Catch; 1956-70, Inter-
national North Pacific Fisheries comaisaion  INPFc! 1!ulletin 37; 1971-80,
IIPFC Statistical Yearbooks; 1981, Charlotte-Vancouver&olumbia areas,
Northwest and Alaska Fisheries Center  WAFC! data files; 1981,
Washington-Oregon-California landings, Pacific Marine Pis|teriea Commis-
sion  P%'C! annual report; l982-83, Mashington~egon-California landings
PNPC annual reports; effort  reported!: 1962-70 ' IÃPFC lulletin 37;
1911-8G, INPPC Statistical Yearbooks; 1981, 1%AFC data file.

COLIMbia oslpColeobia~eccpt LoaCharlotte-Vaecoever

catch gevra Effort Catch goero
 Irr! par toe  boer C}  S21 par tOa

Effort Catch Roars
 heora! �12! per toe

Ef fort
 boer a!

Average for 1962 ead 1964-01. 8'oed to oatioate total effort.
Average fox 1962-75 ~ saod to oatioate effort.
aaora par toe for Coloohia area. Deed becaeoe of aieilarit7 of recco after 1967
Average for Colmbia area ie L9SHI ~
502 of Maohiogtoa Laedisga earned to have heea fish takes is tha Vaecoevor arse
Ao acraed valse.

1956
1957
1958
1959
196 0
1961
L962
1963
1964
196 S
1966
196 7
1968
196 9
197 0
197 1
197 2
1973
1974
197 5
1976
1977
197$
1979
1980
198 l
1982
1903

�6,489!
�1,157!
�1>460!
�0,743!
�1,369!
�0,47 9!
$3,972

�7,612!
53.769
49,87 8
$0 >580
4S,7$7
47,93 2
$2,6ll
44,59f
41,Ddl
39 ~ 117
36,855
42,108
43,661
48,118
47,319
47,612
51,923
46,065
46,141

�8,240!
�8 > 990!

21,826
19,313
19,46 5
21,8$4
19,422
19,004
20,504
12,3 53
19,47 2
24,154
30,$41
18,362
27,327
26,929
22,552
19,045
19,065
18,275
19>476
17,257
19,237
22,42$
23,271
26,110
21 «948
18,565

419>120
~ 19 495


.13
t2.13
t2.13
t2.13
t2.13
t2.13
2.63

2.76
1. 06
1.64
1.61
1.75
L.95
1.98
1.16
2.06
2.02
2.16
2.53
2.49
2.11
2.0$
1.99
2.10
2,49

c2.00
2.00

�$>302!
 e2,094!
�0>276!
�3>931!
�4,985!
�I,476!
86>9$2
71,701
81,120
87 ~ 110
77,437
71,173
71,092
74,048
7'9 ~ 155
04 ~ 729
99 ~ 745

LD5, S61
105,374
131,895

�05,769!
112, S03
136,904

�48,0$3!
160,531

�70,505!
�99,388!
�73,670!

27,571
29,18$
27,56 2
26 ~ 03 2
26 ~ 403
26 ~ 224
28,727
19,035
27 >409
30,605
18 ~ 220
31,444
23 r 097
25>49I
26,040
2$ ~ 97 5
35,569
36,565
40,90 2
38,392
43 >344
50 >376
64,99'9
79 ~ 173
$3>703
08>369
99,694
$6,835

a2 84
a2.84
*2.84
*2,$4
'2.$4
r2.84
3.03
2.47
2.95
2.8$
2.74
2.26
3.08
2.90
3 >04
2. 92
2,80
2 89
2.58
3.18

o2.44
2.23
2,11

c1.87
1 92

42.02
a2.00
42.00

35,216
12,S35
28,S00
27,065
21,1 14
19,43l
19,825
20,d 82
13,052
2S,278
26,279
24,090
25,efe
33,771
34,851
29,431
46,740
72,195
Se,$70
77,335

14,405
13,373
13,205
14,4 54
11,$44
16,303
7,148
7,993
7,$76
9,600
8,982
8,Dsl
9,633

10,143
14, 298
14 >297
23, 563
58,693
42,010
29, 134

2.44
0. 91
1 16
1,87
1.$7
l. 19
3.00
2.61
3.04
2.63
2. 95
2 9$
2.68
3.33
2 44
2,06
l. 98
1.87
1.40
2.65
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SlJHNARY OP JAPANESE NET FISHERIES IN THE NORTH PACIFIC OCEAN

Kaxuo Shima

Oceanic Fisheries department
Japan Fisheriee Agency

Tokyo, Japan

Summary Of Japaneee net fiSherieS in the NOrth PaCifiC OCear!

gaslit 1 ~ I
~ ac saK

Ocerac leg Oyeeatisg Oe. et
~ cas ssseoe oererls

celycctflsee14 42,440Mm
terri
 Oeteeea!

%s4 !eer 41.440

� 110-240 I 1, tgc-l4,240 ee,too-�,200 col!acct  seeAa!o !eae

as 5 0,440 2!,700

get~ s ~ 100

Col!eetftese
tel feoeoc

40 240 0 ~ 400 11,104

220 140 4 ~ 100 lc,1 st
large Cree! ger log
 Octet Ooe
Ece Sic! catt et

gts age
te!!acct ase20,100 21 ~ 240geeeotet, 0 4

C g. 04
l20 150 20,244 25,200esetae rsjy Oar leg

tyye ~c Oae
100  caa!' 2,020,004  cae!

12/,! IO Et
0. 4
C.g 272

gtlee
 caret !reset!

0,440Oa cger eEly Ocreieeet ~ly
sslaee
Icite gill

100  eea! 1.!
,040  ees! Of los
I la,�0 Ea  ecarte!~c!

~, I44Orat Erect
stye as Eras yecif  a
~ site gill

�0  eee! 21,440,040  taa! gt tee
402,100 Ee  ~tel~a!

511 40

till set

%re!S !eae %See St l� 0
lcg

eeet st 
~
010

5e444
Oaeitis

20

1 tce 45e

oatai tee~a figment ste saK ss cgis eccle tie tigerao at cge eEere oelmeI  C!, �!, esg  y! are cslcelseeg ea tte csompt ee
eEsc el 1 eases la accost K el I Os!e regrgeg ~ 2Ee cetera, aeter 1 t  geese see lear lera I ccrc t gates ia sash oe Ieeco tts aahar
~ t cte cscctec tests K oetgee Stit ttce eral isaleISC 20 gaits K treotcse etge ccsele.

The contents of thi ~ table were presented orally at the Workshop
on the Fate anti Impact of Marine Debris. Provieional as of l983.

I Shee ogo oaf I. O. Toghida �41totg!o troceefieSO of the Workghop oe the Fate aml lepeer
ep Iarlae n gh!rig o 26 29 mlt00ehcr I 9+ r %1�10 1 0, hei i - 0 - S - hop Cooee 0 -, SOLL Tech Mcgeo
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 Oetae
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Krl e OK
~ eceee
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easaa I !
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Os et asfr
~ egegea
 /!ear.
~ easel� !
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Oc. at
~ corri sr
 /!eac!
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Wcagcc!

OS- st Oe, et ace arel
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REGH SEA GILL NET FISBERIBS OF TAIVAN

T. F. Chen

Council for Agriculture
Taipei, Taiwan 107
Republic of China

IMTRODUCT IOK

In recent years, Taiwan's gill. net fishing industry has developed
rapidly. Its production increased froa 8,475 netzic toms  MT! in 1970 to
53 J8 56 MT in 1 982, indicating an average annual incr ease of 3 f 782 MT I
1970, there vere 524 gillmetters vith a total gross tonnage of 4,9'l7 MT>
most vessels vere <50 MT. By 1982, the number of gillmettezs had
inczeased to 1,284, total gross tonnage of 33>479 MT, but 1,209 vessels
vere <50 MT and 75 vera between 20G and 500 MT.

TYPES OF HIGH SE& GILL NETS

Large Mesh GiLl Sets foz Marlin and Sailfish

Construction: The gear consists of net, float, amd rope, with ome
piece of net made of synthetic fiber, 340 meshes long and 108 meshes deep.
The knots aze double trawler knots, with a mesh size of 30 cn for shark,
16 cn for sailfish.

Color: blue
Twine size: 210 D/3x6 - 210 D/3x2 for shark

210 D/3x6 - 2x0 b/3x8 for sailfish
Hanging coefficient: 0.55 - 0.60 upper

0.75 - 0.80 lower

KRX @Re

Material: Polyethylene  PE!  dianeter ll ~! x 2
One in S twist
One in Z twist

Neabezc 4-5 for each pieCe
Shape: Sphere
Qianetnr: 0.3 n  L ft!

Jg a L Shecwra «sa a 0. Toehi&  elicars! ~ ~ias< + ~ I «eI~v OI <> >«I a«a Space
«C SeHse siberia, 5S-15 %~r 1ssa, sea«1«la. aa«iii. W-s- set- ~r-, NNL zech. xw.

g %8k-'toss-ssso-54+ 1%05
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Material: Polypropylene  PP!  contains lead line, 8 mm! z 2
One in S twist
One in Z twist

Height: 150 S/m - 200 g/m  in air!

Squid Gill Nets Used in the
Northveetern Pacific Ocean

b~  each piece!

Material: Nylon nonofilament
Type of knot: Double trawler knot
Color: white-blue or white-green
Diameter of monofilaaent: 0.5&.7 ssa
Length: 500-900 meshes long
Depth: 60-120 aeahes deep
ganging coefficient: 0.57-0.60  upper!

0.6~.64  lover!
Mesh aixe: 11.5-9.0 cm

Naterial: PE  diameter 9 mn! z 2

Number: One by eacb meter
Shape: El 1. ipt i ca 1
buoy force: 250 g/m

S

Material: PP  contains lead 50 g/m! z 2
One in 8 twist
Ou.e in Z twist

Weight: 140 g/u  in air!

SQUID GILL NBT FISHERY

Taiwan started its squid fisheries in l972 and operated in-the Sea of
Japan frau July to October Nhen the 20~i economic xone was enforced
by the Soviet Union and Japan in 1977, the squid fishing vessels began to
fish in the northwestern Pacific. kt first, automatic squid jigging
machines vere used bst about 1980, cene of the squid fishing vessels
changed to gill nets because of their high fishing efficiency and energy
economy Nor they are the mst important squid fishing gear in Taiwan
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Squid Fishing Vessels

In 1980, only 12 squid fishing vessels used gill nets, but the number
of squid. gill-nettere increased to 101 to 1983. Host of the squid gill-
nettera vere converted from tuna longliners. Only about 17X of the
vessels vere newly built. The vessels range from 100 to 400 MT and about
50Z are over 200 KT.

FISHING GROUMBS

Northwestern Pacif ic
 Fig. 1!

In the northvestern Pacific, the squid fishing season begins ia the
middle of kpri1. and ends in November- Rut 80 to 90Z of total squid
catches are made freya July to October

The distribution and composition of squid vary with temperature and
~ ome othez factors. The fishing grounds are located between lat. 35' and
45'N and long. 152 R and 158 M in water 11'-15 C. The speciea of squid

IR ' * "S ' "'t~'
The mantle length of tbia species measures 25%0 cm, and the body weight
is between 450 and 2,200 g.

Squid fishing vessels operating in the nozthvestern Pacific and their
production:

Squid jigging Gill net Total

ProductionNo. of Production
ve e 1~s ~MT

No. of Production
~T ~eel ~m'

No. of

vs~

South Pacific

The fishing grounds are about 200 nmi off northeastern Australia The
gill nets are usually set about 10 m below the surface of the vatez to
prevent the propellere of fishiug vessels from being entangled with the
meta Right floats are used when they are aet near the surface
Necently, monofilament «ets have been used, especially in the marlin and
sailfish gill net fishery Owiag to their transparency, good catches are
obtained with these nets im spite of hardmese of the monofilamemt.

1977 6 880
1978 14 2,505

3'385
1980 27 4,824
1981 28 4,686
1982 25 5,462
1983 34 9,180

12
44
73

101

908

10,719
19,287
14,257

6
14
23
39
72
98

135

880

2,505
3,385
5,732

15,405
24~749
23,436
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DEBRIS ENTANGLER''NT IN THE KLRIHE ENVIRONMENT: k REVIEW

Nancy Wallace
The Entanglement Netvork

6404 Camrose Terrace
Bethesda, Maryland 20817

A. revie« of the literature shove debris entanglement is uow
evident for many species in all oceans of the world- Types of
debris range from large intact fishing nets to small plastic
fragments of unidentifiable origin. Nonbiodegradable plastic
objects form a Large portion of the debris. The term entangle-
ment herein covers interactions «ith objects by ingestion and by
encirclement or snagging of body parts in netting and Loops.
Behavior leading to entanglement is categorized as accidental,
indiscriminate, or deLiberate. Birds' fish, end sea turtles
become weakened or die from both types of entanglement, through
accidental or indiscriminate encounters. Marine manrmls suffer
primarily from encirclement through accidental catch in nets,
indiscriminate hauling out on balls of netting, and deliberate
playing with 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 commercial loss may be occurring through
fish mortality and ship haaards.

Beach deposition, sinking, and environmental degradation are
possible natural removal mechanisms. Potential human removal
mechanisms are a complete halt to dumping, retention of caught
debris, and beach clearing.

INTRODUCTXON

The use of nonbiodegradable material. in fishing gear, containers,
packaging, and objects has become commonplace throughout the activities
occurring in the marine envirolssent Disposal of these materials at sea
has resulted in significant mortality in birds, fish, marine mammals,
turtles, and possibly humans. This entire problem has been referred to as
debrj.s entanglement: The unintentional harassment, injury, and mortality
of organisms through physical means by objects of foreign material im the
marine environment. Entanglement includes ingestion, primarily of small
particles, and «rapping, snagging, or encirclement of body parts by debris

gg t S Shoemra W L 0 %a&Qe  atitOts! ~ tteceeebtgs of the lbrkahoe oa the g+t+ +~ ~
of %arjgy ethyl~ 5-fe %eemhet l144, sosolaluf %Nlik I s ~ sff cgmm+t f soaa
~. ~~srs-as'-S4 1Nf.
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Debris entanglement can occur either in abandoned netting or simple trash
Incidental entanglement in nets actively used for fishing is discussed
elsewhere.

SNJRCES

Marine debris consists of a range of objects, reflecting the entire
spectrum of substances used in modern society including glass, metal, wood
rubber, and plastic Plastic causes the major portion of barm, is the
longest-lasting substance, and is the most important of these in debris
"pollution."

In certain areas such as the Sering Sea. near major fishing ground~
and not near shipping lanes, the vast majority of persistent plastics
appears to originate «ith the fishing industry  MerrelL 1980! . This
includes discard of whole fishing gear, fragments of netting, and a range
of plastic trash. It is estimated that in 1980, debris from the fishing
industry alone vas being dumped into the gering Sea at 1,361 metric tons
 MT! � miLlion pounds! par year Discarded net fragments from this indus-
try in the gering Sea was estimated at 145,000 pieces per year  Merrell
1984! ~ The worldwide rate for 1975 from the fishing fleet was 23 y587 MT
�2 million pounds! of plastic packaging material discarded, and 135,172 HT
�98 million pounds! of plastic fishing, gear, including nets, lines, and
buoys  NationaL Academy of Sciences 1975! ~

Discarded netting ranges from vhole nets down to small fragments of
several ounces. The high seas salmon gill net fishery of the North Pacific
sets 8- to Llheai long nets, and the squid fishery sets 18- to 20-nmi nets.
kt least 15,000 nmi of drift gill net are «sed each day in the North
Pacific. ill of this has potential for loss, tear, abandonment, and
accidental catch on the bottom. In addition, at least a large portion of
gill nets wear ont after 1 year of use, leading to discard of thousands of
miles of net each year  9.8 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 merchan't
fleet industry  Dixon and Dixon 1981! ~ This is confirmed by Shanghnessy

! an increase xn Cape fur seal entanglement during decline of
fishing industry kpprozimately 71,000 ships vere in operation in 1979'
according to LLoyd's of London Each crewmember disposes of 1 .1 to 1 ~ >g
of refuse per day, plea 290 lC per ship per year of cargo-associated mate
The solid waste from this fleet amounts to 6.5 million MT per year for
marine litter from the merchant fLett'  Rorsman 1982!. Prom these figuresr
it appears the merchant fleet may be a source of as much or more l.astic

ing indnatryi The total discard for merchant ships vase p

1981! of to
estimated at 590 Mt per year  L,3 million pounds per year!  Dixon and Dixon

tal solid waste, about four times the weight of the fishing
industry's plastic mate Xt is not clear «hat the contents of shipboard
trash may be, although Horsman �982! presents an in depth analysis ««wo
ships I'ombiodegradable material accounted f 26-30K f
weate, inclnd 1 or - o total ahsps I

m ee c n ~ glass and metal, so the fishing and merchant fleet plasticcoatribmtion may be abomt ~mal.
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Trash for our purposes includes any object of foreign material,
usually of plastic, except netting. Nonofilament lines, rope, twine,
packing bands, both for the fishing industry and cargo ships, floats,
plastic baggies, beer sixpack holders lifejackets, and styrofoam packing
pellets are some examples. Borsman �982! estimated 639,000 plastic con-
tainers are discarded daily into the sea, along with other items' This vas
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 aircraft carrier. Pleasure boats, research vessels, and oil tank-
ers also contribute large amounts of trash  Hational Academy of Sciences
1975!. Venrick �973! confirmed this scale of the discard problem with a
pelagic survey estimating 5 to 35 million plastic bottles on the surface of
the cnorth Pacific from direct sampling.

Land sources such as coastal factories have generally been concluded
to be the source of the small �-5 mm! "rav" plastic pellets or beads.
About the size of the head of a match, these are regularly shaped, rounded
pellets from intermediate processes in the plastics industry. Colton et
al. �974! suggested that the plastics industry itself may be the source of
this debris in the rivers, estuaries, and coastal waters of the United
States. Studies shoved concentration of up to 21 items per 2.5 cms in
sediments downstream from factory outlets, and deposition in sediment
continued downstream into estuaries. Surface concentrations of 101-250
g/hm vere found several hundred miles offshore, indicating that river
dumping of this plastic leads directly to pelagic plastic pollution-
Carpenter and Smith �972a! identified this problem in the Sargasso Sea
�,500/km !, Hays and Cormans �974! found the source by sampling factory
effluent, Colton et al. �974! demonstrated wide distribution off Horth
America, Kartar et al. �973, 1976! for the United Ringdom, Cregory �977!
for Hev Zealand beach concentrations at maximum of 100,000/I.ineal meter,
Van Dolah �980! for the  Rlf Stream, Shiber �979, 1982! near eight
factories in Spain and for Lebanon, and Mong et al. �974! for the Pacific
�4,000/km maximum!. The Ne» Zealand beaches have been described as
covered vith "plastic sand." The plastics industry, through the Plant
1kaission Study of the Society of the Plastic Industry, concluded to the
contrary that factory effluent was not responsible.

The scientific commentaries above on pellet sources could be partly
challenged by Morris' �980b! South Atlantic survey. Aside from a probable
misinterpretation of the rounded ends as evidence of weathering, he pre-
sents excellent data suggesting these pellets are no» a ubiquitous, high-
density worldwide contaminant to the extent that the source is now unimpor-
tan't He found 1,000-2,000/kms on average in the Cape Basin of the South
<tlantic. This constancy throughout the world is confirmed by sampling in
the Horth Pacific  Mong et al ~ 1974! «hich found a maximum of 34,000/km*
~eluding a distinct concentration peak in the eastern Pacific, and Ioth-
stein's �973! discovery of the same pellets from Leach petrel stomachs in

He points omt that these pelagic birds feed not only in the open
oceano but avoid the Sargasso Sea, indicating widespread distribution of
pellets outside of Iov wind stress areas, even before the current semp ing
devices the neuaton net, uas invented

The sources are not at all clear for the mall, gagged particles of
»1 sixes al.so nor found around the world. Rothstein �973! notes many of
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these particles vere also 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 aot clear. Higher coacentration offshore even in industri-
alised areas indicates they are not shoreqroduced  Van Dolah et al. 1980!.
Norris �980a! gives a density of 2,000/km in the eastern Mediterranean
for plastic pieces larger than 1.5 cm. Given the tremendous vorldvide
concentration of these pieces, until an estimate is made of the origin 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 "offcuta"! fouad ia puffins oa
the coast of England and Scotland and arouad the necks of dogfish off
Norway has aot been identified. They nay come from the garment industry-
If so, they appear to have come from the European Continent, or be the
result of illegal dumping in Great Britain. There appears to be ao reason
to ignore the notion the thread could have floated from the continent to
the British coast, since there is ao particular reason for them to sink.

The possibility that beach debris is produced by spicknickers" seems
to have been put to rest. Scott �972! in a study specifically aimed at
this question, concluded from the condition, markings of origin, time and
place of observation that the contribution of "pickaickers" to shore litter
vaa minimal relative to sea deposition. Dixon and Dixon �981! snd Nerrell
�984! also confirmed this, Nerrell by selecting a spot virtually inacces-
sible and quite unappealiag to recreational bathers, hachitka Island-

Siace the plastic in netting is of either positive or aeutral buoy-
ancy, discarded netting geaerally stays suspended at the surface . Plastic
aad glass floats also usually stay at the surface.

Nhen suspeaded, large pieces of net and monofilament line often "ball
up." Balls of up to 9.1 by 30.5 m �0 by 100 ft! have been sighted.
Monofilament line may wrap around other object's, providiag more opportuni-
ties ia loops aad twists for entangling. Netting, which has caught on the
bottm, either causing abandonment or after discard, vill stay vertical in
the water if the floats are still attached. Sometimes these floats have
considerable buoyancy and keep a large net "hangiag" like a curtain for
years The acts vill also, of course, stay vertical aad continue to drift
if they still have their floats and are aot caught on the bottom. Nost of
this plastic at the surface is lightweight polypropylene aad polyethylene,
Neasion or "craning" of the surface of the debris may evidence a long time
in circnlation.

Other plastic material sinks partly or completely through the water
coal depending on its deasity Nedi~ight pieces  possibly poly-
etyrenee, styrene copolymers! are thought by Norris �9Ma, 1980b! to stay
~ nepeslded in the water colma, ia the colder, denser layers Heavy pieces
 ench ae acrylice, cellnlosice, substituted polymers, vinyl polymers! are
feend en the bott>a, along with glass floate, netting, crab pote, «ire,
cane end metal fragments, cloth, synthetic rope, and tvine, etc  peder
>+4!» The variation in the water cols' far the name type of objects haa
+et 'beesL investigated or explained.
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Dixon and Dixon �981! holds that most debr is begins its journey with
deposition within 400 km of land. Wang et al. �974! also found a much
vider range of debris close to land; papers, elastic bands, and wood vere
present only up to $00 nmi from shore. Carpenter and Smith �97 2b! found a
much greater range of plastic types within several hundred miles of shore,
and Norris �980b! found only the lightest plastics, polypropylene, and
polyethylene in the open ocean far from any sources. The accumulation of
abandoned net at this time seems particularly concentrated in the gering
Sea, moat likel,y because of ita 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 particul.ar seem to occur quite
far from their probable source, in accord with other indicationa 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 other 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 «ith major currents until slowing down with the
current and little wind pressure. d 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.

Wng et al. �974!, in their track eastwards along lat. 35'N  roughly
Tokyo-Loa Angeles!, found that plastic, although widespread throughout the
Pacific, vas relatively absent in the western Pacific, completely absent at
long. 125 W, had a huge peak of accumulation in the eastern Pacific at
long. 143 R  coinciding with sero annual vind stress!, and smallez peaks in
areas of the broad, slacker subtropical current from the western Pacific.
Sha» and Napes �979! also found the dominant factor of low net wind stress
sauthwards along long. 158 W. In interpreting the nore southerly distri-
bution of plastics, combined with Wang et al.'s easterly concentration,
Shaw and Mapea suggest sources in the western Pacific and the eastern
Pacific and, a fairly long lifetime in the water, in contrast to Song et
ali's suggestion of a possible large contribution by Hawaii.

The ktlantic studies generally confirm the overall widespread distri-
bution and significant influence by currents. Van Dolah et al-   1980!
showed likely entrainment in the Gulf Stream, and Winston �982!, froa the
sources of debris en a chloride coast, found evidence of entraimaent in the
Guiana, hatillee, and Caribbean Currents. Pram Carpenter' s �972a, 191 2b!
direct sampling of the Sargasso Sea surface, and Winston's aamplimg of
debris in Sargassum rafts washed ashore in Florida, considerable accumu-
lation is indicated in this lo» wind stress area. and in the windrowa at
the edges of convection celiac

Netting Abri ~ has also been reported on the coast of aa island just
off the kntarctic continent Gajardoa  pars ~ commun.! saw a net fragment
on South Shetland Island at the north tip of the kntarctic Peninsul,a clone
to the circumpolar current.

The length of time this debris remains in the ocean appears quite
variables from days to decades. The upper limit ie moat likely the 8hont
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nets conpletely subnerged in cold water, since they are moat resistant to
degradation and are exposed to the minimum of light, heat, and abrasion.
It is not known how long the plastic material survives under these condi-
tions+ Wehle and Coleaan �983! indicate plastic particles on beaches nay
last 5 to 50 years, ao the upper limit for sunken nets is most likely above
5b years

Dixon and Cooke �977!> using detailed dating techniques of containers
in a beach survey in confined vaters close to the heavily traveled Straits
of Dover, shoved that 83Z vere <2 years old and 87Z <3 years, indicating
fairly quic'k removal from the sea surface  not necessarily by beach deposi-
tion!- !n a controlled release experiment fron a nearby city, 69Z of
containers were beached within 24 days. This rapid removal is confirmed hy
ny winter beach survey in Argentina of a completely clean 100 m of beach,
and only two synthetic fragments in 1 kn. k local biologist  Lopes pers.
canaan.! said the beaches have considerable continuous debx is during the
~ unner wh«n fishing vessels are offshore.

Nexrell �984! generally confirms this rapid rate of removal:
Decreased foreign fishing effort resulted in decreased beach litter in the
Earing Sea. Although the total reduction in fishing vessels is not clear
fron Nerrell's «ork because of inclusion of only foreign vessels, a
significant dia«repancy between reduction of foreign trawl vessels �6Z!
and reduction of trawl~b accmulations �7Z! could show that I! debris
discarded in open ocean fax' fran shore takes considerable time to drift in
and be deposited, or 2! that netting drifts nore slowly than containers, or
3! that amber of discards per vessel increased though weight decreased, or4! 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 raaaining in the ocean in a gyre.

The 10-year span of Merrell's study would tend to affirm at-sea sur-
vival time for floating netting generally of <10 years. The longest float
time estimates for recovered netting is 2 years  Tinney 1983!. k plastic
packing bag found by Merrell �984! was 4 years old. DeGange estiaLated a
trip of over 100 ha in 30 days for a 3.500 m net in the cnorth Pacific, or
roughly 3.3 ka/day, suggesting long drift times in the open Pacific-

Fonr natural types of removal from the sea have been discussed. Beach
deposition is the only well-documented mechanisn There seems to be no
significant deposition on rocky beaches, some on pebbled beaches, and the
most on sandy beaches. Deposition increases duxing «inter storms over the
normal rate of deposition in the Sering Sea  Marrell 1980! and in the
Meliterranean  Shiber 1982!.

After deposition, the debris ia subject to burial, «ind transport to
vegetation, gnawing by rats, and resuspension. Dixon and Cooke �977!
fonnd 6Z of the material reerposed by storms after bnrial To these
processes are added the environmental and microbial decay presented below
Based on my beach survey, it appears that a virtnally coaplete el.imination
of debris i' possible in certain circmstances

The second mechanism ia sinking. For netting, with accmulation of
<41 and ether species caught in the net, snagging on the bott', 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 vas incidental
to the biota collected, but in the better sampling series of 1976, Feder
�978! found that 41Z of the travls contained debris. Twenty-three of 43
items were plastic in a category including synthetic rope and twine,
plastic objects, and fishing gear categories. Also in 1976, Jevett �976!
found 57Z of benthic travla contained humanmade debris' This included
large numbers of metal items. This indicates sinking is also a significant
mechanism in the removal of debris, although one must question vhether this
is truly a removal.

A third pr'ocess is environmental degradation, by the ultraviolet
portion of sunlight, through photooxidation, erosion by sand abrasion,
molecular breakdovn by heat and aging, and fragmentation by wave action-
The much lower incidence of reported debris entanglement in tropical
latitudes may be due to this pbotooxidation mechanism. More brittle
plastics appear t'o break dovn rather quickly in light and heat. Dixon and
Dixon �981! shoved that older plastic containers  over 4 years! on beaches
were disproportionately fragmented, indicating these processes together
occur within 4 years of discard. Ee suggests photooxidation generally
embrittles plastics vithin 2 years of discard. and that rates of decay for
plastic, glass, and paperboard containers are essentially the same. More
flexible netting and synthetic twine are not nearly as vulnerable to these
processes, and Mehle and Coleman �983! suggest some plastics may remain on
beaches for 5 to 50 years.

The fourth mechanism is microbial action. Although this is mentioned
in various papers, it is not enumerated or quantified.

The fifth mechanism, not one of volume but of great potential for
research purposes, is regurgitation of debris on land by aeabirds

Based on observations of rapid declines in beach deposition, it
appears there is generally a high rate of removal of debris by natural
mechanisms. As noted above . 100X elimination is possible for particular
areas. On the other hand, for the small pelagic pellets, because of
relatively slow rates of degradation at sea, there may be an opposite net
effect. that i ~ , a cumulative increase with no equilibrium point, for this
one type of debris  Morris 1980b!.

The only human removal mechanism now in effect is beach clearing.
Merrell �984! noted trawl floats and inflatable crab pot buoys are prixed
by collectors, and Dixon �978! reported on a large annual municipal cleanup
in Britain. Although trawl fisheries bring up debris in el~st every aet
in the North Pacific  Branson pere. commun.!, it ia not retained at thi.s
time. The overall volume of debris removed by humans is insignificant,
though issportant for the areas cleared.

XNTKRACTXONS

Am analysis of imteractiona of marine organisms with debris showa
three distinct behavior types. Some involvement with debris is entirely
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accidental The object' is simply not perceived. The animal gets caught in
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, snd its use as nesting material
by birds- The animal sees the object, but cannot distinguish it from an
appropriate, natural object. Among birds in particular, this type of
behavior varies from species to speciee, 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 vays
from flexibility in adaptation to humans will suffer more from the detri-
mental effects of debris by entanglement than species which are more
discriminating and less adaptable to humans otherwise.

Third, some incidents must be categorised specifically as deliberate.
Young pinnipeds, with their natural curiosity, deliberately seek out
objects «ith 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

Birds

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 vhich wrap around
wings, beaks, and feet; and large pieces of netting in which they drown
immediately.

Rothstein  L973! drew attention to the existence of significant
nmabers of raw plastic pellets and broken pieces in Leech's petrel stomachs
collected in 1962. kt least 741 of Laysan albatross carcasses examined in
1966 has plastic in their stceachs or gissards. The young birds had
apparently been fed the pieces by their parents after pick up at sea.
kenyon and Xridler �969! also observed that the albatross carcasses vere
the source of abundant plastic litter on Laysan Island, where the tide
could not have deposited it. Although the overall amount of mortality was
not significant at this large colony, Kenyon and Kridler hypothesised that
the young nestlings cannot regurgitate the bulky indigestible pieces along
with the usual squid beak castings- He found two pieces of regurgitated
plastic sandwich bags. Of the 243 plastic items found in the carcasses,
only l 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. ks of
1%, 15X of the 280 species of seabirds are known to have eaten plastic
04hle and Coleman l983! ~ This now appears to be a widespread problem of
the feeding ecology of seabirds; species in the North and South Pacific,
North aN4 South ktlantic, and the subantarctic have been found with plastic
in CheiIr etnaacha.
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Ingestion probably af fects birds  and other organisms! in four ways:
blockage of passages, ulcerations through constant friction, toxic accumu-
lation from the plasticisers, and decreased appetite. Energy resources
may not 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 species differently, depending on their natural capacity for regur-
gitation and other factored' If the bird is a scavenging species capable
of regurgitating, such as gulls and terna, it seems to be able to clear
its stomach  and gissard! of accumulated debris. ELastic thread and many
other types of particles are found in regurgitations at gull roosts  Pers-
lov and Jefferiee 1972! ~

If the bird cannot regurgitate, then the debris stays in the birds,
adding to the stress and possible death- Puffins, vhich usually eat only
living fish and macrosooplankton, vere found to have eaten elastic thread.
Kn the giasard, the elastic thread balls up, forming a knot 1 cm across in
one bird, and blocking the gissard exit in another. Pour of six puffins
collected in Great Britain outside the breeding season had elastic thread
in their gisxards. Hypothetical reasons for the ingestion of the elastic
threads were mistaken identity as pipefish, or ingestion during play. Hone
of three puffins collected during the breeding season from colonies had
ingested elastic thread. This species is known to travel considerable
distances over the North Sea, vintering out of sight of land, and Parslow
and Jefferies �972! suggest the presence of thread just in nonbreeding
birds indicates that this material is videspread in the North 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 gisxards.

Birds also become entangled in simple openings in trashy for instance,
six-pack holders, and styrofoam cups  Evans l970! ~ When they dive for an
object in the water, the plastic becomes jammed into the head or beak, and
the bird starves. k royal tern in Puerto Rico had its lower jav impaled
even in a rigid plastic cup, but a common tern chick in New York wae able
to free itself from a sixpack holder in which it would have been stuck if
it had been older and larger  Gochfeld 1973!.

Entanglement in line begins vith the earliest known reference to
entanglement  Jacobeen 1947! . Today the main problem ie monofilament
fishing line. Cosnson terna and bLack skisssers from New York colonies
 Gochfeld 1973!, brown pelicans in California  Gress and Anderson 1983!,
and the masked booby in Hawaii  Conant L984!, are saae examples. h black-
crovned night heron was rescued from a tree on the New York 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- Puncture of the pelican
pouch by hooks at the end of the line is also a hasard.

The most serious impact on birds is most likely drowning in ghost
nets. High seas drift gill meta with the floats intact are right at the
surface, and the birds see the concentration of fish but not the netting.
Entanglement is almost almys immediate and fatal Baeed on data fry
incidental take by the same process and gear, birds are caught to a dept+
of several meters> and diving birds such as murres are caught at the
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greater depths in the nets, and birds including shearvaters and alcida are
caught in the top layers. Diving birds comprise approximately 60 to 80Z of
the seabirda caught in actively used gill neCa and may also comprise that
proportion of birds caught in ghost nets as veil ~ The presence of other
species ia thought to depend on distance from shore, time of year,
proximity of breediag coloniea, type of fish in the area, and mesh size.

Fish

Fish also suffer from ingestion of particles and netting. Although
most important ccsmercially, and very important ecologically, impact on
fish is the least reaearched and documented area.

The small plastic pellets have been found in the stomachs of eight
species of fish off southern Nev England  Carpenter l972b!. garter et a!-
�973! also shoved that bottom<welling fish in the Severn Estuary, England
have debris in tbeir stomachs, Oae dogfish vaa caught off Norway with an
elastic band around ita neck, similar to those eaten by puffina in the
North Sea  Paralov and Jefferies 1972! ~ Fish in the Danube have al.so been
caught vith debris around their bodies. These incidents do not appear to
be significant in harm or mortality.

Manta rays, another commercially fished apeciea, have been documented
to be entaagled in lost single strands of monofilament lines. The linea
wrap tighter and tighter around the wings as the ray svima through the
water, and slice through the 20.3 to 25.4 cm  8 to 10 in.! thick, fibrous
cartilage. Noaofilament i ~ knee to have nearly severed these 3- to 4 6w
�0- to 15- ft! wings  Peterman pere. comma.!.

ka unknown and possible huge mortality up to twice the aixe of bird
loaa may be occurring from ghost nets. Nets vashed ashore typically have
numerous fish carcasses, and one abandoaed gill net vas 3,500 m long. Less
than half �,500 a! of the estimated total which vae pulled aboard
contained over 200 chum and silver salamn, and other marine life including
99 aeabirda

Salmon returning to Alaska have crosshatch markings on their aides,
indicating problems vitb netting. Concern haa been expressed by the
industry about damage to tbie fishery fram incidental catch, and such
concerns vould also be applicable to tbe free-floating abandoned gill neta-

Marine Mmeaala

curine mammals, although not the moat severely affected group as a
whole, are the most well documental and involve the moat critically
endangered spec ice e

Marine mammals die from debris entanglement in essentially three
different vaya. If the fragments are large  more than about 4.5 kg �0 Lb!
for the northern fnr seal! the animal drovma Medium fragments � to 4-5
kg �.$ go 10 lb! for northern fnr seals! leal to exhaustion, depletion,
amd atarvatiom dmn to increaeed drag. The effort to avim, breath~, and
catch food becomea too much for the energy level of the animal  Peldkamp
1%13! One ummamal1y large piece rmned fry a live northern fur seal in
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1982 measured 50 m unraveled. Small fragments, including most of tbe
simple trash, kill slo«ly over months as tbe animal gro«s into the loop
Pur, skin, blubber, muscle, aad eventually vital organs are constricted or
cut through.

In the most dramatic instance of entanglement, Il of the 26 Hawaiian
monk seal pupa bora in 1983 on one of the few bxeeding isi.sade either «exe
entangled in netting or playing among netting aad debris in the vater-
Pour pupa of this critically eadsagered species vere caught in 1983 in
netting which snagged on coral, aad vould have drowned vith the next tide
had they not been cut out by scientists  Tinney 1983!.

Debris entanglement is estimated to cause 50,000 to 90p000 deaths per
year ia the northern fur seals The population in 1983 was dropping on the
maia rookery in Alaska at about SX per year. kt least 50,000 deaths are
thought to be due to entanglement; the other 40,000 deaths possible
entsnglemeat or possibly some unknown factor such as disease  Fo«lex 1983! ~
The proportion of entanglemeat from packing bands rose quickly from 5l in
1970 to 38K in 1973 '

Cape fur seals have been documented to be entangled, primarily in
plastic, the largest component being packing bands, and also in «ire,
leather, and rubber rings. These animals were nearly all male  Sbaughnessy
1980! ~

The aouthern aea lion, Otarit nhxttr~nalpr,leerily nalea! haa aleo
been documented to be entangled ou the Argentine coast, again primarily ia
packing bands  Ramires 1984!. Cardenas and Cattan  l984! repox't on

mu'
Chile, again moati.y in packing bands.

The endangered West Indian manatee becomes entangled «itb crab pot
lines. One vss found vith plastic sheeting or bags in the staaach  keble
and Coleman 1983! ~

A minke vbale «as seen ingesting plastic «bile feeding on the garbage
of a commerciai. fishing ship. The pygmy sperm whale, rough-toothed
dolphin, and Cuvier's beaked whale are also kno«n to hare ingested debris
 keble and Colemaa 1983!.

Sea Turtles

Sea turtles mistake floating plastic bags for jellyfish. Upon being
s«allo«ed, the bag does not pass through the turtle and kills it through
ixLtestinal blockage. Four of the seven marine turtle species have been
found to have ingested plastic  Able and Coleman 1983!. Ingestion of
plasti,cs has been documented iu leatherbacks from Ne« Tort, Ne« Jersey,
trench Guiana, South Africa, amd France; im green turtles fromm Japanese,
Central kaerican, and Australian coastal «stere, and in the South China
Sea; im ha«ksbills from the Caribbean coast of Costa Rica; and in olive
ridlay turtles from the «estern coast of Mexico 4 aea turtle «as also
seexL s«immimg im the Mediterrean «raPPed im a large Plastic sheet  ~rris
1980m, 1980b!.
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In addition, young sea turtles vbich are supposed to feed on small
crustaceans crsvliug on sargassum raf ts, nov bi t e styrof osn packing pel lets
snd tsr belle  Pace 1984!.

Laud Msnuasls

The Spitsbergen reindeer, a small hardy reindeer of the northern
is]snd of Spitsbergen, Nor«ay, often becomes eataugled in the masses of
netting vsshed ashore on the island  Tressault pere ~ commun.!. k reindeer
on ktka Island, alaska, vss also reported entangled in a fishing net  Beech
et al. 1976! ~

Humans

It is thought that some Loss of human life during storms in the Bering
8es may be due to loss of pover or maneuvering ability fram fouling of
propeliers, shafts, and iutakes. Some loss results from ships becoming
entangled iu their o«n gear, and arne from floatiag fragments and trash.

Hets caught on obstacles such as rocks, offshore oil structures. and
pipelines are a danger to divers and repair vorkers ~ Scuba divers are
familiar vith ghost nets snd these are thought to be responsible for some
double dzovnings. Sunken nets are a formidable obstacle and recognised
dangez to reseazch aud military submarines; near fatal encounters have been
reported  Evans 1970!. Some catalogues of obstacles and vrecks ezist to
help avoid these areas.

Navigational Essard

ks discussed briefly shove, debris i' a cause of ship disablement.
Most ships carry a scuba diver to free the ship or debris. The impact of
the debris varies greatly «ith the siss of the ship; large propellers can
chop through anal.l lines easily, but s fragment fram s container can easily
clog the intake of a small pleasure boat.

Coaeercial Loss

The most direct and probably largest commercial loss is iu the
commercial fishing industry. First, the ghost net tazgets the fishery for
«hich the net mesh and fishing technique «eze designed. Thus a discarded
kg«id net «ould be «ost effective at catching squid, and crab pots keep
catching crabs. 8econdly, other incidentally taken commercial species,
such as sal«on, vould be lost proportionally «ith the amount of discard.
Third, the netting vill take additional resources ss it moves  such as
sinking! into different areas Sunken gill nets are thought to entrap
lobsters and crabs, and «ould affect such species as the king crab.

Ihs« a ship is disabled, it aust pay the «echanical repair costs,
including that of disentangling the propellers, added to the lost fishing
iine0 end each lost piece of netting umst be replaced at ful 1 price.

~Cher industries, such as cargo shipping and recreational boating are
incurring costs in repair of damage caused by debris fouling Governments
also ~st pay to repair the same type o'f damage on Navy ships and for the
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Coast Guard to rescue ships under dangerous conditions when disabled by
debris.

Commercial, subsistence, and recreational uae industries involving
aeabirds are also affected by "ghost fishing." Slender-billed shearvaters,
sooty terna, eiders, thick-billed murres, common puffins, and at l.east 20
to 30 other species are harvested commercially for meat, eggs, and stomach
oil ~ Several of these are species vhich suffer the highest mortality from
netting  CLine et al . 1979!.

Guano production of South American and African marine birds although
most likely not affected by debris netting at this time, may be susceptible
since significant expansion in fisheries is expected in some nearby areas.

Subsistence use of birds by natives in Canada, klaska, and el.sewhere
is an important part of their dicta The Paroese take puffin and aurres,
and Eskimos and Indians on the Azctic coast of Alaska and the Northwest
Territories have traditionally taken marine birds and eggs in an annual
spring hunt. The more isolated the cosmunity is, such aa Banks Harbor,
dolman Island, Pint Rope, 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 areas as well. The small isolated St. Paul and St
George Islands Aleut commnnitiea 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 North kaerican coastal states
and provinces of both coasts have boat or airplane excursiona to marine
bird viewing areas of fshore; and Alaska and Vaahington State Governlaenta
end private organisationa have ferries or excursiona to seabird colonies
 Cline et al. 1979!.

Shore communitiea and resort areas are incurring coats to clean
beeches. It ia unknown what portion of the litter i ~ seaMepoaited, but it
is known that Large-scale, thorough clean up of almost exclusively sea
debris on county and statewide bases requires funding for organisation and
trash disposal.

Some comment has been made that sharks attracted to entangled fish and
corpses of marine mammals have made bathing beaches dangerous and may in
acme cases force the closing of these areas, resulting in a loss to the
I.ocal dependent business.

Apart from these aconoaic costs ia the aesthetic and cultural costa.
This includes beaches and the open aea. Not only is this "cost" often
paid by those not responsible for the debris, but it lowers everyone' ~
benefits and expectationa for benefits in the futures although we have
become scmewhat used to seeimg spoiled beaches, this coat ia not neces-
sary, and «e could raise the standards back to the pleasure of the unclut-
tered beaches of a century ago.

k final coat is the loss of feedstocl to the plastics industry.
cost of fishing and netting to produce plastic raw materials could be
avoided by retentiom and recycling of already manufactured netting.



272

Coamercial Benefits

Debris from discard may be perceived as an economic advantage to the
plastic industry through an increased demand for netting vhen its tearing,
repair, and lose bears no coat for disposal of used netting

The killing of marine mammals by debris may also be perceived as a
beneficial result. Iy remaving a competitor for certain species of fish f
the availability of those species vanld be increased, though the catch of
target speciea by the discarded n~tting would be increased simultaneously ~

k mall souvenir trade in glass floats has also developed. k single
fioat approximately 4 in. in diameter now sells for about $10 apiece.

Ecological Impacts

kpart from impacts on single species, several ecological impacts have
been noted, but there has been no thorough study.

Plastic serves aa an additional substrate for marine organisms.
Plastic in the ktlantic supports a limited number of species also found on
sargassum and some not found on the seaweed. There was a clear dominance
of one bryosoan, Klletra tensile~ which ie not found on sargassum, aver
other bryosoans which normally dominate the available seaweed substrate in
that area ~Eliot a ~tea lla'a larte aaeeeaa off the htlaatic coaat of
Florida is thought to be due to the large amounts of plastic debris in that
area  Winston 1982!. Nigher up the scale, tube worms are using the small
raw plastic pellets to build their tubes.

Secondary food uptake of plastic pellets has been noted from the South
ktlantic and South Pacific. Fish that ate pellets in Ecuadorean ports were
taken by blue-footed boobies in the Galapagos Islands and by short-eared
owis. k broad-billed prion and its ingested pellets have been found in the
st<each of a South Polar skna in the South ktlantic  Wehle and Coleman
19S3! ~

Seven endangered species are specifically vulnerable to debris
entanglement. The Eawaiian monk seal, four species of sea turtles, the
brown pelican, and West Indian manatee have died, in descending degree, due
to entanglement.

Military Impacts

Ivaas �970! 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 bas grown to a rate of several per year around
the british Isles. The disability of either the fishing vessel or the
submarine or both appears to have resulted. klthough technically an
incidental take" at the first moment, the encounters can be expected to

lead inevitably to tearing and debris im the course of the entanglement
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COHCLUSIOH S

Entangling debris in general and plastic in particular appesx to have
been in the marine environment for at least 22 years and probably since the
beginning of large-scale plastic manufacturing. In some form, such ss
pellets, it is a ubiquitous, vorldvide pollutant, end in other forms, such
as netting end trash, appears to be a large problem in areas of heavy
fishing and shipping. natural removal mechanisms have a significant annual
impact on decreasing amounts

Up to one hundred thousand marine mammals snd possibly more die each
year. Half or more of the individuals of certain marine reptile species
are affected by the plastic litter, end beechcombing land mammals become
snarled in nets and die. Loss of human life may be occurring fras
disabling ships, and sunken nets are a bassrd to underwater uork on
structures and deep submersi.bles. Direct financial loss may be occurring
to the fishing snd recreational industries.

The debris portion of the entanglement problem may be virtually
eliminated in perhaps 10 years by tvo simple steps: no dmsping snd
retention of debris brought up during sets.

Fox certain species, areas, and industries, alleviation before 10
years is highly desirable. Two additional actions, clearing beaches and
retrieving sighted debris, vill be effective in reducing the problem
quickly for critical areas in about 2 years.

Research funds mould seem to be best spent equally on producing
information directly related to the motivation of fishers, and on
monitoring the impact on endangered species to identify areas of critical
ection.

The plastic itself may be shredded and 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 in the last pristine
areas, the Antarctic and the southern ocean-

LITERATURE CITKD

Beach, R. J., T. C ~ Nevby, R 0. Larson~ M. Pedersen, and J. Juris.
1976. Entanglement of an kleutian reindeer in a Japanese fish net.

Murrelet 57 x66.

Cardenas, J C., and l'. B ~ Cattam
1984. Administration of Chlorohydate to Xilacina to seals in the

«ild, using a biomgun Abstract of presentation to First
Conference on the cwork of Efforts on Marine Mammals of South
America, 25-29 June 1984, Buenos kires, krgentina.



274

Carpenter, B. J., snd R. L. Smith, Jr
1972a ~ Plastics on the Sargasso Sea surface ~ Science  Wash-, D.C.!

175:1240-1241.

1972b Polystyrene sperules in coastal «aters. Science  Wash ~ ,
D.C.! 178:749-7 50.

Cline, D. R., C Wentworth, and T. W. Barry-
1979. Social and econanic values of marine birds. In J. C. Bartonek

and D. N. Mettleship  editors!, Conservation of marine birds of
northern North hcsezics, p. 173-182. U.S. Fish Wildl. Serv., Vildl.
Res. Rep. 11.

Colton, J B., Jr., F. D. Knapp, and B- R. Burns'
1974. Plastic particles in surface «stere of the north«estezn

dtlantic. Science  Vssh., D.C ~ ! 185:491-497 '

Comsat, ST
1984. Man~de debris and marine «ildlife in the North«estern

Ha«aiian Islands. 'Blepaio 44 9!.

Dixon, T. B.
1978. Tackling U.K. shoreline refuse. Mar. Poi.lut. Bull. 9:91.

Dixon, T. R., and k. J. Cooke.
1977 Discarded containers on a Kent beach. Mar. Pollut . Bull.

8:105-109.

Dixon T. R-, and T. J. Dixon.
1981 Marine litter surveillance. Mar. Pollnt. Bull- 1 2:289-295.

Bvans, V. B
1971 Potential haaards of non<egrsdable materials as an

enviroaaental pollutant. In Naval Under«ater Center Symposium on
En«iroeaental Preservation, 20-21 May 1970.

Feder, E. M.
1978. Manmade debris on the Bering Sea floor. Mar- Pollut. Bell.

9:52-53.

Feldkajsp, S. D.
1983. Bf feet of net entanglement on the drag and po«ez output of

seining sea lions. Final report to the National Marine Fisheziee
Service Contract MMA-824$C-02743.

Fo«ler, C ~ 'L
1983. Status of northern fnr seals on the Pribilof Islands.

 Background paper anhsaitted to the 26th kanual Meeting of the
Standing Scientific Coaaittee of the North Pacific Fur Seal
Cceaisaion! 28 Matc& kpril 1'983, held in Mash- D-C !

Cochf eld! M
1973 Bf feet of artifact pollution on the viability of seabird

coloniea om Long Island! Neo Tork Bmvironi Pollut. 4:1%.



275

Gregory, N. R1977. Plastic pellets on Eeu Zealand beaches. Nar. Pollut. Bull ~
B:82-84.

Cress, F., and D. Anderson.
1983. Draft California brown pelican recovery plan U.ST Fish Mild'

Serv., Portland, Oreg.

Rays, H., and G. Cormons.
1974. Plastic particles found in tern pellets, on coastal beaches

and at factory sites. Mar. Pollut- Bull. 5:44-46 '

Horsman, P. V.
1982. The amount of garbage pollution from merchant ships. Nar.

Pollut. Bull. 13:167-169 '

Jacobsen, N. A..
1947 ' An impeded herring gull ~ Auk 64:619.

Jewett, S. C.
1976 ~ Pollutants of the northeastern Gulf of Alaska. Nar- Pollut ~

Bull. 7:169 ~

Eartar, S., R. A. Milne, and M. Sainebury-
1973. Polystyrene waste in the Severn Estuary. Nar. Pollut. Bull.

4: 144.

Kartar, S., F. Abou-Seedo, aud M. Sainsbury.
1976 ~ Polystyrene spberules in the Severn Estuary � a progress

report. Nar. Pollut. Bull. 7:51.

Kenyon, X. M., aud E. Kridler.
1969. Laysan albatross swallow indigestible matter. Auk 86:339-343.

Nerrell, T. R., Jr.
1980. Accmwulation of plastic litter on beaches af Amchitka Island,

Alaska. Nar ~ Environ. Res. 3;171-184.

1984. A decade of change in nets aud plastic litter from fisheries
off Alaska. Nar. Pollut Bull. 15:378-384

198$. Fish nets and other plastic litter on Alaska beaches. In R.
S. Shomura and E 0. Toshida  editors!, Proceedings of the workshop
on the Fate and Impact of Marine Debris, 26-29 November 1984,
Honolulu, Ramaii. 0 S. Dep. Commar-, NOAA Tech. Nemo. EMFS, HGAA-
TM-NMFS-SQFC-54. [See this doc~ant.!

Norris, R. J.
1980a. Floating plastic debris in the surface Naditerranean. Mar.

Pollut. Bull. 11:125.

1980b Plastic debris in the surface uatsrs of the South Atlantic.
Nar. Pollut. Snll. 11:164-166.



276

Nrosovsky! Se
1981 ~ Plastic jellyf ish. Maz. Turtle Bevel. 17: 5-7 ~

1atioual Academy of Sciences.
1975. Assessing potential ocean pollutants. A report of the Study

Panel ou Assessing Potential Ocean Pollutants to the Ocean Affairs
Soazd, Commission on Natural Resources, National Research Councils
Mash. D.Ce! p. 405-438

Pace, B
1984. Tiny turtles' big secret, a mysterious and perilous journey,

is discovered. Nev Tort Times, 21 February 1984.

Parslow, J. !. F., and D. J. Jeffezies.
1972 ~ Blastic thread pollution of puf fins ~ Maz. Pol lut. Bull.

3: 343-345.

Ramlrex! Qe De
19BB. Captors de 1e!os llarinos de nn Peio  ~Ot ris tlavescens1 en

Estado Silvestze, Por Medico de Drogas lnmovilixantes ~  Capture of
~ outhern sea lions in the vild by drug immobilisation.! Abstract of
presentation to the Fizst Conference on the Mozk of Ezperts on
Marine Nanmels of South America  Pzimera Reunion de Trabajo de
Expertos en Mas9miferoa Aquaticos de America del Sud!, 25-29 June
1984, Buenos Aires, Azgeutiae

Rothstein, S. I.
1973. Plastic particle pollution of the surface of the Atlantic

Ocean: Evidence fzoa a seabird. Condor 75:344-345.

Scott, C
1972e Plastics packaging and coastal pollution. Tnt. J. Envizon-

Stud. 3:35-36.

Shaughnessy, P. D.
1980 ' Entanglement of Cape Vuz Seals with manmade objects. Mar.

Pollut. Bull. 11:332-336.

Shaw, D. C , and C. A. Napes.
1979. Surface circulation and the distzibution of pelagic tar and

plastic. Mar. Pollut. Sell. 10:160-162.

Shibex', J G
1979. Plastic pellets on the coast of Lebanon. Mar. Pollut. Sull.

10:28-30.

1982. Plastic pellets ou Spain's Costa del Sol beaches. Mar.
Pol1ut Sull, 13:469-412

S~n, L.
1984. Sack to fzeedoa. Agenda Ilag. May-June



277

Tinney, R. T.
1983 ' Testimony before Senate Commerce Committee, Marine Mammal

Protection Act Reauthorixation, 26 April 1984.

U.S. Department of Commerce.
1984. Propoeed action pIan, Dali's porpoise program. U.S. Dep.

Commer., 16 p.

Van Dolah, R. F., V. G. Burrell, Jr., and S. B. Meat.
1980. The distribution of pelagic tars and plastics in the South

Atlantic Bight. Mar. Pollut. Bull. 11:352-356.

Vemrick, B. L., T. W. Bac1oaan, C. J. Platt, M. S. Thornhill, and
R. BE Tates'

1973. Man~de objects on the surface of the central North Pacific
Ocean. Nature  Lond.! 241:271.

Vehle, D. R. S., and F. C. Coleman.
1983 ' Plastics at sea. Natu' Hist. 92�!:20-26.

Winston. J. B.
1982. Drift plastic � an ezpanding niche for a marine invertebrates

Mar. Pollut. Bull. 13:348-351.

Mong, C S., D. R. Green, and W. J. Cretney.
1974. Quantitative tar and plastic waste distributions in the

Pacific Ocean. Mature  Lond.! 246:30-32.



278

STUDIES ON FUR SEAL ENTANGLEMENT, 1981-84, ST. PAUL ISLAND, ALASKA

Joe Scordiuo
Northwest Region

National Marine Fisheries Service, NOAA
Seattle, Washington 98ll5

The incidence of northern fuz seals entangled in debris has
been monitored during the ccemerciel harvest of subadult male
seals on St. Paul Island, Alaska since the late 1960's. Iu 1981,
more intensive studies were initiated on the types of entangling
debris� , the mode of entanglement, the condition of the entangled
seals, and the frequency of occurrence by age and sez of seals
Eeach surveys «ere also conducted to document the occuzrence and
accumulatiou of net fragments, plastic packing banda, strings,
and ropes. The majority of the entangled fur seals ezamined
during the harvest were entangled in large mesh  >20 cm! trawl
net fragments. Plastic packing banda were the next most
fzmlueatly occurriag entangling debris. Fur seals vere less
frequently observed in a variety of itmas such ae ropes, strings,
rubber bands, plastic ringe, snd a metal headlight zing. The
seals entangled in uet fragments were primarily entangled around
their neck in mesh loops rather than in tears or boles in the
webbing. Most of the entangled seals did not have lacerations
fz e the debris. Observations vere also made on seals which did
not have entangling debris but had scars aud wounds indicative of
a prior entanglement. Entangled fur seals tagged and released in
1'983 were sighted in 1984 indicating the seals can survive at
least l year with the debris intact. Some of these tagged seals
had lost the debris and others still bad deep vounds-

INTRODUCTION

were first repozted on the Pribilof Islands in the 1930's. These early
reports rare pzimaziIy of seals entangled in rubber bands cut free innez
tubes  Scbef fer 1950!. Subsequent observations of entangled seal ~ vert
noted frequently through the early 1960's. In the late 1960's concerns
over an apparent increase in the nambez of fuz seals observed entangled ia
net fragments during the commercial harvest resulted in a North Pacific For
Seel Commission  NPFSC! recommendation that member countries should make
efforts to document the incidence of entanglement and attempt to identify
~ nd record tbe types and origin of fishing gear responsible for the problem

ZR. ~ S- SkooOoo os %. S. ro*kla 44itooo!, hoeeoa4SO o! Oko Workokoy OO rko 4to ooa hyoet
~ nI~ soko>e 2$-0'0 uovookor lS44, sooolelo, %sooted s s sos. coooor, saki rooki uoooNSOg ~llMRfl-sssc 54~ lss5,
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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 Xosloff 1972; Scordino and Fisher 1983!. Monitoring studies vere
expanded in 1981 to include more detailed information on the nature and
extent of fur seal entanglemeat.

This paper presents preliminary results of current investigations on
fur seal entanglemeat in 1981&4. Tbe studies were primarily on en.tangled.
subadult males observed during the cosnnercial harvest. Although surveys
vere 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 entangled seals that vere rounded up for the harvest. Tabulations
of the entanglement data and the details of the data collection methods are
included in the background papers vhich 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. !.

METHODS

In 1981 debris from entangled fur seals taken in the harvest vas
collected and described. Studies vere expanded in 1982 to include infor-
mation on gross pathology and ageweight-length information as described in
Scordino and Fisher �983!. The skins from the entangled seals, as veil as
other skins having characteristic scars or bruises in the neck area from a
prior entanglemeat, vere closely examined.

In 1983 and 1984, studies vere further expanded and included the
participation of Japanese scientists. Entangled fur seals appearing during
the harvest vere restrained, examined, tagged, and released vith the debris
intact as described in Scordino et al. �984!. The entangling debris vas
examined and sampled when possible, and the animal's gross pathology vas
described. Seals vithont debris but bearing the characteristic scars or
cuts indicative of a previous entanglement vere included in the harvest and
closely examiaed. The skins from these "scarred seals" vere reexamined in
the processing plant after the blubber vas removed. Efforts vere made to
resigbt the tagged entangled seals and to survey breeding areas to determine
the entanglement rate in breeding males and females. Surveys for debris on
selected beaches vere also conducted to document the occurrence and

accumulation of net fragments, plastic packing bands, strings, and ropes.

RESULTS AND DISCUSSION

Incidence of Eatanglemeat

A total of 403 entangled seals vere observed duriag the harvest in
1981-84 which represeats an average of 0.4' of the number of seals
harvested. This average is simi.lar to the incidence of entanglement

Scordino, J N Saba, N. Xajisera, and h. Furuta Fur seal
entanglement investigations, St+ Panl ~ Alaska+ Manuacr in prep.
Northwmst and Alaska Ksheriee Ceate», National Marine Fisheries Service,
NCAA., 7600 Sand Point Vay ~ Ig, Seattle, RL 98115.
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observed in earlier years which has averaged about 0.42  Table 1!. It
should be noted that the 0-4X ia a comparative indicator of tbe rate of
entanglement among harvested seals each year- However, the actual rate of
entanglement among subadult males nay be lower since there are many nore
seal ~ included in the entanglement observations that are not harvested
The harvest numbers include only the seals taken and do not include
oversized seals that are released and others that escape back to the
hauling grounds.

Table 1.-<orthern fur seals observed entangled in debris during
the harvest on St. Paul Island, 1967-84.

Number of entangled seals

Net Bend Other Total
Number of seals

harve sted
Percent

of harvestYear

24
6

6
1

14
14
15
17

Burveys of the breeding areas in June through august of 1982-84
resulted in fe«sightings of entangled seals. The incidence of
entanglement among adult males and females is considerably less than that
observed among subadult males taken in the harvest. The incidence of
entangEed females averaged <0.0C of the feaale seals observed in the
breeding areas. The incidenca of harem bull  males holding females in
t'heir territory! entanglement is rare; only one such animal has been
reported in recent years

Entangling 0ebris

> variety of items have been found on aubadult male fur seals  Table
2! ~ %st of the items float, thua it ia likely that the seals encounter
the on the water surface, k notable eception fs a aetal headlight ring
fonnd om the neck of a seal in 1983 «hich «aa probably picked up off the
bette+ nearahore The predominant debris found on fur seals in 1981%6 «aa

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
197 8
1979
1980
1981
1982
1983
1984

50,229
46, 893
32,819
36,307
27,289
33,173
28,482
33,027
29, 148
23,096
28,444
24,885
25,762
24,327
23,928
26,828
25,768
22,066

71
69
85
82

90

1.05
50
45
75
63
83
68
62
79
50

5
35

53
54

100
101

47

54
40
34
36
20
26
18
20

75
75
66

101
113
144

137
190
206

97

99
115
104
119
102
102
112

87

0.15
0.16
0.20
0.28
0.41

0.43
0.48
0.58
0.71
0.42

0.35
0. 46
0.40
0.49
0.43
0.41
0.43
0 39
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Table 2.--Types of entangling debris observed on fur seals during
the harvest on St ~ Paul, 1981-84.

Number of seal s

1981 1982 1983 1984 To talType of debris

102 102 112 87 403Total

trawl webbing followed aext by plastic packing banda Infrequently
occurring items include ropes, cords, strings, aad rubber or plastic bands-
The more unique iteas found on seals were a plastic six~ack holder for
canned drinks vhich was broken aad stretched between two of the six holes,
a cloth band which is used to seal burlap on synthetic sacks, aad a flat 13
cm vide piece of half~on shaped plastic which had 4 small hole that was
just large eaough to go around the seal's lover jaw.

Trawl webbing accounted for 62-722 of the entangling debris. Most of
the webbing examined since 1981 has had a stretched mesh size of greater
than 20.0 cm with the 23.0 cm mesh occurring most frequently  Table 3!
The larger mesh webbing  >20 cm! has a greater entanglement potential than
the smaller mesh since each mesh loop in the larger webbing caa become
entangled over a seal's head; «hereas smaller mesh webbing would require
holes or tears of appropriate sise to entangle a seal. Most seals entaagled
in trawl «ebbing were caught in the mesh loops rather thea in holes. The
high occurreace of larger mesh webbiag on seals contrasts with the compo-
sitioa of webbing washed up on the beaches of St- 1'aul, St. George, aad
kachitka Islands. Pawler et al �985! reported over 70Z of the net frag-
ments on these beaches «ere of smaller mesh sixes  <20 cm!. Xf the debris
on the beaches of these three islands is representative of the debris at
sea, then most of the webbing at eea  which ia of smaller mesh sixes! has
low entaaglement potential.

Net fragment, mesh size over 20 cm
Met fragment, mesh size under 20 cm
Net fragment, undetermined mesh size
Monofilament gill net fragment
Cord used in net construction/repair
Plastic packing band
String
Rope
Rubber band

Plastic riag
Plastic gasket
Monofilament line

Plastic six~ack holder
Plastic packing web
Plastic object
Lawn chair material
Cloth sack band
Metal headlight ring

45 52 52 37
4 5 6 3

19 5 21 10
0 3 2 4
3 4 2 2

20 26 18 20
5 3 2 4
1 2 2 5
3 0 I 0
I 0 I 1
0 0 2 0
0 I 0 0
G 1 0 0
0 0 I 0
0 0 0 I
1 0 0 0
0 0 I 0
0 0 I 0

186
IB
55

9
11
84

l4
10

3 2 1
I I I
I I I
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Table 3.� Mesh Nixes of net fragaente  excluding monofilameat gill
uete! oa fur eeele observed during the herveet on St. Paul, 1981-84.

Number of seel'

cise  cm! 1981 1983 19B4 Total
1982

I I
12
12

8 2
1 1

3 4
31

3 3

5 5
36 2

2

12
28

6

2 1
2 I

19
10

cadet eraiaed

To tel

21

'63 80 261SO

l
Oae overaimed eeal «ith

e 16.5-cm mech ead once ee
~One overeixed eeaI rith

a 14.0-cm mech aad oace aa

two different nete ie tallied trice, once
a 39 5-ca mech.
t«o different acta ie tallied twice; once
e 16 5 ca mech

ee

ee

Note: Thi ~ table doee aot include aine eeele observed entangled ia
mouofileaeat gill aet fregaeata ee folio«I:

1982 - Three eeale were eateagled ia 11 .S ca aeah gill aetm.
1983 - Tvo Ieale were entangled ia gill aet; oae ia II.O ca aeeh aad

one ia II.S ca aeeh.

1984 - Four eeele vere eataagled ia gill aet; oae in ll 0 cm mech, one
ia 12.0 ca mech, ead two ia uadetermiaed mech eiae ~

7.0
7.5

10.0
11.5

12.5

13.S
14.0
IS.O
16.5
18.0
19.0
20.5
21.5
23.0
24.0
2S.S
26 ~ 5
28.0
29.0
30 ~ 5

39.5

I I I 2
1 2
2

4 I
3 9

33
107

19

7

3 4

3 I 1
55
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PLastic packing bands vere the next most frequently occurring debris
entangLed on seals. The incidence of plastic packing banda ranged frees l6
to 26X of the debris entangled on seals. This greatly contrasts with the
period 1974-77, when the bands accounted for 48-55X of the debris
entangled on seals, vith the nuaber of bands exceeding the number of net
fragments in both 1974 and l977. Nost plastic bande entangled on seals
vere hot-sealed into loops and the remainder were tied into a loop vith a

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 occurred most
frequently folloved by blue, white, green, black, and pink. It is unknown
if fur seals are attracted to particular colors or if the incidence of scaae
colors is rel.ated to occurrence of the debris 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 polyethylene trawl nets. The majority of the net
fragments �7! were from bottaa trawls; 9Z were midwater trawl webbing, and
24Z could not be identified to trawl gear type. The larger mesh sixes
coanaonly found entangled on seals were from the belly and wing areas of the
trawl nets.

The largest piece of debris found on a seal. vas a piece of trawl
webbing weighing 6 ' 75 kg Eovever, the most frequently occurring debris on
seals were small pieces of trawl webbing weighing <150 g. The mailer
pieces of debris  weighing <ISO g! including the small pieces of ~ebbing,
plastic bands, and other debris account for over 6OZ of the debris found on
seals. The high incidence of small debris entanglements may be due 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
«ith actively fished high seas gill nets  Jones L982! indicate that scale
are probably aware of larger pieces of webbing and therefore do not
haphaaardly become entangled. Xt is likely that entanglement ia 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 ia
constricting, causes lacerations, or impairs swimming or feeding abilities.
Moat entangled seals have the debris around their neck, but a few had
webbing around their flippers that might directly impair swimming. klao
the increased drag caused by Larger net frayaents aa described by Feldkamp
 L984! may indirectly impair swimming and feeding ability. In some
instances the debris may directly impair feed.ing. ka example of this is
three seals observed in 1983 that had webbing around their head and mouth
that muld impair food passage.

Moat �4X! of the entangled seals observed in 1982-84 did not have
cmta or wounds. This may be because the animals became entangled recently,
or it could be that it takes a long time for cuts to develop. The type and
quantity of debris appeat' to affect the progression of akin trauma. The
animals mth 350 mends were most frequently entangled in small single-
atraad pieces of debris Conversely, there «aa only one seal with au open
mund among those with more than eight mesh loops of webbing around 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 increasing
age, Open wounds vere observed on 24X of the entaagled 2-year olds, 30'Z of
the entangled 3~ear olds, 50Z of the entangled 4-year olds, and 82Z of the
~ ntangled seals 5 years and oMer This increased incidence of wounds with
age suggests the possibil.ity that seals can survive entanglement for long
periods of time as the debris slowly cuts into the skin aa the seal grows ~
Supporting thi ~ is the observation of one seal, entangled in webbing and
without wounds in 1983, which as resighted a year later with debris intact,
still «ithout wounds. However, other observations  Table 4!, such as five
~ eals vith debris and without wounds in 1983 and subsequently resighted ia
1984 with wounds, might suggest the debris cuts through the skin in a
relatively short period of time. Unfortunately, the ages of these tagged
~ eal ~ vere not determined  since they were released alive!, and the
possibility of differential growth rates cannot be assessed.

Entanglement Scars on Seals Without Debris

Each year a number of seals ere observed without debris but possessing
characteristic cute, bruises, or scars oa their necks and shoulders. These
marks have been determined to be caused by prior entanglements  Scordino
and Pisher 1983!. Before 1981 these "scarred seals" were included in the
cskin processing plant tally of skins vith entanglement scars, but they vere
not tabulated separately from the skins which came from seals that had
entangling debris on them when taken. Conversely, some of the skias from
entangled seals do not have marks or scars and because of this, they may
not hare been included in past processing plant tallies. Due to these
discrepancies, pre-1981 processing plant tallies could not be used to
determine the number of seals having prior entanglement. To obtaininformation on the numbers of stale that «ere previously entangled, the
studies ia 1982-84 amphasised observations on entanglement scarred seals
during the harvest and observations of skins in the processing plant ~
Entanglement scars are not always obvious and sometimes difficult to see on
live animals, but are usually apparent in the dermis after the blubber has
been r'smoved or «hen the guard hair has been removed during the finishing
process- One example of this is a skia observed in the processing plant
that had a nonofilsaent gill net imbedded in the blubber around the neck
area, yet no scars nor abnormalities «ere visible in the hair

h 1982, 91 �.37Z! of the seals harvested had characteristic scars or
bruises in the hair and skin around their necks or shoulders indicative of
e prior entanglement Moat scare vere not evident on live seals, becoming
evident only on the skin during processing: 22Z were observed on the
animals during the field harvest; 37Z were observed on skins in the skin
processing plant on St. paul; and 41Z vere observed on skins after the
guard hair vas removed.

Eighty-tuo �.32Z! of the seals harvested in 1983 and 68 �.31Z! of
t>e seals harvested in 1984 had scars or bruises indicative of a prior
mW>ament The 1983 and 1984 figures do not include observations made

the 19.2 skins after guard hair removal and therefore may he low Moat
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Tag
No, 19B6 Observe tioas1983 Observations

436

472

4.� Comparative observations
1983 and observed in 1984

1st green; tight oa low neck
360' deep open wound, 2 ca vide.
Mesh entangle«eat; 21 ca aesh

1st green; tight but not bi.ndiag
oa neck No wouads. Pive aesh
loop ~ arouad sect; 23 ca aesh.

1st gray; loose ou aeck. No
sounds. Pive nash loops around
seek; 23 ca aesh.

Rope greenish; tight oa sack
270 open wound; 90' healed over
veatrally. Tied into loop via oae
knot

1st grey; loose on seek. 360'
deep opea wound; 2-6 ca wide
T«o aesh loops around nock;
23 ca aesh.

1st bro«nish red; tight on seek.
No open sounds. T«o mesh loops
around seek; 2I.S cn aesh.

1st' gray; tight oa aecE. No open
wos«ds Ten mesh loops around
seek; 21.S ca nesh.

1st gray; tight oa aec'k. No open
sound ~ ~ gi.ght aesh loops srosad
necE; 23 ca mesh

1st gree«i very tight on necks
360' open «ouad; not deep, hst
through skin More thea two aesh
loops around neck; 24 ca aesh.

1st green; tight but aot biadiag
on neck No opea «suade Large
quantity of aet; 16.S ca nosh
Nabbing had whitish repair cords
a«twill ed a

plastic gasEet; tight on seek
360' opea wound; «ot doe0. bnt
through skin~

1st grayl tight oa acct 360
logy open sound+ lear strands
around nocke

of entangled seals tagged im
with debris intact

Net green; on tight. 360' open
«sand; 2 ca wide, skin bulgiag.
Oae aesh loop around neck

Net green; oa neck. Deep cst.

1st grey; oa tight. 360~ «pea
wound; skin bulging.

Oae strand of sndeteraiaed debris i
360 opea wound. Xaot veatrally
«ith 3 ca of twiae baaging

1st grey; oa asck  No further
observations reported.! 1st
renoved by biologists oa St.
George.

String yellowish; ca neck. 360
open «ouad; wide, deep wound.

1st grey; on tight but not
binding. No opea wound ~

1st grey; oa tight ~ 360 open
wound; aot deep; but through
~ kia.

1st greea; very tight on neck
180' open wound dorsally; does
aot appear cut ventrslly Fsr
~ cars at gape of mouth suggest-
ing aesh loops aay bove eataagled
around aonth

1st gray; oa neck. 360' open
«cued; very deep cut, skis
bslgiag. Oae strand of dobro
with large knot vantcally

plastic gasket; oa neck. 360
deep opea wosad do«n to asscle.
gasket wac cst off sad seal
released alive- goal sighted
2 weeks later «itb healed
sosall ~

1st yell«wish; oa necE.
Neep cat ~
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�0Z! of the entanglement scars in 19S3 and 1984 were observed during, the
field harvest. Although observations during the harvest of larger males
with entang1.eeent scars have been recorded, they are not included in the
above totals since these aninals, which are longer than the established
harvest aine liait, are allowed to escape the harvest. Since no efforts
«ere nade to exanine each of these escaping seals, the number of previously
entangled seals on the haul outs nay be greater than that reported above.

The occurrence of these entanglenent scarred seals clearly indicatea
that the seals can rid theaselves of entangling debris, and that
entanglenent does not always result in death- Observations of seals
without debris, but with open wounds around their neck indicate that seals
can rid thenselves of debris even after it haa cut into the skin. This is
further evidenced by observations of skins with prior-entanglenent scars
that had new skin growth, indicating a prior open wound.

Tagging Studies

Over 150 entangled fur seals  priaarily aubadult eales! vere tagged
and re1eased with the debris intact in 1983 and 1984. These tagging
studies provide nev insights not only on the longevity of entangled seals,
but also on the incidence of debris lose. although it vas known that some
seals rid thwselves of entangling debris, as evidenced by observations of
past entanglenent scars, it was not known how frequently this occurred nor
what types of debris were involved It was assuned that seals entangled in
large or trailing pieces of vebbing could snag the webbing on rocks and
pell thwselves out, but it vae never thought that seals could rid
thwselvee of tightly bound snail pieces of debris such ae plastic packing
bande.

Of the 95 entangled seals tagged in 1983, 25X were resighted in 1984.
This wee a nnch greater return than anticipated. h coaparison of this with
the tag recovery of unentangled seals under similar conditions  Griben
19T9! shove no statistical difference  P > 0.95! in the returns of
entangled seals  k. Tork pere. caaaen.!, This suggests that the mortality
of entangled seals is not significantly different frae that of "normal"
seals over a 1-year period. It waa also asemed vhen these studies began
in 19B1 that entangled seals with 360' open wounds would not survive nore
than a fev months  towler 1982!, hut as shown in Table 4, wounded entangled
seals can survive at least 1 year «ith the debris intact. Of the entangled
seals resighted with debris intact in 1984, 50Z had open wounds when tagged
in 1983.

Of the entangled seals tagged in 1983, 18X vere reeighted «ithout
debris  Table 5!- Most of these had no open wounds when tagged, and nany
had no marks or ~ cars visible when reeighted. The entangling debris on
these seals was: 35Z wall pieces of webbing, 1BZ larger pieces of
webbing. 18Z plastic packing bande, and 29Z miscellaneous debris such aa
strings, rubber bands, gaskets, and other itwa. It vaa surprising to find
the higher frequency of loss of wailer pieces of webbing, since these
pieces are not large enough to get stuck nn rocks or other objects to
enhance the seal'a escape. It i ~ not obvious ae 4o how seals rid
thweelvee of wall debris. The plastic banda and the trawl webbing are
nate of polyethylene. and therefore would not break off the seals easily
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Table 5 ' -observations of entangled seals tagged in 1953 and subsequently
observed without debrief'

Notes

Na debris.7 /28/83403 7/5/83

411 7/8/83 7 /27 /84Sand yellow; tight but not
binding on law neck. So open
«eundo ~

8/2/83

7 /11/84

420 7/11/83 No debris ~ No narhsRubber band on head. No apea
«sunda ~

625 7/12/83 Sand white; loose on neck.
180' open wound. gighCed
8/1/83 with debris intact.

428 7/13/83 7/16/83
aud

7/8/84

Ne debris. No uarka.Net green; tight but aot bind-
ing on neck. Na opea wounds
Snail quantity ot' net.

429 7/13/83 7/20/84 No debris. No aarks

7/2/84430 7/13/83 NeC greea; tight but not bind-
ing on neclr,. Na open «ounde ~
Large ament of net. Sighted
7/20/83 «ith debris intact

No debris. No aarks.

8/3/83434 7/13/83 No debris. Pur nark
on neck, 8 cn wide ~

baud yellow; tight but not
binding on neck, No open
«Ound s ~

7/25/83 No deb is.438 7/14/83

8/8/83441 7 /15/83 Net gray; loose on seek. No
open «needs Snail sunset of
aet ~

No debris ~ No aarks

Tag Date Date observed
No tagged Observations at tine of tagging without debris

Net green; tight but nat bind-
ing on neck. Na open vouads.
Very saall quantity af net.
Sighted 7/25/83 with debris
in'tact o

Net gree»; tight but nat bind-
ing on neck and flipper. No
open wounds. Msdim muut of
net. Sighted 7/25/83 with
debris intact.

Net green; oa ecch sud fli.p-
per. No open «omuls. Large
~ mnant of net; 25 aesh loops
aroaad aeck. Sighted 7/19/83
«ith debris iatact

Na debris- No open
«ounds; slight
indentation ia skin
over left shoulder.

Seal not observed ~
bnt one tag «as
found derley+ harvest
drtve. Ls no previ-
ously tagged, entsa-
gled seals were seen
in ths harvest; the
seal aay have lost
the debris.
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Table 5.~otLtinned.

Notes

1/5/84

7/24/84 No debris. Sligbt 60s
fur nark on right
shoulder

7/6/84

1/22/84 No debrief' Scars
present on neck.

8/1/84 No debris. Paint
scars present' ~

6/24/84 1o debris.

7/27/84 No debris, No
na rka ~

Tag Date Date observed
No tagged Observations st tine of tagging «ithout debris

442 7/15/83 Net gray; very tight on each.
270' open mead. Oae neah
loop totals Sighted 1/25/83
vith debris intact ~

476 7/25/53 Plastic packing notarial;
tight on shoulders. 1o open
glued a

477 7/29/83 String beige; tight oa shoul-
ders. 70 open «onnd on each
shoulder. Sighted 8/3/S3 «ith
debris intact.

482 7/29/83 Net gray; loose on acct. No
opea «oaads. Snail am<nut of
nate

493 8/5/83 gabber gasket; tight on neck.
No open «eundo.

495 8/5/83 Net' gray; loose on neck and
f li'ppers 10 open vounds ~
Snail amuat of net.

498 8/5/83 Cloth head «hite; loose oa
neck. No opaa «onnds.

Debris not observed ~
360' open «ound.
Sigbted again on
7/19/84; def initaly
ao debris; laceration
healed.

No debris. Obvious
fur aarks on shoul-
ders; appear to be
receatly healed.
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klan it is unlikel.y that the debris would slip off over the seal's head
since it is likely that the debris would move posteriorly to larger parts
of the body aa the seal svims forward and the posteriorly sloping guard
hairs woul.d tend to resist movement of the debris anteriorly towards the
head.

CONCLVSIONS

These studies provide basic data on fur seal entanglement and shed new
light on the potential impact of entanglement on northern fur seals. For
seal mortality resulting froa entanglement may not be as high aa has been
assumed  e.g., see Powler 1982!. The tagging and resight data suggest that
a~tangled seals may not experience increased mortality, at least over a
1-year period. Previous assumptions by Fovler �982! that seriously
wounded seals would die in a short period of time are not supported by the
tagging data. The likel.ihood 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 lo» probability of entanglement in much of the debris at
aea, indicate that past analysis 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 entanglement by age
and sex are needed. Current studies were essentially limited to the
aubadult 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 informatioa on entanglement mortality and loss of debris
Surveys of debris washed up on the beachea of the Pribilof Islands, other
areas in the gering Sea, and in the North Pacific should continue ao as to
determine the abundance of debris with entanglement potential and the
deposition and recyliag of such debris.
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AN EVALUATION OF THE ROLE OF ENTANGLEMENT
XN THE POPULATION DYNAMICS OF NORTHERN FUR SEALS

ON THE PRIBILOF ISLANDS

Charles 'M. Fowler

National Marine Mammal Laboratory
National Marine Fisheries Service, NOAA

Seattle, washington 98115

on the Pribilof Islands has been declining since the mid- to late
1970's at the rate of about 4.0-8.0I per year. Previous 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, some being based on a comparison of the
composition of debris on seals 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 pops
born 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 af 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
females, again lagged to account for maturation. Details 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 20X
mortality currently observed would be expected if entanglement
rates were aeroi 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 current
decline appears significant, a precise estimate of entanglement

Jn n~ !~ Sk~s o%4 %~ O. Tookiaa  o4itoro!, hrocooaiaao of tho %ekohos oa rho toro ops xosocs
of nsfiuo solaria y &29 sooosko j 1984' sosololty nawi i s a nop cooggr soli roc} 1umo ~
%IS snik-2$4NIS-sate-54+ 19' ~
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caused mortality has aot been produced. Advances have been made,
ia this regard, through the analysis of the age structure of
entangled animals in the male harvest as compared with the
entangled animals.

INTRODUCTION

Pribilof Islands, Alaska, has been declining fax about the past decade at
approximately 4.0-8.0Z per year  with a mean of about 6.LZ! as determined
from the numbers of pupa born each year since the mid-1970's  Fig. 1! .
This decline occurred after the development of extensive commerciaL fisher-
ies in the late 1960's ia areas used by fur seals, so commerciaL fishing
waa suggested as a potential causal factor, It was thought that reduced
food supplies might explaia 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 iadividual animals! were found to be
i consistent with a limited food supply  growler 1984b!. Diseases, preda-
tion, aad toxicants have been identified aa other possible contributing
factors although none of the limited data for these factors have been found
to show aay significant relationship with the decline.

Northern fur seals on the Pribilof Islands have been observed
entangled or caught in debt is since at least 1936  Piscus and Roslof f
1972!. Barly observations indicated that seals were entangled in rubber
bande, cords, strings, aad rawhide. In the early 1960's fishing ef fort
in the North Pacific aad Bering Sea increased  Low et al. 1985!, as did
the uae of synthetic noabiodegradable fibers in fishing nets and packing
banda. The entanglement of seal ~ ia such materials increased from the mid-
1960's to the early 1970'a  Fig. 1! ~ Currently �984-85! about 0.4Z of the
harvested juveaile males are entaagled. This figure iacludee a few older
animals taken specifically because they are eataagled. Entanglement rates
have been recorded from the harvest consistently since the mid-1960's and,
~ a such, are both close to and serve as good indices of the portion of
harvestable-aged males that are eatangled About two-thirds of the pieces
of debri ~ found on these animals are fragments of trawL aet webbing. Most
of the remaining objects are plastic packing banda  Fowler 1982a' ,Scordino
and Fisher 1983!.

Entanglement in lost or discarded fishing gear or other debris, aa
a potential contributor to the decline ia fur seals, haa been seen aa
historically associated with the iacreeae in fishing activity and the
decline ia fur seals  Fig. 1!. The general temporal correspondence of
these events wae the basis for suggesting that eataaglemeat might be the
cause of the decline  Fowler 1982a, L982b! ~ These circeastances alone,
however, «nre insufficient to clearly identify the extent to which entangle-
ment might be contribntiag to the decline Early estimates of the mortality
raCe caused by entanglement were provisional; improvements were needed.

ill attempts to estimate entanglement-censed mortality rates have
involved making various acts of aaenmptioaa for which there are Limited
dater These exercises, aad the associated population modelling  Powler
1982as 1982b, 1984a; Swnrtamaa 1984!, clearly demonstrated the feaaibility
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figure 1.--The estimated number of pupa corresponding to the
female harvest and observed entanglement for St ~ Paul Xsland,
Alaska, 1950-84. The dots in the top panel shov estimated pup
numbers for 1950 to 19'. The solid line represents the running
arithmetic mean of 3. The bottom panel shovs the female harvest
for St. Paul and the entanglement rate observed in the harvest of
subadult males'

of entanglement as a cause of the declining fur seal population but made
very limited progress torard statistically reliable estimates of the
resulting mortal,ity. Increases in the estimated mortality of juvenile
males during the first N months at sea did not rule out reduced
reproduction as a contributimg factor in the overall population decline,
bmt helped focus attention on entanglement and other possible sources of
mortality such as diseases, tomic substances. and predation.
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In this paper, statistical analyses of the correlations bet«een the
decline and entanglement rates are presented, along with an attempt to
estimate entanglement-caused mortality of males bet«een 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 Bet«een Survival and Entanglement

In choosing among emigration, changes ia survival, and changes in
reproduction, the three principal possible causes for the current decline,
scientists have made special note of the decrease in the survival of
subadult males  North Pacific Fur 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! ~ Net«een 1965 and 1970 the mean estimated survival during the first
20 months at sea tor young males was about 41Z «hereas the current rates
�980<5! are do«n to nearly 302  Fowler 1982a!.

Observed entanglement rates rose between l96$ and 1970. Prior to
1965, the estimated survival of young males �- to 2-year olde! at sea was
correlated «ith the survival of pupa on land  Lander 1981!. Following
1965, however, this correlation no longer existed  Fig. 2; Fowler 1982b!
To examine the potential role of entanglement in this unexpected change,
tests «ere conducted to see if the discrepancy between observed survival
and that expected from pup survival on land was correlated with observed
entanglement rates.

0.10

0

K R a -010

C -0.30
19801975197019BS

Yea

Figure 2.� The discrepancy between predicted and observed
survival during the first 20 amths at sea for males, based on a
correlation bet«eea at-sea smrvival mnd om-land survival at St.
paul Island from 1950 thxough l965  updated from Fowlez 1982b!.
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First, a simple linear analysis of covariance «as conducted to see if
estimated survival of young males at sea is correlated «ith pup survival on
land ~ Ho significant correlation was found «hen using sll available data
from 1950 to the present in spite of a significant correlation for the data
from 1950 to 1965. When the observed entanglement rate «as introduced as a
covariant  assuming sero 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., that tbe independent
variables exhibit variance!.

heother approach «as designed to examine specifically the relationship
bet«een observed entanglement rates and the unexpected reduction in
survival aho«n by the multiple regression model described above. First, to
elucidate any trend. that might be hidden by year-to-year variability, the
intersnnual variability of the discrepancy sbo«n iu Figure 2 «as removed by
calculating a running arithmetic mean of three yearly observations. These
 means! vere then plotted against the rate of entanglement observed in the
year of birth of the cohort to «hich the survival rate applies  Fig. 3!
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Figure 3 � The correlation bet«een the discrepancy bet«een
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! using rank correlation tests  P < 0 ~ 05! - The line shown in Figure
3 was determined by minimiaing tbe snm 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 nonxero variance. The objective was to find
the underlying relationship between the two variables.

The equation for the regression line of Figure 3 is

y -4.016 � 0.360x

where 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 «as calculated. From this relationship, if there were no entangle-
ment «e muld expect almost no difference between the observed survival and
that expected from the correlation with pup survival on land. This
expectation i' consistent with the view that natural survival  survival as
affected by factors other than entanglement! i' responding in a density-
dependent fashion, but overall survival currently includes a significant
effect due to entanglement. There is a statistically significant relation-
ship between early survival at sea and the two variables of estimated pup
nambers and observed entanglement rates  Fowler 198kb!. Seither 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 variable by taking mean
over tine. Therefore, further analyses were conducted using the raw data
 i.e., no 3-year averages! for the discrepancy in Figure 2 as correlated
with observed entanglement rates. Again, rank correlation tests found a
significant relationship  P < 0.05!. The intercept of t' he regression line
resulting freya ordinary linear regression analysis of the raw data was not
found to be significantly different from aero  i.e-, not different from a
regression equation which would predict sero discrepancy at aero levels of
entanglement! ~

Correlation Between Rate of Change in Pnp Numbers and Entanglement

If high mortality of young animals �- to 3-year olds! is censing the
decline in population, and if this mortality is caused by entanglement, a
correlation between the rate of change of pup nmsbers and observed
entanglement rates should be observed. Thi ~ correlation would be expected
to involve a time lag to account for the time required by females to reach
reproductive maturity  about 6 years, Tork 1983! ~

The historical data were examined for such a correlation by removing
interannual variability in estimated pup numbers by using the meam of three
adjacent data points in place of that of the second year  Fig 1! The
rate of change was then calculated free these aeana aa a simple annual net
rate of change  y!:

�!
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where

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 4 resulted from applying the procedure of Richer
�973, 19B4! with the regression equation:

�!y 0.0760 - 0 ' 2782x

where x is the observed entanglement rate 6 years prior to the year of
calculated change.

12

Rate of entanglement  percent!

Figure 4.--The correlation between the rate of change in
estimated fur seal pup numbers  as determined from a running
mean of 3! and observed entanglement rates 6 years earlier.

Although aerial correlation of the dependent variable may inf iuence,
to acme extent, the accuracy and precision of the results of the analyses
above, we have identified in Equation �! a reIationehip between entangle-
ment and the rate of change in pup aaabera oa St. Paul Zs?and. AssuminE
that tbie relationship can be represented by Bquation �! and that it
represents the role of entanglement,, en increase in pup numbers at the rate
of about 7.6Z a year would be expected if the entanglement rate were sero.
The current rate of decline of about 6 1Z per year corresponds to the
Npproximete 0 SZ observed entanglement rate of 6 years ago  obtained as
meeIL of entanglement rates observed in 1975-77! ~
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ks mentioned above, the iatercept of the regression line in Figure 4
can be interpreted aa a prediction that pup numbers vould be increasing at
the rate of 7 .6Z per year if the entanglement rate vere zero. This rate is
iasigaificantly different from 7-4Z per year, the rate of change observed
ia the early to mid-1920's vhen pup n|ssbers vere last at currently observed
levels. The difference betveen the current rate and the rate observed in
the early 1900 ~ ia 13 ' 5Z �m< + 6 .1 ~ 13.5!. In other vords, pup nuabers
are changiag at rates 13.5Z less than expected for current population
levels. The relationship shovn in Figure 4 accounts for all of the
difference.

Conventional linear analysis, again potentially influenced by serial
correlation, produced similar results. The intercept of the resulting
regression equation vas not significantly different from 7.4Z  at sero
entangleneat! ~ In this case, hovever, there is another potential problem
associated vith the variance in the observed entanglement rate as the
independent variabl.e. Conventional linear regression assumes sero variance
for the independent variable.

A final analysis of this relationship involved rank correlation in
«hich the rates of change vere used directly, vithout taking running, means
of 3. Again a statistically significant relationship vaa found  P < 0.05!.

Correlations Setveen Rate of Change Ln
Nuabers of Adult Males and Entanglement

Counts of adult nale fur seals are conducted each year. Territorial
males vith females are a vell<efined component of this population and have
been counted siace the early 1900' ~ . Aa analysis of the entanglement rate
of females ia aot possible since no reliable and precise estimates of the
total aeaber of females have been produced. Rovever, for males it is
possible to test for any correlatioa betveea entanglement rates observed in
the harvest aad reduced recruitment.

Figure 5 shove the rate of change in numbers of adult males vith
fessales on their territories plotted against the observed entanglement rate
ia the nale harvest 9 years earlier. Thi ~ lag vaa introduced to account
for the time required for males to reach active reproductive statue in the
breeding population  Johnson 1968! . The rate of change vas cal.culated
using Equation �! vith adult male numbers  rav data! instead of the
aaoothad data for pnp nmbera. The relationship is significant as
deternined by rank correlation  P < 0.05!, assuming any problems introduced
by serial correlation are insignificant. The liae ahovn is the regressioa
equation resulting from the applicatioa of the equatioaa in the Appendix.

Age Coepoaition of Entangled Versus Nonentangled Males

'young fur seals appear to become entangled at greater rates than olde~
eaiaala  Fovler 1984a! ~ Pork by Japanese scieatiats supports this  Worth
4cific tnr Seal Coaaiseion 1984, p. 39!. lbing captive animals and video
recording equipment at the Iao Mito Oceanarim ia Japaa, it vas noted that
the younger aniaals  mostly females! becaae entangled aore often than older
aakmls.
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Figure 5.� The correlation between the rate of change in
territorial male fur seals vitb females at St. Paul Island,
hlaeka, and observed entanglement 9 years earlier.

If the animals of hsrvestable 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
thi.s type of mortality, tbe age composition of young entangled animals
should differ from that of t«o othe~ groups. First, their age composition
would be expected to differ from that of unentangled animals of the same
age. Secondly, it «ould be expected to differ from the age composition of
oEder animals regardless of entanglement. Thus, assuming that the
probability of being taken in the harvest i ~ independent of being
entangled, tbe ratio of 3-year olds to 2-year olds in the harvest should be
the same for each group  entangled and nonentangled! if no additional
mortality occurs among the entangled animals.

Table 1 is a presentation of the amber of animals in each age
category, brohan do«n by «bather or not they «ere entangled, for the 1982
harvest of males  Scordino anil Fisher 1983! 4 cbi-square contingency test
sho«s that the distributions of the tuo categories are not the sane. The
ratio of 3-year olds to 2-year olds is different for tbe tvo categories
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able 1.-~ge composition of the harvest of entangled
and unentang].ed male fnr seals oa St ~ Paul Island,
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44 �3!
30 �0!

6 �!
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Ko attempt is made to drive entangled 2- or 3-yearmid animals for
barvest in preference to unentangled animals of the same age   J. Scordino
pars. commun.! It seems safe, then, to assume that, within each age
class, both entangled aad unentangled animals have equal probabilities of
being harvested. Under these conditions, the ratio of 2-year olds to 3-
year olds in each category should be the same after applying a conversion
factor to account for any difference  9! which presumably uould be due, at
least in part, to mortality:

13 2078
a

44 15167

�!9 ~ 0.46

Ihe entangled animals in this sample have an estiamted 541 �.0 � 0.46
0+54! louer survival rate betueeu the ages of 2 aud 3 than the naturaI
mortality experienced by the unentangled animals This difference couH. be
tbo result of several factors including the loss by the seal of its
entangling gear, entangleaent caused morta? ity, or a violation of tbe
as~ption of equal probability of being taken  differential recruitment!

These data are consistent uith the conclusion that younger animalu ax%
more promo to entanglement-related mortality than are older animals ~
seen in able I, older age classes do not char the difference in age
distribution betueeu the entanglement categories that are observed betmuea.
2 and 3 primarily because older entangled aniaaIs are actively selected for
the harvest. @lao, data presented by 8cordiao �9$5} indicate that older
+ imals +ay uot experience aa much emtanglememg-caused uortality as is
Mdicated for 2~sr oHa above. If anieaja  inc]uding females! betueea
+r amd tbe age of 2 are more prone to emtamg>ament than older amiable~

y p ~ of the 54 reduced suxvivaE shorn meed be attributed to
~~~used mortality to ba of aufficieat k~rtance to caum t m

dueliae.
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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~id
animals and a decrease in the portion of 4-year olds  Poller 198kb!. This
change may have beea due to eithez a change in survival or age-specific
utilixatio» 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 previous year

Such an index vas calculated foz all cohorts aad normalized to produce
comparable values. The results are plotted in Pigure 6 and shou aa
increasing trend in the index of survival for the period over uhich the
population declined in response to the female harvest �956-68!. Since
1970, bovever, the survival. index of animals betveen the ages of 2 and 5
has declined neazly to levels observed ia the 1960's ~
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0.4 19851980197519701960
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Figure 6.� k survival index for 2- to 5-year-o3.d male fur seals
as calculated from the age composition of the harvest, 1957-81a
St. Paul Island. Alaska.

The decliaiag tread in the index of survival implied by these data
coincides in time urith the occurrence of observed entanglement. Any
relationship bet+eau the two variables is supported only by this tempozal
correspondence, bouevez There is no statistically significant correlation
betueea the variables. It is possible that survival hae changed littl.e and
that instead the harvest rate of males has increased in parallel vith
changes obsezved for othez species  Foxier 1986! for vbicb effective ef fort
increases as the harvest population declines~ Data presented by Scordino
�98S! indicate that mortality attributable to entanglemeat among older
males is lese than for younger animals. If this is the case. changes in
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the age structure may be wholly a product of gradual changes in the harvest
to result in increasing utiliaation rates among younger animals. This is a
conclusion reached by York �985!-

DISCUSSIOH

Attempts to estimate entanglement-caused mortality have been based on
l.imited data  Powler 1982a, 1982b! ~ Aseumptione about tbe size composition
of net fragments involved in entanglement, the mortality rate of animals
entangled in small debris, and the degree to which females are entangled
were necessary to arrive at these estimates. Pnrther analysis and more
recent information showed that earlier estimates were probably low  Fowler
1984!, but resulted in no more accurate estimates. Hoverer, consistency
among the various estimates supports the view that there is a cause-and-
~ ffect relationship behind the correlations in Figures 3, 4, and 5 ~
Nevertheless, it remains difficult to produce precise estimates of the
mortality rates caused by entanglemanti

Recent information emphasizes that entanglement is more of a problem
for young seals than for older seals. Work by Japanese scient'ists
indicates that young animals exhibit a greater tendency to investigate
debris and become entangled than do older aniaml.s.  An observation made at
the Eonolulu Workshop on the Pate and Impact of Marine Debris, November 26-
29, 1984. Also see page 39 of North Pacific Pur Seal Coamisaion 1984' !
Their work 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 Island is consistent with higher
juvenile mortality as indicated by the importance of time laga between
observed entanglement rates and reduced pup production  preamaabIy because
of reduced recruitment of fmsales! and the decline in the numbers of adult
males. The difference in age structure betveen entangl.ed and unentangled
animal ~ in the harvest is also consistent vith lower survival for entangled
animals between ages 2 aad 3 than for unentangled animals.

If most entanglement involves animals in their first few months at
aea> and if seals in small net fragments suffer mortality at tbe rate
indicated by the age distribution of harvested animals, it is possible that
only 9.7Z of the animals entangled in smaller debris return to be scen as3-year olds �.46a 0.097 from the 0.46 survival of Equation �! applied
over 3 years!. The total entanglement in small debris would be about
0.003/0 097 ~ 0.031 or 3,LZ �.003 being the approximate fraction of 3-yearolds in the harvests that are observed entangled, Table 1!. Accounting for
the siae composition of the net fragments, 15.3Z �.031/0.2 ~ 0.1555! of
the young seals may become entangled.  Iy making the acme assmsption as inprevious work  Povler 1982a, 1982b, 1984b! that the probability of animalsgetting caught i' independent of net fragment sine and that beach samples
represent the composition of debris at sea, it is possible to account for
animal.s vhich have died and not returned to l,and ! The majority, 90.3Z
� 0 - 0.097 ~ 0.903!, of these would die.

It is possible that the correlations presented in this paper are thefortuitous result of other correlated causal factors which here ao fax gone
unnoticed, or that chance alone haa resmlted in the other observations that
indicate entanglement could account 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
na'ture. 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 vhich are consistent with each
other and vith the decline in fur seal herd, and the ways such factors
combine into quantitative models «hich mimic recent dynamics of the fur
seal population. Ken 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 sise 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 animals in the harvest.
The levels of mortality consistent vith the data, in each case, are
sufficient to explain the decline as verified through modelling studies
 Svartsman 1984; Trites 1984!. It is unlikely that such a combination of
circumstances would occur if entanglement were not causing or contributing
significantly to the present decline.

There exists a number of other factors which may be considered of
potential importance in the decline of for seals on the Pribilof Islands.
These include such things ae emigration, predation, diseases, the
commercial harvest of mal.es, reduced reproductive rates, reduced food
suppl.y, and toxic substances. klthough there are often limited data, and
further research is needed, the existing information general ly 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  Powler 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 siss! and increased pup survival  Zowler
1984b! 4 correlation exists between estimated juvenile survival and
eastern Pacific sea-surface temperatures  York 1985!. Such a correlation
may imply an effect through the food chain which could be contributing to
the decline but would again be inconsistent with increased body sine.
Purther exploration of these possibilities is presented in Powler �98'!
where it is again emphasiaed that further research is needed.

COICLDSI058

Entanglement and several aspects of the population dynamics of the
northern fur seal population on the pribilof Islands, klaska, are signifi-
cantly correlated as indicated by data from gt. Paul Island. The differ-
ence between the current rate of decline in pup numbers and the rate of
increase experienced in the 1920's  when the population waa last at current
levels! is explained through a correlation between rates of change in pup
nmmbera and entanglement observed in the «ale harvest  Pig. 4!. Simi].ar
correlations exist for the rate of change in the count of breeding males
«ith females in their territories  Pig. 4!. Unexpected increased in juve-
nile mortality  estimated for males and assumed to apply to females as wel]!
are explained through correlations «ith observed entanglement  Fig. 2!

Walysea of the limited data emphasiae that mortality rates caused by
entanglement are consistent with those which meld 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 tbaa 3 years of sge. but involves most age classes to some extent,

Although it seems clear that entanglement is en important 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 for seals on the Pribilof Islands
has not been determined. There is a continuing need for studies to
determine the degree to which females are involved in entanglement and
estimates of resulting mortality.

Secause of tbe 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-aad-effect information, and
zecogniaing that other contributory causes of the decline uay exist, future
research should include studies of possible changes in reproductive rates,
the effect of diseases aad toxins, and changes in tbe fur seal's ecosystem.
The aeed for studies of the influence of environmeatal conditioas is
empbasised by tbe recent work of York �985!.

ACKNNLEDGlCNT

Previous drafts of this paper were reviewed by Joe Scordino, Steve
Zimmerman, Howard graham, John Bengtson, Anne York, Robert Prancis, Roger
Peazsoa, Sharon Giese. Susan Scott, Pamela Nilder, William Lenarz, Tim
Smith, and two anonymous reviewers. I sm grateful to these individuals foz
their help and comments.

LITERATURE CITEb

Pisces y Cs N ~ y and P ~ Xoxlof f e
1972. Pur seals aad fish nettiug. Appendix E. In Pur seal

investigations, 1971. Unpnbl. rep. Natl. Mar. Naaeml Lab .,
Northwest and Alaska Fish. Cent., Natl' Mar ~ Fish- Sezv . NOAA,
Seattlep Mk 98115.

Powler, C. W.
1980' k zationale for modifying effort by catch, using sperm whale

of tbe North Pacific as an example. Rep. Int. Whaling Comm. Spec.
Issue 2:99-102.

1982a- Interactions of northern fur seals snd commercial fisheries.
Trans. N. Am. Vildl. Eat. Resanr. Conf 47:278-292.

1982b. Entanglement as an explanation for the decline in northern
fur seaIs on the PribiIof Islands. Natl. Mar- Mamsml Lab.,
Northwest and Alaska Pish. Cent.I Natl Mar. Fish. Serv , Kokk>
Seattle, R& 98115, 24 p  Background paper submitted to the 25th
Annual Meeting of the Standing Scientific Committee of the North
I'acific Pur Seal Commission, 13-16 kpril 1982, beld im Ottawa,
Ontario, Canada-!



305

Fowler, C. W.
1984a. Bntanglement in fishing debris as a contributing factor in the

decline of northern fur seals on the Pribilof Islands. Natl ~ Mar.
Mammal Lab., Northwest and Alaska Fish. Cents ! Natl. Mar. Tish.
Serv s ! NOAA, Seat tie, WA 98115, '33 p.  Background paper submit ted
to the 27th Annual Meeting of the Standing Scientific Committee of
the North Pacific Fur Seal Commission! 9-13 April 1984, held in
Moscow, U.S.S.R.!

~usiuus! ~ Hatl ~ Hat. Hasssal Lshs.l Hottheest aud dlaska Fish. Cent.,
Natl. Mar. Fish. Serve ! NOAA, Seattle, Mk 98115.  Presented at the
International Conference on Fur Seals, Cambridge, England, April
1984 ~ !

tbe Pribilof Islands, Alaska. Natl Mar. Naaaml Labe ! Northwest and
Alaska Fish. Cent., Natl. Mar. Fish. Serve ! NOAA, Seattle, NA 98115.
 Background paper submitted to the 28th Annual Meeting of the
Standing Scientific Committee of the North Pacific Fur Seal
Commission, 1985, held in Tokyo, Japan.!

Johnson, k. M.
1968. Annual mortality of territorial male fur seals and its

management significance. J. Wildl. Manage. 32:94-99.

Lander, R. Re
1981. A life table and biomass estimate for Alaskan for seals ~

Fish. Res.  Amst.! 1:55-70.

Low, L.-I ~ ! R Nelson, Jra ~ and R. B. Narita.
1985 ~ Net loss from trawl fisheries off Alaska. ~I R. S. Shorn«ra

and R. O. Toshida  editors!, Proceedings of the Workshop on the
Pate and Impact of Marine Debris, 26-29 November 1984! Ronolulu,
Rawaii. U.S. Dept ~r.! NDAA Tech, Memo. NMFS, NOAA-TM-NMFS-
SWFC-54. [See this document.f

North Pacific Pur Seal Commission.
1982. Proceedings of the 25th Annual Meeting of the North Pacific Pur

Seal Commission, 13-16 kpril 1982, Ottawa! Caaada. North Pac. P«r
Seal Comm., 49 p.

1984. Proceedings of tbe 27tb knnnal Meeting of the North Pacific Pur
Seal Ceemeaion, 9-13 kpril 1984, beld in Moscow, U.S.S.R. Nortb
Pac. Pur Seal Comma ! 5D p.

Ricker! 1. B.
1973. Linear regressions in fishery research. J. Fish. Res. Board

Can. 30:4D9-434.

1984. Computation and «sea of central trend lines. Can. J. Bool.
62:1897«1D95.



306

Scordino, J.
1985. Studies on fur seal entanglement, 1981-84, St. Paul Island,

Alaska. In R. S Shomura and H. 0. Yoshida  editors!, Proceedings
of the Workshop on the Pate and Impact of Marine Debris, 26-29
November 1984, Honolulu, Hawaii. U.S. Dep. Gammer., NOAA, Tech.
Memo. HMFS, NOAA-TM-NMFS-SWPC-54. !See this document.]

Scordino, J., and R~ Fisher~
1983 ' Investigations on fur seal entanglement in net fragments.

plastic bands and other debris in 1981 and 1982, St. Paul
Island, Alaska.  Background paper submitted to the 26th Annual
Meeting of the Standing Scientific Committee of the North Pacific
Fur Seal. Conm6seioa, 28 March-8 April 1983, held in Wash., D.C.!

Suartsman, C. L.
1984. Factors bearing on the present status and future of the

eastern Bering Sea fur seal population with special emphasis on the
effect of terminating tbe subadult male harvest on St. Paul Island.
U S. Msr. Ramml Comm., Wash., D.CD  Available from U.S. Dep.
Comber., Natl. Tech. Inf. Serv., Springf ield, Va., as Ho. PBBY-
172329. !



307

APPKÃDIX

Y a+bx

The estimate of tbe intercept  a! ia:

n n

a Z y b Z z. /n
i551 i~1

where n is the sample sise of the points defined by x and y and b is
estimated by:

-5 + Jqv + 552
b min

where

n n

Zx. Z y.
i l i ln

i~I
L L.  8!

5 2

Z yi - Z xi

The following equations were used to perform regression analysis for
thie paper and resulted in the regression linea shown in the figures' >n
tach case xi is the ith observation of the independent variable aud yi tbe
correapondiag observation of tbe dependent variable. These equations
result from assuming both variables show a nonxero variance and tainimixing
tbe perpendicular distance between tbe data point and the line of
regression. The regression equation for the underlying relationship is
assumed to be I
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STELLER SEA LION ENTANGLEMENT IN MARINE DEBRIS

Donald G. 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 Alaska Two categories of debris, closed plastic
packing bands and net material, account for the majority of
instances of entangled animals. Net material appeare to be
primarily from fishing travls, although the exact origin remains
obscure.

Photographic evidence and necropsies shov extensive tissue
damage suffered in the neck area of entangled animals. Some
animals have scars on tbe neck indicating recovery from entangle-
ment. Hovever, severity of vounde observed suggests that, in
many cases, the encounter is fatale

In theory, sea lions svim forvard only, and they apparently
seldom "back up," theet once foreign material encircles the neck,
there is little likelihood of it being removed Polypropylene or
plastic netting material or packing band material is knovn to be
long lasting and, therefore, can remain on the animal's neck as
an abrasive irritant over long periods. Decay of the foreign
material possibly could be hastened by agentb vhicb may be
produced from the necrosis of tisane alloving some animals to
eventually shed the entanglement material, and if the damage is
not too severe, survive the encounter.

Tvo beaches in the nortbern Kodiak Archipelago vere surveyed
for marine debris. Emphasis «as placed on material vhich vas
considered to have potential for entanglement vith sea lions'
One beach vas surveyed on the vest side of Afognak Island vhicb
mas exposed to the drift mechanisms of Shelikof Strait, and the
other beach surveyed was exposed to the Gul.f of Alaska and the
North Pacific Ocean.

Debris noted vas divided into four categories: nets,
plastic bands, ropes, and buoys' The first three categories vere
further divided as follovs: nets-potentially entangling since
>I m and not entangling since <I m ; plastic bands-open or
closed loop; ropes � >I m and knotted on the ends as potentially

JE + ~ S abcaea cal %. 0 Toebhh  etitorc! ~ Wocecliaae cf rba Vcrbcbcy oa the Tace aal Impact
4C nac4a scbtic, 25-2% scvesber l984, scccxela, aavcii. u s. 5' coeeer, Rosa tech laao
~ e saba-1%4srSMltc-54. 1055
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entangling and <1 m or not knotted on the ends as not entangling.
Buoys by themselves were not considered as potentially entangling
and lines attached to buoys vere considered under the category of
ropes' Some interesting differences vere noted betveen the tvo
beaches. Substantially more net material >1 m2 was observed on
the beach in Shelikof Strait than the beach exposed to the North
Pacific Ocean Most plastic band material found vas cut ~ One
beach had no closed packing band loops. Slightly less than half
of the rope material found vaa 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. Nore
buoys were also found on the Pacific Ocean beach.

INTRODVCTION

The stellar sea lioa, ~go~to ~iss tuhatusi,s a couepicuous, large
pinaiped vhich inhabits the North Pacific Ocean and adjacent seas. Sea
lion habitat in these areas extends from approximately 25 m above mean
high tide at rookeries and haulmut areas to the continental shelf break
on the high seas. They are highly mobile animals and movemente exceeding
l
00 kn have been documented  Calkins and Pitcher 1982! ~ During May
through July, Steller sea lions gather on traditional rookeries to pup and
breed. Other haulmut areas continue to be used during this time by
nonreproductive animals. Although there are at least 100 locations in the
Golf of Alaska and southeastern hlaska where sea lions haul out on a
r'egular basis, only ll of these are major breeding concentrations, or
rookeries  Calkins and Pitcher 1982!. The largest sea lion concentrations
im the world are found near Kodiak Island.

Steller sea lions eat primarily off bottom, schooling fishes such aa
~ s

macroce halos  Pitcher 1981! ~ They are often sighted in the vicinity of
fishing activity for these two species. Observers have even speculated
that aea lions are attracted by noises generated during retrieval
operations of trawla  Loughlin and DeLong 1983!.

The Alaska Department of Fish and Cene has carried out an extensive
research project on Stel.ler aea lions which involved observations and data
collectiona on the biology and life history of sea lions including
observations ot entangled animals This work was primarily supported
through Federal funds, initially through the Outer Continental Shelf
Xnvirosmental Assessment Program which was funded to provide informatian
before offshore oil lease sales and subsequent offshore oil exploration
and development In recent years, sea lion research by alaska Department
of Fish and Game haa been supported with funds provided by the National
Marine Fisheriee Service, klaaka Region.

Part of the information presented hera waa gathered during other
~ tndies ~ The entanglement observations are entirely incidental to other
eea lion studies, Information presented on debris from beach surveys in
the Kodiak area waa not intended to be a f inal report on «ork performed.
Indeed this report is only intended as an interim progress report. The
beach surveys were primarily desi.gned to provide baseline data to design
better future study.
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STUDY AREA

The information provided in this study vas collected in the Gulf of
Alaska, primarily in nearsbore areas bounded in the southvest by Unimak
Pass and in the southeast by Dixon Entrance  Fig ~ l! ~

Two beaches were chosen to be surveyed for debris considered
potentially harmful to sea lions  Fig. L!. Debris considered potentially
harmful vas based upon observations of entangled sea lions The first
beach  beach I! vas located in Marmot Strait, on the east side of Afognak
Island, north of Kodiak Island. This beach was chosen because it vas
thought to be exposed to the North Pacific Ocean directly. The second
beach  beach 2! vas located north of Nalina Bay on the vest side of
kfognak Island. This area was chosen because it is exposed to Shelikof
Strait between the Kodiak krchipeLago and the south side of the Alaska
Peninsula.

MKTHODS

Observations of entangled animals were made incidental to other
studies carried out at rookeries and haulwut areas. hnimals vere photo-
graphed vhenever possible, and, in one case, an animal was collected  in
conjunction with other studies! which had a packing band around its neck-
Nost 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 vere surveyed on 23 May and 24 May by six people at beach l
and four people at beach 2 The beaches vere arbitrarily divided into
unequal sections and each person surveyed a single section. Thus beach l
was divided into aix sections, and beach 2 was divided into four sections.
wherever possible, each person removed debris which was considered to have
potential for entanglement with Steller sea lions. The debris considered
as potentialLy entangling to sea lions vas divided into three categories:
nets> plastic bands, and ropes. Although not considered harmful by them-
selves, buoys vere also surveyed. The three categories vere further
divided as foLLow: nets-potentially entangling as >1 m ; plastic
bands~pen or closed loop; ropes � >L m and knotted on the ends as poten-
tially entangling, and <L a not knotted on the ends as not 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 were either partially
bmried or sufficiently tangled on stationary objects such as trees or Large
rocks to make thea impossible to remove. In these instances> we removed am
mmch as possible and noted the location of the remainder. The collected
debris was taken to a central location where it ras catalogued and stored
above the highest storm tide level to prevent its return to the beach. In
sm cases, buoys without ropes «ere placed above maximum storm tide Level
near the locations they were found to save time
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RESULTS kSD DISCUSSION

Prom my observations and photographs there appear to be two
categories of debris which account for the majority of instances af
entangled animals: closed plastic packing bande and net material . Both
categoriea seem to involve animals 2- to 3-years old and older. Both
sexes appear to be susceptible although more adult females have been
observed entangled and no adult males. Ve have no records of neonatal sea
lions being entangled. Perhaps the reason vhy fev young animals are seen
entangled ie 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 banda, eea lions probably becocse
entangled as they attempt to avim through them either from curiosity or
~ ccidently. Once the band i' over the head, it probably remains there
until it decays, or ia broken, or kills the eea lion. Tt is my opinion
that sea lions probably do not have the ability to reaove debris once they
became entangled. TIovever, the one possible vay a aea lian may remove a
band or net from the neck is by breaking it with a clav.

Packing banda around the neck cause tisane damage in two ways. If the
animal is a subadult «hen it accluiree the band, and if the band is suffi-
ciently small, it may cut into the tissue as the aea lion grows. Often
«hen animals are sighted they have what appears to be an open wound,
completely encircling the neck. Lt times it is difficult to determine if
the foreign material has bean removed or if the animal has grown around
it. It i ~ evan possible that some of the healed wounds ve see may still
have aoee foreign material ingrovn.

The other possibility for tissue damage from packing bande is simple
abrasion. If the band is too large to cause constriction, or if the animal
ia already an adult and hae stopped growing, then the band is generally
visible and the injury i ~ often characterised by being noncontinuous around
the neck Often this type of injury is either directly on the dorsal and
occasionally on the ventral surface of the neck. This type of injury ie
probably caused from an abrasive action generated while the animal ia
maiming, either from water pressure forcing the band against the neck or
pulling it from the opposite side.

ln addition to curiosity sea lions cam be entangled in floating net
material and hy attempting to heel out on it or remove fish from i' They
may also become entangled in travl nets being actively fished and either
break free or are cut free, thna retaining a section of net on their
bodies. Net fragments are most often seen around the neck, although
occasionally a fragment may cover other parte of the body The majority
of net fragments vhich I have been able to identify on aea lions have been
of the type «eed in travl gear in the high seas gronndfieh fishery. I
have not identified gill net or seine gear of the type used in nearshore
commercial salmn f isheries entangled on eea lions. Xt is certainly
possible for sea Tines to become entangled in nearshore commercial ealmom
gear since extensive fisheries take p4ce in this area, although this does
mot appear to be a major problems
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Set fragments entangled on sea lions are usually smsl.l 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 those caused by smaller plastic bands.
There is often a continuous vound encircling the neck where the net is
lodged, and a band of necrotic tissue on either side plus often what
appears to be scar tissue beyond that. It is possible that sane of the
healed vounds we see that ve intrepret as a recovery from an entanglement
are from net material vhich the animal successfully escaped.

Table 1 shave the debris collected during the tvo beach surveys ~ As
can be seen from Table l, substantially more net material >1 ma vas found
on beach 2 than on beach L. Apparently many people are cutting plastic
bands before discarding them into the ocean, as far more cut bands vere
found than cl.osed loops. In fact on beach l no closed loop bands were
noted A great deal of rope was found on both beaches although beach 1 had
the most. Slightly less than half of the total rope material found was
considered potentially dangerous to sea lions.

Table l.� Marine debris collected on two beaches of Afognak Island, Alaska,
Nay 1984.

Nets
Potentis1Iy Rot buoys

entangling entsngl ing
1 m and 1 a or Not
knotted not knotted entangling

Plastic
Potentially Not bands

~ ntangling entangling
>1 ma Open Clo eed

24
21

9 8 0 30
3 3 23

beach l
beach 2

8
17

The beaches surveyed vere selected from charts of the coastline;
however, after surveying the actual beeches, it appeared that beach 1 may
«ot have been a typical beach exposed to the Pacific Ocean and North Gulf
of Alaskan The large amounts 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 than the
north gulf as a «hole.

The decision to divide net and rope fragments into the above categories
vas arbitrary. It vas felt that although 1 m is a sizable piece of net,
it seems unlikely that a sea lion would initially become entangled in net
fragments much smaller that 1 ms. Although we do see eea lions with net
fragments which appear to be smaller than 1 m2 around their neck, it is my
opinion that vhen acquired. the fragments were probably larger. Rope
fragments >1 ma and knotted vere considered potentially dangerous to sea
lions because «e have seen many rope fragments «hich have frayed and
unraveled to a point where they resemble large bundles of monof ilament.
These appeared to have substantial potential for entanglement.
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kt present I am unable to fully assess the impact of marine debris on
Stellar aea lions. There are several aspects of the problem which need to
be more completely investigated before ve can accurately predict the actual
effects on the sea lion population. k number of beaches should be surveyed
within important sea lion habitat to determine the extent and accumulation
rates of debris vhich are potentially dangerous to sea lions. The beaches
should be selected. relative to the major drift patterns of the North
Pacific, the southvestern Gulf of Alaska, Shelikof Strait, snd the south-
east Set'ing Sea- Several beaches should be selected to avoid localised
effects. The amounts of potentially entangling materials presently adrift
in the same areas mentioned above vould provide a more complete under-
standing of the problem, although I believe this type of information is
extremely difficult to acquire. I also consider it vorthvhile to estimate
tbe amounts of material being deposited into the oceans. Such an estimate
might be derived through interviews with fishermen. Finally, an important
aspect vhich can be measured is an estimate of the percent of sea lions
entangled in marine debris and fram this an estimate of debris caused
mortality. I expect to begin a study designed to determine this estimate
by surveying large nmsbers of sea lions on rookeries and haul-out areas,
recording all observed incidents of entanglement by sex and age cl.ass
uhere 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. Yocbem
Eubbs Marine Research Institute

San Diego, CA 92109

ABSTRACT

Ne documented cases of pinnipeds with various kinds of
debris entangling them at San Nicolas and Saa Miguel Islands,
California, from 1978 through 19B2 ~ In 1983 and 19B4 ve coa-
ducted systematic surveys to document the frequency of entangle-
ment of northern elephant seal, ~i,'i~n an ustirost
California sea lion, ~Kala hns c lif mian s; and harbor seal,
QP <~ ffhKL'Lhbh Kichardsi, in nerine debris. dpproxinacelp 0.08K
of the animals in each population had materials encircling their
necks or torsos while another 0-06 to OelOX bad scars indicating
previous encounters with entangling materials' Encounter with
marine debris could. be confirmed as the cause of entanglement in
only a few cases; trawl net fragments and plastic packing bands
vere the entangling debris in these instances. Most entsngle-
ments appeared to be related to interactions of yinniyeds with
oyerational commercial and perhaps sports fisheries rather than
with debris. Although some pinnipeds in southern California
waters are apparently being entangled by marine debris, the
magnitude of debrismelated mortality remains unknown. Assess-
meat of the impact of marine debris oa pinaiyed Population vill
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 yinaiyeds.

INTRODUCTION

The interactions between marine mammals and commercial or sport
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 cnt
free from the gear. It may also refer to sbootiag of animals by fisherman
at sea or oa rookeries or collisioa of vessels  or their propellers! with
mariae mammals. "Entanglement" has been used by some authors to describe
the phenomenon of animals becomiag entrapped ia discarded net fragments
 i e., "passive fishing gear"! and other debris aa veil aa in active

ggsggs aeS a O rsIaQs  H.itdbrs! ~ Fsocadbsisaa af the lb&a'boy oa tSe sate sea
oe Md,ties nsStis, 3S-19 so~ 19'. aosolsis. sswii. 's.S. nss. cosset., snsa rect. a
Rasa ~TMIss-sssc Si 19SSo
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fishiag gear. Fowler �982!, however, reserved the term "entanglement" to
refer to marine mammals being wrapped or caught in debris  including
fishing gear! that had been lost or discarded at sea. Since marine masnaalm
caught in actively fished gear aay 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 oa animals were actually debris when
the animals encountered them ~ Here we use the terms "entangled" and
"entanglement" to describe all cases of manmade items encircling the
bodies of pinnipeds observed during our surveys. Ve do, however, consider
the possibility that pinaipeds aay have encountered these items vhile
interactiag vith active fishing gear rather than debris at sea.

The extent of interactions of pinnipeds with commercial and sports
fisheriea has received much attention recently  e.g., Northwest and klaska
Fisheriea Center 1980; Anonymous 1981; Kveritt et al ~ 1981; DeNaster et al.
1982; Porler 1982; Hiller et ~ 1 ~ 1983; Swartxman and Hear 1983; Netleff and
Roaemberg 1984! primarily because these interactions result in daaage to
fishing gear and loss of marketable fish The effects of pinniped
mortality from fishery interactions  including entanglement in gear and
gear debris� ! on the status and trends of pinniped population have, however,
received liaited attention. anecdotal observations have been reported of
pinaipeda with various kinds of man~de items encircling their necks or
torsos; tissue damage haa been observed in many cases. Fev cases, hovever.
have been observed or reported of pinnipeds that have died as a result of
entanglement ia 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 beea limited by a lack
of information on the proportion of a population that becomes entangled in
debris, the aex and age structure of those entangled animals, and the fate
of entangled animals.

Powler �982! smaarized systematic observations on the occurrence of

gggj~LI., at the Pribilof Islands since the aid-1960's and examined the
poteatial effects of mortality resulting froa entanglemeat on populatioa
trends. Entanglement of other species of pinnipeds has been noted by
several authors  e.g., Kenyon 1981; Bonner 1982; kLLen and Huber 1983;
Canil and Canil 1983; Henderson 1983; Huber et al . 1983! but most accounts
are anecdotal; the magnitude of eatanglement by various types of marine
debris and the extent of mortality resulting from entanglement are unknown.

Since 1978, ma have aade ground ceasuaes of pinniped populations at
Saa Nicolas and Saa Miguel islands at intervals varying from weekly to
monthly  e.g., 8tewart 1980, l98l; Stewart and Tochem 1984!. Before 1983
we noted aay animal. ~ observed on these censuses that «ere entangled in
debris. Qe recorded the types oi debris entangliag animals as weLL as that
found on beeches+ The nmaber of entangled animals observed during that
period maa low bmt. onr surveys of eatangled animals vere not ayateaatic aad
therefore the data are not useful in assessing the frequency of entanglementin each population.

Ia 19N we begaa systaatic surveys of northern elephant seal i
MNIIca hhS Uf
harbor seals ~ ~yegg ~~d at San Nicolas Island  SNI! and of
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northern elephant seal and harbor seal at San Miguel Island  SMI! to docu-
ment the frequency of pinniped entanglement in various kinds of debris. We
also continued to document debris  type, amount, sixe! that had washed ashore
on these islands. Surveys for entangled animals were conducted simulta-
neously with, but independently of, population censuses. Ve chose small
groups of animals in each census area  see Stevart and Yochem 1984! and sur-
veyed them ~sing binoculars or a spotting scope. We also used a Celestron
C-90 spotting scope to photo-document entangled animals. At SNI, where most
of the work was concentrated. pinniped rookeries and hauling areas extend
along approximately 13 km of coastline on the south side of the island.
The populations 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 animal examined by age and sex; only those animals whose entire bodies
could be seen clearly vere included in the "entanglement survey."

RRSVLTS AHD DISCUSSIOll

Although our surveys vere often more frequent, ve used only a single
survey per month  usually mid~nth! 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 entanglement. The season of the
sample may also affect estimated entanglement rates if entangled animals
remain at the rookeries longer than do nonentangled animals of similar age
and sex classes that may migrate and be entirely absent or in low abundance
at certain seasons. Combined estimates of entanglement rates then may be
more accurate if based on seasonal samples taken throughout the year. Com-
bining all sampling periods, we examined 13,175 sea lions, 11,054 elephant
seals, and 1,877 harbor seals. Approximately 0.08Z of sea lions, 0.08X
of elephant seal.s, and 0.05Z of harbor seals had synthetic it~a encircling
their bodies and an additional 0.10Z of sea lions, 0.06Z of elephant seals,
and 0.05Z of harbor seals had scars suggesting previous entanglement with
debris or encounters with actively fished nets or longlines. We were gen-
erally unable to discriminate among polypropylene, polyethylene, or other
synthetic multifilament synthetic materials such as "poly."

Of the ll sea lions observed. entangled, 2 had packing banda �
plastic, 1 rubber! around their necks, and 5 were entangled in monofilaaent
gill net fragments; 1 yearling aea lion with a gill net fragment tightly
constricting ita neck was later observed dead. 1'our aea lions had tangled
lengths of monofilament fishing line caught around their necks  Table 4!;
ve did mot observe hooks attached to any of the fishing line- Thirteen sea
lions had scars encircling their necks; the scar patterns «ere suggestive
of thin monofilament, either fishing line or gill net, rather than of the
thicker multifilament materials or more robust packing bands. Therefore,
of 24 sea lion "entanglements" observed, 13 �4Z! «ere of animals that had
lost the entangling material. In 22 of these 24 "entanglementa" it is
likely that the aee lions acquired the entangling material or scars during
interactions with commercial or aport fishariea. Teo of the "entangled"
sea lions had apparently been entangled in debri ~  packing bands!
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Table l. � InCidenCe Of entanglsment Of CalifOrnia sea liOnS at
san Nicolas Island.

kdalt
sales

Saba dalt
salas

F~Lss sad
jaeeai les Iota l

Sate
Faarl Lag e Pupa

721
0

0
0

771 4i049 Lf al 75
7� 91!! 1 OI02%! Ll� OSI!
0 OX! 0 OI! 13 O.IOI!

Sac. 1983
Sespled
Satasgle4
Scars

des. 1984
Saspl ed
Eataag 1 ed
Scars

Feb. 194
Ssspled
Ltsagle4
Scare

Xer. 1984
Sssple4

tssglad
Scars

Ayr. 1904
Sespled
~ atasgle4
Scare

Hay 1984
Saspled
Sa taag1ed
Scars

Jeaa 1904
Sssple4
Satesg led
Scare

4olF l984
Sespled

tesgled
Scars

Sept. I'984
@spied
Ltssgled
Scars

Oct. L94
Sespled

taagled
Sears

Ose. L904
Seayled
Oaaaasled
Oases

netaL
Oaspled
Ltesnled
Scar ~

100
0
I

228
0
I

343
0�! !
2�.58I!

26
0
0

44
0
I

11 f
0
0
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3l

0 0

86
I
I

3ff
0
4

31
0
0

78
4
0

003
L�.012%!
8�.75I!

596
0
0

043
0
I

389
0
0

315
L
I

449
0
I

626
0
0

607
0
1

1,603
I
0

703
0
0

7,206
2 Oi03I!
f 8 87Z!

20
0
0

83
0
0

18
2
0

46
0
0

32
0
0

62
1
0

120
I
0

96
2
0

210
I
0

31
0
0

53
0
0

468
0
0

510
0
0

518
0
0

425
1
0

218
0
0

35
0
0

340
0
0

501
0
0

457
0
0

577
0
0

1,237
0
I

I ~ 235
0
I

1,494
2
I

895
I
0

565
I
I

598
1
I

967
2
2

1,4 26
2
6

2,425
2
0

722
0
0

L,kll
0
0
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Table 2 ' � Tneid lnCe Of entanglement Of northern elephant
San Nicolas and San Miguel Islands.

seals at

44uL t
~ slee

Subedult
aelee Tussler Jeeeai lee Teerlleg Pep e Te tel

Ssa glcslse Ielesd

0 I

Saa SLgasl Ielsa6

I 2

4,239 11,854
1 O.ORK! lOCO 092!
0 SK! 7�.062!

Dec. 1903
Seap ls4
Rstaegl ed
Scare

Jes. 1904
Ssap 1 ed
Sstssgl ed
Scare

Feb. 1904
Saspled
Ratasgled
Scare

her. 1904
Ssap lsd
Rstasg led
Secre

4pr. 1904
Scapi ed
Rstaagled
Scars

Ilsr 1904
Ssaptsd
Rstaag 1 ed
Scare

Jsae 1904
Ssapled
gs tasg 1 sd
Scare

Ju17 1904
Saa9 lsd
gutssg L 64
Secre

1984
Sssp ls4
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Scare

Dct. 1984
Seap Led
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Sse. 1984
Ssapls4
gatssg I e4
Scars
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Saay la4
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Scars

1984
0eaplsg
Satss8144
Scars

43
0
D

111
6
0

120
0
0

lS
0
0

24
0
0

305
0
0

312
0
0

1,019
0 SK!
0 OK!
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2
0
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1
D

56
0
0
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D
0

42
0
0
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D
0
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0
0
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0
0

265
0
1

~ Tf
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0
1
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D
0

210
0
0
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D
0

31D
0
0
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0
0
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0
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0
0
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0
I
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2
0
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0
I

3,2fl
2�.862!
3  ~ Isfg!
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0
0
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1
0
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0
l
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0
0
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0
0

266
0
0
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1
0

1 el 59
R�,172!
L�.898!
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0
0
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0
0
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D
0

67
I
0

15
0
0

15
0 0
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0
0

65
I
0

511
2 8.392!
0 82!

ID
0
0

41 5
0
0
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0
0

315
0
0

65
0
0

35
0 0

221
8
0

161
I
8

I e 268
0
0

1,413
0
0

204
0
1

1,069
1
0

706
0
0

385
0
0

700
1
0

324
0
1

336
0
0

92
0 0

369
1
0

449
2
I

3,07 I

0
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Table 3 ' � Incident:e of entangIetsent of harbor seals at
San Nico].as and Sen Miguel Islands.

Isa Sicelse 2 ~ 92sad Sae Ritual lslsud

Adults aad
juvcuile s

hauls aed
juveniles pup s re tel

Sat e Pupa Total

14 102
0 0
0 1

10 228
0 0
0 0

4 102
0 0
0 0

10 125
0 0
0 0

3 74
o 0
0 0

0 OI
0 0
0 0

0 63
0 0
0 0

Se R,I77
0 L�+152!
~ L�.052!

Ssc. 1903
Ssepled
Ia tsag led
Sears

Jss, 1904
Stapled
Rat sag lsd
Scars

Feb. l9S4
Sseplsd
Iatsegled
Scars

Mar. 19I4
Ssttplad
Rtssgled
Scars

1954
Scapi ad
Sat sag led
Scare

Way 19I4
Stapled
getssgled
Scare

Juee 1904
Stapled
gateag lad
Scars

July 1'II4
Stapled
Sat aeg led
Scars

Sepc. 1984
Stapled
Setaag led
~ cars

Dct. 19I4
Stapled
2ateagled
Scars

gaea 2904
Seepled
~ areas led
Sears

seep lad
Oateegled
Sears

72
0
0

65
0
0

146
0
0

160
0
1

210
0
0

9S 0
0

235
0
0

115
0
0

71
0
0

06 0 0

63
0
0

1,009
1�.062!
1�.062!

19
0
0

72
0
0

65
0
0

146
0
0

254
0
0

165
0
0

315
1
0

165
0
0

315
1
0
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Table 4- � Types of synthetic items observed entangling  B! pinnipeds
or believed to have caused scars  S! observed on pinnipeds

Honofilament

Polypropylene
travl net

Packing
bands TotalGill netLine

B SB S B S

Sea I.iona
kdult males
Subadult

Hales
Female s
Juveni Les
Yearlinga
Pupa
Total

I 6
3

2 2
7 0
I 0

ll 13

6 I
3
2

l3
I

13 5

Blephant seals
Adult males
Subadult

Males
Females

Juveniles
Tearlings
Pupa
Total

2 3
2 3
2 I
2 0
I 0

9 7

I

5 7

Harbor seals

kdults

Juveniles
Pupa
Total 1 1

One 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 encircling its torso, three vere entangled in "poly" travl net frag-
ments, and one seal had a plastic packing band around its neck  Table 4!.
Seven other elephant seals had scars encircling their necks vhich appeared
to have been caused by monofilament Line or gill net. Therefore, of 16
elephant seal "entanglements," 7 �4X! «ere instances where seals had been
entangled by materials  probably monofilsment line or gill net from active
fishing gear! but had lost the material, presumably «hen it became brittle
and. broke loose. Four �5Z! of the elephant seals shoving evidence of
entanglement «ere apparently victims of debris  three entangled by travl
met fragments, one entangled by a packing band!.-
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One harbor seal  adult! vas observed with a thin scar around its neck
 apparently from previous entanglement «ith monofilament! and one juvenile
waa observed with a plastic packing band encircling its neck.

Our observations suggest that many pinnipeds may be freed from
materials entangling thea, primarily monofilament fragments  gill net or
longline! - Trawl net fragments and packing bande may be lost lees easily
since ve have seen no animals with scars suggesting that they had been
previously entangled «ith these kinds of debris. This may suggest that
animals that become entangled in travl net fragments or packing bands have
greater mortality rates than those entangled by monofilament fragments or
that entanglement rates of seals end aea lions in monofilament  operational
and debri ~ ! are higher than those for other debris. However, the data are
not adequate to teat either of these hypotheses. The only entangled animal
that ve observed dead  a sea lion yearling! waa entangled in a monofilament
gill net fragment.

Ne 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, ve found other types oi debris in small
~ monnte. The most conan type of debris faund vas "poly" line fragments of
various lengths  Table 5!. hlthough these fragments, vhen tangled, are
capable of entangling pinnipeda, we did not observe any animals entangled
in "paly" 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, vhen considering the impact of "marine
debris" on pinniped popnlations, care should be taken when considering
whether all cases af "entanglements are debris-related. Packing bande,
other nonfisbing gear it's, and trsvl net fragments encircling the bodice
of pinnipeda are most likely encountered as debris Entanglement in
monofilament line and smal.l gill net fragments probably occurs most often
«hen animals are caught in actively fished gill net or become tangled in
actively fished longline gear. lf this ie true, then most  861! of the
pinnipeds observed  in the Southern California Bight! that shoved evidence
of entanglement probably encountered the entangling material while inter-
acting «ith actively fished commercial fishing gear  apparently monofila-
ment gill nets! rather than as debris. The marine debris that appear to be
entangling small numbers of pinnipede in the Southern California Sight are
trawl net fragments  with holes in the mesh! and plastic pecking bands.
hw'eeilee appear to be the moat 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
aea lions and northern elephant seals are migratory and  especially young
animals! disperse over Kong distances  primarily northward from rookeries!
during the first several years of life.

Assessment and interpretation of the population effects  in the
Southern California Sight! of mortality dne to entanglement with marine
debris require data on 1! the origin, moveaeat, and fate of various kinds
of debris vith respect to the dynamics of seasonal eex and age class
distributions of pinaipede in eastern North Pacific «aters  i.e., rate of
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Table 5.--Weights and dimensions of debris found on beaches  8! or
removed  K! from entangled dead or live pinnipeds at San Nicolas and
San Niguei Islands.

Saaple

Types of debris

lboof ilaaeot lines
Weight  g! 227/b 20/E 12/B
Diaaeter  ca! 0.15 0.12 0.05

Paly" net
Weight  g! 100/8
Diaaeter  ca! 0.35
Nash si.ae  cm! 10.2
Diaeaaione  cm! 30%15

883/8
0.9

639/8 340/8 144/8 48/8
0.33 0.12 0.8 1.1

43 ~ 5/S 1,174/b 78 48
0.8 0.7 0.5

"Poly" gill or traaael net
Weight  g! 86/b
Disaster  ca! 0.2
lseah aiae  ca! 25.4
Diaeaaione  ca! 91%107

lobster Pot floats vith line
Weights  g! 676.4/b 812/b 642/8 1,026/8 467/b 1,121/8 787/8

booye vith Iioe
Tteighta  g! 2,300/8 1,436/b 3,000/8 3,100/8 I,OII/b 1,232/8

booya vithoot line
+0 ight e  g ! I, 8 56 /8 I, 204/b 66 5/8 531/b 564/b

Otber
Height  g! 227/8  Sl'IO/Pig. 3!
Dimoaiooe  ca!

I bepreeeatative sample selected fromm a total of 28 samples collected
from beaches.

lloaof aIeaest gx.ll
Weight  g!
Diaaater  ca!
yeah eisa  ca!
Diaeoaiooa  ca!

"Poly" linel
Weight  8!
Diameter  ca!

oet
70/8
0.10

20.3
61%55

500/I 100/8
0,35 0,35

26.7 26 ~ 7
91%92 46x58

93/b
0.2

25.4
111%106

100/b
0.35

13.1
63x39
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encounter with debri.s capable of entanglement! and 2! on the probability of
mortality of pinnipeds once they become entangled. Proper interpretation
of eataaglement and the role of debris in entanglement also require that
eataaglement resulting from encounters »ith active fishing gear be
distinguished from that resulting from encounters »ith debris.
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A REVIEW OF HAWAIIAN MOHX SEAL BNTANGLBMBNTS
IH MARIHB DESRIS

John R. Henderson

Southwest Fisheries Center Honolulu Laboratory
National Marine Fisheries Service, NOAA

Honolulu, Ha«aii 96812

Havaiian monk seals may become entangled in net fragments
and other flotsam carried by currents from the North Pacific to
the Hawaiian Islands. Through 1984, 27 entanglements have been
observed, and at least 8 additional seals are scarred from
entanglements One of these entanglements vaa probably fatal,
hand six mell likely have resulted in the death of the seals
had biologists not intervened. Although maned pupa comprise
only about 11X of the total population, pupa vere involved in
411 of the observed incidents. Mechanisms to account for this
disparity are proposed. Observed entanglements have declined
since initiation of a regular program to gather and burn
potentially hasardous debris.

INTROWCT ION

islands and low, coral atoll! which extend 1,850 ha from Nihoa Island to
Kure Atoll in the Hawaiian Archipelago, a region known as the Horthvestern
Hawaiian Islands. Within this range, land area on which the seals haul out
comprises approximately 17.7 ha ~ but tha offshore reefs surrounding these
islands, which the seals frequent to forage, mate, or raise their pupa,
comprise considerable additional area. The 18.3w �0-fathom! contour
~ urrounding emergent land in the Northwestern Ha«aiian Islands encloses
approximately 1,257 ha  9 8 ~ Department of Commerce ! ~ The Hawaiian
Archipelago is situated in the subtropical gyre, and flotsam from the North
Pacific could be carried towards the islands by southern movement of vater
from the eaatvard flo«ing North Pacific Current to the «estvard flowing
North Bquatorial Current. Fisheries which might serve to generate debris
are the high seas squid gill net fishery and the groundfish trawl fishery
in the North Pacific amd Gulf of Alaska. Trawl fisheries, particularly
]oint venture operations, may be susceptible to loss of nets and other gear

>»8» Department of Commerce. 1980 Proposed designation of critical
habitat for the Hawaiian moat seal in the Northwestern Hawaiian Islands.
Iraft HmviroNeatal Impact Statement, 77 p + appendices
3L a» S» QNwsca Ilsk I» 0» To~  ellicors!» pcocess4as of tlo uothshof oa eh% leco OS' x%pscc
~ t uLehe lkrll, $-?S asvsaeer lSSS, usms44, lazuli sA. sea coamor., aaaa Ta h. «ms
~, snLs ~~%le-$s» 1$0$.
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 Low et al. 1985!. No Hawaii-based net fisheries exist' in the vicinity of
the Northwestern Hawaiian Islands-

Except for protracted periods ashoxe during pupping  approximately
> weeks! or molting  approximately 2 weeks!, an individual seal will gener-
ally remain at sea for up to 2 weeks before retuxning for several days'
rest on land  Stone 1984!. It is not known hov fax individuals range fram
land, but it is during these forays at sea that seals may encounter debris
which is either drifting or has become fauled an offshore reefs ~ Seals,
such as recently weaned pupa, which remain near emergent land, may also
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 observations of seals
scax'red in a manner suggestive af previous entanglement.

Observations of entangled seals are dependent on the amount of sight-
ing effort, which is not constant, since the number and duration of visits
to the different Northwestern Hawaiian Islands by biologists have varied.
Ho systematic surveys of Hawaiian monk seals were undertaken before 1957 '
getvaen 1957 and 1974, biologists visited the islands for only a limited
time  severaL days! to census seals and other biota. Not until 1974, when
annual field camps  of approximately 1 month! commenced at French Frigate
Shoals, were biologists present at any particular location in the North-
western Hawaiian 'Islands for any extended time . Poet-1974 sighting effort
on each island will be summarized under "entangled seals."

SCARRED SEAI.S

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
abdomen, and are easily distinguishable fram 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.

Scarring 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 minimum number of seals known to have become entangled, and cannot be
used to estimate total incidence. Moreover, given the limited number of
haml~t locations and the small population of Hawaiian monk seals, multi-
ple sightings of any individual scarred seal are likely, necessitating
added care to identify individual animals.

Scarred seals have been observed primarily at French Frigate Shoals.
Kenyon and Ransom* presented photos of tvo scarred adult seals they sav in
1977 ~ Ialass �979! also reported seeing tvo scarred adults during his
studies at French Frigate Shoals from 1973 to l978, one of which was an

Kenyon, X 1. ~ and M. J. Ransom- 1977. Hawaiian monk seal studies,
French Frigate Shoals, Leeward Hawaiian Islands, National Wildlife Iafuge,
15 Febrmary to S kyeil 1977. Unpubl. rep.
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animal previously reported by Kenyon and Rauaon. Schulmeister reported two
scarred seals  one male adult, one female adult! present at French Frigate
Shoals in 1981. one of which was a seal reported previously. Schulmeister
also noted a fresh, rope-infl,icted neck wound on a female juvenile. Biolo-
gists at French Frigate Shoals in 1984 sav at least four scarred seals: a
previously repor'ted male adult, tvo female subadults, and one juvenile of
unknown sex  J Eliason pars. commun. 1984!. Assuming one of the subadults
«as the same animal as the female juvenile reported by Schulmeister, tva
additional scarred seals were present at French Frigate Shoals in 1984.
Thus, a minimmm of seven scarred or wounded seals have been sighted at
French Frigate Shoals since 1973.

kt 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 on several occasions in 1983  CD
Bowlby pere commun. 1983! ~ The animal appeared to be in good health.

KITANGLED SOS

klthough Kenyon �980! mentioned that he and his co-workers had seen
"several" entangled monk seals during their visits to the Northwestern
Hawaiian Islands  in the late 1960's and 1970's!, the record is not clear
«hather some or all of these "several" are included in other reports
described below. Nonetheless, it is likely that entangled seals vere
present and observed in the Northwestern Hawaiian Islands before 1974.

French Frigate Shoals

ks mentioned above, prolonged presence of biologists at French Frigate
Shoals ccemenced in 1974 «ith the initiation of annual, L~onth field camps
to study green sea turtle nesting, activity. These camps represented the
only routine observatio» by biologists until mid-1979 when the V.S. Fish
and Wildlife Service established an all-year field station on Tern Island,
with a complement of two to four personnel. In 1982 the National Narine
Fisheries Service initiated an expanded field program at French Frigate
Shoals, entailing camps on islets other than Tern Island, which resulted
xn an increased presence of observers throughout the shoals.

Salaas �979! sa» one entangled seal, a male subadul.t, during annual
trips to French Frigate Shoal ~ from 1973 to 1978. The seal, seen i» 1974,
vms encircled by ~ piece of plastic strapping, which appeared to be crack-
ing, fraying, and likely to eventually break Since the strap had not
inflicted a mund, the individual seal was not recognisable by means other
than its "collar." Thus the animal'a fate is unknown.

In 1971 Kenyon and Rauaon  footnote 2! witnessed a» adult seal of
nnhxown sez investigating a polypropylene line being used to mark a shark.
fishing station The seal repeatedly swam through a loop which vas of
sufficient circumference to allow passage of the seal without entanglement.

Schmlmaister, 8 5. 1982. Smmmary of Hawaiian monk seal, Ng~~

tgx3'ough december 1981 Unpnb! rep.
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This is the first, aad perhaps most defiaitive, documentation of an
investigatory behavior of moak seals vhich can result ia entanglement ~ Xa
1979 Balazs  pere. commun. 1985! observed an adult seal on Whale-Skate
Island encircled by one loop of a tangle of line. The seal «as aot
iajured, indicating recent entanglement in the debris. The loop was
posterior to the foreflippers and vas too small to pass over the back and
rump. The liae vas removed over the seal's head. The tangle of line did
aot completely immobilize the seal, but certainly would have impeded the
animal' s swimming.

Zn 1980 the first eatanglement of a weaned monk seal pup was docu-
meated  Andre and Ittner 1980!. The pup, of uakaown sex, was entangled in
a piece of polypropyleae net which vas itself fouled in water approxi-
mately 0 5 m deep. Although the seal could swim sufficiently to remain
afloat, its eventual death due to exhaustion or starvation vas likely, and
biologists released it. The net fragment measured 9 by 2 m with a 15 cm
stretched mesh and 2.3 mm tvine diameter.

Schulmeister  footnote 3! in susasarizing monk seal research at Freach
Prigate Shoals from mid-1979 through 1981, reported tvo eataagled seals.
Iu 1981 a female adult was observed vith a piece of "nylon strapping"
around her neck. The individual was identifiable on the basis of old
scars, and was subsequentIy sighted free of the strap and suffering no
apparent effects. The second entang1.ed seal observed waa an adult of
unknown sex vhich was encircled about the abdomen by a single piece of
rope. Biologists removed the rope usiag a boat hook. The rope vas pulled
off easily and the report makes no meation of a vound, suggesting that the
seal was uainjured.

In 1982, Ittner observed a female subadult bearing a fishhook in the
Lover lip. The hook vas 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 vss an iden-
tified individual and vas subsequently observed to have lost the hook.

The author observed tm entangled seals ia 1983 ' Oa Tera Island a
pregnant female seal was seen encircled about the abdomen by a loop of
kaotted line The following day, the line vas found oa the beach where the
seal had hauled out. The seal showed ao effects of the temporary entangle-
ment and gave birth later in the year A male pup was observed on Whale-
Skate Island entangled about the neck and shoulders by a piece of gray
polypropylene net. The pup wms 6-7 weeks postweaning and might have even-
tually lost the fragment during ita postveaning veight loss. Nevertheless,
the aet was likely to inflict a wound ia the interim and wns removed.

Zn 1984 two entangled seals «ere seea The first, a subadult of
unknown sex, vas observed «ith a plastic band tightly encircling the neck
 S. Lamtenslager pere, coamna. 1984! ~ The band was a white, rigid ring,
possibly a shard of s plastic bucket, amd had abraded a wound through the

I
French Frigate Shoals, 1982. IJnpubL. rep
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skin of the seal. kn attempt to restrain the animal and remove the bang
«as unsuccessful  G. Fairaixl pers. commun. 1984!. The individual vas
recognizable by the wound, «as never again seen, and, therefore, probably
died. The second entangled seal was a male and known to be a yearling fr>
a bleach mark  "GL"! «hich had been applied in 1983 when the seal wean~
The individual vas tightly encircled about the neck and shoulders by a
fragment of uet. The seal would likely have been seriously injured or
ultimately killed by tbe fragment, which wss removed.

Laysan Island

Long-term field camps  up to 6 months long! vere establ.ished annuall
at Laysan from 1977 to 1980 and from 1982 to 1984. No entangled or scarred
seals vere reported by field personnel present at the 1977-8O field camps,
En 198$ hovever, klcorn �984! observed three entangled seals. Two fesale
vsaned pupa became entangled in pieces of flotsam. One individual caught
its mussle in a Il~ diameter plastic ring; the second became entangled
about the neck by a life preserver. The third seal, a female subsdult, vas
~ ntanglsd about the neck by a piece of line and net. XII three pieces of
debris were removed by field personnel .

No entangled or scarred seals have been observed on Laysan since 1982.

Lisianski Island

1982 and
Field personnel were on Lisianski for 5 weeks in 1980 for 6 thor mon s in

s
, and for 4-5 veeks in l983 and 1984. The first entanglement observ d

wa in 1980 when a fragment of net vas removed from a male suhadult  >. G.
~ e

i martin pars. ceram. 1982!. The net was tightly constricted and bad
cut through the dermal tissg ermal tissue. causing a deep «ound and surrounding necro-
sis. Tbe seal had apparently picked up the fragment at a younger age and

The animal would likely have died as it continued to
grow. The individual seal. a
as of July 1984.

eal., al.bait scarred, was still present at Lisianski

Boring the 6~nth fieield camp in 1982, 10 seals became entangled in
debris, although 3 of these we
incxdents have been r orted were encircled only temporarily- Five of the

pups and one female adult ~ Thep by Henderson �984! and involved four weaned

one which were fouled on offshorThree of these pupa «ere entangled in nets and
v ctime. The renainin u andsho~e reefs, effectively i~biliming
an a tangle of net and line The adg p p and the adult «ere seen "«earing ' met «ag

The adult female escaped after appro>ima«it out assistance; the pupa «ere all freed.
Th ree other pupa became entangled in floe~ xn otsam in 1982. Stone  

wt a d3.amater piastre ring around its mmssie
t«o entangled pape, o

i s neck and shoulders,
neck by a pi ti b d.ari y caught about t4 n

~ me band earlier on thee> en caught by this same
up evi ently acquired the band
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& male adult was observed with a line encircling its abdomen, but
sea] apparently escaped, since the line was subsequently found  D. Alcorn
pere ~ commun. 1984!,

Zn 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
seal was not injured.

Kure Atoll

Siologists have maintained 6~nth camps at ~ure Atoll fr~ 1981 to
1984. During this period only one incident of entanglement has been
observed. In 1981 Ittner observed an adult of unknown aex apparently
entangled in a large piece of net  W. G. Gilmartin perse commun. 1984!.

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 a
ho]e in the webbing. The animal was released, but the report is not clear
if the animal was actually "trapped."

Other Northwestern Hawaiian Islands

Although long-term field camps have been established at other loca-
tions in recent years  Pearl and Hermes Reef 1983-84; lecher Island 1983!,
no net-scarred or entangled seals have been observed st any of these sites.

SUMM&RY AID CONCLUSIONS

The number of incidents of seal entanglements observed since 1974 are
summarized in Table 1- A total. of 27 incidents «ere observed, and an addi-
tional 8 seals bear scars resulting from entanglement. It is not known
whether any of the entanglementa observed were repeat occurrences involving
the same seal. Nonetheless, considering the years, the locations of occur-
rences, and the approximate ages of the seals affected, t' he 27 events
certainly involve at least 19 individuals The c~rrent population likely
numbers between l,GGG 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 ia therefore probable that the 27 incidents, in fact, repre-
sent entanglements of 27 different assist The eight scarred seals are
certainly eight different individuals.  The seal scarred as a result of
~« 198G entanglement on Lisiansti is included as "entangled "! Thus the
total number of observed entanglements and seals scarred as a result of
entanglement is 35.

o l4waiian mW seal has ever been observed to die as a result of
chris entanglement, nor has an entangled carcass ever been found. Of the
3 entanglement and scarring incidents reported here, only 1 �Z! probably

resulted in death of the sea].~ 6  llZ! were judged to have been potentially
1~thai without intervention, l7 �9Z! resulted in unassisted escape by the
eal  including the 8 scarred individuals!, and ll �1Z! resulted in rea-

c«s of seals which may have been able to ultimately free themselves.

The rate of entanglement throughout the Iawaiian monk seal population
~not be determined at this time. The absolute population sine is not
"nowns and data are insufficient to estimate annual reproductive or mr-
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tali'ty rates y parameters which must be determined to estimate the total
number of seals mhich could potentially have been entangled from 1974 to
1984. Nevertheless, because each haul-out location supports a relatively
discrete population  Johnson and Kridler 1983!, minimum entanglement rates
at certain islands can be approximated ~ Furthermore, because interisland
movement is not common, island-specific entanglement rates are more impor-
tant in assessing impact of entanglement on the Hawaiian monk seal.

The seal population at Li.sianski Island in 1982 sms 215 animals other
than pupa  Stone 1984!. Of this total. three  LZ! uere entangled in 1982.
The number of pupa surviving to veaning at Lisianski in 1982 waa 26  Hen-
derson l984! ~ Of this total, seven �7K! mere entangled, four entangled in
fishing debris  Henderson 1984!, and three caught by plastic and other
f lotssm.

On Laysan Island, 28 pupa survived to «eaning in 1982  AIcorn 1984!
of ehich 2 �Z! became entangled in flotsam the same year. The subadult
entangled on Laysan in 1982 represents <LZ of the nonpup population there.

The observed incidents suggest that weaned monk seal pupa are more
likely to become entangled than are other age classes. Of the 27 eatangle-
ments observed, ll �12! involved ueaned pupa of the year, whereas pnps
comprise approximately 1XZ of the population  Gerrodette ! - Several possi-
ble mechanisms may contribute to this disparity: �! since pupa remain near
shore for 1-2 months after veaning, their entanglements, even temporary
ones, are more likely to be observed; �! the nearshore reefs serve to
catch and "concentrate" floating debris, and because pupa spend propor-
tionately more time in this area, entanglements are more probable; �!
recently «maned pupa are learning to feed, hence are more likely to explore
all objects in their novel environment; and �! pupa are smaller and meaker
then older seals and are therefore less able to escape from debris.

The large number of observed incidents in 1982 prompted the Rational
Marine Fisheries Service and the U.S. Fish and Wildlife Service to begin
gathering and burning potentially hasardous debris, and since that time the
number of observed incidents has declined despite the continued presence of
observers in the Northeestern Iavaiian Islands. At Lisianski Island in
particular, the 10 incidents observed in 1982 have dropped to 1 in 1983 and
0 in 1984, and incidents have also diminished at Laysan Island. Removing
debris from the beaches and nearshore reefs in the Norttwestern Havaiian
Islands can reduce the amount of Hamaiian monk seal entanglement and remove

hasard to which veaned seal pupa seem particularly susceptible.
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ENTANGLEMENT IN, AND INGESTION GP, PLASTIC LITTER SY MARINE
KV9hlLS, SHARKS ~ AID TURTLES XN NSt ZEALAND WATERS

M. V- Cavthorn
Pisheries Research Division

Ninistry of Agriculture and Pisheries
Wellington, Nev Zealand

ABSTRACT

Since 1975 a marked increase in entanglement in, and inges-
tion of. plastics by mariae mammals, fishes, and turtles has been
observed in New Zealand. Plastic litter has increased with the
development of nearshore fisheries, especially in the subant-
arctic, and yolyproyyleae strapping can now be found on beaches

is now frequently reported with bands about its neck.
%hales and seals have been observed entangled in discarded
fishing gear. Leatberback turtles and a juveaile miake whale
have been observed to have ingested polythene bags at sea before
becoming stranded.

The increasing use of polyyropylene strapping suggests that
fur seals vill continue to be regularly entangled ia this
nondegrading litter

INTRODUCTION

The presence of plastic and synthetic dabri.s ia the oceans of the
world has become of increasing concera to marine scientists and ecologists
Plastics of many kinds are aow acknowledged to be marine contaminants of
globaL significance  Gregory et ai. 1983!, and, while they are especially
common in the viciaity of highly populated, indastrialixed coastal areas
 Norris l980; Gregory et al. 1983!, plastics pollution is also a feature of
remote areas. Attention has been dram to the widespread distribution of
virgin plastic grannies 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, vhich feed
on smail buoyant organisms taken at the sea surface, iagest floating
plastic pe11ets aad expanded polystyrene granules along with normal prey
items  Iourae and Imber 1982; Furaess 1983! ~

The other more visible synthetic pollutants found along shores and
adrift are normally the result of garbage disposal from shiys at sea.
Vehle and Colema» �983! state "...that commercial fishing fleets alone
damped more that 52 million pounds of plastic packaging material into the

Jg L ae Sbraara ass I oo IorhQ4 �4ktora! ~ sr¹aaskgs of L'ls 1DrhIhos oe the Fico lad repllcr
W Iaelae Isbris, fC-2% a~her Ltsa~ seeable~ saeaiii wAI see coaaar. ~ soaa Tach Neeo.
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sea and lost approximately 298 million pounds of plastic fishing gear
including nets, lines, and buoys."

In the Nev Zealand region the expansion of commercial fishing over the
last decade in coastal and distant waters within the 20~ile exclusive
economic xone  EEZ! has resulted in a noticeable increase in plastic and
other synthetic litter such as buoys, cordage, sheet plastic, fishing aet,
plastic strapping, and domestic rubbish along the shores of mainland New.
Zealand  Ridgway and Glasby 1984! and particularly the subantarctic islanders
Of all this litter one item stands out: polypropylene strapping of the
sort used to secure crates, bales of netting, froxen bait, and other items
is nov ubiquitous on shores the length of Nev Zealand and throughout the
subantarctic islands. Ia this report dat'a are presented on the entangle-
ment in, and ingestion of, plastic debris by marine mammals, reptiles, and
fishes within the Nev Zealand region and the materials involved.

METHODS

Incidental observations of marine mammals and other animals involved
with synthetic debris have been gathered duriag the course of routine data
collectioa at marine mammal strandings ~ fur seal haulmut sites, and
coastal fishing ports  Table l, Pig. L!. Where possible live animals with
collars or ligatures around their necks and bodies are captured, the
offending material removed, and the animal released.

PINHIPKDS

Plastic Strapping

Beports of otariid seals being found in the vild with collars around
their aecks have been increasing in recent years Mostly these have
referred to northern fur seals and Steller sea lions in the gering Sea and
on the adjacent coasts, but examples have been reported of collars on Cape
fur seals from southern kfrica and Antarctic fur seals from South Georgia
 Bonner and McCann L982! ~ The first record of an entangled New Zealand fur
seal, k t ce hal s ~s~, was made in 1975  R. Mattlin pere. commun.!,
and collared animals have been sighted regularly since then.

The materials involved are primarily polypropylene strapping �6Z!
followed by netting and rope Polypropylene strapping systems were first
introduced in Hew Zealand about l969, and this tough, buoyant material is
preferred by producers of bait and ship's chandlery- The atrappiag is hard
with an embossed surface, about 16 mm vide, L.5 mm thick, and sharp edged
It is generally light blue aad ia fastened around a 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 ead of a package rather than
cutting it free, and the loop is than cast overboard along «ith other
ship's garbage.

Most of the animal.s found with collars around their necks are near
populous haulwnt sites or rookeries and can be recognised by either the
vivid blue collar or their impeded movement and swollen, injured, neck
tisaoes Apparently jnveaile far seals play with the bands which slip over
their heads, and pash down as far as the shoulders, and stick against the
lie of the fur.
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Figure l.--Locationa of incidental obaervationa on enconntere of mazin
aerials and othez aniaala «ith synthetic dehzi ~ i» New Zealand «agezg.
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Aa the juvenile growe the neck swells 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, and the animals lean or emaciated. One
fur seal only was observed with a rope collar. The animal was a juvenil.e
and 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
female 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 isolated unverified reports to fishery of ficers of fur
~ eels 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 vessels. In 1981, a aubadult male fur seal boarded the
government RV ~J ~k at sea by climbing up the stern ramp while the
vessel was trawling. The fur seal spent about 1 h aboard before leaving
the ship down the stern ramp--the way it had come aboard. It has been
suggested that animals such as this could have been captured, harnessed>
and kept aboard vessels before they escaped back to aea.

Netting

There have been three observations of otariid seals entangled in
discarded fishing net. kli of these were sighted in areas where important
trawl fisheries exist In 1979 a large male fur seal was observed at sea
off Campbell Island  lat. 52 33'S, long. 169'13'E! with about 1.5 m of net
entangled around it neck and the upper right foreflipper. The animal
appeared to be in good condition «ith no visible wounds, and its movements
did not appear to be impeded.

Since 1978 a twirl squid fishery has developed near the Aaxckland
Islands  lat. 50'52'S, long. 166'05'I!. The Luckland Islands are the
center of distribution of Ie» Zealand's indigenous sea lion, Hooker's sea
lion, Php~~ +igggj. In 1981 a juvenile male Booker's sea 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 havelittle difficulty' shaking it off- pupa at the sea lion rookeries in the
backland Islands are often observed playing with fragments of rope and
other man~de materials.

Bering ~ voyage from gluff to Wellington the MS ~U'i~ ~Lt ~on
r'eported a fnr seal about 50 nmi east of Ranks Peninsula, "caught in a
fragment of fishing net. The seal dived aa the vessel approached "

The entanglement of pinnipeds in netting in areas of intensive fishingis a widespread problem and has been reported by Valdichnck �978! Shaugh-
nessy �980!, Powler �982!, and 'Reh?e and Coleman �983! ~ Fisheries in
New Zealand maters are expanding rapidly, and it is unlikely that the
problem of entanglements in discarded fishing gear will be reduced in the
mear future.
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CETACEANS

Although cetaceans have frequently become entangled in fishing gear,
especially ia large set trap fisheries around Newfoundland  Perkins and
Besmish 1 979! 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 times  Table 1!. In
1979 a killer ~hale. ~Ore ~s ores, was discovered by fishermen in a
distressed state entangled in ropes and floats in the eastern Bay of
Plenty. How i,t 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 f ishing.

In february 1984 a 10.4~ juvenile male southern right whale,
Buhalaena ~at alia, hecaue stranded just north of Banks Peninsula. The
whale had been reported moving slowly, north of the stranding point the
day before it came ashore and was obviously in distress. It died sooa
after stranding and was found to have a long length of polypropyleae rope,
with 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 unknowa 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

which became stranded in Palliser Bay, east of Vellington ia 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
Necropsy revealed a compacted polythene bag stuck deep in the esophagua-
4ssnmiag the bag had been in place for some time this would account for the
whale's lack of condition and thin blubber. Minks whales are known to be
attracted to ships at sea and this curiosity may, in part, be responsible
for their beiag reported eatiag plastic debris thrown from fishing vessels
 Vehle and Coleman 1983!.

Ingestion of plastic bags has been reported in other cetacean species
including pigmy sperm whales, rough toothed dolphins, aad Caviar's beaked
whales  Wehle 1983!.

REPTILES

Marine turtles are also noted for consmaing plastic bags at sea
 Anonymous 1983! ~ It is most probable that these neutrally buoyant bags
are mistaken by the turtles for food items such ae aalps and meduaae, the
«ajor food items of leatherback turtles  keble and Coleman 1983!. Although
turtl.es are uacoaaaoa visitors to New Zealand they are not rare la the
austral suasaer of 1979-80 six leatherback turtles were reported from New
Zealand coastal waters. One of these became mribvad and beached itself
near Ihakatane in the Bay of Plenty- 8oon after coming ashore the turtle
died and aecropsy revealed the esophagus packed with polythene bread bags.
Premab1y the shape and color of these bags in the water are similar to
those of natural prey.
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FISH

Oaly one fish species has beea reported entangled ia plastic debris

by a plastic tag of the sort used to suspend salamis and similar large
~ ausages. The tag completely encircled the body posterior to the pectoral
fins and had cut 50 mm into the dorsal fia yet the fish vas not uaduly
disadvantaged. Sharks have been reported fouled in plastic bands aad
strapping  Nooaaa 1977; Bird 1978!, but this is the first reported
incidence ia Nev Zealand of the sublethal effect of sausage tags on
elaamobranchs.

CONCLUSIONS

The loagevity of plastics ia the marine environment is not known . The
general characteristics which make synthetics so useful, namely light
might, strength, durability, flexibility, and buoyaacy, contribute to most
of the problems encountered by marine animals. The desirability of poly-
propylene strapping is likely to increase aad with it the potential for
continued entanglement of seals When one animal dies as a result of a
synthetic collar, that collar ultimately becomes available to yet another
animal to play with and become entangled in.

In Nev Zealand requests have been made to bait producers and packers
to priat a aotice on the bands that they should be severed rather than
slipped off a package. The plastics manufacturers vill be urged to incor-
porate photooxidants into their products to ensure that such materials as
plastics aad polypropyleae strapping do not recycle. Regulations governing
litter disposal at sea must be tightened. aad the general public must be
made amre of the dangers of these near indestructible, yet so useful
materials.
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To date, ingestion of plastic pollutants has been recorded
in 50 species of marine birds from around the vorld. Procel-lariiform birds ingest plastic most frequently, and phalaropes
snd some alcids also have relatively high rates of ingestion.Penguins, pelecaniform birds, larids, and most alcids ingest
little or no plastic. Species feeding primarily by surface-seiaing or purauit<iving have the highest fz equencies of plas-
tic ingestion. Species feeding primarily on crustaceans or
cephalopoda have the highest frequencies of plastic ingestion;secondary ingestion of plastics via fish appears to beunimportant. Although some speciea ingest plastic randomly> mostexhibit selective preferences for certain types of plastic-Nonomorphic seabird species shoe no sexual differences in ratesof plastic ingestion. Subadult seabirda ingest more pieces ofplastic than do adult seabirda- Geographic and seasonalvariations in plastic ingestion have been recorded. Plasticingestion haa increased since it' began in the early 1960' s-Limited detrimental effects of ingested plastic on the physicalcondition of aeabirds have been documented, although redphalaropes, Laysan albatrosses, and northern fulaara shovevidence of same physical impairment and parakeet auklets shovevidence of decreased reproductive performance.
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INTRODUCTION

The presence of plastic pollution in marine waters was first recorded
from marine birds in the northwestern Atlantic Ocean in 1962  Rothstein
] 973! . Since then, a series of papers on plastic pollutants in the ocean

reported on the qualitative and quantitative distributions of floating
pleat ic  Carpenter et al. 197 2; Carpenter and Smith 197 2; Cnnde 1 1 1973;
garter et al,. 1973; Venrick et al 1973; Col ton et al. 1974; Rays and
Cormons 1974; Morris and Hamilton 1974; Mong et al - 1974; Gregory 1977,
] 978, 1983; Shaw 1977; Shaw and Mapes 1979; Shiber 1979, 1982; Herrel 1
1980; Norris 1980a, 1980b; Van Dolah et al. 1980!, the occurrence of
plastic in the benthos  garter et al. 1973, 1976; Hays and Cormons 1974;
Norris and Hamilton 1974; Jewett 1976; Feder e t al.. 1978!, and the
mechanisms that disperse or concentrate plastic and other marine pollutants
 Colton et al ~ 1974; Mong et al ~ 1974, 1976; Shaw and Napes 1979; Van Do lab
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
 Kenyon and Kridler 1969; Rothstein 1973! ~ k survey of work in the last
decade, however, shows that the ingestion of plastic pol.lutants 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  Coleman and
Mehle 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 birds in Alaska. a relatively pristine environment
remote from source areas of plastic. In that study, plastic was recorded
in 13 �0 5l! of the 37 species and 448 �2.8l! of the 1,968 birds
ezamined, illustrating ho» extensive plastic pol lution had become in the 16
years since it was f irst recognised in seabird a�.

In this paper, we attempt to aynthesixe all 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 eziat. We do not
discuss the interactions of marine birds «ith gill net f isheries  i.e.,
Tall et al. 1972; kinley et al. 1981; Coleman and Mehle 1983; Carter and
Scaly 1984; Piatt et al, 1984; Piatt and Reddin 1984! . the entanglement of
marine birds in other marine debris  e.g-, Gochfeld 1973: Bourne 1976;
Coleman and Wehle 1984; Conant 1984!, or the mortality of marine birds from
oil or heavy~tal pollution  e.g, Bourne 1976; Ohlendorf et al 1978!

RBSQLTS

General Aspects of Plastic Ingestion in Marine Birds

<11. ingested plastic found has been in the giaaards and  occasionally!
proventricnl.i of the birds examined. Plastic hae not been fonnd in
intestinal tracts or feces  Rothstein 1973; Day 1980; Pettit et al 1981!,
indicating that passage throuah the intestines is «inimal. This lack of
passage is surprising, inasmmch aa some particles are too small to handle
for seaanremente {Say 19&0! ~
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Raw polyethylene pellets  ~ "nibs" of Coltoa et al ~ 1974! appear to be
the major form of plastic ingested  Rothsteia 1973; Baits and More john
1976; Bay 1980; anonymous 1981; Bourne and Imber 1982; Van Franeker 1983;
M. J. ?aber, Wildlife Service, Wellington, New Zealand pers. commun.!.
Asymmetrical fragments, generally broken from larger polyethylene pieces,
are coasealy eaten by mariae birds  Rothsteia 1973; bay 1980; Furness 1983;
Vaa Franekar 1983! I whereas polystyrene spherules and styrof oam   i . e ~,
foaaed polystyrene spheralea! appear to be mach less common  Hays and
Cormoas 1974; Coaaors and Smith 1982; Furaesa 1983; Vaa Franeker 1983; T ~
J. Ilixon, Nature Conservancy Council, kberdeen, Scotland pere. commun.!
The presence of uafoamed polystyrene ia marine birds «aa unexpected.
because this synthetic material is aeutrally or negatively buoyant  Bays
aad Coraoas 1974; Morri ~ and Hamilton 1974! ~ Many other types aad shapes
of plastic have been recorded, including toys, polyethylene bottle caps.
clear plastic sheets, and nylon, aonofilameat, aad polypropyleae line
 Kenyon and Kridler 1969; Baits aad Morejoha 1976; Bourne 1976; Day 1980;
Pettit et al ~ 1981; Harriaoa et al. 1983; Coaant 1984!.

Eleven recognised colors of plastic vere ingested by aeabirds in
Alaska  Day 1980!. Eighty-five percent of these colors vere in the "light
brown" color range  white, yellow, tan, aad brown! ~ haother BX were in the
other "light" shades  light blue, green, and red-pink!, making over 931 of
the total 833 particles ingested light in color or shade. The remainiag 71
of the particles were dart ia color or shade.' black~ray and darker shades
of blue, green, aad red~ink

The iadividual weight of 830 particles ingested by seabirda in Alaska
averaged about 0.02 g for met species; this figure includes raw
polyethylene pellets and variably sized asymmetrical fragments after post-
iagestio» wear  Day 1980!. Mean volumes of individual particles from
Alaska averaged 0.034.04 ml after poet-ingestioa «ear. The mean
dimensions of parti,cles from aeabirds in Alaska ware 4 2 x 3.5 x 2.0 ma,
agaia including soae large plastic fragments. Unworn rav polyethylene
pellets range from 3 to S na in disaster  Carpenter and Smith 1972; Coltoa
1974; Coltoa et al. 1974; Gregory 1/77, 1978, 1983; Shiber 1982! aad
ave~age 0.014 g each ia the ktlantic  Coltoa et al 1974! and 0-026 g in
New Zealand  Gregory 1978!, Nova Scotia, and Bermuda  Gregory 1983! .

Nearly all plastic particles ingested by seabirds float at the water'a
surface  Kenyon and Rridler 1969; Day 19&0!; the specific gravity of
polyethylene, excluding air vacuoles, i' about 0.9  Carpenter 1976! ~ The
faw negatively buoyant particles recorded are assumed to have been broken
from larger floatiag objects or to coataia air vacaolea, thereby decreasing
their deaaitiea aad allowing thea to float.

Ingestion of Plastic Pollutants by Marine Birds:
k Global perspective

> of November 1984, ingestion of plastic pollutaats had been recorded
in >0 species of marine birds froa around the world  Table 1! ~ ln this
total wa do aot include three bird apeciea ia which plastic has been
rearmed because they represent iaatances of aecoadary iagestioa via
predatioa of plastic-contaminated seabirda: bald eagle, g~~g.

 



347

Table 1.� List of seabird species that have been
recorded ingesting plastic as of November 1984.
Phylogenetic sequence for procellariiform birds and
pelecaniform birds follovs Mayr and Cottrell �979!,
and for all other species fol.love the aerican
Ornithologists' Union �9B3!.

Species Scientific aane

~D~ ~~s
~D' SC'IRk RRRSSIRhp~
D' ~ ~a' 'Rak
~D' ~ QRSRXSj~s
~D' mahdi khxXskaaggk
~I~~Js ~cLR1xk
~PC%5%. RRRXPCSXk

ehuak Jnglmak
~PXLdd! SL XRQhxx.

hksllk Zkgxs~
RRX.Pa. X~ata

~P
zan~ kma4Ra

~P
3u&mxii

Pandering albatross
Royal albatross
Slack-footed albatross
lyssa albatross
Grey-heeded albatross
Sorthera feiner
Greet~aged petrel
xerguelen petrel
Sonia petrel
Cook' ~ petrel
Slue petrel
Sroed-billed prioa
Sslvin's prioa
Antarctic prion
Pairy prion
Suluur' ~ petrel
Shits-chinned petrel
Parkinson' ~ petrel
Pint-footed shesrvuter
Greater sheazveter
Sooty shearvater
Short-tailed shearvater
Naax sbearvater
Shits-faced st~etrel
british storn~trei
Leach' s storn~trel
Sooty stora~trel
Pork~aiied sto~trel
Slue-footed booby
Redmecked phalarope
Red phalarope
Laughing gull
Reernana' ~ gull
Msv gull
Marring gull
Western gull
Glaucon~nged gull
Glaucous gnl I
Great black-backed gull
Slack-legged kittivake
Red-legged kittivnke
"Terse"
Dovekie
Thick-billed narra
Cassia' ~ anklet
Parakeet anklet
Xeaat anklet
Rhinoceros anklet
Wafted puffin
Iornod pnffin

RSXk~ui

Pgffjkik Sxaxxk
XX4alk

PSffhuk RkffiaiS.
X~~alxg k skxisk

hkaak RelakiGRk
~O leIGPCIIRk
~Okm~d'Rhk ~~

RQ~I%kgJIX!~
AQUA Ighumi
RsJIkxslolk Lehahik
Phalaxggsa X~kxxk
hxm gXxxMk
~ JekmaIXk

~ mkgakahlk

I ~ ~IGasgeak
Lsxkk IITRSIXhgxssk
kern aaxiask

~agazlk

~SLk spp»
kl1a alla

Daaa
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datarctic abna, ~Catbaract ~antic'c~, preying on broad-billed prione in
the South Atlantic  Bourne and Imber 1982!, and short-eared owl, Asio
~i~e, preyi~g on blue-footed boobies in the Galapagos Islands
 Anonymous 198l! . We also omit the Antarctic fulmar 9 Fulmazus

U
reported to ingest elastic threads but not plastic  Pazslow and Jef feries
1972; Crocbatt and Reed 1976!. In addition, great frigatebird, ~Fre ata
~i, may pick up pieces of marine debris, bnt do not appear to ingest
th~  Conant 198~!.

All seabird speciea that have been examined for plastic xngestxon, and
their rates of ingestion. are listed in Table 2. Twenty-eight �6Z! of the
species ingesting plastic are procellariiform birds, 1 �Z! is a pelecani-
form bird, 2 �Z! are phalaropes, ll �2X! are gulls and terna, and 8 �6Z!
are alcids.

The highest frequencies of plastic ingestion are recorded in
procellariiform species and in the parakeet auklet, an alcid breeding in
the 1forth Pacific. The highest mean number of particles ingested, 21.7
particles per bird, was found in short-tailed shearwaters from California
 halts and %rejohn 1976!. Greater shearwaters from South Africa  Purness
1983! and parakeet anklets from Alaska  Day 1980! exhibited the second and
third highest amounts of plastic ingestion, respectively. Of the 50
species containing plastic, only 12 have been recorded ingesting a mean of
one oz more particles per bird  Table 2!.

We hare summariaed the data from Table 2 in terms of frequencies of
ingestion in families and in groups of similar species  Table 3! . To
determine the approximate mean frequency of occurrence of plastic per
species within a particular taxon, we:  I! estimated the frequency of
occurrence of plastic for each species from Table 2, where possible; and
�! calculated mean frequencies of occurrence from these estimates. These
mean values are approxiaate and should only be viewed aa indicating trends
among taxa ~

'I

Procellariifora birds exhibit high overall rates of ingestion; 28
 90Z! of 31 speciea exaained contained plastic. This 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 contain
little or no plastic, and have a very low mean frequency of occurrence per
speciea. Among the charadriiform birds, phalaropes and some alcids
 anklet~vekie and puffina! have both high rates of ingestion and
relatively high frequencies' of occurrence per species. In contrast, larids
have a high overall rate of ingestion but a low frequency of occurrence per
species, indicating that only a few individuals of many species in this
tenon have ingested plastic.

Effects of Feeding Ecology on Variation
in Plastic Ingestion

The only analysis of the relationships between feeding ecology and
p+at<c imgest4n is fry may  l980! ~ Twenty-six percent of the birds from
++~4 classified as prinarily pnrsnitWvera contained plastic, the
hkheet incidence mng all feeding methods; 162 of thee seabirds feeding
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Table 3. � Rates of plastic ingestion in families of birds and in groups
of similar species, calculated from the data in Table 2 The approximate
mean frequency of occurrence of plastic per species was calculated by:
�! estimating the frequency of occurrence of plastic far each species
from Table 2, where possible; and �! calculating a mean frequency of
occurrence for these estimates. These mean values are approximate and
should only be viewed as indicating trends aplong taxa.

kpproxinate ncaa
Pregnancy of frequency of
occurrence of occerrence of

plastic in taxon plastic per species
�!  I!

0 e of s pe c i ca
examined for

plastic in taxonTaxon

SPHERISCIPORNES
Spheniscidae

FELEC&RIPORHKS
Phaethontidae
Fregatidae
Phalacrocoracidae
Snlidae

0
0
0

20

0
0
0
t   Iow!

CSEE IPORNES
knstidae

67
75

ld
14

PROCKLL&RIIPORHK8
Dionedeidae
Procellsriidae

Gadfly pctrels
Prions
Shearvatere-fnlnars
Other

Rydrohatidae
Peleeanoididae

CikkkORXIPORMES
Scolopacidae  pbalaropes!
Laridae

Skuas-jseEers
Cells
Terna

klcidae
lesrr a~ill t s

correlate
knkl et s~ekie
Pef f ias

5
21

4

4 9
4

6 I

2
>26

3
14
>9

>16
>6

100
86

100
100
67

100
83

0

100
<47

0
71

+<0
<17

28
24

8
40
31
32
38

0

45

0
6
7  very low!

<11
<I
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Table 4.� Frequency of occnrrence of plastic in seabirds from
Alaska with respect to primary feeding method  from Day 19BO!.
Feeding method classifications are from kshnole  l971! and Day
�980! .

Frequency of
occurrence

 Z!

Io

examined

 n!

Ho.

with
plasticFeeding me'thod

1,532
157
256

21

2

399

25
24

0
0

26 0

15.9
9.4
0
0

Pur sni tMiving
Surface-seising
Dipping
Plunging
Piracy

Birds feeding by plunging or piracy show no evidence of plastic
ingestion. Plunger ~ generally sight individual prey items below the
snrface of the «ster  Lsbmole l971!, where floating plastic is not found,
and they probably cannot distinguish objects as small as plastic particles
from the air. Those birds feeding by piracy take food dropped by other
birds' sech food is primarily fisb  kshmole 1971! and appears to contain
little oz no plastic.

cbirds feeding by hydroplaning, a method not need by klaska'e seabirds,
also exhibit high rates of plastic ingestion  Tables 2 and 3!. The prions
nse this method to filter snrface water~ where the plastic occnrs, through
their bill lamellae  kahmole 1971! ~ Approximately 50Z of the prions
examined by M. J. Imber  pere comme».! contained plastic  Table 2! ~

Another feeding method, scavenging at the sea's snrface, is used to
varying degrees by seabirds thronghont the world  kshnole 1971!.
fortunately~ its importance relative to other feeding methods is often
difficnlt to qnantify. Scavenging is conmo» in many procellariiform birds
and in gnlls  ~hnole 1971!; interspeciea variation in degree of scavenging

bably acconnts for some of the variation i» ingestio» frequencies seen
Chase !romps,

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, however. because shearwaters, vhich were
classified as primarily pursuit-divers, also feed extensively by surface-
seixing Xf the date for shearwaters are combined with those for surface-
seizers, as many as 52X of the snrface-seixers and as few as 16X of the
pursuit-divers contained plastic. This bias notwithstanding, a significant
number of species previously considered to be exclusively subsurface-
feeding contained plastic found only at the surface of the ~ster,
suggesting that many pursuit"divers exhibit a greater range of feeding
behaviors than was believed previously.
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Table 5.--Frequency of occurrence of plastic in seabirds from
Alaska with respect to primary prey type  adapted from Day 1980! ~
Prey type classifications are from dshmole �97 1! and Day �980! ~

Ko.

examined
 n!

No.

with
plastic

Frequency of
occurrence

<x!Prey type

47.8

56.4
11.4

566

39
1,363

270

22
156

Crustaceans

Cepbalopods
Fishes

Prey type was a better predi,ctor of plastic occurrence in seabirda
than was feeding method, probably because of the particles' similarities
 Location in the water column and in physical attributes! to known and
probable prey itmas. k number of known and probabl.e prey items occur
regularly in surface waters, where plastic might be mistaken for, or
ingested, along with these prey. ln Alaska, squid larvae live primarily
within the upper 0.5 m of the aea's surface; in addition, the adults
undergo a circadian pattern of vertical migration and are found at the
sea's surface at night  Clarke 1966; C. G. Iublitx, Enstitute of Marine
Science, University of Alaska, Fairbanks, klaska pere. comsmn.!. The
planktonic larvae and adults of many pelagic crustaceans  e.g- ~ copepods,
eupbansiids!, which many of the light-brown particles of raw plastic eaten
by seabirda resemble  Table 2!, are also found at or near the water' a
surface  Mauchline 1980; Raymont 1983! i

The eggs of many fishes are also found at the surface of the ocean
 Hart 1973!. These pelagic eggs are rarely recorded in seabirds, probably
because they are rapidly digested in the birds' stomachs. Flyingfish
 Ezocoetidae! eggs attached to plastic have been found in Laysan and black-
footed albatrosses  Pettit et ale 1981; Harrison et al. 1983!, and sue sea
due%a and gulls eet the benthic eggs of some nearshore fishes  Ontram 1958;
C!oaaeter and Saetre L9y4! Coltom �974! originally mistook the light-
brown pellets of raw plastic that he had caught in neuston towa for pelagic
fish eggs, and several scientists at the University of hlaaka mistook the

Plastic ingestion also can be correlated with a given species'
preferred prey  Table 5!. General.ly, those species of seabirds from klaska
relying primarily on crustaceans or cephalopods bad a higher frequency of
plastic ingestion than did those relying primarily on fishes  Day 1980!:
species feeding primarily on crustaceans had a significantly higher
frequency of ingestion than did fish-feeders  X 305-6; 1 df; P < 0.001;
chi-square R x C test: Conover 1971!. as did cephalopod-feeders when
compared vith fish-feeders  X ~ 68.2; 1 df; P < 0.001! ~ Thus, secondary
ingestion of plastic via f ish 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  X I.l; 1 df; P
0-05!, indicating that both were important in effecting pi.astic ingestion.
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samples of Day �980! 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 ]arval fishes. Thus, it ia not surprising that those seabirds feeding
primarily on crustaceans or cephalopods exhibit a higher occurrence of
plastic than do those speciea feeding primarily oa fish.

Entarspecific Variatioa in Plastic Tngestioa

Aa obvious question to be asked is whether seabirds actively select
specific kiads of plastic or randomly eat any plastic that they encouater
at sea. Examination of two data sets from the North Pacific suggests that
the former hypothesis is correct.

Table 6 compares the numbers aad frequencies of colors of 833 plastic
particles iageated by Alaska seabirds  Day 1980! with numbers and
frequencies of colors of 25G pieces of floating plastic sighted from the
deck of a ship during a cruise ia the subtropical North Pacific from
Honolulu, Hawaii, to Hakodate, Japan, between 10 and 22 August 1984
 Dahlberg and Day 1985; bsy uapubl. data!.

We make two assmaptions about this latter data set:  I! We assmse
that the frequencies of plastic colors in the subtropical North Pacific are
representative of the frequencies of colors of plastic in the subarctic
North Pacific, where the seabirds were collected; aad �! since about. 731
of the plastic particles ingested by these seabirds are raw polyethylene
pellets rather than plastic fragments, we assume that the frequencies of
raw 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 variatioa in frequencies of colors of plastic in the oceaa;
Dahlberg and Day �985! found no geographic variation ia frequencies of
types of marine debris. So data are available for determining the accuracy
of the second assumption.

There is a significant difference between frequencies of colors of
plastic objects ia the stomachs of seabirds from Alaska aad frequenciea of
colors of floating plastic objects  X ~ 1,280.4; 7 df; P < 0.001; chi-
~ quare goodaesamf-fit test; Zar 1984!. Ia this test, we omitted the color
columns "orange" aad "trsasparenta  Table 6!, since they could aot be
adequately compared; although both colors were recorded in short-tailed
shearwatera, they were not recorded in anbsamples examined. Hence, the
adjusted sample aire for the subtropical North Pacific is 229. White,
yellow> aad blue occurred sigaificaatly less frequently in the birds than
they dil in the ocean  partial chi-square value for cells 214.5, 21 8,
snd 3< 5I respectively!, whereas tan and brown occurred more frequeatly ia
birds tham they did in the ocean  partial chi-square value for cells 78 ~ 9
and 225 6> respectively!. Yellow, brown, blue ~ red, green, and black~ray
did not occur ia proportioaa significantly different from that in the ocean
~partial chi-square values for each cell lid aot exceed 1 ~ 9!, suggesting

seabirds randomly ingest particles of these colors - There wa s some
selection for the "light brown" colors  white, yellow, taa, brown; see
ol~inIL paragraph! as a group, however, for they constituted 79 OX of the

plastic in the ocean but formed 85 OX of the plastic ia the birds' stomachs.
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ka analysis of color-shape combinations of plastic particles ingested
by seabirds from Alaska  Day l980! also provides evidence of selective
ingestion. To determiae preferences for certain combinations of colors aad
shapes of particles, the particles ingested by each species vere classified
jato four color-shape categories  slight brown-regular," "light brovn-
irregular," "other color-regular," and "other color-irregular"!, and
deviations of frequeacies of each particle type from the combined
frequencies of all. species vere determiaed with a chi-square test fot
independence  Zar 1984!. "Light brown" colors, «hich resemble the colors
of many natural prey jtms, vere white, yellov, tan, and brown, and the"other" color category included the remaining colors. "Regular" shapes
«ere pill, cylinder, sphere, snd box-cube  as classified in Day 1980!. All
regularly shaped particles were roughly similar in sire and shape, in
contrast to the highly variable "irregular" particles.

Tbe total X of 108.3 shows a significaat dependence between the
species of seabird aad the type of plastic eaten  Table 7! ~ Only sooty
shearwaters, short-tailed shearvaters, and tufted puffias appeared to
iagast plastic at random, whereas the others showed strong affinities for
or avoidances of certain color-shape combinations ~ The parakeet auklet.
which feeds primarily oa sooylaaktoaic crustaceans  Bedard 1969!, vas the
mos't extreme in preferences: 941 of its plastic «ers ia the I ight brown
regular category. These preferences support the hypothesis that at least
~ cue species mistake many particles for food items ~

Other evidence for selective iagestioa comes from the extreme
interspecific varjatioa in iagestioa frequencies seen in Table 2. Also,
some seabirds  e.g., Leach's storm-petrel, fork-tailed storm-petrel,Cassia's anklet! selectively ingest very small plastic particles  Day
1980!, iadicating selectivity for siss of particles rather than for colo~or shays. Eence, although arne species may ingest plastic randomly. most~ re quite specific in the types of plastic that they eel

Sex aad kgeWlated Variation in plastic 1agestion
I

Io sigaificaat differences in the number of plastic particles ingested
vere found betweea sexes ia any of the six seabird species examined framalaska  Table 8! ~ This observation compares well with data on feedinghabits of mnomorphic seabird ayecies  most have moaamorphic bills!, inwhich there is almst l001 overlap ia intersexual food habits  Tuck 1960;Bedard 1969; Scaly 1975; Wehle 1982!

Significantly more plastic particles were found in subadult parakeetankleta aad tufted yuffias from Alaska than ia adults  Table 8! ~ 1osignificant differences between subadult aad adult horned puffias werefound, although the relatively small sample size of subadult ~ may haveaffected the validity of the statistical test. kge-related differences i.afood habits have been found in ancient mnrrelets  Scaly l975! aad tuftedand horned pnffins  Fable 4982!, but not in marbled murrelets  Scaly 19y5!
birds of many species are less efficieat at foragiag than areadults  Oriana 1969; Recher aad lecher 1969; Dona 1912; lbrrison et al19yg; gearey 197$!. Eence, there should be selective pressures oaenhadelte to comleasate for poorer foragiag efficjeacy by broadening theirjng nj hes, possibly increasing the amount of aonfood items eaten. The
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"Other" colors"Light broeu" colorst
gsstp le
airs

 n!
TotaL species

X ua Lue
"tegulsr" alrregular"

shapes shapes
"Zegular' "Irregular"

~ hayes t shapes t

Sorthern fu!nar
Pregnancy  Z!
Xt co tributioe'

57 .8
2.6

4
4.1
2.5

34
35.1
29.6

3
3,0
0.9

97

35.6

SO
64.9

0.5

6
7.8
0,9

ll
14. 3

2.6

gouty ~ hearne t e'r
Pret nancy  Z!
Xt contribution

77 10
13. 0
0.1 4.1

L64 10
6 1
0.2

16
19.8
0.2

sharc-tailed shearuater
Proc nancy  Z!

contribution

L14
69.5

ID 1

24
14.6
0.0 0.5

3
2.5
5 4

Parateet outlet
Pregnancy �!
X contribution

L20 L13
94. 2

8.6

4
3.3
1.0

0 0
17.1 32.1

Tufted puffin
Pregnancy  Z!
X contribution

139 117
84.2

3.1

10 7.2
4.9

6
4.3
0.3

6
4,3
3.2 L1.5

68
53,5

5.8

10 7.9
1

24
18.9
14.6

Oornsd puffin
Pr~uency  Z!
Xa contribution

15
19.7
2+6 24,5

Coehinsd total
Praa nancy  Z!

714 518
71. 5

103
14,2 39 5.4 64 8.8

Light brouu" e shits, tsn, yellou, broun; "other" dart bine. nedim-light blue ~ dart
red, aadiue-Light red, dart green, nediun-Light green, hlach-gesy.

t'5 egulsr < pill, cyliadet, sphere, bonwuhe; irregular" ~ string, cone, ssyaetrical,
other.

Chi-squared for P ~ 0.005 is 24 996; for P ~ 0.01 i' 30.578; for P ~ O.DOl is 32.801  all
for 1S df! ~

Table 7.� Numbers arid percentages of color-shape combinations of plastic
particles ingested by six seabird species in Alaska  data reanalyzed from
!!ay 1980!. Also included are chi-square values for deviations from
expectation, using, a chi-square R x  : test for independence  Zar 1984!;
total !  of 108.3 shove a signif icant  P < 0.001; df 15! dependence
betlfeen the SpeCieg Of Seabird and the type Of plastic eaten.
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Table 8.� Results of testa for serual  A! and sge-related  B!
differences ia the nuuber of plastic particles ingested by Alaska
seabirds  from Day 1980!. Parakeet anklets were teated with a
Kaan-whitney test; all other species ware tested with a median
test  Conover 1971!.

Sample sixes
 n!~

Test

df statistic SignificanceSpecies

 A! Kale versus female  all two-tailed tests!

 B! Adult versus inasature  all one-tailed teste!

~231.5
17.080

0.349

3 2/10
Sl/17
68/8

0,01<P�.05

P<0.001
NS

Parakeet anklet
Thfted puffin
Horned puffin

Sample sixes for the two classes tested are separated by a slash-
NS ~ not sxgnificant at O ~ 0.05.

~0 95 ~ 1~067 0 ~

0 95 2.5.7; MO 99 238.7

' I

iacreased amount of plastic ingested by subadults also may be due to a
poorer perception of «bat constitutes a "good" food item, or to the
possibility that subadults aaturally iagest a «ide range of food items to
learn differences among thee.

Geographic Variation ia 1'lastic Xngestion

%f �980! analysed geographic variation in plastic ingestion in
seabirds fry Alaska, dividing the marine waters of the state into tbree
regions: the Gulf of Alaska, the Aleutia» Xslands, and the Bering and
Chukchi Seas  Fig. 1!. Five species of birds provided reasonable sample
siaas fram each of these three regions. Two of these species  black-
laggad kittiwake a»d thick+illed mnrre! had frequencies of plastic
ingestion too low for meaningful intraspecies comparisons, and thus, were
not tasted. Xn the remaining three species  parakeet anklet, tufted
puffin, a»d horned puffi»!, the highest frequencies of ingestion and mea»
»el4ets ot particles per bird occurred in Aleutia» Xslands waters  Table 9;
ehi~uare R x C test; Conover 1971!

Northern fulmar

Sooty shaarwater
Sbort-tailed shearwater
Parakeet auklet
Tufted puffin
Horned puffin

17 /12
37/26

101/73
49/36
43/38
23/45

1.129

1.397
0. 590

81,034.5
0.294
0.008

NS

NS
NS
NS
NS

NS
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Parakeet auklets in tbe Gulf of h.laska  X ~ 6.3; I df; P < 0.05! and
the hleutian islands  X 18.1; 1 df; P < 0.001! had higher frequencies of
plastic ingestion than did birds in the Bering and Chukchi Seas. So
significant difference in frequencies vas found between birds in the Gulf
of klaska and the Aleutian Islands, although one of the expected values was
too small for valid statistical testing.

Horned puf fins in the Aleutian Islands had a higher frequency of
plastic ingestion than did birds in the Gulf of klaska  X ~ 5.9; 1 df; P <
0.05!; significant differences vere not found in any other test for this
species. Tufted puf fins from the Aleutian Islands had a higher frequency
of plastic ingestion than did birds from the Gulf of Alaska  X 5.9; 1 df;
P < 0.05!, but no other significant differences were found for this
species.

' ben the combined data for all birds of all species ingesting plastic
were tested among the three regions, a similar pattern emerged k Kruskal-
Wallis test  ENDP program; bixon and Brown 1979! showed significant
differences  P ~ 0! in the number of particles ingested among the three
regions. The birds in the Golf of Alaska averaged 2 4 + 5.9 particles per
bird  n 634!, about two-thirds that of birds in the Aleutian Islands  X
3.8 + 11.3 particles per bird; n ~ 391!. Birds in the Bering and Chukchi
Seas averaged 0.6 + 2.2 particles per bird  n 413!, about one-seventh
that of birds in the Aleutians and about one-fifth that of birds in the
gulf. This geographic variation may be explained in terms of nonuniform
geographic input of plastic and subsequent dispersal by currents.

The synthesis of plastic requires large amounts of petrochemicals',
southern California and Japan are the tvo major petrochemical and plastics
manufacturing centers in the North Pacific  Guillet 1974; Mong et al.
1976! hay plastic entering the ocean in southern California probably
moves southward  i.e ~, away from Alaska! in the California Current system.
Lay plastic entering the ocean in eastern Japan probably moves eastward in
the lorth Pacific Drift Current  see Tabata 1975 and Favorite et al. 1976;
also see Wang et al. 1916, for information an "dawnstream" contamination of
the North Pacific Drift Current east of Japan by tar balls!, vhich splits
to form the California Current and the Alaska Current. Of the plastic
transported into the northern Gulf of hlaska by the Alaska Current, some
apparently moves inshore and. ia eaten by seabirds; most of the water moves
across the Gul.f far offshore> however, far fram where most of the seabirds
examined by bay vere feeding Some plastic must also enter inshore waters
there fram the small population centers and fishing activities. Recent
studies by Royer �975, 1983! indicate that there is little surface
divergence in this region, suggesting that most of the plastic should be
carried far offshore past this region.

The Alaska Current-Aleutian Stream system flows closely along the
southern edge of tbe Aleutian Islands  Fig. 1!, and the proximity of
plastic in this nearshore current to birds breeding and feeding there
probably accounts for the high level of plastic ingestion observed there.
Surface flaw into the Bering Sea is concentrated in Near Island Pass and
Comsmnder Pass> and appears to be relatively small  Tabata 1975; Favorite
et al. 1976!, explaining the lower amount of plastic ingested by birds in
the Bering and Chukchi Seas.
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Table 10 ' � A comparison of plastic ingestion in seven seabird species
examined from Alaska and California. Data for Alaska birds are from Day
�980! and for California birds are from Belts and Norejohn �976 !.

treqeency of
occurrence  I!

Mean No. of
part3.clos per bardSample aine  n!

Alaska California Alaska California klaeka CaliforniaSpec ice

38
76

200
1G
63

18$
20

3
21

6 4 8 8
26

58
43

84 0 0 3
0

100
43%1

100
25
13

13-25
4

11.3
6.9

21.7
0 2
0.1
0.5
O.l

Northern fulmar
Sooty sheareatar
Short-tailed ehearvater
Nev gall
Claecoes~led gell
Ilack-legged kittivake
Rhinoceros an'klet

2.8
1.1
5.4

0 0 0.1
0

Temporal Var iation in plastic Ingest ion

Knter- and intra-annual variations in plastic ingestion have been
examined by Day �980!. The primary species providing enough data to
exanine long-tera variations in plastic ingestion is the short-tailed
shearwnter; samples examined by D. L. Serventy  CSIRO Wildlife Research,
Helena Valley, W. A., Australia pere. commun.! and Ri Rykytowyca  CSIRO
Kldlife Research, Canberra ~ Australia, ~d D. L. Serventy! range as far
back as the l950's. The general trend showa an increase in all character-
istics of plastic ingestion over time, especially in the frequency of
occurrence of plastic and in the mean volume of plastic per bird  Pig 2!.
Given that «orld plastic production is increasing by about 6Z each year
 Quillet 1974!, and that plastic litter may also be increasing exponen-
tially  Gaillet 1974!, these increases in ingestion rates probably reflect
the continnally increasing availability of plastic in the oceans.

Layaan albatrosses in the Hawaiian Islands have also shown an increase
> fr<nancy of occmrrence of plastic over time. In 1966, 76K of Ioo
chkcha fenmd dead contained plastic  @myon and Kridler l969!, whereas 901
of ~ chicha «aamined there in l982-83 did  S I beefer, 0 S. Pish and

The availability of large quantities of plastic in regions of plastic
production, «hich are more polluted than Alaska, may allow a much higher
degree of ingestion than in areas remote from plastic production A
comparison of plastic ingestion between seabirds in California  waltz and
Morejohn 1976! and Alaska  Day 1980! illustrates this point  Table 10! ~ Of
seven species that vere examined for plastic in both regions, all seven
from California were found to ingest plastic, whereas only four from Alaska
did. Of the four speciee that contained plastic in both regions,
California birds averaged about four times as many particles per bird aa
did Alaska birds Thus, we predict that seabirda foraging near areas of
extensive plastic production or manufacturing will have a higher incidence
of plastic and a higher mean number of particles per bird than will
~ eabirds foraging in areas of minor plastic production or manufacturing.
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Marine birds in Alaska also show intra-annual variation in plastic
ingestion  Day 198G! - Figure 3 shows the mean number of plastic particles
per bird and the frequency of occurrence of plastic in short-tailed
ahearwaters collected in Alaska and Austral.ia and in tufted puffins
collected in Alaska.

ln May, the mean nunber of particles per abort-tailed shearwater was
relatively small, although about 80Z of the birds contained plastic  Figs.
3A, 3B!. The birds began ingesting plastic in large numbers in June
 X ~ 6.5 particles per bird! ~ By July, the mean number of particles per
bird decreased slightly, so the rate of ingestion was not eo high ss the
rate of loss through «ear. The percentage of birds with plastic had risen
slightly, to 84Z, indicating that ingestiou was still occurring. A second
period of heavy plastic ingestion occurred in August, when the mean number
of particles per bird again increased; 98Z of tbe birds contained plastic
at this time- The mean number of particles ingested again declined in
geptmaber, although virtually IGOZ of the birds contained at least some
plastic. During winter, the rate of ingestion was lo», as indicated by
the data from Sass Strait: only 47Z of tbe birds contained plastic, and
approximately 72X of these had two or fever particles.

Essentially the same pattern i' seen in tufted puffins  Figs. 3C, 3D!:
Low frequencias of occurrence and low mean numbers of particles per bird in
May, high rates of plastic ingestion in midsummer, and decreased ingestion
rates and subsequent loss through wear late in the summer. A similar
pattern «as also seen in parakeet anklets and horned puffins from Alaska
 Day 1980!.

The frequency distributions for tbe wear classes  a relative grade of
hov worn individual particles are! of individual particles support the
evidence that most plastic in boreal birds is ingested during the summer
 Fig. 4! ~ In Nay, only the mor~rn wear classes were represented,
indicating little ingestion during the winter and following the pattern
predicted from the decreased ingestion rates seen i» Australian birda-
Bnring June, the mean «ear class depressed from 4.6  worn-very worn! to 3.6
 relatively worn-worn!, indicating that many less-worn particles were being
ingested; SGZ of the particles vere in wear classes 1-3, the less~rn
categories. The lack of waar-class I  fresh! particles is attributable to
the likelihood that not all particles are in wear class 1 «hen ingested.

The frequency distributions for July and August «ere similar, «ith
those particles in the stomach wearing down. The hulk of the particles vas
concentrated in wear classes 4 and 5, the more-worn categories. Although
fresher" particles  wear classes l-3! were heing ingested> the mean «ear

class increased  i.e., particles became more worn! because the newly added
fresh particles constituted a proportionally smaller percentage of the
Inssber of particles than they had in May and June, The mean wear class
again increased in 8eptember, and particles in the fresher «ear classes
only constituted lCX of the sample at this point, indicating that the rate
of 4lestion had decreased

Tn s~ry, during the northersL vinter, the birds apparently eat
little plastic Cmaseqmently, that plastic r~ining in the stomach wears
dovja 4nan wear class approachea S! and scwe ia lost  the «can number of
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Figure 3.� Teaporal variation in plastic ingestioa in short-tailed
shear+stere �, b! and in tnfted paf fins  C, D! in Alaska  adapted
fran Day 1980 and Day unpnbl. data!  k! Ncaa. nunber of plastic
particles per bird in short-tailed shearvaters of nnkacen age col-
lected near Xodiak Xsland in l977 and in Bass Strait, kustralia,
daring the boreal winters of 1978 and 1979  X. J. Skira, National
Parks and Wildlife Service, Sandy bay, Taeeania pere. conenn.!;
sanple sixes are indicated in parentheses.  b! Frequency of occnr-
rence of plastic in shoztMaiXed sheareaters, as above  C! Naan
ngnber of plastic particles per bird in adnlt tufted puffina col-
Iected at bnldir Xsland in 1975; sanple sixes are indicated in
parentheses  D! Fr~nancy of occnrrence of plastic in tnfted
puffins, as above.
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Figure 4 � yr~uency diatributioua of the wear claaa of iudividual
plaatic particIea found iu abort-tailed ahearwatere collected iu
+laaha duriug the auaaer of 1977  fzoa hay 1980!. All birds were
collected aud Xodjak Xalaud, aa iu Figure 3 ~ Wear ou each piece wae
detexaiued by claaaifyiug the degree of augularity of the piece'e edge
aud by euaaiuiug the gemeral surface of each piece The degree of wear
wue %uaut<fied by a fx.~iut viaual tudex  freah, relatively freah,
relatively worn, «oru, aud very wore!, aa deicxibed ia hay �980! ~



373

particles per bird decreases> ~ This condition exists until May. Zn late
spring and early summer, the birds again begin eating plastic ~ causing a
sharp rise in the mean number of particles per bird and a sharp decrease in
the mean wear class of the plastic, as seen in the June birds. In contrast
to the June data, midsummer  July and hugust! means show relatively little
change, indicating that consumption of new particles is roughly balanced by
loss of particles through +ear- The ingestion of plastic decreases near
the end of the summer, and smaller particles continue to be lost through
veer; the mean number of particles per bird decreases, and the mean near
class approaches 5  very worn! again. Wear then continues into the «inter
months, completing the cycle. Although migratory seabird species from
higher latitudes appear to ingest plastic only during some months, it is
believed that nonmigratory tropical species are able to ingest plastic all
year  S !. Fefer pere ~ commun ! ~

'Since the particles do not pass into the intestine, the mean residence
time of plastic in the birds' stomachs may be estimated. Although Day
�980! estimated residence times of 2-3 months for "soft" polyethylene and
10-15 months for "hard" polyethylene, the data shoving rapid loss rates in
short-tailed shear@stere and tufted puffins presented here and data for
phalaropes from Connors and Smith �982! suggest that the mean residence
time of individual particles is shorter and is on the order of 6 months.
Obviously, there could be great variation in these rates, depending on the
number, sire, and type of particles and other hard objects  e.g., price!
in a particular bird's stomach.

The available data permit examination of the impact of the birds'
ingestion of the at-sea density of plastic. ht the peak of summer
ingestion, short-tailed shear@stere average about 7.4 particles per bird
 Fig- 3! With an estimated population of 18 x IO birds  I. J. SkiT$
pere. commun.!, this yields an estimated "standing stock" of 133 x 10
particles in the stomachs of this species. The average residence time of
the particles is estimated to be 6 months. Therefore, the average removal
of plastic by this species is approximately 0.7 x 10 particles per day in
the middle of the smear The peak of plastic ingestion by the short-
tailed shearvater was in June, mith a mean increase of 2.1 particles per
bird; thus, a peak of 1.3 x 10s particles per day «ere removed from the
ocean during June by this species.

Sham �917! estimated that plastic density in Alaska waters is about
one piece per 9,000 ma of ocean surface   111.1 pieces per km'!; using a
rough estimate of 3.0 x 10s km* of ocean surface in the eaters around
Alaska, me estimate that there are approximately 333 x 10s pieces of
ingestible plastic in the eaters around klaska The rate of "recruitment"
into this "p1.astic population" is probably lou, since estimates of mater
circulation times in the suharctic North Pacific range between 2 and 5
years  T. foyer, institute of Marine Science, University of Alaska,
Fairbanks, Alaska para. cavan.!. When one considers that the ahort-
tailed shearvater alone removes about 80 x 10 particles from the vaters
around Alaska during June and kngust  primarily in shelf and shelf-break
maters!, and that other speciea are ingesting plastic at the same time
appears that birds are decreasing the at-sea density of plastic in klaa4
«aters. klthough our estimates of rates of ingestion may he high and
Sham's estimates of plastic density may be lorn~ it is apparent that the
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bi.rds are decreasing the density of plastic enough to cause the synchronous
late-summer decline in ingestion seen in all species  Fig. 3!-

Effects of Plastic Ingestion on the Physical Condition
and Reproduction of Marine Birds

perhaps the most important question to be asked about plastic inges-
tion ie vhether or not the presence of plastic in the gut has a detrimental
effect on the physical condition or reproductive performance of the bird ~-
These effects could Cake several forms, including direct ones such ae star-
vation, intestiual blockage, ulceration, and internal injury, or indirect
ones, such ae decreased physical "quality" or reproductive performance-

8tarvation could be caused by the physical presence of plastic in the
stomach. In birds, hunger and satiety are regulated by receptors in the
hypothalamus, where various stimuli reaching tbe central nervous system
influence food intake  8turkie 1965! Appetite  hunger! can be stimulated
by the contraction of an empty stomach, cold temperatures, or the sight of
food, and can be inhibited  satiety! by dehydration, distension of the
attach or intestines, wara tasperatures, or exercise  Sturkie 1965!. A
large aaount of plastic im the stomach of a bird could decrease feeding
activity by «aintaining stoaach distension and preventing stomach
contraction, Chue signaling "satiety" to the hypothalamus. Although
plastic hae been associated with starvation in some birds  Bond 1971;
Bourns and ?aber 1982! ~ Bourne and Imber correctly pointed out that one
aust be careful vith this interpretation, for it is often difficult to
determine if the plastic ingested caused the starvation or if the plastic
was ingested because the bird was starving.

Intestinal blockag~reventing the passage of food into the
intestine � can only occur if a bird eats a large volume of plastic or a
patticularly bulky piece of plastic. Intestinal blockage by elastic thread
cuttings  Paralow and Jeffries 1972! and by nylon threads  Bourne 1976!,
which tend to roll into a ball in the stomach  Parslow and Jeffriee 1972;
R. B lay pere. obeerv !, has also adeem documented. Intestinal. blockage by
large, bulky items haa been documented in Laysan albatross chicks  Kenyon
and Kridler 1969; Pettit et al. 1981; S. E. Fsfer pere. commun.! ~

Ulceration and internal injury could be caused by the presence of
jagged edges on plastic fragments or by a long period of contact between
the plastic and the ancosa of the stomach wall. Van Franeker and
~hnijaan �984! found a nail embedded in a thick layer of fatlike
material in the distal part of the gat of a aorthern fulmar. Local
ulcerations of etmch aucosa as a result of plastic ingestion have been
recorded in northern fnlaare  Bourne 1976! and in Laysan albatross chicks
 Pettit et al.. 1981; ST I beefer pere. commnn.!

Xndirect effects of plastic iageetion say take tba form of decleased
physical "Quality" of the bird or decreased reproductive performance To
te« fer the effects of pl.astic ingestioa oa the physical quality of the
hardest >y �980! calculated linear regressions for the number, «eight, and
41~ of plastic particles verana the body might and body fat class of

short taxied ahearwaters and parakeet anklets from Alaskan Xa all cases>
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weak  ra < 0.17! negative slopes were found for the lines, and the lines
vere not significantly different from aero  P > 0.05!, indicating a
slightly negative and weak relationship between increasing amounts of
plastic and weights of the birds. No relationship vas found when the above
variables vere plotted against body fat class Thus, plastic ingestion had
limited effects on the physical quality of these birds, at least in terms
of body weight and body fat condition. k negative relationship between the
amount of plastic and body fat condition has been found in red phalaropes
in California, however  Conners and Smith 1982! ~

The ingestion of plastic may have detrimentally affected the
reproduction of parakeet auklets in Alaska in 1976  Bay 1980! ~ lonbreeding
adults average twice as many particles  I 34.3 + 23.9 particles per bird;
n ~ 12! as did breeding adults  X 17 4 + 16.3 particles per bird; n
25!; these differences vere significant  T ~ 216.5; P < 0.01; Mann-Whitney
one-tailed test; Conover 197l!. The nonbreeder category included failed
breeders and birds that had bred in previous years. Some of the parakeet
auklets had up to 81 pieces of plastic in the stomach, which appeared to
distend the stomach fully. In several cases, many of the particles had
become embedded in "sockets" that had formed in the mucosa of the stomach;
under these conditions, the presence of plastic appears to have been
detrimental to the function of the stasach. Day �980! suggested that the
decrease in reproductive performance also could have been related to
decreased feeding during the prebreeding season-

knother interpretation of this observation is possible. Since, aa ve
have shown, there is age-related variation in the amount of plastic
ingested by subadult versus adult parakeet aukleta  Table 8! ~ there ia a
possibility that there is also age-related variation in plastic ingestion
within the "adult" category. If this i.s true, yonng adults would ingest
more plastic than woold older adults. Toung adult seabirda tend, in
general, to increase in reproductive success with increasing age and
ezperience, and many fail at reproduction in their f irst or second years of
breeding  Richdale 1957; ksbirk 1979; Thomas 1983! ~ ks a result, the
observed poor reproductive success of parakeet auklets containing large
amounts of plastic may have actually been the result of normally poor
reproductive success of first or second time breeder'

A decrease in reproductive performance could also result from
hydrocarbon pollutants associated with plastic. Hydrocarbons such as DR
and polychlorinated biphenyls  pCg's! are suspected of lowering the levels
of one or more steroid hormones, resulting in delayed ovulation  Peakall
1976!; any delay in normal reproductive cycles in arctic seabirds may
contribute to reproductive failures. although no data are available for
ra» polyethylene pellets, polystyrene apherulea have been found to have
PCS's concentrated from seawater onto their surfaces  Carpenter et al.
1972! ka increase in the umber of particles ingested would thus bring
more hydrocarbons into the birds' bodies, preventing successful
reproduction.

ka explanation alternative to our interpretation can be proposed frau
the above data Birds in poor condition may eat more plastic than do
healthy birds because they are in poor condition; since these birds are
already in poor condition, tbey probably will not reproduce anyway,
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yielding the same results- This possibility notwithstanding. the
likelihood of decreased reproductive performance as a result of plastic
ingestion warrants further investigation.

DISCUSSIOH NfD COICI USIONS

Sources of Plastic

Teo major types of plastic are ingested by marine birds: plastic
fragments and ra» plastic pellets. Other types of plastic such aa
polystyrene spherul.es, foamed polystyrene  i.e.. styrofoam! . toys, and
other objects, are eaten by seabirds only rarely  Day 1980! . Only Layaan
albatrosses eat much of these latter types of plastic  S. I. Pefer pere.
commun ~ ! ~

The primary sources of plastic fragments appear to be at-sea solid-
mate disposal and  particularly! by discarding plastic objects from
fishing boats and marine shipping  Scott 1972, 1975; Cundell 1973; Venrick
et al ~ 1973; Colton 1974; Shaw 1977; feeder et al. 1978; Merrell 1980;
Norris 1980a!. In the early 1970's, for example, approximately 4.5 x 10
metric tons of plastics vere discarded at aea each year  National Academy
of Sciences 1975 cited in Merrell 1980!; Guillet �974! contends that
plastic packaging litter is presently increasing at an exponential rate.
Soae of the nearshore plastic evidently comes from nearby population
centers  e.g., Cundell 1973!, al.though currents and winds play a major role
in distributing most of this debris far from its origin  e.g., Venrick et
al. 1973; Scott 1975; Nerrell 1980! ~ Thi ~ larger debris is subsequently
broken into smaller fragments, which are then ingested by seabirds. The
areas of origin of this widely dispersed plastic are often di.fficult to
deteraine. Studies in the Pacific Ocean, however, have shown that 108 of
109 identitiable plastic itms eaten by Laysan albatrosses from the
Bavaiian Islands originated in Japan  Pettit et al ~ 1981! and that most of
the litter found on beeches in the klentian Islands originated from
Japanese and American fishing boats  Herrell 1980! ~ kt the latter site,
countries represented by identifiable plastic litter were Japan, the United
States, the U.S.S.R., Republic of Korea, Canada, Bulgaria, Rumania, and the
Netherlands, in order of decreasing frequency. Work in Scotland has shown
that aost of the plastic debris there also cones primarily from shipping
 Scott 1975!.

Raw polyethylene pelleta are the ra» form of polyethylene aa it ie
synthesiaed from petrochemicala; these pellets are then shipped around the
uorid to manufacturing sitea, where they are melted down and fabricated
into bags g agueese bott lea, toys I and many other everyday it ass ~ Because
these pelleta are shipped worldwide, the origins of pelleta found at aea
are difficult to determine klthough the country of origin of these
pelleta cannot be determined, there are many ways in which they enter the

%ay pelleta probably enter the sea in efflnents from plaatic-
synthesis planta, as has been reported for polystyrene in the North
~lantic  Carter et al ~ 1973, 1976; Nays and Cormons l974; Norris and

lton lS4! ~ In Goa, India, plastic factories simply dump their waste
plastic into the nearby river, which thea carries it to the aea  Nigam
>9g>! ~ pellets are also used aa packing around larger objects in ships'
holds and sometimes are moved in bulk> aa ia grain; errors in loading amd
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unloading ships at ports allow escapement into the sea. Pellets are
sasetimea used on the decks of ships to reduce friction for moving large
objects, then are vashed from the decks and into the sea  anonymous 1981!
After eateriag the eea, pellets are dispersed through the world's oceans by
currents and winds ~

There are several mitigating actions that could reduce entry of
plastics into the oceans. Filtering efflueats from synthesisiag-
manufacturing plants is relatively easy and vill eave the companies money
Reducing effluent loss of polystyrene spherules from maaufacturiag sites ia
t' he 'United Kingdom caused a rapid reduction in ingestion of those spherul.es
by organisms in nearby vaters within 3 years  Xartar et al. 1976!
baproving loading and unloading procedures at docks would also decrease
entry into the oceaas. Reductions in the at-sea discarding of plastic
litter could be effected by making litter control a requirement for fishing
permits  as suggested by Merrell 1980! or by making shipboard incinerators
a requirement for Licensing a ship.

Another mitigating action is to alter the degradation rates of the
plastics themselves. Guillet �974! and Gregory �978, 1983! have shown
that weathering of polyethylene and styrofoam occurs naturally aad eventu-
ally leads to disintegration and dispersal. ae "dust." Gregory �983!
stated that it vould require 3-50 years for complete disintegration to
occur on the beach, and apparently much longer at sea. One way to acceler-
ate degradation is to make the plastics highly degradable under normal
conditions. The plastics industry bas encountered many practical problems
ia trying to produce degradable plastics, however  Taylor 1979; ~~
Guillet l974!, leaving regulation of loss into the sea as a more feasibl.e
and realistic method of reducing the abuadance of plastic in the oceans.

Rates of Iagestioa ia Marine girds:
L Look to the Future

We feel that it ie appropriate to discuss the monitoring of species or
groups of seabirds for rates of plastic iagestion. Those species or groups
1agcsting the most plastic  either with the highest frequenciee of occur-
rence or the higheet mean number of particles per bird! should be monitored
closely in the future. ks «e have showa, procellariiform birds are the
seabirds most vulnerable to plastic pollutioa  Tables 1-3! . k high
percentage of the species ezaained contain plastic, the two highest average
amounts of iagestion occurred ia t'his group, aad the earliest records of
plastic ingestioa by marine birds were from this group  Kenyon aad Kridler
l969; Rothsteia 1973! Proeellariiform birds tend to scavenge at eea and
to ingest randomly any plastic that they encounter  Table 7; kshmole 1971;
Day 1980; Day pere. obeerv.! They also tend to eat large or oddly-shaped
plastic objects  see comments in Table 2! that may cause intestinal
blockage or iateraal injury  e.g., Somme 1976; Pettit et al. 1981! These
birds also pass ingested plastic oa to their chicks through regurgitation-
feeding  e.g , Kenyon amd lridler 1969> Rothstein 1973!, perhaps increasing
prefledgling mortality Procellariiform birds also feed at or aear the
aea's emrfaca and eat a high frequency of crustaceans and cephalopoda
 kahmole 1%71!, two prey groups that are correlated with high rates of
plastic ingestioa  Tables 4, 5!. Oa the other hand, procellariiform birds
are able to eliminate stae plastic by egesting casts coataining
5adigestible items, such ae squid beaks.
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Another species of major concern is the parakeet anklet  Table 2!
This species averaged the higheat number of plastic particles of 37 species
of aeabirds in Alaska, 13-7 particles per bird, and showed evidence of
decreased reproductive performance there aa a result  Day 1980!. This
species preys primarily on crustaceans, a prey group linked to high rates
of ingestion of plastic  Table 5!. Some of the stomachs examined by Day
vere fully distended because so much plastic vaa present. Phalaropea also
should be monitored closely for ingestion, because the few data availabi.e
 Table 2! indicate a capacity for high rates of plastic contamination kt
present, the other species of seabirds appear to have low rates of plastic
ingestion, indicating that less-intensive monitoring is seeded.

Monitoring should be done at selected sites in the Northern and
Southern Hemispheres and in all oceans. Birds found dead on beaches and
birds collected for museums should be examined closely for frequencies of
ingestion and for the amount of plastic ingested; birds found dead should
also be checked for the cause of death and chlorinated hydrocarbon levels
should be determined. Any sampling gapa can then be filled with selective
collecting ot species of interest. Me suggest a 2- or 3-year cycle for
monitoring ~

Peeding Rabits and plastic ingestion

k fev species of eeahirds evidently ingest at random any plastic or
objects that they encounter. Before the production of plastics, most
objects encountered by birds at the sea's surface were digestible  except
for floating plaice!; selection may have favored those species that
ingested any such objects  Rothetein 1973!. Nany species, hovever, select
for specific kinds, colors, shapes, color-shape combinations, or sires of
plastic  Day 1980! ~ Such selection suggests that these species are
mistaking plastic objects  a recent addition to the surface of the ocean!
for prey items. hey itess that the 1.ight-brown pellets most resemble to
tba authors are planktonic crustaceans and pelagic fish eggs. Other colors
of pelleta may resemble the eyes of fishes or squids, the bodies of larval
fishes, or other, unknown food items.

It i ~ likely that not a single factor, but a suite of  sometimes!
interacting factors, affects the amount of plastic ingested by seabirda,
These factors include the feeding method and prey type of the species, the
tendency for generalism or specialisation in feeding habits, age of the
birds> Cisse of year, at-sea density of plastic and geographic location of
the birds.

The Problem of Effects of Plastic Ingestion

It is unfortunate that ve still do not know the trna eztent of the
effects of plastic ingestion Ve suspect that, for most speciea, the rates
of ingestion and the amounts of plastic ingested are low enough that there
4a little detrimental effect on the birds involved. There are several
ap«ianna mentioned earlier, that have been shoes to exhibit sufficiently
high rata ~ of ingestiom to unrramt concern. Decreased feeding rates before
reading +ay result in poorer physical condition of the bird, leading to aa

ina4lity to secure or aaimtaia a breeding territory, to lay high-quality
eggs' or te anccessfnEly incubate those eggs. Data from parakeet aukleta
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  Day 1980! suggest that any or all of these conditions may apply to that
species, and data from short-tailed shearwaters  Day 1980! and red
phalaropes  Connors and Smith 1982! suggest a link betveen high amounts of
plastic ingested and decreased physical. "quality. " The possibility of
hydrocarbon contamination through plastic ingestion  Carpenter et al. 1972!
also has serious implications. Consequently, ve believe that carefully
contzolled experiments on the effects of plastic ingestion need to be
performed to determine whether or not a serious problem really exists-
These experiments could conceivably be performed in conjunction vith soos
or schools of veterinary science.
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IMPACT OF OCEAN DEBRIS 05 MARINE TURTLES:

ENTANGLEMENT AND INGESTION

George H. Balsas
Southwest Fisheries Center Honolulu Laboratory

National Marine Fisheries Service, NOAA
Honolulu, Hawaii 968I2

ABSTRACT

Marine turtles are affected to an unknown hut potentially
significant degree by entanglement in, and ingestion of,
synthetic oceanic debris. Nearly all known records of olive
ridley turtle, Le idochel s olivacea, in tbe Hawaiian Islands
have resulted from entanglement in drifting scraps of fishing
gear. In the North Pacific  lat. 3S'-45 N!, incidents of leather-

monofilament mesh have been recorded. However, as with many such
cases involving marine turtles, it is unclear if entanglement
occurred in discarded fragments or in intact gear being, actively
fished.

Marine turtles have been found to eat a wide array of syn-
thetic drift items, including plastic bags, styrofoam beads, and
monofilament fishing line. Toxic chemicals released by these
materials, as well as physical obstruction to the digestive tract,
are two possible adverse impacts.

INTRODUCTION

International efforts to conserve and manage sea turtles effectively
have been periodically hampered by the discovery of new or previously
unidentified impacts on surviving populations. Sea turtles are already
known to be directly threatened by an array of human activities on nesting
beaches and in marine foraging habitats. Major impacts incIude intensive
exploitatiom for meat, eggs, shell, and skin  all of which are often taken
for commercial purposes!, the incidental capture and drowning of turtles in
shrimp trawls, and alteration of habitat by coastal development Other
problems that have received far less attention in the literature include
petroleum and toxic chemical pollution, incidental catch by a variety of
fisheries  e.g., pound nets, gill nets, drift nets, purse seines, Iong-
lines, lobster and other types of traps!, ingestion of plastics and tar,
disease, cold waves, and predation by large sharks. Considered separately,
each of these lesser known impacts may not necessarily cause high ~ates of
mortality or morbidi.ty. However, their combined effect over an extended

a, +~s ssa L 0 Toohiss  eaitors!~ troceeJiass os tbe %eks1ss oa tha reed sea ressort
oi msriss asbris! 25 29 hma&r 19aay IosolaIa~ aaeaii II s. mes ~r,, snaa T~ msso
mrs. masA-mme-Sale-sa. i9e9,
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period could very veil be a significant retardant to the recovery of cer-
tain populations. It is, therefore, imperative that each adverse element
be adequately examined and understood.

ill sea turtles have been legally protected in the United States
since 1978 under provisions of the Bndangered Species Act k number of
other countries have also implemented protective measures in recent years
and engaged in cooperative efforts to conserve and study these turtles
 Bjorndal 1982; Groombridge 1982; Bacon et al ~ 1984!.

k basic problem in determining the scope and magnitude of impacts on
sea turtles is that all species lead an oceanic existence during portions
of their life history. Broad gape exist in the knowledge of sea turtles
aeay from land because they are seldom seen, let alone studied. In con-
trast, reasonably good ecological data exist for the breeding phase «hen
adult females, eggs, and hatchlings are accessible on land. The leather-

to be the most pelagic species, living mell offshore from the time they
leave the beach as hatchlings until they return to breed as adults. Others>
like the green turtle, t~i~n' ~s, loggerhead, ~Ci~~ ~~t~, snd

inhabit coastal waters as adults, but
~ pend varying segments of their immature life in the open ocean. Even then
the adults regularly undertake breeding migrations vhich place then for a
tiae over deep mater The limited information available on the Australian
flatback, Q~~ ~~el, and the severely depleted Kemp's ridley,
JSQd4$6
phases of development

Man~e debris floating at the surface in the same oceanic habitat
occupied by sea turtles presents a potential for substantial interaction.
The amount of refuse nom entering the «orld's oceans, especially plastics
and tar, appears to have reached huge proportions  Carpenter and Smith
1972; Venrick et. ~ l. 1973; Wong et al. 1974, 1976; Morris 1980a, 1980b; Van
Dolah et al 1980; Bldridge 1982!. For example, Rorsaan �982! estimates
'that 639,000 plastic containers  including bags! are dumped into the sea
daily frae merchant ships alone' Fioating material of a natural and syn-
thetic nature is knomn to collect in drift lines that result from converg-
ing offshore currents or strong rinds creeping the sea surface. In the
Caribbean, «here rafts of sargassum are prominent, such areas are believed
to be preferred habitat for some, and possibly most, small sea turtles of
the region  Fletemeyer 1978; Carr and Meylan l980; Carr 1983!. k similar
situation probably occurs in the Pacific and elsemhere, although sargassum
rafts «ould not be a common feature since in many areas they do not exist
Plastic particles, tar, and other floating debris that aggregate in drift
lines are likely to he consumed by turtles that noraally feed on small
surface-duelling invertebrates and other plankton. kaother form of dis-
carded plastic> transparent bags and sheets, has also been implicated im
recent years aa being harmful to sea turtles, particularly adult leather-
backs- This material is apparently mistaken for drifting jellyfish
 gcyphnmedmsidae!, a principal food item of the leatherback.

kaother aspect of the debris problem � the entanglement of turtles ia
AOetimg aad bottom-foaled scraps of line, net, or other lost or abandoned
leal~ma only infrequently been noted in the literature. Unlike the
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ingestion of plastic bags, little publicity has appeared in the mass media
on debris entanglement. Because turtles are incidentally caught in many
kinds of fisheries, there is difficulty in determining whether entanglement
actually involves debris per se. or represents capture in actively fished.
gear that somehov tore free. Nevertheless, it is apparent that sea turtles
are prone to all 1rinds of entanglement as a r esult of their body configura-
tion and behavior. Entanglement in debris may therefore be best considered
as an extension of the incidental catch problem.

The phenomena of sea turtles ingesting and becoming entangled in
debris have not previously been the subject of a comprehensive reviev. The
objective of this paper is to assemble and evaluate existing information,
most of which is scattered throughout the literature or contained in unpub-
lished records. The availability of a consolidated source of data may then
serve as a useful starting point to assess the scope and magnitude of the
problem. It will also provide a basis for determining whet future research
is needed to address the problem adequately.

lKTROBS OF MTA, COI.LECTION

documented records of turtles that had ingested or become entangled in
debris were compiled through an extensive literature search, and by personal
inquiries to numerous researchers worldwide. In addition, a relatively
large number of unpublished cases for the Rawaiian Islands were inclnded
that had been gathered by the author since 1973.

To the extent that they exist, pertinent details from each case were
abstracted and assembled in an annotated data table. This information

included the species of turtle, date, location, carapace length, weight,
sex, and a concise description of the event, often with quotations frcsa the
original source. For cases of ingested debris, usually only synthetic
items vere Listed, and not the natural food items present. The literature
citation or other origin of the report vas also entered into the data
table. Summaries of all cases were tabulated to identify geographic dis-
tribution, species involved, age composition of the turtles, and types of
impacting debris.

In accomplishing this study, it vas realised that many more cases
undoubtedly exist than are contained herein. With the circulation of this
paper, it i' hoped that old and nev reports of debris ingestion and entan-
glement «ill be sent to the author for use in a future revision.

RKSI TS

Overall Findings

Concise case-by-case descriptions of debris ingestion and entanglement
by species sre presented in Tables 1 and 2. It was possible to locate 79
reports dealing with ingestion  Table 1! and 60 dealing with entanglement
 Table 2! ~ Roue of the cases occurred before the 1950's; 9jZ have taken
place since 1970,

D brie ideation imolvag only single turtles compises 60X of the
cases shown in Table l, while 32X cover multiple accounts representing at
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least 16D turtles. The remaining cases  8I! describe instances of turtles
seen foraging on debris ~ but the actual numbers vere not given. Except for
this latter category and Case I-Cm-12 and I-Dc&, all accouats of debrisingestion vere derived from stranded turtles �4Z! or turtles taken by
fishermen �6Z!, vhere the mouth> or some portion of the gastrointestinal
contents, had been examined. Most of the stranding cases  84I! iavolveddead aaimals. Case I~-l2 and I-Dc& dealt with the removal of plastic
sheets from the cloacae of live turtles.

Cases of debris entanglement shown in Table 2 almost exclusively  92Z!involved single turtles. Slightly more than half came from strandings ~ andthe remainder from chance sightings at sea. Only 38I of the eatangl.ed
turtles vere dead or later died. Many more would undoubtedly have died in
the abseace of human intervention.

It is apparent that strandings represent a principal source of infor-mation on debris ingestioa and entanglemeat. k stranded turtle, to be of
scientific mrth, must be found by saaeone vho properly reports it beforeit washes or svims avay, becomes covered with aaad, or decomposes completely.Even «hen a prompt and accurate report has been made, it i,s likely that a
carcass shoving advanced decay muld not be cut open and inspected foringested contents as often as a fresh specimen. d further constraint tocollecting data on debris ingestion and entanglement is that most turtles
dying in the water probably do not stay afloat long enough to reach shore-This mold be especially true for those turtles living on or migratingthrough the high acean

Several reports that vere located or received were significant fortheir absence of findings relevant to debris ingestion and entanglement.lbrtimer �981! found no signa of synthetic debris in the stomach contentsof 243 greta turtles taken in a fishery off the Caribbean coast of Nicaragua.kt Cumberland I ~ Xand, Georgia  U.S.k.!, more than 600 dead stranded logger-heads have been cataloged between 1974 and l984- Gastrointestinal contentsvere examined in many of these turtles. Ro plastics or other debris «ereseea, except for an iron bolt ia the roof of one turtle's mouth and afishhook in the small intestine of another  CD Ruckdeschel and CD R Shooppere. comma.!. Also, only a single instance of entanglement  E-Cc-5,Table 2! «as found among these 600 strandiags. kt little CumberlandIsland, Ceorgia, no entanglement in debris has been recorded in stranded ornesting loggerheads monitored siace the early 1960's  J. I. Richardsonpers. commun-!. Only tm cases of plastic ingestion have been found inhundreds of turtles  loggerhead, 4mp's ridley, and leatherback! examinedduring recent summers in Virginia ~ Naryl.and and delaware  J. k. Musick
pere commun.!.

Geographic Distribution

Reports on debris iagestion originated from 19 «orldvide locations,and those on debris entanglement came from 10  Table 3!. The coastalcontinental U S. accounted for a large portion of debris ingestioa �0.8X!and entanglement �1,7X!. kn established reporting aetvork ia the regionundoubtedly influenced the outcome. Hawaii, which is listed separately inle 3 $ accounted f or 46 .7 I of entangl'eaemt cases. This was due to f ira t-4~4.reports ccepiled hy the author. lf better coverage could be achieved,a s4ilar increase muld likely be experienced at certain other locales.
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Table 3.-~ographic distribution of known cases of debris
ingestiou and entanglement by marine turtles.

Percent cases reported in this paper

Ingestiou Entanglement%cation

1.3

2.6
2.6
1.3

Azores
Ascension Island
Australia
Balearic Islands
Bermuda
Costa Rica
England
Prance

French Polynesia
l4waii  U.S.A.!
Japan
Johnston Atoll
Maser katilles
Marshall Islands

Madeira  Portugal!
Mediterranean  eastern!
netherlands
llew Zealand
Pacific Ocean  high sees!
Peru

Selvagen Islands
South Africa
Tokelau
United States  mainland!

1.7

1.7
3.33.9

2.6
5.3
1.3
9.2

10.5

1.7

46 ~ 7

1.7
1 ~ 7

1.3
2 6

1.7
2 ' 6
1.3

6.7
2.6
2.6
3.9
1.3

40.8

1.7

31.7

Debris Ingestion

The various types of ingested debris were grouped into 14 categories
 Table 4! ~ Plastic bags aad sheet «ere the most prevalent material
�2 1Z!, followed by tar balls �O-SX!, and plastic particles �5.9Z!.
IBome of the more unusual, but less frequently reported. items consisted of
cath, fishing net, paper, glass> aad metal. Pieces of synthetic rope amd

Debris «as ingested by five species of sea turtles  Table 4! ~ The
green turtle «as the uoet commonly docmaeated �2K!. followed by the logger-
head �6Z!, leatherback �%X!, and hawksbill �41!. Only a small natcher of
reports ou Rcmp's ridley «as obtained �Z!. No reports were located for
the olive ridley or flatback. In four of the five species found to eat
debris, immature turtles vere more frequently involved tham adults  Table
3!. This could be due to the greater proportion of immature turtles
expected in the population, or a greater tendency for ieeature turtles to
feed on floating debris. The leatherback alone contrasted sharply with
this pattern; only adults ingested debris. Immature lsatherbacks, espe-
cially juveniles, are rarely seen anywhere.
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Table 5.--Age composition of marine turtles ingesting and
becoming entangled in debris ~

percent composition from cases
reported in this paper Sample

disc
ISpecies Adult Immature

s~ti a

monofilament line shoved up in the digestive tracts of green, loggerheads
and leatherbeck turtles under conditions that did not seem to involve
swallowing a baited hook. kaother interesting aspect ahovn in Table 4 is
the ingestion by loggerheads of unwanted fishery by-catch jettisoned fromm
shrimp trawlers

Quantitative data of debris ingestion «ere available in 16 of the
cases covering 4 species  Table 6!. Various plastics vere again the most
prevalent items, ranging fron 6 to 87Z occurrence in the turtles sampled.
Noteworthy among these vere Case I-Dc-9 «here 13X of 140 leatherbacka
examined bad eaten plastic bags, Case I~ vhere 23X of 39 green turtles
contained plastic bags, and Case I-Cc< «here 43Z of 43 dead stranded
loggerheads contained discarded fishery by-catch.

@chris Entanglement

Five species of sea turtles «ere involved in entanglement with debris
 Table 7!. Species identification was not possible in 5 of the 60 cases.
The green turtle accounted for 42X of all cases; no records vere 1oeeted
for Kenp's ridley or the flatback. Immature turtles vere entangled more
frequently than adults, bnt the pattern vas not as pronounced as in debris
ingestion  Table 5! kgain, only adult Ieatherbacke «ere found entangled

The debris responsible for entanglement vas grouped into nine cate-
gories  Table 7!. %nofilament fishing line accounted for 33.3'X of all

Green turtle

Loggerhead
Hawksbill

Leatherback
Kenp's ridley
All species

Green turtle

Loggerhead
Eawksb i 1 1

Olive ridley
Leatherback
AII species

19.0

18.7
9.0

100. 0
0

30.6

41.7

0
11.1

50.0
100 ' 0

41.7

81.0

81.3

90.9
0

100
69.4

58.3
100

88.9

50.0
0

58.3

21

15
ll

11 3
62

24 9
4 7

48
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,-~antitative reports cited in tbis paper of debris found
ingested by marine turtles'

Case No ~

in Table 1

Sample
siee Ã

Percent

with debrisType of debr is

37
18
23

I-Cm-2

I-Cm-2

I-Cm-4

Plastic

Cloth

Plastic bags

11

ll

39

Plastic end other
synthetic litter

20 I-B1-220

32

32 9
43 3

42
140

16
8
3
3

9

Plastic beads

Plastic sheet
Plastic and glass
Fishery by-catch
Plastic, glass,

and thread

Plastic bags
Plastic bags
Piss'tic

Plastic
Plastic bags
Plastic bags
PIastic

6 6
44
43

100

50

13
44
87
33
33

44

I-Cc-2

I-Cc-2
I-Cc-3

I-Cc&

I-Cc-18

I-Dc-8

I-Dc-9
I-Dc-10

I-Dc-1 2
I-Dc-13
I-DC-14

I-Dc-16
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Table 7.� Percent occurrence of types of debris found entangled
on marine turtles.  Ccnapiled from, data listed in Table 2 vhere
each case was considered to involve only a single type of
entangling debris. !

o 0

v

Species

36.0 ? 4.0 24. 0 8.0 4.0 � � 4. 0Green turtle
 » - 25!

57 ~ I 28.6Inggerhead
 » - 7!

14.3

Ha|shah il l

 x - e!
55.6 1.1 22.2 � 11 l

Olive ridley
 » - 6!

33.3 50.0 16.7

Leatherback

 » - 8!

12.5 37.5 -- 25.0 � � 12.5 � 12 5

Unmown species
 » - 5!

20.0 60.0 20 ' 0

jll species
 » ~ 60!

333 233 200 133 17 33 l7 17 17

V Cl
l5

I~

W W
O Q

CJ
4l

0 e
e
C4



418

cases. Some of these could have resulted from encounters with tended
f i.shing gear. However, none of the reports appearing in this category
mentions a f ishhook attached to monof ilament line ~ or hooked into the
turtle. For several cases  E-Cm-15, I-Cc-l, and B-Ei-7!, it is evident
that turtles had become entangled in lost pieces of line snagged on the
bo'ttom ~

Other major categories of debris found on turtles included segments or
snarls of rope �3.3Z!, pieces of trawl webbing �0.0Z!, and monofilament
net �3.3Z!. Fishing-related debris was involved in 68.3Z of all cases ~
The category of "rope" is not included in this figure, even though a fair
amount of rope debris probably does come from fishing efforts.

nlSCOSSIOm

Impacts of Ingested Debris

Sea turtles occasionally consmse naturally occurring debris such as
bird feathers, terrestrial vegetation, bottom substrate, and pumice. In
this paper it has been well documented that they may also eat all sorts of
«an-related litter. However, in most instances the actual impact of this
material is unclear in terms of mortality or morbidity. Certainly the
adverse effects of tar balls and oil droplets can be readily perceived when
a turtle's jaws become stuck together, throats are packed with tar, and
toxic hydrocarbons are transported across the gut wall. As for plastic
bags and sheets being eaten, the available evidence for direct harm or
mortality is much less conclusive. Seven of the strandings presented in
Table 1 describe the ingestion of plastics in quantities large enough or
compacted in such a manner to have definitely caused blockage  Cases
I&-25, I-gi-ll, I-Cc-16, I-Dc-2, I-Dc-8, I-Dc-l5, and I-Dc-18! . In
contrast, some reports documenting ingestion of plastics deal with
seemingly healthy turtles caught by fishermen  Case 1~-4, I-Cm-I 5, I-Ei-
2, and I-Dc-90!. The twisted configuration of the plastic found throughout
the intestines in several turtles suggests that such material can be moved
along and voided naturally by peristaltic transport. In Case I-Dc-4, the
twisted tip of a plastic sheet wae seen protruding from the cloaca of a
large leatherback accidentally caught alive in a net. JL similar condition
was observed in a juvenile green turtle raised in captivity  Case I-Cm-l2!.
Eowever, i» both cases, the plastic was pulled out manually by researchers
before they discerned whether it would have been expelled natural.ly.

Even if there is no direct mechanical blockage, there are still poten-tially serious problems such as lost nutrition, reduced absorption of
nutrients while the plastic lines the gut pall, and absorption of toxicplasticisers  PCS's!. Unfortunately, very little is known of these aspects
i»ea turtles, although PCS's have been found in the eggs of green turtles
nesting at Ascension Island  Thompson et al. 1974!, and Duguy �983!
reports that high levels of PCS's and DDE were found in tissue from three
female turtles aud one male leatherback turtle  see also Duguy et al.
1980!.

Similar effects could be envisioned for turtles that ingest hard
plastic fragments, styrofoam, synthetic line, and other plastic derivatives
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that make up 31.2Z of the debris types shown in Table 4. An additional
adverse factor may result from plastic objects grinding upon each other
during muscular contractions in the digestive process. Such abrasive
action could cause pinocytotic absorption of microscopic particles of
plastic in the intestine, as has been suggested for albatrosses by Pettit
et al. �981! Furthermore, there would. be a reduced ability to maneuver
and dive away from predators whea buoyant pieces of plastic and styrofoam
are present in the gut. Buoyancy of this sort was clearly evident in Case
I-gi-1 l.

Another potentially serious aspect of the debris ingestion problem,
hut. one that may prove easier to assess and alleviate, is the consumption
of fishery by-catch by loggerheads. As suggested in Case I-Cc& by Shoop
and Rnckdeschel  ! 982!, the unwanted catch dumped from shrimp trawlers
could be creating artifically high concentrations of foraging turtles ~ The
turtles attracted would thea be more susceptible to accidental capture and
drowning from the intensive shrimp f ishery. Increasing numbers of dead
loggerheads washing ashore in the southeastern United States suggest that
attraction to by-catch may indeed be a contributing factor.

Factors Causing Debris Ingestion

Several plausible explanations can be offered as to why sea turtles
eat various debris. First, the object may resemble an authenic food item
in mixe, shape. and even movement as it drifts at the surface or through
the water column. Its color, translucence, and reflection may also be
stinmli that induce a feeding response. In considering these factors,
Hartog �980! raised the interesting question as to vhy pieces of litter.
particularly plastic objects, are not rejected by a turtle once "seined and
tasted-" A logical answer might be that marine organisms canmonly eacrust-
ing or residing on debris may emanate an acceptable natural smell that
masks the artificial nature of the object. Drift plastic is oft:en covered
with growth and, with increased ocean dumping, is considered to be an
expanding pelagic niche for marine invertebrates  winston 1982! ~ In some
cases, a luxuriant growth of marine life may be the principal sensory cue
to iaitiate feeding by turtles. In Case I-Cm-7, a piece of synthetic aet
taRen from the stcesach of a green turtle had numerous fish eggs cemented to
it- klthough certain kinds of fish eggs are commonly attached to seaweed,
floatiag debris liRe nets and other objects are also suitable habitat.
Pritta �981! presented information indicating that clumps of fish eggs may
be an important nutritional source to sea turtles in the pelagic environ-
meat. In Case I-Cc-l, a piece of heavy monofilameat fishing line pulled
from the digestive tract of a loggerhead was found to have naserous encrust-
ing organisms, the most abundant of which were mussels. !t was surmised
that the turtle ingested the line due to the presence of typical forage
items for this speciea  T. 0gren pere. commun.!. Gooseneck barnacles have
been found in the stomachs of jnveaile green turtles in Hawaii aad else-
where These same baraacles have also been. seea growing on small tar balls
that have washed ashore in the Northwestern Hawaiian Isl,ands. In the ktlan-
tae~ similar Tussps of tar have been sighted at aea covered with barnacles,

.- otTser crustaceans, and algae  Heyerdahl %971!. However, marine li fe of this
aarg aay not always be necessary to attract turtles to eat floating tar.

,.Omame �983! mentioned preliminary studies suggeatiag that tar balls or
'. aylmhle oil fractions by themselves might be inherently attractive to neo-

'; -., W~l sea turtles  aee also Hall et al. 1983!.
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The ingestion of plastics by turtles has recently generated ease
interest in Florida, where plastic seaweed mats may soon come into common
use to control beach erosion  Van Dam 1984!. Concern has also been
expressed about f ish aggregating devices made of vinyl screen which are
anchored offshore 18 m �0 ft! beneath the surface. Foraging turtles,
especially loggerheads ~ might bite into the vinyl while trying to eat
encrusting organisms, or they may mistake the entire 1.8-m �-ft! long
parasol for a giant jellyfish  Benet 1984; R. epithem pars. commun.!.

Under conditions of extreme hunger, turtles may be motivated to feed
on debris that they would not otherwi.se eat. For example, at certain
breeding sites there is a scarcity of forage to help sustain females
through the l- to 3~nth nesting season. Ingestion of plastics, cloth,
and other refuse by green turtles and hawksbills has been recorded in
internesting habitats off Costa Rica and Ascension Iel.and  see Case I-Cm-2,
I-Cm-3, I-Ei-l, and !-Ei-Z! ~

Another way in which sea turtles might ingest debris is through a
secondary route, where the turtles' prey items have themselves eaten lit-
ter. There are no cases known at present ta support such a mechanism'.
nevertheless, the increasing volume of minute plastic particles dispersed
over the seas makes it a distinct possibility. For example, plastics and
vegetables believed to have been damped from fishing boats have been found
in the stomachs of squid in the North pacific  Araya L983!.

Impacts of Debris Entanglement

The adverse effects of debris entanglement on sea turtles are far more
direct and obvious than more subtle negative impacts resulting from inges-
tion. As shown in Table 2, when turtles become entangled most of them are
unable to function normally in feeding, diving, surfacing to breathe, and
other basic behaviors Constricting line and netting can inflict lesione
and reduce blood supply to limbs, causing necrosis. Escape from predators
is made more difficult, if not impossible. In addition. dense marine
growth on entangling debris can weigh down a turtle, making it lese likely
to survive  see Case E-Dc-7 !. With the widespread nse of synthetic line
and net over the past few decades, there is little chance for entangling
debris to rot away, or for a turtle to break loose on its own. Unfortu-
nately for sea turtles, fishing gear of even greater durability {hence
persistence! is now being advertised for sale Anonymous 1983a!.

Factors Causing Debris Entanglement

It is easy to understand hov turtles can become entangled and drown in
nearly invisible gear Like monofilament netting If the material is diffi-
colt to see underwater, a turtle may simply swim into it and become hope-
lessly tangled. Mortality fram this cause has been reported fram the
intensive use and loaa of large monofilament drift nets on the high seas
northwest of Hawaii  Case X-Dc-3; Feuveiler 1982! ~ Entanglement in other
~s of debris beeides monofilament netting is more difficult to campre-
hemdo since most are readily visible Sea turtles, especially Laatherbacka
hand green tmrtles, have a distinct propensity for entangling their front
f>ippera and heads in rope. It ia unknown exactly hov these hisarre antes-

+a tahe place~ Laaell �971! dascribea a possible entanglement
s~+~io for a Leatherback trying to "eat" a buoy tied off with a rope
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Scrape of trawl net at sea seee to act like aagnets to sea turtles.
likely explanation for this behavior is that floating masses of net. offer
the same advantages as sargassaea mats or drift linea» where shelter and
concentrated food can be obtained.

Once residency is established around a piece of net, the chances for a
turtle becoaing entangled aay be quite high as it swine over and through
'the netting seeking food. In Rawaii, floating scraps of trawl net  often
called "cargo" net! are viewed by fishermen as an asset due to their fish
aggregating capabilities. Olive ridleys have been rescued alive frcsa these
nets by fishermen trolling around them  Case E-Lo-2, E-Io-4, and K-Ie-5!,
even though this species does not normally occur in the nearshore waters of
Hawaii. It is unknown if the surrounding high seas are normal habitat, or
if the turtles became entangled at a distant si.te and passively drifted
here.

Many Rinds of drifting debris in addition to netting are Known to
aggregate marine life under and around then  Gooding and Nagnnson 1967;
Tsukagoe 1981! Sea turtles themselves can even act as natural aggregating
objects. In IIawaii, trollers have caught several game fish at once linger
ing beneath a healthy immature turtle floating at the surface  Balaxs
1981! ~ Possib1,y the schooling behavior scaetimes observed at sea for olive
ridleys and other species has the benefit of attracting sources of food
that can then be directly exploited by the turtles. Shipwrecked survivors
adrift in a rubber raft north of the Galapagos Islands often had turtles
 probably olive ridleys! around thea in association with other marine life
 Bailey and Bailey 1974!. The turtles would rub against the bott' of the
raft and, as might be expected, sometimes becoae entangled in ropes secur-
ing a sea anchor  Case E-Lo-l!.

MKOHIKIDb. T ION S

Short of severely curtailing the ocean dumping of all plastics and
other material identified in this paper, there is probably not much that
can be done to lessen the adverse effects of debris on sea turtles- The
ubiquitous nature of the material and the mostly concealed oceanic life of
many turtles, especially in their early development stages, present a
difficult setting in which to work. There are, however, some imediate
activities that could be undertaken to better understand the nature of the
impacts. Of course the recognition that a yroblen exists, as has been
facilitated through this debris «orkshop, is in itself an important first
step»

Xt ia recommended that: the following actions be carried out .

1 There should be greater efforts worldwide to record stranded
turtles and conduct necropsies aimed at documenting debris inges-
tion and entanglement.

2 Studies should be conducted that involve the controlled. feeding
of plastics and other debris to turtles in captivity to gain
definite information on intestinal obstruction' absorption of
plaaticiaers, and feeding behavior.
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3. Field studies aimed at elucidating the pelagic life of sea
turtles along drift lines in the Pacific should be undertaken
north of the Hawaiian Islands.

4. A more thorough assessment should be made of sea turtle inter-
actions with jettisoned by-catch from shrimp trawlers and other
fisheries.
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SOME CONSEQUENCES OF LOST FISHING GEAR

Mil3.iam L. High
Northwest and Alaska Fisheries Center

National Narine Fisheries Service, NOAA
Seattle, Washington 98115

Directed studies snd incidental observations of derelict
crab pots, longline gear, and sunken gill nets show some long-
term damage to living marine animals. l4ore than 30,000 crab pots
have been lost in the vestera Gulf of Alaska since 1960. About
201 of legal sise and 8X of sublegal king crab in these pots at
the time of loss, fail to escape. The king crab which escape
pots after a 10-day or more confinement, reenter the fishery at a
very low rate, suggesting that relatively short-term confinement
contributes to high mortal.ity. Crab which die in a pot tend to
repel other crab Sright, bare hooks on halibut longline gear
occasionally take fish, but plated hooks quickly rust or snag oa
sea floor objects Although tbe nylon ground lines aad gangions
remain intact fax several years, the hooks quickly cease to
function Three salmon gill net segments lost by Washington
Stat'e fishermen have been observed for several years' The
deployed segments ranged from 5.5 to 18.3 m �8 to 60 ft! below
the surface. Each continued to fish for more than 2 years, taking
a variety of fish, invertebrates, and seabirds. Underwater studies
of the sunken gi11 net fishery fox Pacific cod, Gadus

escape before the net vas retrieved. Consequently, most cod
gilled, or otherwise tangled in sunken gill nets lost by fisher-
men remain until they die Because set net fisheriea are often
concentrated on rough sea flooi areas and among sunken man~ada
objects, significant loss of nets do occur. Some fishing gears
are modified to quickly reduce their fishing capacity when lost.

INTRODUCTION

One haaard of the commerciaI fishing industry is the loss of fishing
gear to a variety of causes. For some fisheries such as demersal longline
and purse seine, the coasequeacea of the gear components remaiaiag ia the
gaea may be slight. On the other hand, substantial injury or mortality to
a vide variety of marine creatures occurs eben traps  pots!, gill nets,
aad ether gear constructed of netting are lost.

SIL ~ ~ S~ Sheeete ee4 uo oe Teehise  eaitotej ~ Freeeeaiese ef the uethehes oe the Fete eel Impact
ef ++ise sehtie, S 2% mweabet 194, aoeelale, aeeaii s s, neS ceeaee ~ nosed Tech aeao
~, aOaa-Tmea~Fo-9a. i9eS.
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A number of experiments were conducted and field observations made
by the author in cooperation with the Washington State Department of
Fisheries, Alaska Department of Fish and Game, and the International
Pacific Halibut Commission since 1974 to assess the potential loss of
marine animals in derelict  ghost! gear.

MRELICT CRAB POTS

Hundreds of pots that are used fn Dungeness crabC,i~c elegist r
fisheries are lost each year ia coastal waters from Alaska southward to
ceatral. California. Also, pots set in exposed shallow waters are often
buried in sand during storms and unless crabs promptly escape from these
pots, they will be killed from long confinement or during the sanding-in
process  Tegelberg 1974!.

Experismats were conducted using conventionalg commercial-style crab
pats to learn whether Dungeness crabs could escape from unbeited pots  High
1976! ~ Legal �7.1 mm � � 3/4 in.! across the carapace! and subl.egal crabs
were placed in pots with functional triggers and escape rings. After 12
days, 55 and 23Z, respectively, remained. Seventeen percent of the
confined crabs died. Dungeness crabs were also placed in pots having
functioning triggers across the tunnel as in the above experiment but with
the normal 10.8 mm �-1/4 in.! diameter escape ring sealed. After 74 days,
33X sublegal and 79Z legal size crabs remained ia the pots with 8 and 25Z
mortalities. It is likely that triggered pots which contain either
sublegal or commercial size crabs at the time of the pots' loss will
retain many until their death

of their pots per ac~son as a result of various mishaps. With a fishery
extending for over 24 years and considering the number of vessel licenses
issued each year, more than 30,000 derelict pots could remain on the fish-
ing grounds in operating condition  High and 'Morlund L979!. Iaterviews
with fishermen revealed coaaon causes of pot loss included: 1! buoyliae
breakage franca chef iag or entanglement in vessel propellers; 2! buoy
puncture by sea lions; 3! pots carried into deeper water «hea taagled in
gear such as travla, longline, or other pots; and, 4! bnoyline entangle-
ments during setting, so that the line is shortened and buoys are carried
under the surface.

King crab mortality from confinement in derelict pots occurred amng
those crabs in the pot at the time of its loss and crabs which, subse-
quentlyp enter because of 1! some form of bait, 2! the attraction of con-
fined crabs, or 3! shelter offered by the pot  Pig. 1! ~ Snrever, entry of
king crabs into a derelict pot is a nonproblem if the crabs caa readily
escape vithont injury. Experiments demonstrated that about 80Z of legal
sise  about l45 mm carapace length! king crabs and 92Z of suhlegal king
crabs mould eventually escape. Interpreted conversely, 20 and 8X,
respectively, «ould aot escape. Ia addition, from taggimg caper~ate, wm
harmed that king crabs confined in a simulated derelict pot aore than
RO days before release resulted in reduced recovery. Undoubtedly,
e3rt~ confinement contributes to increased saortality.
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yignre 1.--This abandoned Japanese-type suoe crab pot,
recovered 3 months after close of the commercial fishing
season, contained 12 king crab and l4 saov crab. One of
each species «as dead.

pots h it g seieth plastic jars containing pacific herring, ~tin ea
~r@~y ~~i, pieces attracted large numbers of king crabs at a
decreasing rate nP to 7 dayss bnt did not cause the crabs to remain in the
pot longer than in an nnbaited pot. Some bait remained for the 7 days but
decomposed quickly after 3 days. Dead crabs ia pots did not attract king
crabs ta the pots.
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Soee fish species such ss Pacific cod, ~dado uacroce hales, aud

relatively large numbers. Fishermen reported that under some conditions,
halibut were present in up to 9X of their commercial pot lifts, and up to
6Z of onr test f ished pots contained halibut. |then these species die in a
derelict pot, the pot becomes rebaited for a short time. Although our
studies of Dungeness crab and king crab pots did aot establish the number
of crabs which enter a pot following it,s loss, it is clear that large
numbers of those crabs present at the time of the pot'a loss and which
subsequently enter vhile the pot remains intact are killed. Occasional
derelict pot recoveries confirm that crabs continue to enter them. The
problem of derelict pots, then, lies vith the frequency with which crabs
enter lost pots, the number of fishable derelict pots ~ and the mortality
of crabs entering them. Estimates of the latter two parameters are now
established.

GILL NETS

Gill acts deployed at the surface and near bottom have clearly
demonstrated their effectiveness in many parts of the world. Because they
are relatively cheap, easy to repair, and capable of fishing without con-
stant care and attentioa of the fisherman, gill nets are often placed in
loss-prone areas. For example, United Kingdom fishermen intentionally set
gill nets across sunken shipwrecks because of the known fish aggregations.
But gill nets can continue to fish for long periods after loss, even when
only partially intact. Therefore, as derelicts, the nets create a
potential for major loss to target and incidental species and also create
coacerns for vessels, people, and equipment.

Experiments were conducted to determine the escape of Pacific cod
from sunken gill nets and the characteristics of the gear vhiie fishing
or after its loss. Only about l4X of cod observed tangled in commercial
gill nets escaped prior to their retrieval.

Nets designed to fish from the aea floor 2A-3.6 n  8-12 ft! np into
the water column did so only during slack vater periods. Even low, tidal
generated currents caused the gill net to lie flat, thereby increasing the
likelihood of serious snagging and entrapment of bottom species such as
crabs and flounders.

Sunken gil.l nets fished in Alaska waters «ere required to be deployed
at least 45 cm �8 in.! above the bottle to allow passage of crabs.
Unfortunately, during several hours of each tidal cycle, these nets lay
coapletely or in part across the sea floor, vhich defeated the objective
of sparing the crabs.

Several large pieces of derelict salmon gill nets have been
discovered in the course of other studies in Puget Sound, washington.
Each net, apparently abandoned, had become snagged at a depth of 24.4 m
{80 ft! or less on acme submerged object. For the most part, the netting
pieces vere left as found to observe the consequences of their presence.
kt irregmlar intervals over a period of up to 6 years  at the time of
:thin report!, the nets vere assessed for condition and contents.
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Because of the relatively shallovp depths of most of the nets, heavy
algal growth developed within a year or less on the netting, and the catch
of fish and diving birds decreased somewhat ss algae density increased.
Nonetheless, these animals continued to be caught for more than 3 years
 High 1981!. Crabs on the other hand ~ continued to become entangled after
6 years  Fig, 2!.

»dure 2. � d red rosh crab, Cancer productus and help crab,
~pu ettia products, are showa entangled in an abandoned piece
of salmon gill nete

Tidal currents, vith time, caused some of the netting to roll into a
pile or sausage-shaped bundle on the bottom. Fish and birds are less
often entangled by rolled netting than are crabs.

The synthetic net material remains adequateLy strong to hold living
animals 6 years after its loss, although no objective test of thread
tensile strength has been made.

Lihe the marine animals of mhich se most often speak, man himself
has become the victim of his om synthetic technology. Divers have

ea ionally, over many years, suffered the esually frightening experience
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of temporary entanglement in monofilament fishing lines. However, more
recently, near tragic encounters have occurred with active and derelict
set nets. Diver magazine of London, England graphically descr ibes several
near fatal entanglements by recreational divers  Anonymous 1984!. Vessel
mecks are the common attraction for the diver and commercial f ishermen.
hs stated elsewhere in this report, fishermen of the United Kingdom
intentionally set nets across wrecks, accepti.ng a high loss of gear to
harvest the abundant fish attracted to the artifical reef- Likewise,
divers seek out the same wrecks as highly desirable work snd recreational
areas. Nembers of my own diving teem underwent extensive training and
modified their dive gear to better prepare them to work near active and
derelict nets. Nonetheless. entanglement was common. Recreational divers
are ill prepared to deal with the stress and constraints imposed by
netting.

Diver knives are poorly designed and maintained to cnt loose
nettings. The knife itself often becomes tbe initial snag site and cannot
be removed from its sheath. All divers who have a high likelihood of
encountering line or netting underwater should carry s second, small, very
sharp knife near their mist or upper arm, specifically to help cut such
entangLements

LONG LINB

Demersal halibut longline gear, composed of individual hooks attached
by leaders  gangions! at intervals along a groundline, fishes effectively
only while the hooks are baited. One study shows that <25I of herring,
~Olu gg ~h~ntg gallasi, bait reusined after 2 h of fishing, ubereas
octopus ~Octo us dofleiui, a nore durable bait, reeained on tbe hoot for
several hours  High 1980!.

Occasional ly, halibut was observed to attack a bare, bright hook
 High in press!. However, hooks in the water tarnish within a few days
and it is not likely they continue to attract fish even though many
thousands of hooks on longlines are lost each year  Fig 3!.

1't is clear that scee derelict fishing gear contributes to a loss of
marine animals for as long as the gear remains intact. Studies show that
nets can stilL entangle fish after more than 6 years underwater. Crab
pots, because of their extremely rugged construction, may fish for even
longer periods. Some smal,l and cosnm.rciaL sized crabs confined in
derelict pots fail to escape or are possibly injured in scee «ay by long
conf ineaent which reduces their survivabiLity. Halibut longline gear is
lost in quantity but the hooks have their bait removed within hours by
predators and only occasionally do fish take the bare hook.
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I igure 3. � An underwater vie@ of halibut longline entangled
on a barnacle encrusted boulder.
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mmERWATEH SDRVrr OF SrmLATZD ZOST DZMERm. AND
LOST COMMERCIAL GILL NETS OFF SEW ENGLAND
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East Sandwich, Massachusetts 02537

Alan V. Hulbert and Richard Cooper
Eo r theas t Fisher ie s Center
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The increase in commercial and recreational fishing pres-
sure im the Hew England ground fishery over the last decade has
intensified the problems of gear conflict and preemption of
prime fishing bottom by one particular gear. A major issue has
been the demersal gill net, especially when it may be lost and
ghost f ishing The Massachusetts Division of Marine Fisheries
initiated two investigations on simulated ghost gill nets. The
purpose of this effort, was to establish methods to evaluate
certain characteristics of a net set over an extended period of
time, to evaluate net profile, and to monitor the catch rate and
fate in the nets. One net was set in May 1982 and monitored
periodically through June 1982. The catch, primarily spiny
dogfish, ScCuslus ~ca~hi~a, usually tangled in the net aud
depressed the height af the net. The second net was set mid-
February 1983. EZeven dives were made om the net before its
retrieval. late April 1983 ~ This commercial net had marked
panels that assisted detailed asaesmsent of the net profile and
fate of fish caught in the net. The predominant species caught
was Atlantic cod, i~dna g~hu ; Also caught were cunner,

and tsutog ~yauto a gnigls.

Im July 1984, the Hational Marine Fisheries Service and the
Massachusetts Division of Marine Fisheries initiated a more
thorough study of ghost gill nets using the suhnersihle Johnson
Sgg-Link II and the SV Jghgsou. Part of this 3 year -study uas
to survey prime fishing sites for the frequency of lost nets and
to determine the impact of these nets on the fishery resource ~
B.fteea submersible dives surveyed over 40e5 ha of bottom in the
Gulf of Maine. We sav nine ghost gill meta, sin balled up and
rising off tha bottom to heights up to 3.6 m; three stretched out
horisontally but with reduced float line heighten Extensive

Seemcre Oaa I O YOCLgiaa {eaiter'C! s heceeaisfae dgf the %rkcbOy ca t1e tete Oma Xapect
de ~crise soerlo, 15-19 November 1904, Egsao?clos aeoaii. U-S- sc9 cceaerss loLL Tech
Ass. sssa-B~wsc-54. lsss.



video and still shots documented the nets and the catch in the
nets. The catch, live or decaying, included Atlantic cod;
Atlantic wolffishg Anarhichas ~lu is; spiny dogf ish; winter
flounder. Pseudo leuronectes americans; gnerican lobster, Honarus
~an i anus; snd crabs, Cancer spp. The ghost gill nets seen on
these dives may be over 3 years old. We estimated the age of the
nets observed through the marine invertebrates attached to the
nets and by comparing eight of the nets to one net known to have
been lost 3 years ago. Also discussed are the probable reason of
t' he loss of these nets, the impact of these nets to the f ishery
resources, and future research to reduce any impacts-

IHTRODUCTIOI

The increase in cosnaercial and recreational f ishing pressure in the
Mew England ground fishery over the last decade has intensified the prob-
lems of gear conflict and preemption of prime fishing bottom. A major
issue in this controversy is the use of the demersal gill net.

Gill nets are a f ixed type of fishing gear marked by floats at each
end of the net. In the Gulf of Maine demersal gill nets, each being about
91 m �0 fathoms! long, are usually set in strings of 10 to 12,  one string!
totaling 914 to 1,097 m �00 to 600 fathoms!. A single vessel sets between
five to six strings, thus occupying a considerable expanse of oceau-

Mobile gear fishermen and those utilixing fixed gear are often in
conflict when they try to use the sane sea bott'. Ihe to recent advances
in trawl gear allowing draggers access to rougher bottcsa terrain, gill-
netters have been forced to set their nets in more concentrated areas The
areas are those often preferred by recreational fishermen in private
vessels as well as those on charter and party boats. Many recreational
fishermen f ish by drift f ishing and jigging off the bott@a, seeking the
same species  codp haddock, and pollock! as the gillwet ters. The conflict
is obvious: The drift f ishing recreational fishermen use the same areas as
the gillwetters and become fouled in the gill nets.

Ghost or derelict gill nets are nets lost due to storms or entang1e-
ment with mobile gear. Some evidence exists that ghost gill nets continue
to catch f ish and foul mobile gear. The bodies of gill nets are typically
constructed of monof ilament netting line, hence there is a question as to
the longevity of ghost gill nets and their possible effects on the fish
stocks and interference with other gear types.

Bottom trawlers  draggers! have retrieved lost gill nets in Massachuuu
setts waters  Capt. Ben Arnold, Capt. Prank Kirarchi, pere. coanan. 1981!.
Pish entangled in the nets were found in various stages of decay. Party
boats have also reported hooking ghost gill nets and retrieving, pieces of
met containing entangled and dying fish, lobsters, and crabs.

Canadian biologists have researched the qnestion concerning the
.eesgxmned f ishing of ghost gill nets  'Ry 1977!- Ihm conclusions, although
-ogle. controversial te arne are that generally the lost nets continme to
f/' «t nacertaim rates for nndetermined periods ef time. The damage
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intensity and longevity appear related to finfish and crustacean species
and abundance, the net characteristics ~ bottom type, current, and surge.
Research into the problem has been accomplished using, retrieval techniques ~
Little work has bee» x'eported on in situ techniques using underwater
observation and evaluation quantitative data dealing with this problem
are, therefore, very limited.

The Massachusetts Division of Marine yisheries  MDMF! initiated an
investigation by setting two demersal gill nets and leaving them on the sea
bottom to simulate ghost gill nets. The first was set in May 1982 and the
second in February 1983 ~ The purpose of this effort «as to perfect an in
situ research method utilizing scuba to evaluate change in net profile over
time, and monitor the catch rate and fate of the nets- The results are
reported herein.

In kugust 1983, personnel from the National Marine Fisheries Service
 MNFS! and the HDMF conducted a 7-day cruise «ith assistance from the
recreational and comsercial fishing industries to assess the usefulness of
various surface operated gear in detecti,ng ghost gill nets. Seven sites of
recent confl.ict between the above mentioned fishing interests were surveyed
using high resolution sonars, grappling gear, and underwater television.
The results demonstrated that actively fished nets can be easily detected.
through a variety of acoustic methods when the bottom is not very
irregular. Ão ghost nets were seen or retrieved during this survey.

In 1984, vith the question of the effects of ghost gill nets
unresolved, lWFS and NDMF undertook a more thorough study using the
submersible ~i~an ~S~L'g II and the support vessel RV Johnston ~ from
the Karbor Branch Foundation, Ft. Pierce, plorida. The first phase of a 3-
year study was 1! to study prime fishing sites for the frequency of ghost
gill nets and to begin to determine impact of these nets on the fishery
resource and 2! to work with gillwettera to observe fish behavior in and
around active commercial gill nets.

MBTEODS kND Mk.TERlkLS

In May 1982, «e initiated the in situ gill net investigation by
setting a 91.4 m �00 ft!, 14 cm � ~ 5 in.! mesh monofilament demersal net
in 18 3 m �0 ft! of water in Cape Cod Bay. The net, similar to those used
by most gillmet ters in the area, «as «arked with numbered plastic tags on
the float and leadlines every 9.1 m �0 ft! ao that divers could accurateI.y
survey the net profile and catch of each 9.1m panel. Four scuba dives
vere made on this net. Divers utilised clipboards with waterproof paper to
record visual observations. k diagram of the net, divided into 10 numbered
9 lw panels, «aa illnstrated on the waterproof paper, allowing divers to
record the vertical profile of the net, where and how each speciea waa
caught, and the life state of each fish,

Fish are caught in gill nets three ways The moat common is by being
gilled," i.e., a fish swine into the "invisible" monofilaaent net where

the head fits, but the girth of the fish prevents cceplete passage through
Che mesh. The fish cannot bach out of the net because the eeah catches on
+ open opercmlua k fish may also become wedged in a mesh, i-e., it
~. into,the arne'4 until it is held tightly around the body. The third
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method. of net capture can be referred to as "tangling" or "entanglement'
the fish does not penetrate a mesh but ia snared either by its teeth,
maxillaries, fins, or other projections.

k second gill net of similar construction was deployed on 14 pebruary
>983, for a period of 74 days. The net vas set at the same depth, perpen-
dicular to, and 0.5 nmi from shore. The only difference in the net waa
the marked panel interval, which was reduced from F 1 to 4e6 m �0 to 15
ft!. Scuba dives were scheduled once a week. Divers recorded the same
information as in the previous experiment.

In June 1984, the suhnersihle ~Juhn n ~See-Li spent 9 Supe
England waters diving in areas recognised as active commerciaL gillnetting
sitee  Fig. 1!. The submersible dive sites were selected through three
methods:

1! by a survey of gill net gear distribution from the NOAk RV 1~1>~
Nicbelle in hpriL 1984 when gillnetting was most active,

2! through current information acquired from mobile and stationary
gear fishermen,

3! from groundfish party boat operators who operate daily in the
same fishing areas.

We chose specific submarine dive transecta after a review of the
bottom topography and a limited amount of additional bottcm profiling of
the sites. The Johnson Sea-Link carried a pilot and scientist forward in
the sphere, and a scientist and crewmember aft in the lockout chamber.
During each dive, the pilot would normally follow a defined transect unless
a net vas encountered; in this case, the net «as fully surveyed and then
the transect continued. Each scientist had an audio tape recorder and a
genthoa~ 35~ still camera mounted externally on the submersible to record
his observations. The teem in the forvard sphere also had. en externally
mounted video camera that they «are able to manually pan, tilt, and socsa.
The Johnson Sea-Link was tracked via sonar from the RV Johnson Location
fixee of the launch, net locations, and recovery were recorded using the
loran C navigational system.

RESULTS AND DISCUSSION

In Situ Scuba Observations

Diving on the first net  set in May 1982 and lost mid-July 1982! waa
instrumental in perfecting in situ surveying procedurea utiliaimg scuba.
The predominant species caught «as the spiny dogfish, ~S ~s ~~b
Oe the first dive, 18 h following the set, spiny dogfish, struggling to
free themselves, effectively caused tangling and overlapping of float and
Xeadlinee throughout more than half the net- Im 42 h the vertical profile

~Reference to trade names does not imply endorsement by the Natioaal
Sea'fee H.eheriea ger«i.ce, NQkk
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for a period
p e northeast end vas fixed t h . y

i h cement blocks. Currents t h
'ts 1.8m vertical profil fo 10

y e net after

partial set f rom southve st to southeast Most of the panels vere stx I 1
>early 1.8 m in height vith the ezception of sections that came into
contact vith various debris such as lost lobster pots  Table 1!. Tn 50
days, 60Z of the net had a height not exceeding 1.2 m. Sy the 73d day 85Z
of the net was twisted vith a mean height <1.2 m � ft! ~ The loss of
vertical profile appeared related to storm surge and fouling on fixed
bottom debris.

Table 1 . � Met profile  Z! of gill net set, February-kpril 1983.

February kpr ilMarch
Panel mean

height  ia feet! 22 14 21 29 5 12 28

6

P4

2W
<2

100 10 20 10 25

30 50 50 40 45 15
30 25 40 35 30

5 45

100

15 20 15 10Tangled or tvisted

>arious species of algae began to collect on the knots of the net
8 days of the set. This fouling continued to increase over time,

but did not clog the net nor did it appear to cause a major reduction in
net height profile. Large blades of ~~ and pieces of ~U sp. vere

ept into the net, but collected mainly near its base.

Although this net was set in shallov vate«hat vat vas not commercially

f>shed by gill nets and the algae that fouled the uetuet vere different from

~ that vould be usually foLLnd in commercially sett areas, ve believe that

he fouling condition eaggerated uhat uould normally ppell ha n in comearcial
et did not collapse to thes and vere interested to observe that the net

bottc. because of thxs algal fouling.

finfi h species caught vere cod, ~ ~~br~d s thr
e pr mant mere ht betveen daysg~ XRkR9JLk g}~  Table 2!. Most of the cod mere caug

of 50Z of the net vas depressed to <0.6 m  <2 ft! off the b tte ottom. + month
later the eutire net, tvisted, and tangled, vas similarly reduced to <0.6

The sketched diagram of the net used by divers assisted th 1 tt fe p otting ofprofile and catch. Hovever, the lov visibility, <4,6 m  <15 ft!, made
identification of specific net panels difficul't using f]oat

1
an ea rnetags spaced 9- m �0 ft! apart. Further, it vas discovered that diving

to bett
the catch.
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Table 2.� Catch  by speciea! in gill net set between February aad April 1983.

Aprilfebruary Ilats ch

15 17 22 I 14 21 29 4 7 12 28 Total

2 4 9 16 29 36 44 51 53 58 74

Speci.ea

18
I I

6 4 2 5

IRSX.LfaSLRE
~SmhLhS~ aumatS.
VTRKSgk ~f

2
I

13 14
5
2

1 9
12+ 97+

1

1
7

3 2
17 14

I

2
12+15+ 16+

Sewatet temperature C 40 IO'

17 and 51 of the set The catch of cod vaa probably higher during this
period becauee of their coastal migration in early April. Tautog vere
caught near the end of the experiment, between days 54 and 74 vheu waters
vere warming up and they moved into the area for late spring-auxaner
re ~ xdency a

A similar commercial net vas set next to the experimental net on 5
April for a 2&ay period. The purpose vas to compare the catch of the
clean gill net «ith the "ghost" gill net during a time vhen cod vere
present in the area. No fish vere caught in the freshly set net. One

~i~as, and t«o skate, ~ga a sp ~ ~ vere
noted as nev catch in the experimental net.

Submersible Observations

The submersible ~Jo <~u~n ~$-~Ln made 15 dives that averaged 2-1/2 h
each. Twelve dives «ere made on Zeffreys Ledge and 3 on Stellvagen Bank
�'ig. 2!. Thirteen of the dives searched areas for ghaet gill nets. Tvo
dives, both on gtellvagen Bank, investigated active commercial gill nets.
% surveyed over 40.5 ha �00 acres! of active gill net fishing areas and
located 10 ghost gill nets. kll of the ghost nets had bryosoans graving on
the mnofilaaent. The anemone, ih~~t~d' sp., and stalked ascidian,

sp., vere also attached to acme nets. Most of the ghost gill nets
vere located on ledges with rocks and boulders.

Pour of the ghost gi11 nets vere t«isted into snarled bundles rising
np to a aazimnm of 3 6 m �2 ft! These vertical configurations «ere 0~6to 0.9 m � to 3 ft! and varied bet«een 1 5 and 3.6 m � and 12 ft! high+The floatea nsna11y encrneted «ith barnac1es, kept the t«iated mass buoyant

ile the lead1ine «na caught in the rocky bottom Tjeo of the four nets
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had one and two dead dogfish, respectively, each tangled in the vebbing.
No other speciee vere caught.

Tvo nets were actually short horizontal pieces <9el m, with a twisted.
vertically rising mass on one or both ends. One of these net fragments,
stretched horizontally for approximately 9.1 m, had a snarled ease on one
end rising up 3 m �0 ft! off the bottle- The horizontal segment had
several tears in the vebbing and a twist between the float line and lead-
line. Its maximum float line height was 0.6 m off the bottom. One dogfish
and three lobsters, Romarus ~~ri ~nus, were caught in this section. No
fish vere caught in the vertically twisted mase. The other net consisted
of a 6.lm �0-ft! horizontal piece between tvo vertically tvisted bundles.
The only fish caught vere two dogfish in the stretched section. hlthough
the end bundles had no fish, nuneroue starfish, ~gol niger ~eud c and
~k~ sp., vere clustered at the base of each. This suggests that these
snarled masses, although barren of any catch during our observations, had
~ nared fish that provided a source of food for the starfish.

pour ghost nets found were stretched horizontally along the bo ttomg
varying in length from 61.0 to 228.6 m �00 to 750 ft! vith e vertical
profile usually reduced to <0.6 m  <2 ft!. These nets caught the most
fish, even though each net had a combination of float and leedliue twists,
large irregular boles in the webbing, and a reduced vertical profile. The
predominant epeciee caught was the dogfish. 4 typical example of the catch
in any 91.4 m �00-ft! section of net was 12 dogfish, 1 volffish,
All vere tangled in the net. The dogfish, judging by their color end state
of decomposition, were recently caught. k notochord near the leadline of
the net vas evidence of predation around ite vent. Cancer crabs and
starfish vere in and neer the net; some starfish «ere feeding on the caudal
region of s dogfish Pollock, ~P11 chius ghrena, and cunner suan through
portions of the net.

All ot the ghost nets appeared to have been underwater for 2 years or
more. We determined this by the colonization of bryozoans on the monofila-
ment and the presence and size of the anemones, stalked ascidians, and
Halichondrina sponge on the float lines. We also llew the age of one net.
Its condition enabled us to compare the growth and level of deterioration
of that net to the other nets. This horizontal net, placed 3 years before
our survey, «ent down vith the gill net vessel during deployment of a
string of nets. One submersible dive surveyed the vessel and the nets
still attached to the vessel.

The nets that lay stretched horizontally had a mean vertical profile
of 0 4 to 0.6 m �-1/2 to 2 ft! ~ This represented a vertical profile that
vas 25 to 33I of an active demersal net used in Sew England waters. The
efficiency of these nets vas further reduced by the growth of bryozoans on
the monofilament which made the net more vieibleg and by the numerous holes
in the net. We estimated the total linear distance of all reduced horizon-
tal gill net sections observed in 1984 to be 548 6 m �,800 ft! .

Wa have no definitive explanation for the three different net con-
Hgnrations found. Discussions «ith gillmettera, trawler fishermen, and

eational fishermen led to several hypotheseat The horizontal.ly
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stretched nets may have lost their buoy lines and therefore became lost;
the vertically tangled nets may have become fouled on rochy bottom which
prevented successful retrieval., oi they may have been fouled by the mobile
trawlezs.

Limited observations were made on commercially set nets The dives
on active gill nets vere intended to observe cod, «hich unfortunately were
displaced by the influx of spiny dogfish. During surveys of three gill
nets set for dogfish. we acquired interesting video documentation of the
entanglenent behavior of dogfish, vinter flounder, Pseudo leuron ctes ~nn r-
~i nus, skate, and cod. The second purpose of the initial snrvef vas con-
pleted successfully: A survey of areas of high gillnetting activity «as
carried out and a determination made of relative ghost gill net abundance
in these areas: Io lost nets of varying length on 4.0 ha �0 acres! of
bo t tom.

Ve believe it is premature to draw any firm management or economic
impact conclusions on the ef fects of ghost gill nets on the fishery
resources off New England from the infozmation gained on this initial
survey- The most abundant catch was dogfish which at present has minimal
economic importance to the industry. Although gill-netters did report cod
in the vicinity, cod were not observed as the primary catch in the ghost
gill nets, nor were any substantial skeletal remains observed. around the
base of the nets.

Ijuring the second year of this program, our initiative will be
threefold:

1! To loot at active gill nets and ghost gill nets «hen cod are more
abundant. The purpose is to observe another stage or «indo» of
activity of the nets and the impact on the cod resource.

2! To return to several of the ghost gill nets found in the seamer
survey of l984 and record their status l year later

'I
3! To experiment initially with modifications to a demersal gill net

to see if its continued fishing, when lost, can be reduced

LITERATURE GATED

Wayg E. W.
1977 ~ Lost gillnet  ghost net! retrieval project, 1976. Industrial

Development Sranch, Ne»foundland Region.
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TEB PROBLEM OF FUR SEAL HITASGLEMEIT IM MAR%NB DEBRIS

K. Yoehida and I. Baba
Par Seas Fisheries Research Laboratory

7-1, 5 Cbome Orido
Sbimisu 424 Japan

ABSTRACT

Many fur seals die by entanglement in fishing nets dis-
carded or lost by fishing boats. This is reported to be a major
cause of the present decrease in the number of fur seals and has
been the subject of discussion by the North Pacific Fur Seal
Comm1sS1on ~

A 3-year study started in 1983 placed particular
emphasis on analyzing the actual reasons why fur seals become
entangled and bow they behave while entangled.

The main study items are as follows;

1. Collection of data concerning the actual condition of
lost nets, the number of entangled fur seals, the
feeding behavior of seals, etc , at sea.

2. Survey of the rookery islands to count fur seals
entangled in marine debris, survival period of entan-
gled fur seals, rate of fur seal escapement from
entangling nets, effect of entanglement on the growth
of fur seals, counting nets washed ashore, etc.

3. Experiments using fur seals raised in captivity to
determine bow fur seal's  a! become entangled in frag-
ments of nets,  b! escape from nets,  c! are injured
by nets, and to determine how the weight of the net is
related to the feeding bebavior of tbe fur seals, etc.

The preliminary data collected in these surveys and experi-
ments are reported in this article.

INTRODUCTIOll

The first report on the net entanglement problem of fur seals was
submitted by the U.S. scientist to tbe Standing Scientific Committee of the
IOth Annual Meeting of the North Pacific Fur Sea ~ssion. At that time,

S- Shamsre aed %~ 0. Veahlde  edlrora!, Srooeediaas of the Worhshos oa the tata sed Impact
~ d narcose nshria, S-r9 uosweher E9SS, 8oaorele, neaaii. 0 s ns9 cosmer., Ãosa Tech. msee.

ISA. sese-54. 1955.
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the decision vas made to proceed vith the collection of research material
to analyse the problem in more detail. At the 11th meeting, the American
representative proposed a survey to carry out a detailed analysis of net
entanglement ~ and a study to determine the origin of 50 samples of net
fragments recovered in the Pribilof Islands vas assigned to the Japanese
team. Results of the determination on the origin of the samples vas
reported to the 12th annual meeting by Japanese scientists  Japan 1969!-
The report stated that except for one piece of rope used in crab gill net
fisheries and tvo plastic bands, all samples vere of travler net fragments.
It vas estimated that most of the fragments, excluding a smail portion,
vould be of Japanese origin. Hovever, since nets made in Japan are
exported in quantity, it vas impossible to identify the country. that vas
actually responsible.

In the subsequent 12 years up to the 24th annual meeting, a fe»
reports on this problem had been submitted by the United States and the
Soviet Union, and although the impact of marine debris on the fur seal
population remains unclear, it vas agreed that the problem vas of major
importance and that research efforts should be intensified. At the
Standing Scientific Committee meeting of the 25th Annual Heating of the
North Pacific Fur Seal Commission, the United States reported that the fur
seal population of tbe Pribilof Islands had been reduced by 5T due to net
entanglement, and that the problem vas causing a deterioration in fur seal
population. In response, the Japanese stated that the base value vas based
on erroneous data and that a 5l rate could hardly be assumed. The United
States also agreed that it vas still too early to dram such a conclusion.
In 1983 at the Standing Committee meeting of the 26th annual meeting, the
Wited States reported a death rate of almost 10X due to net entanglement'
and in the general meeting stressed that although the decline of the
population in the Pribilof and Robben Islands could not be directly related
to net entanglement, that it was a prime candidate, and should be promptly
investigated by the member countries. In response, Japan and Canada
repl.ied that the death rate due to net entanglement had not changed over
the last 10 years, and that the population decline vas perhaps exaggerated
The Soviet Union vas of the opinion that the fragments vere simply part of
the pollution of the oceans and did not recognise any increase in net-
related deaths. Nevertheless, all member nations agreed to proceed vith
trying to find a solution to the problem.

Taking into account the above progress, the Japanese acknovledged that
a scientific approach was critical and started the folloving 3-year survey
running from 1982 to 1985.

The investigative plan consisted of three sections: an oceanic
survey, an investigation of the rookery islands, and an experimental
investigation of seals under controlled conditions. The goal vas to
identify the actual extent of ne't entanglement, mechanism of the
entanglement, and determine the behavior of entangled sea]s.
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Oceanic Survey

In addition to the standard survey factors  fur seel distribution,
migratinna, miXings age COmpOSitiOn, feeding habits, habitat, reprOductiV~rates, etc.!, other factors such as the number of net fragments floating in
the ocean, the number of fur seals entangled, and the feeding activities of
entangled fur seals vere also investigated.

Investigation on the Rookery Islands

Data were collected on the entanglement and escape rates of male fur
seals, aa well as the average period of their survival under entangled
conditions. also, the entangl.ament rate of female fur seals and the number
of net fragments washed on shore and the growth of seals which had been
entangled were also investigated.

Experimental Research

Under a contract with an aquarium, the Far Seas Fisheries Research
Laboratory proceeded with research into the conditions under which fur
seaIs become entangled in drifting net fragments, the possibility of
escapement from it, the development of scars caused by net entanglements,
and the relation of net fragment weight and feeding activities ofentangled fur seals.- Oceanic Survey

4 report on the estimated number of floating net fragments and
entangled fur seals in the survey areas vill be smraarixed and presented atthe end of the 3-year research period in 1985. Therefore, this report villonly present data obtained by the surveys from 1982 through 1984.
Survey by One Research Vessel, 1982

~Pe noae. � The survey was done to determine if rope and net fragmentscould be detected by visual search.

~s~ltS.� Seven Sleeting trsvier net frsgnents vere discovered, snd snthree of them waa entangled either a fnr seal or harbor seal. One of thefnr seals was already dead when discovered.
Survey by Two Research Vessels, 1983
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Results.� three sslsoa gill net fragnents, ttree staid g
frsgnents, and four trawler net fragnents wete discovered. d f�r s
found entangled in one of the trawler net fragments

Survey by Tvo Research Vessels, 1984

and the coastal vaters off the Pribilof Islands in tbe Bering

Surve eriod.� 18 January to 17 March 1984 and 3 July to 30 August
1984, respectively.

~Re 0~.--Four salmon gill net fragments, 1 plastic band, and 10
trawler net fragments vere discovered. k fur seal was found entangled in
one o f the trawler net fragments.

Investigation on the Rookery Islands, 1983 snd 1984

Tvo scientists from Japan vere dispatched to St. Paul Island to
conduct a joint' survey «ith United States scientists to investigate net
entanglements of fur seals on the rookery islands. The investigation
covered the number of mal.e fur seals entangled, identification of the
entangling materials, scarring. escape rates, grovth of seals after having
been entangled, and types and veights of fragments found on the shores of
the islands- The results of 1983 survey were reported in 1984  Scordino et
al. 1984!.

The 68 samples of net fragments collected on St. Paul Island during
the 1982 breeding season were sent to Japan for analysis in 1983, and tbe
results were report:ed in 1984  Yosbida et al. 1984!

H!out 1.500 samples of net fragments and plastic bands collected on
the shores of the rookery islands during 1982-84 and recovered from fur
seals during 1981-84 were sent to Japan for analysis. This material is
currently being studied.

Experimental Research

In 1983 experimental research was conducted at the aquarium on the
condi'tions under which seals became entangled, the possibility of
es apementg the effects on feeding of entanglement, and the injuries and
shears caused. The results have already been reported in "The 1983 report
on tbe fur seal entanglement problem aquarium experia.ntal research " This
research ia continuing. The results of the 1983 research is as follows:

wenty-two fur seals wmre studied; 20 had been captured along the
coa t of Japan and kept in captivity for 2-4 years, and the other 2 were
shipped from Robben Island while young snd raised at the aquarium on
artificial milk.

Tbe net fragments ntilixed were eight pieces of polyethylene trawler
'st ~ total, with meab sizes of 24 and 40 cm, and weights of 1

Cg respectively. Xm addition, fonx polypropyleae cargo hands 1S.S mm wide,
~ >< cm in diameter, colored blue and yellow, xespectively. ~re also
naakee
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The total number of fur seals entangled in either net fragments oz
bands was 9 out of 22 �1X!, with a total of 12 cases of entanglement
observed.

The period until the seals became entangled ranged fzom 18 b to 34
days, and entanglement usually resulted when they charged forward at high
speed without recognizing the floating objects. For the young seals,
entanglement during play vas also frequent.

Of the seals becoming entangled, 10 vere observed to escape from the
fragments, within a range of 2-5 days after becoming entangled. The two
young seals were frequently entangled in snd escaped from the fragments-

No effect on the behavior of the seals after their entanglement was
observed.

Temporary drops in the amount of feeding by entangled seals were
observed for periods of up to 10 days.

Theze vas no apparent drop in seal weight during the time they vere
entangled, and some even gained weight.

There wss almost no scarring due to entanglement, and even the seal
that was entangled for the longest time only suffered a alight ruffle of
fur.

LITElhLTURE CITEO

Japan.

1969. Investigation into the origin of net fragments on fur seals ~
 Sac%ground paper subaitted to the 12th Aanual Meeting of the
Standing Scientific Committee, Noztb Pacific Fur Seal Commission.!
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INCIDENTS OF MARINE MA?IlGlL ENCOUNTERS WITK DEERIS
AND ACTIVE FISHING QKAR

Bruce R. Mate

Hatf ield Marine Science Center
Oregon State University

Newport, Oregon 97365

INTRODUCTION

This paper summarizes the encounters of marine ~ls with debris and
active fishing gear that I have observed  with an ejnphasis on the Oregon
coast! since 1968 or that have been reported to me with substantiating
evidence by reliable sources. From 1968 to 1972, most of the observations
were my own, during doctorate research, on the numbers of sea lions
u'tilizing the Oregon coast throughout the year  Mate 1975!. DuIing this
time, I was stationed at the Oregon Institute of Marine Biology
Charleston, Oregon and most of the observations were made within lOO km of
that location. From 1973 through 1975, I was a less frequent observer along
the coast and my attention wss only drawn to incidents through personal
contacts. Since 1976, I have been based at an active marine laboratory in
Newport, Oregon and my observations have been supplemented by a network of
collaborating Oregon agencies  Department of Fish and Wildlife, State
police, highway department, and State parks!, Federal authorities  National
Marine Fisheries Service enforcement agents and the U.S. Department of the
Interior parks personnel!, and colleagues participating in the Northwest
Marine Mammal Stranding Network. Most of the information for this paper is
on file at tbe Oregon State University's  OSV! Hatfield Marine Science
Center in the form of stranding reports snd collection records. Some of
these occurrences have been reported through the Smithsonian Scientific
Event Alert Network  SEAN!, but often without the cause of death completeZy
diagnosed- Many of the dead pinuipeds were held in frozen storage after
collection for later examination. Many necropsies were performed by R.
Stroud, J. Harvey, and R. Brown. In general, most rates of encounters were
extremely low and, whenever possible, these are estimated in this text with
the number of observer hours or thousands of animals observed.

Lines

Gray whales have been the moat c~n cetacean involved with fishing
gear along the Oregon coast, probably as a result of the large number of
individual ~ found nsarshore, compared with other species Approximately
16,GOO gray whales annually pass the coast tvice each year. The most
frequemt entanglement problem since 1968 vas associated with experimental

S SSeeere eel %. 0 TOIhiae 441tere! s treeeeS44+ 4< t> ~heP ee the tate eel 1eyeCS
et mertse nssr1e g gs 'mgyggg 19'~ seee'le14 ~ %swats+ s ss net@ oeseez ~ t snsa
set, sask-TMNMsto-fh iss5.



crab fishing with hei.icopters in a short period from 1976 to 1978 ~
Canventional commercial crab pots were fitted with the usual line and two
surface buoys The buoys were separated by a longer length of line to
facilitate hooking them from the helicopter  particularly in heavy seas! ~
This gear was often fished closer to shore early in the season because of
high seas from winter storms. Moat problems occurred during good weather
when gray vhales tended to migrate closer to shore in shallow water
 Herring and Mate 1984! . Kntanglements invariably involved the rope
between the tvo floats getting caught betveen the baleen plates  probably
during surfacing!, and often became complicated by further entanglement of
the flukes or pectoral flippers. I have seen the latter occur vhen the
animal was making sharp turns, in an apparent effort to dislodge the rope-
Between five and eight entrapments vere reported during each of the heli-
copter crabbing seasons of 1975-76 and 1976-7 7. Problems have continued
even after helicopter crabbing ended. Vessel-based crabbers move their
gear closer to shore during the spring as weather improves end the crabs
start to reproduce in shallow water  D. Snov pere. commun.!. An average of
two whales each year are now reported entangled in crab pot lines along the
central Oregon coast. The fate of these animals is unknown, although in
February 1977 an adult female gray vhale vas found beach cast with a con-
picuoua fracture of the coccygeal vertebrae  tail stock! and associated
wounds, which were diagnosed as the principle cause of death  Stroud 1978! ~
A beach cast minke whale collected in 1982 had a crab pot line through its
mouth which had worn through the soft gum tissue and 2 cm into the jaw
bone. The adult specimen was not fresh enough to discern whether other
factors had also contributed to its death  J. Harvey pere. commun.! .

I have a video tape taken by fishermen in l982 showing a similarl.y
entrapped humpback whale towing king crab gear in Alaska. The whale made
an enormous effort to keep at the surface, swimming with its head out of
the water at a 30 to 45' angle. Zn spite of this exertion, it wss able toswim evasively at over 5 knots for at least 15 min to avoid the fishing
boat, which was finally able to catch the dragging lines and cut the vhale
free. The rope waa shorter than the water depth and was still attached to
three crab pots.

During four seasons �977, 1980, 1983, and 1984! of studying gr ey
whales in San Xgnacio lagoon, Baja, Mexico. OSU crews have spent 6 months
in this vinter calving area and have seen five gray vhales entangled in
lines. Pour of these have been calves, which may favor the shallower
water where fishermen try to maintain modest winter fishing activities.

Nets

From 1975 to 19B4, I am aware of only three net entanglements in
Oregon, all involving gray whales. Two incidents involved gray whales in
Columbia River gill nets: One was a Live whale which subsequently died,
and a second wss an animal that had recently died and drifted into the net ~
A third incident, involving a yearling gray whale daring August 1981, was
investigated by OSU graduate student J. Sumich Re worked from a U.g.
Coast Csard vessel to untangle most of a monofilament salmon gill net frees
~ gray whale off Newport~ Oregon  unpubL. data! ~ The net was subsequently

ified as being from southeast Alaska and «as most likely brought south
hy the whale. which appeared quite fatigued Only a fev strands of net
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were left on the vhale- No whales with net marks were subsequently
reported ashore through the SEAN system in the next several months.

Boat Encounters

Annually, several instances of gray whales rubbing against anchor
chains or boats are reported to the Marine Science Center by local salmon
fishermen or sail boaters, but I am only aware of tvo instances vhere the
whale hit the boat hard. Both times, people on board the vessels  without
engines running! vere watching gray whales and the whale was apparently
unaware of the boat before striking it "accidentally." In my experience,
whales react quickly and forcefully vhen unexpectedly "touched."' Such a
reaction has survival value for an animal preyed upon by sharks' I have
also seen tvo gray whales blunder into floating loge with the same
reaction. Boats also strike whales. k 10.7m dead gray whale, examined at
Cape Meara, had been struck by a vessel. There were large, evenly spaced>
aerial lacerations froee a propeller, which cut through the blubber and into
the muscle. There were also numerous shark bites up to 48 cm across, bnt
these did not overlap sufficiently «ith the lacerations to determine which
had occurred first. Xt is not known what caused the animal'e death. It
may have been dead before being hit by the boat, ai.though the carcass vas
reasonably fresh.

Beach Cast

I am not aware of any cetaceans which have died as a direct result of
debris in Oregon. However, it is worth a note of caution on the interpre-
tation of death rates from beach cast animals. Unl.ees the animal has died
very close to shore, the likelihood of it becoming beach cast in Oregon is
quite small. Currents and winds vary to affect the beaching of dead
animals. A narrov shelf and a relatively steep continental elope reduce
the chances of a whale, which dies offshore and sinks, from washing ashore.
In Oregon, dead animals have washed up on rocky headlands, gently sloping
sandy beaches and on mudf lets in estuaries, but less than 10X have been in
advanced stages of decomposition when they f irst came ashore. Most are
fresh or only slightly bloated. Because the Oregon coast is so accessible,
I believe that 90+% of the large whales which become beach cast are
reported to the Oregon stranding network, although not always in real tism.

Evidence of whales dying offshore is apparent from the frequency with
«bich whale parts are reported or brought in by bottom-trawl fishermen
Noet of what is brought ashore tends to be skell parts from large rorquale.
The rollers on the bottom of trawl nets probably roll over small bones,
«hich may also paae through the wide mesh of the trawl vings. Despite the
fact that fishermen say they discard most of the whale material at sea, the
Marine Science Center gets at least six calls each winter from fishermen
wantihg to donate unusually large specimens. Heathered whale parts can
also be seen around the community- I» most casee, it has been impossible
to determine froa the bare bones how long the whale has been dead. Thus,
although trawl netting of whale parts may be 10 time more frequent than
beach cast carcasses' the frequency of encountering the ol.d material ie at
least partially the result of long-tera accmnlation. Old parts may also
be renetted time after time because moat fishermen hap thea hac,k in
aea In 1984, the still oily skull base and lower jaws of a blue whale
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were recovered from a fisherman's trawl and «ere larger than 95X of all
other known specimens of this species. There is no reason to believe thatnet-collected specimens died as a result of fishery interactions.

PIHNIPEDS

Nets and Packing Sands

The pianipeda most frequently encountering commercial fishing gear areseals on the Columbia Biver during active gill net fishing. The WashingtonDepartment of Fish and Game has collected considerable data on incidentaltake of seals since 1980. Although harbor seals do interact wi'th otherfisheries, I am not aware of seals being involved ia any other fishing gearor debris-telated mortalities in Oregon. ln a 3-year study of 57 beachcast pinnipeds in Oregon, Stzond �978! concluded that shooting was theleading diagnosable cause of death for adult: harbor seals � of 16 ! ~
Steller and California sea lions have been observed with necklacerations typical of net entanglement. During visits to three Stellersea lio» rookery sites ia June 1968, 2 animals  a female and an adultmale!, ont of a total population of approximately 1,450, had visible necklacerations. During the following 3 years, records were kept on individu-ally recognizable Steller  n ~ 158! and California  n 954! sea lions.Recogniaable animals probably represented <10X of the animals using theareas surveyed throughout the year. hmong the recogaizable sea lions, 10had open neck wounds  8 Steller and 2 California! and 2  I of each species!had healed aeck scars ~ ill neck wounded animals were all subadult malesand females with the exception of one breeding male Stellar- One of the

open wounds was caused by a rusting metallic packing band. The healedCalifornia sea lion «as seen on five occasions over a 2-year period-Noae of the others were reaighted beyond the season in which they weredescribed. The longest observation of an animal with an open aeck woundwas that of a subadult Stellar over a period of 27 days during the 1970breeding season. Of the 200+ pinnipeds examined by mysel.f or OSU-basedcolleagues in B years, only one northern fur seal and one Steller sea lionhave been found dead and beach cast with obvious net-induced neck lacera-tions. goth were emaciated. 4 B years, two additional live fur sealshave beea reported to the Marine Science Center as beached animals eacum-bered with net debris, but these were not confirmed. %hen fur seals comeashore in Oregon, t'hey have most frequently been within 161 km �00 m! ofthe Columbia River.

ingestion of Debris and Fishing Gear
One anbadnlt northern elephant seal and one adult Steller sea lionchoked to death on styrofoam cups  R Strond and S. R- Mate unpubl. data! ~N'a have also examined two pinnipeds which choked to death on fish.
Each year, it ia common to see at least oae Stellar sea lion with asalmon troller's "flasher"  a chrome lore! hooked in its lip- These arealmost certainly acquired during an encounter with an active fishing gearand not discarded gear In l969, a territorial Steller wale had a.ttoX1et's "Dasher" in its loner lip fax at least 7 days, before it wasdish@lied.
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One of 38 sperm whale stomachs, examined from the stranding of gl
uhalea at Florence, Oregon in June of 1979  Rice et al. iu presa!, contai ~
about I liter of tightly packed trawl net  J. Harvey unpubl. data!.

SUNDRY

There does not appear to have been a draaatic observable increase in
the occurrence of debris-induced marine maaaal uortality in Oregon since
l968. The nuuber of animals involved vi'th debris appears to be Iov.
Except for one instance of ingested netting by a aperu whale, cetacean
associations lath debris have been limited to fishing gear entangleuent ~
 uith ].ines and nets!. The moat frequently reported involvements are gray
vhales towing buoy lines, most often caught in the mouth. Whales appear to
be most vulnerable to the line between tvo buoys, often used by fishermen
to uark and more easily recover stationary gear  traps, pote, and Iong-
]ines!, In all but one case involving whales and nets, the vhale probably
becaue entangled while the fishing gear vas in uae. If vhale mortalities
occur primarily offshore in Oregon, it i ~ doubtful that much evidence frau
'teach cast carcasses would accumulate. Fiunipeda have becoue entangled in
active and discarded fishing gear and have also choked to death on avaI-
Iowud debris and on fish. The observation of healed neck vounds on sea
lions indicates that at least arne individuals survive such ordeals. The
lo» reaighting of neck-wounded aea Iioaa over a 3-year period uay reflect
one or more of the following: I! a high mortality rate, 2! normal looking
pelage concealing healed wounds, or 3! a failure to reaight the anima1a
during later census periods.
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CURRENTS OF THK TROPICAL AIilD SUBTROPICAL NORTH PACIFIC OCKAH

Gunter R. Seckel
P. 0. Box 5322

Carme I, Cali fornia 93921

ASS TRACT

Systematic observations of ocean properties began during the
second half of the last century. These included the ship drift
observations that became the foundation of our knowledge about
ocean currents. Hydrographic station data collected aboard
research vessels during the last 60 yeazs greatly added to our
understanding of the ocean circulation. During the last decade,
the NORPAX satellite-tracked drifting buoy program provided
information about the behavior of North Pacific surface currents
that vill be most helpful in learning hov to predict the fate of
uarine debris. Using this information, the major tropical and
subtropical ocean currents are described and the limitations in
terms of predicting the fate of marine debris are discussed.

INTRODUCT ION

Soon after he took to the sea, man must have learned about ocean
currents and probably discovered that currents carry debrief' Indians of
the Puget Sound paddling their canoes certainly knew about tidal currents
and the great navigatozs of the Pacific, the Polynesiana, must have been
aware of the equatorial currents and currents around their ielands. All
this knovledge vas not broadly useful, however, without being recorded and
published.

KARLY CURRENT CHARTS

Aa intercontinental ocean trade developed during the 17th century,
the need fox knowledge about the ocean and its curzents became evident.
During tbe next century, the Pranklin-Polger Chart of the Gulf Stress
 Fig. I! was an early attempt to chart currents- It vas not until the
middle of the last century, however, that real progress vas made in
charting ocean currents. A very energetic, A rican hydrographer and
pioneex oceanographer, matthew Foutaine Ifaury, knew that ship captains
kept detailed accounts in their logbooks of all environmental conditions
they encountered including observations of winds, currents, and aiz and
mutex temperatures. He realised that if this information were collected
sad sumazised, valuable atlases could be produced and ocean currents
could be charted. In a pilot study, he did just that and waa able

Se $hoscco «aa % 0, feEhQa 44itori! ~ pteCeeaiISI o j C jy ~'p oa
~ X Nariee Oe1eie, % 2% Savtaher lSSa, %mOleie, %aeeii. S.S. say. aagagr., S~ r~
~, saba-~ss-sly-$4 1845
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Figure 1.--The Franklin-Palger chart of the Gulf Stream printed by
Mount and Page in London ca. 1769-70  Richardson 1980!.

demonstrate the economic benefits. He persuaded the government of the
United States to propose a unifarm system of observations at sea and to
"invite all the maritime states of Christendom to a conference upon the
subject." The idea was enthusiastically endorsed at the famous 1853
conference in Brussels where "a plan of observations which should be
fallowed on board the vessels of all friendly nations" was recommended
 M ury 1855!.

An important part of these observations was ship-drift determinations
based on the difference between the dead reckoning position and the actual
position of the ship at the time of celestial navigation fixes. These
data, collected during the second half of the last century and the
beginning of this century, became the primary source of infarmation for
comprehensive charts of ocean currents. Two examples produced by Schott
�935! far the Indian and Pacific Oceans are shown in Figure 2a  August-
September! and Pigure 2b  February-March!. These charts show the general
ocean circulation as we know it today. The sise of the arrows in the
figures indicate the strength and direction af the currents. The major
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currents are the folloving: Tn the vestern North Pacific, there is the
atro'age aortheastvard flowing Xuroshio and the eastward flowing North
Pacific Current vhich is also called the Vest Wind Drift Current. On the
eastern side of the ocean, the eastward floviag current' splits into the
northward flowing AIaska Current aad the southvard flowing California
Gsrrent. To the south, between 1st. 10' and 20'N is the vestvard flowing
North Equatorial Current. These currents form the main segments of what is
oftea called the subtropical gyre' South of the North Equatorial Current,
bet«earn about 1st. 5' and 10'I, there is the eastward flowing Equatorial
Countercurrent. The vestvard flowing South Equatorial Current, vhich
Schott shove to be very strong in the eastern half of the Pacific. lies
south of 1st. S'H.

Tnterpretatioa of details in these charts must be made with caution.
Although many thousands of observations went into their production, ahip-
drift determinations are subject to relatively large errors. Nevertheless,
interseason differences can be noted, such as, changes in the intensity,
width, and shifts in location of currents Por example, the Equatorial
Countercurrent which Schott shove to be vide and. «ell developed during the
summer ia the eastern half of the Pacific is narrov or almost absent during
the winter- ! vill return to a discussion of this current later.

Although current charts such as those produced by Schott have been
updated and refined, they show no major changes of the basic flow pattern
he described. Useful charts for mariners are the Pilot Charts which are
produced for each month by the Defense Mapping Agency. These charts
prisLarily give meteorological information, but they also show the currents
for each month  again based on ship-drift data!. An example is shown in
Pigure 3.

GEOSTROPH!C CURRENTS

%sile merchant ships routinely vere collecting meteorological and
oceanographic data, oceanography as a separate discipline developed with
research expeditions that explored al.l the oceans. Xmportant on these
expeditions vere vertical soundings for «ater samples so that temperature
and saLinity versus depth profiles could. be determined at many locations of
the oceans. With this information, after calculating first the density and
then the potential height of the sea surface above a given reference level,
it vas possible to chart the dynamic or geopotential topography of the sea
surface. This information is used to determine the ocean circulation
indirectly.

Raid �961! used the data from many research expeditions to produce a
chart of the geopotential topography for the Pacific  Pig. 4!.
Interpretation of the chart in terms of the geoatrophic currents is similar
to the interpretation of atmospheric pressure charts in terms of
geoetrophic winds. Flow i' along the contours: vhea the contours are close
together, the flov is fast aad vhen they are far apart, it is slow. The

>f0.g.] Defense Mapping Agency bepartment of Defense, Pilot chart of
Quj North Pacific Ocean.  Monthly.! Washington, D.C.
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Figure 4- � The anomaly of geopotential distance bet~en the 0- and I.000-
decibar surfaces iu the Pacific ocean, in dynamic ueters  Reid i96~~ ~

geostropbic interpretation cannot be used on the Equator and beco es
uncertain eithin 1 to 2' of latitude of the Equator

+e geostrophic current is an idealised current in +xch a steady
'«« no acceler*tion3 and uo friction are asemed. Also. tbe geopotential

pography does not reflect the rind-induced surface drift. Nerertbeless,
he subtropical gyre mth the major currents ee described before can be
cogui*ed Note the closely spaced contours near Japan indicating that the

+roshio is a fast current, Also note tbe ride spacing betveen contours in
eIL«el North Pacific indicating e slow net floe. Again, the North



Equatorial Current, the Equatorial Countercurrent, and the South Equatorial
Current are clearly evident. Through the use of large data banks in modern
computers, new geopotential height charts have been produced. However,
they do not differ materially from Reid'a chart shown here.

THE EQUATORIAL UNDERCURRENT

There is one important current that has escaped detection by both the
ship&rift and the dynamic topography method of mapping ocean currents.
This current is the EquatoriaI. Undercurrent which is also called the
Cromwell Current because it was first recognised by Townsend Cromwell in
1953. Cromwell was an oceanographer at the Pacific Oceanic Fishery
Investigations  POFI! Laboratory  now called the Honolulu Laboratory,
Southwest Fisheries Center!. While participating on an exploratory fishing
cruise, he noted that a longline set out on the Equator was drifting in the
"wrong" direction, namely to the east rather than to the west, the
direction of the South Equatorial Current. He suspected and subsequently
confirmed the existence of the subsurface current  Cromwell et al. 1954!-

Since its discovery, the Equatorial Undercurrent has become the
subject of many investigations and has been described through direct
current meter measurements. The results of early measurements at long.
140 W are shown in Figure 5  Knauss 1960! The current profiles show the
core of the current to be at a depth of about 100 m with speeds of more
than 2 knots  >100 cm/s!. Eastward flo» extends from about 30 m to more
than 200 m and from about lat. 2 S to 2 S. The current extends all the way
from the Galapagos Islands to the western Pacific, long. 1 50' to 160 E.
The boundaries of the current as well as its maximum speed may vary with
time and it has been observed to come to the surface during El Sino years.

Excepting the occasions when it comes to the surface, the Equatorial
UndeZ'current may not be important in terms of carrying drifting debris.
However, subsurface fishing gear may become hopel.essly tangled when set out
on the Equator because of the large shear produced by the strong westward
flowing surface current and the equally strong eastward flowing subsurface
current. Thus, the tangled gear, if not recovered, will contribute to the
drifting debris in the ocean.

OBSERVATIONS OF CURRENTS USING NOMRN TECHNOLOGY

Ocean current charts based on shipdrift determinations or
geopotential height calculations provide only gross pictures of ocean
currents because they are based on averages of many observations made over
a period of many years. These charts will give us a general idea where
drifting debris may eventually end up but they cannot provide the
information that is important for the prediction of debris paths, namely
information about eddies, periodic fluctuations, or interannual variations
of the currents.

Wring the last decade, a direct method of measuring ocean currents
haa become feasible. Thi ~ method simply involves tracking the position of
a driftinl bury with an attached drogue by satellite These buoys are
aemetimea called Lagrangian driftera because it ia possible to plot the

of a parcel of ocean water, assuming that the buoy stays in the same
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parcel of vater. The drifting buoy method is really quite old but vas not
feasible on a lazge scale because it required a ship to stand by Co record
the changing position of the buoy.

RESULTS OP TEE NORPkX MIFT BUOY PROGRhM

During the last decade, about 130 satellite-tracked drifting buoys
vere deployed in the NorCb Pacific as a part of the North Pacific
Experiment  NORPkX!. The buoys consisted of 3 m long fiber glass
cylinders, 39 ca in di4sseter, ballasted to float vertically I a above the
sea surface. The buoys vere drogued at a depth of 30 m vith a 9~ diameter
personnel parachute McNally et al. �983! sraamarised the results of theprogrea in Cerms of t' he near surface circulation of the North Pacific by
describing the paths of 16 drifters  Fig. 6!. We see that, in general, the
paths conform to the current pattern previously described' More detailedanalysis by the authors indicates that in the northern limb of the gyre,
east of long. l70 'W, the near surface floe has a large annual signal that
correlates vith the annual signal in the vesterlies. In the eastern and
southern limbs of the gyre, the drift trajectories tend to cross the

Figure 6.� Trajectories of 16 satellite-Cracked drifting buoysdeployed froa 1976 through 1980 during various experimentsOpen circles indicate the daployaent locations, solid circlesindicate the first day of each meath, amd triangles indicate Chelast reported locations. Iha large stippled arrovs shou chadirections of the trajectories  NcNally et al 19g3!.
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tours of the dynaatc
ndicate the xaportance

paaths of drifting debri
the western liab of the
agrees with the ge os tro
extension, ju st e as t o f
nature of the circulatx
shown in Figure 4.

topography to the right. Both of these results
of the wind-driven surface flov in detezaining the

s. Remail.y et al. found that the drifter speeds in
gyre are the highest found around the gyre, which

phic speeds evident in Figure 4- In the Kuroshio
Japan, the drifter paths reflect the caaplicated

on vhich is al.so evident in the dynaaic topography

re su] t s o f the drifter prograa provided soae interesting
trajectories traversed 20,845 ka xn 1,653 days

ears! vith an overall average speed of 15 ca/s  about a third of a
bnot!. Average speeds around the gyre ranged froa 10 to 17 ca/s. The
transit tiae across the Pacific going east in aidlatitudes and west in the
equatorial regions vaa approxiaately 700 days  about 2 years! in each,
gpeeds of selected drifters in the aajor currents were as follovs:
guroahio � 61 ca/s, Kuroshio extension � 15 ca/s, cnorth Pacific - 10 ca/s,
+]i fornia � 15 ca/s, Nor th Equatorial � 17 ca/ s.

life buo s lost their drogues. This gave
d dd 'ft 'thre the behavior of undrogne ri eoPPo y o pagu«drafters. He found that the difference in

11 and concluded that there was a ac
0 a during periods o s roc rrents of the upper 30 a dur' g p

t nt atao pheric forcrng. i. ' , c u e a
ect effect of the wind on the drift of the buoys a so

Alfie VARIA511ITT OF CURRBlITSTill aaIMX mrna mzplglmaS ae
Me%all 's �981! study, in teras ofintereatkna result of SBally s, ' f
r roduced in Figureg the draft of debris, is repto the end of t e aon~ante froa the beginning

ph pry~ a+d ~arch 1917 ~ The baoy drift was para e o

Mcnally �981! analysed the vind-buoy trajectory relationships of
those satellite-tracked drifters of the SORPAX prograa that vere set out in
the central, aidlatitude llorth Pacific  Fig. 7!. He found that vhen the
mnthly average vind direction in an area 5' of latitude by S' of. longitude
vas coapared with the aonthly average buoy drift direction during, fall,
winter, and spring, the buoys drifted to the right of the wind direction
with a difference angle of 28' ~  Drift to the right of the surface wind
was first observed by llansen during the Norwegian cnorth Polar Expedition at
the end of the last century  Nansen 190Z!. This observation becaae the
basis for fundaaental theoriea in oceanography.! Using 5-day running
averages of four tiaes daily deterainations of the wind and drift vectors,
Mclally plotted histograas vhich show that at wind speeds of below about
Z 5 als> this relationship did not hold. The overall aonthly vindspeed
increased froa a ainiaua of 2 a/a in August 1976 to 10 a/s in January and
February 1977. This explains why the relationship between vind and
direction of drift was «ot observed during the suaae-uaaer. The drifter speeds

were approxiaately 1.5Z of the wound speeds. The ' pdrift attern during the

s~r of 1976  Fig. 8! is one of slow, eastward eddying flow.
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This relationship is explained by the fact that observed winds tend to bedirected 20' to 30' to the left of the geostrophic winds which are parallelto the isobars, and the buoy drift is directed 20' to 30' to the right of
the «ind direction. The result sho«s that as the sea leveL pressure
pattern and, therefore, the «ind pattern changed from month to month during
fall and «inter, eo did the surface current.

Figure 7.� Trajectories of driftera for the period September 1976
to kuguat 1977. Solid dots indicate initial positions; solid
triangles indicate Last position  Mally 1981! ~
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figure 8.� Trajectories of drifters for the period June 1976
through September 1976. Solid dots indicate initial position;
solid triangles indicate 1ast position  McNally 1981! ~

Figure 9 --Drifter positions superimposed om month1y mean aea
level pressure charts The errors indicate monthly displeceaemte
of indiridua1 drif ters  Mclally 1981!.
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If the drift monthly mean pressure relationship shown in Figure 9
holds during other years and is not caused by the atmospheric circulation
peculiar to the fall and winter of 1976-77, then, on the basis of sea level
pressure charts, one can infer large interannual variations in the surface
currents of the midlatitnde Pacific. Mean winter  December, January, and
February! sea level pressure charta  Manias 1975! are used to illustrate
interyear differences Figure 10a, the 1947-72 mean vinter pressure
distribution, is included for reference showing the Aleutian Lov as a
single lov pressure system haring the vinter of l955-56  Fig. IOb!, this
Lov is split into a vestern and an eastern lov pressure cell, separated by
a pressure ridge between long 160'|1 and 180'. Using the convention of
Figure 9, one would infer an entirely different surface circuiagion than
one vould from the presanre distribution such as in Figure 10a. In another
example, during the winter of 1956-57  Fig. 10c!, high pressure in the
eastern North Pacific has shifted the Aleutian lov to the west. One can
postulate that in the pressure ridge region, vind speeds vou1d be lov and
that the drifters would behave more like they did in summer of 1976,
without a relationship to the vind.

The MORPH drifter program also confirmed pronounced annual variations
in the Equatorial Countercurrent that already vere apparent in Schott's
�935! charters During the Hawaii to Tahiti Shuttle Experiment of 197 9 and
1980  Vyrtki et al. 1981!, four deploymants of satellite-tracked buoys vere
made in the Equatorial Countercurrent of the central Pacific. The results
of this work have not' yet been published other than in a preliminary report
 Patxert and McNally 1980! . The buoy trajectories resulting from these
deployments have kindly been made available to me by G. J. McNally of the
Scripps Institution of Oceanography and are shown in Figure Il.

The buoys vere released in the winter of 1979, the summer of 1979, the
winter of 1980, and the spring of 1980. Xn the two minter releases, buoys
drifting eastvard in the Countercurrent did not. reach long. 140 V before
recirculating into the North Equatorial Current. In the summer release of
1979, recirculation into the North Equatorial Current occurred east of
long. 120'M. In the swring release of 1980, the extent of the eastvard
drift vas not determined before observations were terminated. Most of the
buoys drifted past long. 120'W and tvo buoys drifted eastvard of Iong.
110'Q.

Oceanographers have long been aware of the annual variation in the
flow of the Equatorial Countercnrrenti The results of this drifter
experiment, however, for the first time, show the clear-cut annual
variation in the eastern extent of the Equatorial Countercurrent. These
results may have pertinence to questions of tuna migration and
distribution. For application to the debris drift problem, the results are
a good illustration of how the paths of drifting objects are affected by
annual variations in not only the speed, but also. the extent of ocean
currents.

Finally, Vyrtki �924! «sed tide station data from islands in the
tropical Pacific to derive indices of cmrrent speeds. Time series of these
indicea for the equatorial currents are reproduced in Figure 12. The time
series shev that large annual aalu interannnal variations occur in the 1orth
and gomth Equatorial Orrreats as well as in the Equatorial Countercurrent.
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Fignre 10a.� Sea level pressnre, 26-year nean, winter 1947-12~
The klentian Low is the area ot lowest pressure over the nid-
latitnle North Pacific  manias 1975!.
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Figure 10c.� Mean eea level preesnre, fainter 1956-57  lfaaiae 1975!,
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Figure 12.--Time series of sea level difference  in ceatimetere!
across soaal currents of the vestern central equatorial Pacific,
l950-70  Wyrtlr.i 1974! .

MORE ON SHIP ADRIFT OBSERVATIONS

Before leaving the description of ocean currents, it should be pointed
oat that the first method used to map ocean currents, namely the ship-drift
method, is by ao means obsolete. Satellite navigation together vith aa
accurate kaouledge of ship speed aad direction permits more frequent aad
reliable determinations of ship-drift than vas possible during the days of
celestial navigation Figure 13 shows aa example of ship-drift
determiaations made by NOAA Corps Officer Craig Nelson on NOAA ship
~Tlg+ ~CO~mI~ uhile traVeliug frcm Hamaii sautheaatuard tO the
equatorial regioa Although Officer Nelson had doubts about the accuracy
of the ship's speed, a westward component of drift uas determined ia the
North Equatorial Current, an eastnrd component of drift ia the Equatorial
Countercurrent, aud again, a westward component of drift ia the South
Quatorial Current- Ship<rift data, fry heavily traveled shippiag laaes
croseiag major oceaa currents, can provide valuable iafazmation about the
tsaporal variability of current velocities.
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CONCLVSIDH

We have seen how ths study of ocean currents has progressed from ship-
drift observations to indirect, dynamic calculations and back again to
direct measurements by current mstexs and Lagrangian drifters. During the
last two decades, oceanographexs have advanced from descriptions of average
snd steady state ocean currents to descriptions of their variability.
Important advances have also been made in our understanding of the effects
of atmospheric forcing on ocean currents. Xt is evident from the ezamples
presented that the prediction of debris paths and destinations vill depend
not only on a knowledge of the general ocean circulation, but also, on an
srea-specific understanding of the variability of currents on time scales
up to the interannual.

Complicating the prediction of debris paths is the fact that there are
all kinds of debris. The satellite-tracked drifting buoy method of
monitoring ocean currents provides s good indication of hov debris vill
move in the ocean. Not all debris is as deeply anchored in the water vitb
little exposure to the wind, however, as are the buoys. Debris csn consist
of plastic floats riding high on the «ster, partially submerged logs, ox
floats with fishing gear hanging deep in the vater Therefoxe, in addition
to a knowledge of the water movement, the movement of the floating object
induced by the drag of the wind must be considered vhen predicting debris
paths. kt this stage, I am happy to pass the problem on to the modeler
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ON THE GENERAL CIRCULATION IN THE SUBARCTIC PACIFIC

Donald R. Reed and James D. Schumacher

Pacific Marine Environmental Research Laboratory, NOAA
Seattle, Washington 98115

ABSTRACT

This work attempts to summarise the major features of
surface circulation in the subarctic Pacific  from lat. 40 N to
the Bering Strait! ~ Effects of the density distribution
 geostrophic flov! and wind drift are considered. The Subarctic
Current is a slov, eastward drift between lat. 40 and 50'N; in
winter speeds increase about fourfold as a result of strong
eastward winds. Speeds in the swifter Kamchatka Current-Oyashio
may al.so be enhanced by vinter winds. The Alaskan Stream flows
westward along the Alaska Peninsula and Aleutian Islands at peak
speeds in excess of 100 cm/s, but it does not seem to have any
large seasonal variation. Coastal currents of f Oregon-Washington
generally reverse with a reversal in the seasonal vinds. Off
southeast Alaska, the northward coastal currents are enhanced by
vinter winds. The coastal Renai Current on the west side of the
Gulf of Alaska increases in speed from about 25 to 100 cm/s in
the fall as a result of a maximum in freshwater discharge. The
Ruzoshio and Alaskan Stream undergo occasional large interannual
variations; the processes in neither system are completely under-
stood, however. El Nino events also produce dramatic changes in
water properties  and perhaps currents! along the eastern margin
of the North Pacific'

The climatological map of near-surface flow can be used to
provide estimates of the movement and transit time of material in
the ocean. Off Oregon-Washington and southeast Alaska, winter
storms cosnunly cause shorevard movement that is greater than the
alongshore flow.

INTRODUCTION

The task of attenspting to summarise the relevant features of the
circulation of a large region of the ocean is a rather awesome one. The
upper ocean is often rife with eddies and disturbed by large temporal
cbanges, and it is difficult to obtain a firm grasp of the major features
of flow for even a limited area from the results of a single survey of a
few weeks. When one attempts to use data from «any surveys over various
memsoms and many years, interpretation is subject to numerous sources of

+ a s shauera aal n 0. Toe'bias  aditms! ~ vtocaeliaas ot tbsp Rortshos oe e'be Facy yea ~
eg 5mriee Sehrieg 5S 2% mmtmbae Xtas, Soesbala, las+iia 1,S naSa Cosset.y Snaa TacE. }arne
~e Salk-~MI~54 lss5-
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uncertainty and possible error. Furthermore, the fundamental nature of
same of the methods used to infer flow has not in every case undergone
rigorous verification- Finally, the presentations of circulations are
often incomplete; for instance, effects of vind drift. and vave transport
are frequently ignored. With these caveats in mind, ve-vill attempt to
review the state of lcnovledge of the circulation of the North Pacific north
of about 1st. 40'N; our goal is to emphasize features that would have major
effects on the drift of material.

First, we vill examine the major types of motion that are generally
important components of ocean currents. The climatological mean upper-
ocean circulation in the subarctic Pacific is then shown and discussed.
examination of seasonal and interannual pertnrbations on the mean flow is
also attempted. Finally, we highlight certain features of flow that may be
especially relevant to the fate of debris in the ocean.

Types of Notion

To clarify much af the discussian to follow, some elementary concepts
of the nature of the major kinds of ocean currents vill be explained.
Those that seem important to ua in the context of this presentation are
geostrophic flow, wind and wave drift, long vaves, and tidal currents.
Geostrophic Flow

Geostrophic  or Berth-turned! flov results from a balance betveen the
density or pressure gradient force and the deflecting force of the Earth' s
rotation. No actual statement is made about vhether flow results from the
density distribution or the density field results from the flow. In gen-

thoughy ve consider the density f ield to result fram unequal cooling
and heating, variable freshvater input, and the large-scale stress of the
winds. The requirements for pure geostrophic flow are quite restrictive  a
steady state, straight-line flow, no friction, and no change in flow along
its path  McLellan 1965!!, but many recent comparisons indicate that flow
below the windmixed upper layer is generally at least quasi-geostrophic
 within a fe» percent of an exact force balance!. Hence, geostrophic flow
calculations are a powerful tool, and they can be based on the very large
data set of hydrocasts  conductivity-temperature-depth and Nansen bottle
casts! built up over decades. Furthermore, the calculations often appear
to be valid even in relatively shallov water  Schumacher and Kinder 1983 ! p
and intermediate reference levels �,000 and 1,500 m! in the deep ocean in
the northern Pacific aeea to result in only slight deficiencies in speed
 Raid and Arthur 1975!. Nsch of the information presented below is based
on uae of the geoatrophic relation.

Wind and Wave Drift

The direct action of wind stress on the sea surface produces currents;
in addition, vaves also form, and they in turn have a residual velocity in
the direction of the wave train as a result of Che fact that the particle
orbita decrease in sine witb depth  Pond and Pichard 1978, for example! .
This wind drift  El@tan floe! and vave driit  Stoitea drift! may result in
appreciable speeds in the upper 50 m or so during times of strong vinds.
< schematic representation of the possible combined ef facts of geostrophic
lovi wind drift, and wave drift is given in Figure L ~ Xt appears that
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eEkman spirals"  surface current 45' to the right of the wind, with veloc-
ity decreasing and turning clockwise with depth! seldom obtain in the real
ocean, and the combined effects of wind and wave drift seem to produce a
flow of nearly constant direction which does not diminish greatly until
near the bottom of the mixed layer  James 1966; McNally 1981! ~ Precise
measurements of the exact behavior of wind and wave drift are very hard to
make because of the difficulty of separating tbe components and eliminating
the effects of other flows. Mcnally �981! analyzed a large set of drifter
data which suggests that the upper 30 m moved at about 1.5X of the «ind
speed at 20' to the right of the «ind dir'ection. This approximation is used
here.

Long Waves

The long waves examined hare are planetary waves and ReI.vin waves.
Other types of long waves exist but are, except for tidal currents
discussed below, not believed to be of general importance to the problems
to be dealt with. Although it may be an oversimplification, planetary
~aves may be thought of as highly curved ocean currents that result from
interactions with bottas topography or from strong velocity shear. Some of
the observed variability in thermal and density structure results from
these features, especially in the subtropical gyre  Hagaard 1983! ~
Planetary waves seem to be prevalent in the Ruroshio but are not common
features of the Alaskan Stream  Reed and Schumacher 1984!. Since we cannot
properly specify them and their effects on surface flow, they will not be
dealt with further. Kelvin waves are long boundary waves  near a coastline
ot' the Equator! that are often initiated by large changes in the wind
 Voorbis et al. 1984!. They are quite important along the Equator and
appear to be a major factor in the initiation of El Nino events and their'
poleward spreading  Wyrtki 1975! ~ Thus, some of the large interannual
changes seen in the subarctic Pacific are linked to these waves.
Tidal Currents

Currents associated with the rise and fall of the tide are typically
only ca. 2 cm/s in the deep ocean but can easily be 20 cm/s in water depths
of 100 m  Dietrich 1963!. Ience, they are of no importance to processes
such as larval drift in the open ocean, but their relatively high
velocities in shallow water make thea a critical factor for the movement of
material in the nearshore environment.

CLimatological Mean Circulation

figure 2 shows tbe paths of a number of drifting buoys from a study by
McIally et al �983!; the data are not examined in detail bere, and the
fignre is only meant as an aid to orient tbe viewer to the larger-scale
features of the Ilortb Pacific near-surface circulation. Note the Kuroshio
and its eastward flo», which forms the northern boundary of the subtropical
gyre, and the North Equatorial Current and the countercurrent to the south.
The gubarctic Gnrrent and flow into the Calf of Alaska are also shown-
@gore 3 shows the tracks of drifters  Reed 1980! that «ere deployed in the
Qas4n Stream bmt followmd nones of recirculation south into the Suharctic
Current and baclr. into the Calf of klaska. One drifter moved into the
coastal 4nai Current lte will concentrate helm on features of the
amharctic circulation
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Figure 4 is our attempt to present the climatological mean surface
circulation of the subarctic Pacific It is based on previous
preseatations of geostrophic flow  such as Dodimead et al. 1963; Raid aad
Arthur 197 5; Reed 1984! aad the results of drifting buoys aad other direct
current measurements  Reed 1980; Schumacher and Reed 1980; Mcmally l981;
McNaliy et al. 1983; Schumacher and Kinder 1983!. Since the contribution
of «ind dr ift has been included, it should represent the expected total
current better in some areas than geostrophic computations alone. The
speed values shown on the figure are estimates of representative values; in
tha swifter currents, individual peak speeds would at times ezceed those
~ howa, but spatial averages across the flows would likely be smaller. Ia
ths broader, slower currents the values should be close to spatial
averages Certain features of coastal currents with known temporal
variation are aot shown but are discussed below.

The swiftest flow shown is in the Xuroshio, but peak speeds in the
Alaskan Stream  Reed 1984! are at least half those off Japan The Kuroshio
exteasion retains appreciable speeds, but the mixture of this water aad
that from the Oyashio, which is known as the Subarctic Current, is smch
broader and slower. The Subarctic Current is probably more affected by
wind drift than any other flow in this region; geostrophic speeds are
usually <0 cm/s, but winds blow ia the direction of this flow aad consider-
ably augment it, especially in winter  McNally et al. 1983!. The Subarctic
Current diverges off the U.S. west coast, typically off Vancouver Island,
and a portion flows south as the California Current, which is generally
opposed by the winter winds.  Inshore of the California Current, a
northward flow, the Davidson Current, is usually preseat in winter.! The
remainder of the Subarctic Current turns northward into the Gulf of Alaska;
ms this flo» leaves the head of the Gulf of Alaska, it deepens, narrows.
mnd intensifies. This westward outflow is knowa as the klaskan Stream
CFavorite 1967!, and it continues westward along the Aleutian Islands until
it enters the Bering Sea near long. 170'E. There is a separate coastal
current inshore of the Alaskan Stream', this Renal Current  Schuaacher and
Ised 1980; Royer 1981! extends from at l.eeet Prince William Sound, along
the Alaska Peninsula, and through Unimak Pass into the Beriag Sea. The
mak extension of this flow ia the bering Sea closely parallels the 5'
isobath  Schumacher and Rinder 1983!. The water entering the Bering Sea
from the Alaskan Stream appears to flow mainly along the contineatal slope
in the western part of the Bering Sea; the flow turns south of f Kamchatka
and forms the Oyashio, which reaches northern Japan.

Seasonal. Variations

Knowledge of seasonal variatioas im currents in the subarctic hms only
cree recently, mainly as a result of direct current measurements Table 1
is our assessment of some of the likely seasoaal effects; as more informa-
tion is accumulated, this estimate will meed to be revised. The tm
Swiftest flows  the Kuroshio and Alaskan Stream! are aot listed Transport
of the Kuroshio does appear to increase by 10-15Z in summer  Ilaha and Need
1952!, bat iateraaaual changes are mach larger. Xt is not clear if the
Alaskan Stre~ has a seasonal signal, bmt again obvious iateraaaual. changes
~ eeetiams occur  Reed 1984! The Sabarctic Current  Table I! clearly
etxegest in winter  Reed 19N; Wally et al. 1983!; the geoatrophic Qow
4 abet 5 ca/s all year, but stxoag winter winds appreciably aagmemt the
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Table I.--Estimates of the seasonal variation in various surface
current regimes in the eubarctic Pacific.

Minimum Hsxinam
flow speed flow speed

 cm/e! Direction Time  cm/s! direction
Current or

region Time

Minter 20Snbar ctic

Current

 Lat.
V'-50 s!

Summer

Southvard Mint er 50Kamchatka
Current

Soutbvard30Summer

Bering Sea Summer
 flow along
5~ isobath!

VariableVariable Winter

Kenai
Current

7525Winter,
sprlllg!
summer

So uthwe stSouthwest Pall

Alaska,
southeast

coastal

Northward Winter 20Summer Nortbva zd

Oregon-
Mashington
coasts

Wia ter 20Spr ing- 20
susme r

Horth

flaw in the mixed layer. The Kamchatka Current probably has significant
wind drift southward ia vinter. Raid �913! concluded that this current
haa increased baroclinic structure and geostropbic flov in winter, but
Obtaai �970! casts doubt on this being a large-scale general feature of
tbe flov.

The remainder of this section deals vith coastal currents Zn tbe
eastern gering Sea, the coastal flow along the 50m isobath appears to have
greater speeds in vi.nter than summer  Scbumacher and Rinder 1983!, pres~
ably through some action of the winds. Iu this and other areas of tbe
shallow gering Sea, intermittent ice melt in winter may also provide
localiaed, occasional sources of buoyancy that enhance geostzophic f Low.
ibe XerLai Current undergoes a relativeLy Large and rapid increase ia speed
in the fall  usually October!; this change is not mainly produced by winds
but is the result of a dramatic increase in freshwater drainage at this
time  Scbumacber and Reed 1980; Royer 1981!. Tn the coastal ~aters of
southeast hlaska, direct current measureaents and sea level suggest en
increaae in northward speeds in vinter  Lagerloef et al. 1981; Reed amd

. Scbumacber 1981!, probably as a result of persistent winds fram the soutb.
Ceaatml currents off 0regon amd Iasbimgton also se~ to change seasonally.
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flov is typically southward in spring and suauaer in conjunction with
coastal upvelling, but a northvard flow  the bavidson Current! exists in
vinter  Buyer and Smith. 1983!- Some of these changes probably result from
local. vind stress, hut the large-scale winds and alongshore pressure
gradient may also be important  Hickey 1981! ~

Interannual Variations

By interannual variations, we mean changes that occur intermittently;
smae of them may happen most often in one season, but they do not occur
every year. The Kuroshio path undergoes large changes every fev years; one
mode is relatively straight flow along the coast of Japan, and the other is
a large offshore meander  Taft 1972!. Changes in speed and transport also
seem to occur, but variations in relation to mechanisms may not have been
completely resolved' Recent data  Reed 1984! have revealed an interannual
change in speed and transport of the eastern part of the Alaskan Stream as
shown in Figure $. In February-March 1980 the source waters of the stream
had all entered the head of the Culf of Alaska, and peak speeds vere about
100 cm/s In August-Septmaber 1981 about balf of the source water entered
the stream betveen long. 150 and 165 V; peak speeds to tbe east vere
only about 50 cm/s, but values along the kleutians were similar during the
two cruises. It vas suggested  Reed 1984! that this large-scale change,
which is not entirely seasonal, resulted from the effects of differential
vertical displacement of the pycnocline caused by an unusual distribution
of wind-stress curl in the region of the inflowing source waters.

kt least one other interannua1. event is of importance to the subarctic
Pacific' .the El Nino phenasenon. Narked changes in vater temperature and
sea level may occur all along the eastern margin of the Pacific and into
the Gulf of Alaska  Enfield and Allen 1980!, and these anomalies are
presumably accompanied by some changes in currents. Cannon et al.  in
presa! concluded that since about 1920 the EI Nina events of 1941, 1958,
and 1982 have produced major changes as far north as the Gulf of klaska;
the large tropical El Iino of 1972 did not cause large anomalies north of
California, however. Some of these, changes appear to be caused by
anomalous northward flow  Smith and Buyer 1983! associated vith a long wave
propagating from the Equator, but drifter tracks in winter 1982-83 suggest
that the process vae also aided by anomalously strong northward vind drift
 T. C. Royer pere. commun.!. The effects of EI Nino events may be felt from
southern California to the Calf of Alaska, and even into the Bering Sea,
for a distance of about 300 km off the coast, but elsevhere the effects
seem to be much less marked. This process nay affect the drift of material
~ s a result of the amaalous currents produced.

Inferences on the Fate of Debris

For assessing the likely «ovement of material on the surface of tbe
oceans one would like an actual current forecast similar to weather
forecasters In the absence of such information, climatological information
<Fig 4! can be useful. For example, if an object entered the ocean off
northern Japan, it should arrive off the U.8. vest coast about 2 years

B the object extended above the eater, direct windage effects
might apWeciahly lessen this time. ke another erample, aesanae that
material entered the Renai current near long 150 'N. kboat 40 days later
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Figure 5--~opoteatial topography  ia dye a! of the eea aerface, referred
to 1,500 lB, February � March 1980 aud kuguat-September 1981  fraa Reel
1984! .
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it should be asar Unimak Pass at long. 165'S;- during the fall velocity
maximum, it may traaeit this distance in about 1 5 days'

Qhsa material enters the nearsbore eavironmeat, climatological
information should be used with coasiderable caution. Waters that
normally move alongshore may be transported toward share by a storm of
brief duration For example, this is apt to happen ia winter off Oregon
and Washington, where material is frequently driven onshore and litters tbe
beaches. Rater velocities associated with strong winds probably exceed 3O
cm/s, which is greater than tbe typical alongshore velocities. Thus,
material moving east ia the southern part of the Subarctic Current may
contiaue south ia the California Curreat or be driven ashore, mainly
depending on local weather conditions. Similar processes occur along the
coast off southeast dlaska. Finally, tidal currents may play a role in
coastal waters, where water displacements during balf a tidal cycle are
typically about 5 hm  Dietrich 1963!. Thus, material msy be transported
into bays or estuaries at times.

Currents that affect the drift of material. are quite variable in space
and time. One seldom has adequate information to make reliable diagnostic
predictions of trajectories- Models are useful, however, because
probability can supplement the limited deterministic information.
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OCEANOGRAPHIC FACTORS AFFECTING THE PREDI CTABI LITT
OF DRIFTIMG OBJECTS AT SEA

Jerry A.. Gelt
Office of Oceanography aud Marine Services, NOAA

Seattle, washington 98115

movement «ithin the oceans is turbulent. One of the obvious
implications of tbis stateaeut is tbat there is a random or
uncertain character to the path that any particle may take- This
suggests that, altbough the most probable or mean path of a
floating object may be well defined by the most probable or mean
currents, there is error or uncertainty that is associated. with
the predicted particle trajectories. This paper vill discuss the
relationships bet«een oceanographic processes and this uncertainty.

The path of a floating object can be thought of as a
Lagrangian trajectory. Its buoyancy imposes au important
constraint and limits its motions to the special subset of t«o-
dimensional movement. T«o&imensional surface motion  even
random or turbulent! is subject to the kinematic constraints
associated with the incompressibility of water. This means that
any vertical motion of the upper layers of the ocean must be
coupled to a corresponding convergence or divergence of the
surface currents. Convergences act to collect or concentrate
floating particles  antispreadiag or reduced uncertainty!;
whereas divergences vill act to scatter and spread out floatiug
particles' As a familiar example, tbe small-scale foam lines and
"tide ripe" seen in coastal waters represent strong collection or
processes where the vertical «ster movement in the surface layer
totally dominates diffusive or turbulent scattering processes.
The significance of these processes on the predictability of
future flotsam positions is discussed in this paper. A number of
oceanographic processes can potentially contribute to tbe
convergence or divergence of the surface currents. On the
largest midocean scales the curl of the wind stress field and
Rosaby waves contribute to these processes. Both of these
processes typical.ly have strong signatures in the baroclimic
temperature and salinity fields; the use of these signatures as
factors in predicting trajectories is considered On the smaller
scaLe of the continental shelf, tbe effects of variable
bathymetry can become important ia the prediction problem. Even
closer to shore, coastline configuration, fresh«ater runoff and
tidal currents can all become important mechanisms. Each of
these mechanisms is discussed.

s. Sbeaera oak n 0 Tensile  ekitare!i ttocevaisss of the Sow~ oa cbe sate +ac xesece
-ag hrSe n a i, m-xs n ~r lss4. s ~t 1~. n il.- s-s- he- ce r., sow xw. n
.~, tuaa-~ass-sere-ss. ass.
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INTRODUCTION

For ages people have gone to beaches and found flotsam that has
traveled possibly over truly global distances to arrive at some particular
spot. Glass ball floats found along the Pacific coast of the U.S. are one
exampLe; dr'iftwood found along the Arctic coast of ALaska is another.
anyone who has spent time at sea knows that drift can be puzlling, even on
local scales. For examples where is the buoy that came loose during the
night, or for that matter, what are the odds of successful recovery during
a man overboard drill in rough seas' On even smaller scales, sewer
outfalls deliver material into the ocean or into the marine environment
vith the absolute conviction that it vill be lost and not accumulate in the
vicinity at which it was injected into the system.

Mobility of the ocean surface is obvious to any observer. Mixing and
moving are clearly operating over a wide range of time and length scales.
Trajectory analysis is the intent to determine particle pathvays which
account for all of this movement and spreading. This type of analysis can
be considered from a source point of view  i-e., something entered the
water here, and one vouId like to know where it vill be as time goes on!,
or from vhat is known as a receptor point of viev  i.e., this is the spot
where something vas found, and I would like to knov vhere it came from, aod
how long it took to get bere!. In either case it is necessary to know
about the various scales of movement and spreading that are found in the
oca an i

For the purposes of this paper, I will confine my attention to objects
that are buoyant and thus constrained to move vith at least some part of
their structure at the surface of the ocean. I vill also concentrate on
trajectories of particles at sea and not consider the processes that affect
beaching. I «ill attempt to go over some of the factors that control the
movement of floating objects and the uncertainties surrounding the
estimates of this movement-

The next section of this paper will discuss the ways ve typically
divide movementa into currents on the one hand, and mixing or syreading
terms on the other. Zn addition, I vill discuss the typical oceanic
relationships between advective and diffusive scales. The third section. of
this paper vill cover scaling discussions for a number of oceanographic
proceeses to estimate their influence on spreading, and thus the
"findability" of-objects adrift on the ocean surface. The final section of
this paper will discuss mixed comyutational and tracking methods for use in
trajectory analysis.

Xmr CmntgNTS, TILBVmrCE, mn UNCZRTalNTY

%mt ve think of aa average or mean currents clearly depend on vhat
time and syace scales ve wish to consider. Xn moat cases, the choice is a
compromise between «hat we would like to know and the amount of data that
ia availabLe For exampIe, with only flotsam data, ve could aay that the
average or mean currents seem to run from the North Pacific to the Oregon
coast  because we find glass ball floats there!, or that the coastal
currents east of Poiat Sarra» all run from the east  since the driftwood
therm haa its origins in the valley of the Mackenxie!, while the currents
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to the south and west of Point Serrow all run to the north through the
Chukchi Sea  since all the driftwood there haa its origin in the Yukon
Valley!. h little travel up and down the west coast of the U.S. clearly
shows that the mean currents exhibit some variance since glass ball floats
are widely distributed. Starting from these admittedly simple examples. we
would like to consider a more quantitative way of looking at what we. call
the "mean currents" and its variance. We vill then try and see if this
quantitative information can be used to make some estimates about the ease
of tracking or finding floating objects at sea.

h nore or less traditional starting point for midocean current
estimates is the geostrophic equations, and what is known as the dynamic
height method of current analysis"  Fomin 1964!. When used with average
seasonal data, these familiar techniques give the large-scale circulation
patterns that are used in most marine atlases and provide the conventional
wisdom about which vay the vater flows. Many of the results presented by
authors in this conference are based on this type of analysis. Detailed
measurements of vater movements and density fields indicate that even when
the geostrophic relationships are true, small imbalances can lead to time-
dependent changes in the f lov, and so-called quasi-geoatrophic motions are
observed  Pedlosky 1979!. These quasi-geostrophic motions can be analyxed
aa Iossby waves and appear in the atmosphere as the familiar high-low
patterns that are seen on weather maps. In the oceans, these are mesoscale
eddies, rings, or thermal anomalies such as thought to be responsible for
Kl Iino patterns. On still smaller scales, we find current variations
associated vith internal vaves, windrows, or Langmuir cells, and this
nesting of still smaller and smaller scales can go on ad infinitum- In
practice, we must draw the line somevhere and make a pragmatic separation
in what is really a continuum of scales of motion. In this separation we
decide that scales above some certain level will be resolved, and these
«ill be called "currents;" scales below that level vill not be resolved and
these vill be cal.led "turbulence" or "uncertainty." Obviously, one
person's turbulence could be another person's currents, and often is- For
this work, I vill stick to traditional, midocean seal.es and consider
currents to be geostrophically balanced.

Given geostrophic current patterns, what can we do about all the other
variations and uncertainties that are left out of our definitionT To
really answer vhat they mean, ve would have to know what they all mean,
which is out of the question. Fortunately, there are smse relatively
simple models that ve can use to represent these uncertainties in a
statistical. way. One of the easiest to understand and most useful was
originally proposed by Einstein while he was working on studies of Krownian
mtion  Csanady 1973!- This model is baaed o» the idea of a random walk,
ice ~ that in each successive time step, an object will move in a random
step, either north, south, east, or west «ith a probability of 25I for each
option Statistical analysis shows that after a number of such steps the
distribution of possible positions «ill take oa a two&imnsional, Gaussian
chapel and if one were to repeat the experiment with a large number of
cases, their cumulative distribution «omld look exactly like the classical
notation to the diffusion equation, or the so-called distribution of
variables equation  Sverdrnp et al 1942!. This simple conceptual model
t'tea provides a framework which allows me to relate mncertainty to the

. esffeeta seen in turbulence or larae-scale eddy diffuaioa. Tn the ocean,
rome authors have matched distribution af variables with the
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distribution equations and eval.usted effective eddy coefficients  Proudman
1953; Defant 1961!. This vill allow at Least an order of magnitude
estimate of «hat the oceanic levels of spreading should be. That is to
say, from these coefficients ve can go back to the random walk theory and
calculate the random mean increase in particle separation and thus
establish a relationship between the eddy coefficients, uncertainty, and
the average spreading velocity for drifting particles.

To provide a more concrete example, Figures la, lb, Ic, and ld
indicate the results of a seriea of random walk experiments superimposed on
a 1-knot current. In each case ~ 10 particles vere tracked over a period of
100 h, «ith increasing diffusion velocities  random step size ! and
correspondingly bigger advective eddy diffusion coefficients or uncertainty
values. The values of diffusion coefficients shovn here span typical
midocean values that are obtained from tide distribution studies. On the
lov side  Fig ~ la! ve see that vith a diffusion coefficient of about LO
the corresponding spreading velocities are 0.08 of s knot, and most of the
particles vould be expected to lie within a circle 10 to 15 nmi after about
4 days of travel. On the high ~ ide  Fig. Ld!, with a diffusion coefficient
of about 5 x 10 ~ there is an equivalent spreading velocity of about 0.5
knot, and the particles are likely to be scattered over a 40 to 50 nmi
circle after 4 days of travel.

Before leaving our simple model for drift calculations ve should point
out that any floating object vil.l be influenced by surface vinds, as veIL
as by the currents. The relative magnitude of this effect vill depend onthe exposed area and the relative subsurface drag. For the present work,
ve vill consider this to be relatively unimportant with the reservation
that in saae special cases, the trajectory analysis would be quite wrong if
these effects «ere not includedi

From vhat is presented in Figures la-ld, it is seen that even in
relatively steady or noaturbulent, midocean regions, the uncertainty
associated «ith the position of a drifting object is likely to increase t'o
a number of miles over the space of a fe» days. Thus, if the aim is tofind an object that is small or offers lov visibility, then recovery or
tree'king «ill always be difficult. We vill nov consider a series of
oceanographic processes that may counteract the potential spreading ofobjects and thee may' improve the odds of predicting trajectory pathways.

OCRkSOGlULPRIC PROCESSES

Any floating object aust remain on the surface of Che ocean. This
constraint impoeea a» important coupling between the possible surface
trajectory pathmays that it could take and the vertical velocities in the
upper layer of the ocean. Sustained vertical velocities  upvelling ordovnvelling! have often been identified «ith anomalous biological activity.They also clearly affect the spreading or concentration of surface watersand, consequently, anything that ia floating in them- In the simple,
conceptual model. that mas introduced in the last section one can look at
some oceanographic processea that induce vertical velocity> dovnveLIing inparticlmlar, and eatiaate «bather they might have a significant effect omthe «mcertainty of being able to track or locate objects at sea.
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On the largest oceanic scales, vertical velocity is associated with
divergences or convergences of the Ekman transport, and this in turn is
proportional to the curl of the wind stress. This is represented
schematically in Figure 2 where the Ekman convergence teads to dePress the
thermocline. Major centers of Ekmaa convergence are associated with
midocean gyres. Such places are known to have a tendency oa large scales
to accumulate floating material. This is clear from the concentrations of
sargassum weed in the Sargasso Sea aad relatively high concentrations of
tazballs fouad on Bermuda beaches. To get a slightly more quantitative
estimate of this effect, it can be seen that the vertical velocity
estimates presented by Vyrtki �961! and Munk �966! for the bottom of the
pycnocline in the Pacific were on the order of 10 cm/s and discussed in
some detail. by Overstreet and Rattray �969!. Using this aad t' he geometzy
shown in Figure 2, a simple calculation shows that the resulting diffusion
velocity would be negative, i.e., a convergence rather than a spreading,
but that the magnitude of the term would be several orders of magnitude
below the point ~here it would affect the distx ibution shown in Figure la.
Thus, this scale of oceanic circulation would have no detectable effect on
the spreading of objects at sea.

Svrface ieger convergence caused bg Ekman flow
proportionni to the curl of the >rind stress

HORIZOmk

CONVERGENCE
HOR tZONT k
CONVERGENCE

.: wind stress.:::.::.-~.

HOR IZONT k
CONVERGENCE HORIZONTAL

CONVERGENCE

VERT lCAL FLO'8 OOMN THROUGH

THERHOCL JNE

Figure 2.� Schematic represeatatioa of convergent Kkmam layer
as expected ia a midoceaa gyre,
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A second large-scale oceanic circulation featur thre at results in a
~C~ s;ence in the uPPer layer is the subarctic bounderun ary region ia the
kfth pacific. Tbi ~ pemanent feature is veil know ta pacifi
ceanographers and is des ribed in saae detail by Reed and Wird �977!,
0 tltatiVe estimates of the convergence velocitiee can be obtam d f
<gc sork done by Nden  I9 0!   ig ~ 3! ~ Froa this, ve can see that in the
<cinity of lat. 40'l, s convergence jn the surface currents is evident,

sldsrhg that the Ek an drift is confined to the top fey tens of ~ters
gis is equivalent to a convergence velocity on the order of p I k ot ~
< ssrtb south line vbich extends for about Ipp mi. Tbia is nbvionslvions y a
~age estimate, but it indicates that this process is of significant
«gnitnde tO affeCt the lover rangeS Of spreading ve |sight eXpeCt in the
Open ocean and several orders of aagnitude aore important than the
cosvsrgcllce associated vith the aidocean gyres. For higher energy
turbulence situations in the ocean, this process i ~ still not likely to

F 'ts 1% nants of g cR a
i

%1 pof
«<l I rth Pacific. A ~ i diniadicate the iree '

p t i+ April l%5,  %gprQtyl f~ loden
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significantly improve our ability to make trajectory estimates of drift
positions beyond a fev days

The preceding tvo paragraphs discussed midocean processes. As one
encounters the continental. shelf, there are additional processes that can,
induce horizontaL convergencea that are strong enough to overcome the
expected spreading velocities that are associated vith typical turbulence
estimates ~ The first such process has to do with bathymetry and the width
of the shelfy Ceostrophic flows tend to follow bathymetric contours for
cases where the baroclinic adjustment is not accomplished such that a level
of no~tion is established. A discussion of this process including
relevant examples is presented by Gait �980!. Pigure 4 indicates the
surface circulation over the 1'airweather Banks region of the Alaska
Continental Shelf. Currents floving north past Fairveather Banks encounter
an abrupt narrowing of the shelf and the current is compressed closer to
the shore. The co vergent velocities in this case are nearly 0 ' 25 knots
From our previous arg sents, ve eee that these convergences are easily
strong enough to make this a region where spreading tendencies vould be
suppressed, and consequently, the collection of flotsam is likely. Because
of the complex shelf topography of the Alaskan coast, many examples of this
type of bathymetrically induced collection points can be found.

The continental shelf is a region vhere freshvater coastal inputs mix
vith ocean vaters of higher salinity to form fronts which provide other
regions in vhich we can expect the possibility of significant convergences.
Typically. relatively fresh water vill float along the coastline and spread
seaward, pushing a narrow mixing front ahead of it as it ove'rrides the more
dense seawater. This narrov mixing front is a collection zone that can
often totally overcome spreading tendencies. As an example, an oil spill
froa the grounded tanker Alvenus in August 1984 encountered such a front
produced by freshwater runoff froa the Mississippi-Atchafalaya drainage
basin. After moving nearly 30 nmi, the oil had only spread to a width of
1G m. This is obviously soaevhat of an extreme case, bnt the tendency is
general vherever there is significant freshvater coastal currents produced
by Localized runoff. Many such drainage systems are found in the northeast
Pacific, including the vinter circuLation patterns from the Columbia lhver
and a well-defined flow along the Alaskan Peninsula that has been described
by Royer �981!,

<n many shelf areas tidal flow can interact vith bathymetry and
produce horiaontal currents The convergences associated vith these flovs
tend to be the strongest around the mouth of shallow submarine canyons or
at the head of dredged channels. These can form the strongest convergences
ever observed in the marine environment, and in such cases may totally
dominate the horisomtal spreading. Tn one study near the head of Monterey
anyom, drogues that vere initially deployed over a aeveralmile area

within a fev hours ended np in an area soae 10 m across  N. Broenkov pere ~
coamn. 1974!. Xn this case, the convergent velocities compIetely
dominated the spreading velocities in small harbors  e.g., Baltimore!,
actual aaelstroas have been observed vith a core pressure drop equivalent
to 5 to lG ca of water. Incoming tidal vaves can underride less saline
estuarine waters and produce strong convergence lines  so-called
riptidee"! which typically collect flotsaa. These are cosssonly observed

most ef the large estmariea around the northeast Pacific. Sy their
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sses can only be present over a part of a tidalnature, these intense processes can o
cycle and only occur nears oreho e where large bathymetric variations are
present.

SUHKLRT AND CONCLUSIONS

Particle or flotsam trajectories can be cal.culated from water
movements Xn virtually all cases, the complete details of the water
movement and the currents are pragmatically divided into a deterministic,

It tlknown, and often considered steady portion, and an everything else
The everything else term ia usually assumed to have random properties and
baaed on this, a simple statistical model can be developed that, introduces
the concept of spreading velocity that has the effect of increasing the
uncertainty associated with predicting where a particle may end up. A
number of oceanographic processes that result in surface convergence were
discussed. For each of these cases, the tendency of the convergence
velocity to counter the spreading velocity was quantitatively examined.
For openmcean processes, we find that the subtropical gyres have virtual],y
no significant effect on spreading over length seal.es of hundreds of miles
or a few days. The subarctic front in the North Pacific may marginally
tend to reduce spreading tendencies, but concentrations of trajectories or
flotsam distributions are unlikely. Over the continental shelf,
bathymetric and baroclinic processes can lead to convergences that are
typically the same order ae the spreading velocities associated with
characteristic estimates of ocean turbulence. As these are a ssociated with
topographic features snd river runoff, they tend to be persistent features
and may offer a rationale for developing flotsam search procedures, or at
least improving the possibility of more accurate trajectories. yinallyt
msall-scale features associated with tidal movement can produce locally
strong convergencea that will act as collection mechanisms for flotsam.
These cases provide short-term guidance for developing flotsam recovery
plans.

Xa all cases, particularly in open ocean regions, the prospects of
recovering low-profile flotsam simply by going out and looking, for it, are
not good. The odds of recovery periods of a few days may be improved
significantly if the flotsam's visibility can be enhanced either optically
or electronically- This suggests that valuable or troublesome objects
should be fitted with such devices as emergency locator transponders snd
strobea.
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TOWARD k POPULATION DYNAMICS OF MARINE DEBRIS

Tim Gerrodette

Southwest Fisheries Center Honolulu Laboratory
National Marine Fisheries Service, NOAA

Honolulu, Hawaii 96812

Adopting a population dynamics viewpoint can provide a
useful overview of the problem of marine debris. This paper
outlines the information needed to establish an understanding of
the population dynamics of marine debris, notes ezisting sources
of data which could provide such information, points out
potential gapa of information, snd suggests experiments or
sampling vhich could help fill those gape. First, s typology of
marine debris is needed; because the kinds of marine debris vary
so widely, separate estimates of "birth" and "death" rates vill
be needed for each "species." Data on birth or generation rates
of marine debris must include not only "species" and abundance,
hut location and seasonality. Mortality or degeneration rates of
marine debris can be summarized vith a survivorship curve ~
hlthough decay of the material is the only true death, for
certain applications debris can be considered dead by being cast
on a beach or by sinking to the ocean bottom. Fouling organisms
may contribute to decreasing buoyancy snd hence hasten the
sinking of objects such as ropes and trawl netting. An important
question is the choice of units to be used in a quantitative
description of marine debris. The choice of units will depend on
the type of debris, and meaningful units should have the property
of independence. The choice of units will also reflect whether
the impact of marine debris is being measured on fish stocks,
fishing operations themselves, vessel navigation snd safety, or
marine bird and aaaeal populations.

INTRODUCTION

ks the final formal presentation of this vorkshop, this paper vill
attempt to provide an overview of the technical aspects of the marine
debris problem, especially as identified in the last few days, to note
gapa in our information vhich need to be filled by future research. and to
make some provocative comments vhich may stimulate thinking in the vorking
group sessions which are the next phase of the workshop. As a conceptual
framework for the discussion, I propose to talk about debris in terms ofpopulation dynamics, that is, to treat debris aa a population of objects

Q a~ S~ $4REtg'4 ees so 0» reehise  clif ere! ~ seeceesiese eg she uerheheS es the tate eel ~eef assize neheie e IS rS seveehee 1 >4SJ ueee44 e Reveii » 1 s nes ceeemr sulk ieeh~i snsk ~srs sere-54I i%83 ~ ~ ~ ~ ~ ~ r I sulk ee ~
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~~ dynamics >e vish to describe. ds uith a biolo ogical population, thetasks a re t o de t ermine hou %any neu jndxvid
elation  through irtha and immigration! and hou nanb' s are entering the

ou many individuals are  through deaths and eaigration!aav ion, per unit time.av . tion the number of individuals of ea h k deac ind of debris
can be calculated.

t ere a ted in the dynanics of marine debrief
there are aesthetic reasons for objecting to the t

sho�ld not ignore these reasons, since for the general
ns ~y be uo ~ t important to uobiliaing people t h le o ep,as Heilson l985! has ahoun. There are also, a number of

be j.nterested xn. 'the auo
n t h l. s uork shop

d turtle populations. 'Rat de«rva
~ h e are strong r easons f or f ishermen

o b concerned about the amount of debri~ xn the oce
operations by fouling nets or p

h' ' ~ pro'p liar, debri ~ b ou s a s«ious
gd vhen lost gear continues to fish, it is an unreported source of
sortality not taken into account in calculations and recouuendationa for
nanagement of the f ishery resource.

Our perception of bphich kind of debris is of greatest interest and
isportance vill depend on uhether ue are measuring the impact of debris on
fish, seals, or ships- k drifting hauser might be a navigational hasard
for a ship, but poses no danger to a seabird, uhile the plastic top of a
aizgack of beer is mora dangerous to a seabird than a ship. People uith
different interests uay therefore have different perceptions of hou serious
tbe probleo of oerioe debris is eed ebet eboeld be done to eorreet it.

Population Statics

The population dynamics of aarine debris is a neu scientific
discipline. 5efore ue can get to the dynamics, therefore, ue aust deal
vxth arne preliminary population statics. The first problem is to identify
the different kinds of debris. Pollouing our biological n«aphorb ve m y
call these different "apeciea" of debris. Several papers in this uor"s P
have presented "apeciea lists " especially froe the Pacxf<»  Bahlbe g
garrell 1985; Ieilaan i985!. The uide variety of debris means that t e

elation dynamics say be different for each "species."
~ld keep jn aind that neu "species" may evolve in

e ' ~ ua be given eithero«"+ding stack siaea of aarxne debri ~ uay g'
r relative abundance. In thas arkahop, sevseveral papers have

e«i+ates of stock axae, exther froaron beach surveys
 ~ aaghtinga freya a ahap  Dahlberge ~ l985; Jones and

although u eat~to af standing stock only deacra es t e
Fargicular paiat in tixae, a eupotim ca+ ~auide clues to Ae 4ynmica of the population.

em increase ar 4ecgeaae, and species compo ' ' e.

f+<++g weather ca~gigian,s, fossa 4iffereat heights a
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surface, from different beaches, and so on. A simple, standardized program
of observation and sampling will therefore often give more useful results
thaa a more elaborately but inconsistent, program.

Jones and Perrero �98'! have summarized clearly the problems with
estimates of debris abundaac» made from ships. Some types of debris are
much harder to see than others, size is very hard to estimate since large
parts of some items are submerged, and in aay case the sighting
probabilities depend on aea state, buoyancy, color, and other factors'
These are serious problems which must be overcome if sighting rates of
debris are to be translated into estimates of absolute abundance. But
shipboard sighting rates of debris can still be useful as relative
abundance indicators. Programs of regular searching for marine debris
could be expanded to include more vessels wherever such observations do not
interfere with the normal mission of the ship. We should think about more
passive and automatic means of collectiag data. Perhaps high-resolution
sonar could be used to detect large pieces of gear, or a simple grappling
hook could be towed behind the ship. Collecting data Ln several different
ways has the additional advantage that we cern gain some insight into how
some observations may be biased. For example, we could compare visual
observation of debris from a ship with the amouat caught on a hook during
the same periods Or we could compare the amounts caught on several hooks
tound at differeat depths.

We have to choose some units to describe the stocks of debris.
Nerrell �985! reported the amount of debris on Alaskan beaches both as
number per kilometer and as kilogram per kilometer and noted that number
and weight did not always show the same trends. For debris items which are
discrete and which come in similar sizes, the number of each "species" wil.l
be a suitable unit, but for others which come in variable sizes. the choice
is not so easy. With fragments of nets, for example, we could use number,
might, l.iuear measure, or surface area. What is the best unit to describe
t'his populationT Suitable units should express an equal impact and be
iadependent of one another. If we choose numbers of net fragments as our
anil it implies that a 100-m net fragment has the same impact as a lorn
fragment. If we choose a liaear measure, it implies that a l00w net
fragment is equal in its impact to ten 10m fragments. Which is true for
the impact oa fish stocksf Which is true for the impact on marine mammalsT
This is aa area for future investigation. Ideally, we would like to use a
unit which ia more closely related to the impact the debris is causing,
such as the relative fishing, powers of l0- and 100~ net fragments- This,
however, requires a clearer mechanistic understanding of how drifting net
fragments affect fish, mamsal, amd bird popnlatioas. For the present time>
we will simply note that a» appropriate choice of units to describe debris
depeads on �! the type of debris, and �! the target population--that is,
whether the impact of debris is being measured on fishing operations, on
vessel safety, or on fish, masssal, bird, or turtle populations.

Population Dynamics

Io» wm coma to the dynamics of marine debris. Individual. items of
debris caa enter the population through births or imugration and leave it
through deaths or emigration Let us leave aside the discussion of birth
end death rates for just a moment and consider the migration of marine



debris. Since debris cannot swim, we assume that a good approximation of
migration routes can be calculated fram a knowledge of ocean currents  Reed
and Schumacher 1985; Seckel 1985!. Individual items which are highly
buoyant, such as styrofoam objects, might be influenced by wind more than
currents. This makes the problem a bit more complicated, but since general
wind patterns are well known and the relative contributioas of vincl and
current can be estimated, this presents no fundamental problem In general,
then, the migration patterns of marine debris can be fairly well estimated
for any "species" of iaterest from existing information on currents and
winds. It is well to remember that much of our knowledge of surface cur-
rents comes from observation of scientific floating objects~rift bottles
and buoys � so that knowledge should be quite applicable to fIoafing debris.

The heart of population dynamics is the estimation of birth and death
rates. We would like to be able to describe how many ae» nets are "born"
each year in the ocean. We would like birth rates to be broken down by
"species," location, season, and type of fishing operation. Hov of course
one of the basic differences betveen biological species and debris
"species" is that biological individuals reproduce their own kind, while
debris is produced as a result of man's activities. We therefore expect
that for marine debris, in contrast to a biological population, Chere will
be no relation between recruitment and standing stock. Instead, birth
rates will be related to amount of fishing' Actually it is possible that
this may not be strictly true and that there may be some stock-recruitment
relationship for marine debris. If objects of debris interfere with
fishing operations and cause other gear to be last, then the stock is
contributing to the recruitment of new individuals in the population. For
example, a large ball of trawl netting may foul a gill net and cause it to
break away or to be abandoned.

Like human births, we caa divide births of marine debris into two
kinds: planned and unplanned. The marine debris equivalent of planned
parenthood is the deliberate dumping of trash or worn-out gear at sea.
Unplanned parenthood is the accidental loss of gear. Ihta on accidental
losses could be estimated by reports from fishermea or from observers on
fishing boats  Low et al. 1985!. If average rates of gear loss for
various types of fishing operations could be calculated, they could then be
applied to total fishing activity. Such estimates would be minimum
estimates of birth rates since births due to deliberate dumping are not
iacluded. Certainly, ve need more information on these deliberate births.

The estimation of mortality rates presents other problems First of
all we should consider the meaning of death for marine debris. The decay
or disinCegration of debris is certainly death, but effective death might
occur before that. It depends on «hich group ve are measuring the impact
of debris. Debris vhich sinks is removed from the population as far as
pelagic fishing operations are concerned, but not as far as benthic fishing,
operations are concerned- Debris cast ashore is removed from the
population as far as vessel safety is concerned, but not as far as seals
are concerned. This means that we vill have to decide on what group ve are
measuring the impact of debris before the meaning of death is clear.

The decl.ine in abundance over time in a population can be smaerised
«ith a survivorship cmrvei Figure l shows three general shapes that
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Figure l.� Three general types of survivorship curves-

survivorship curves of marine debris might take. The top curve sho«s a
population in which most iadividnals survive for most of the lifespan, thea
become "senescent" more or less simultaneously. In the middle curve, a
constant number of individuals die in each unit of tine, «bile iu tbe lower
curve, there is a constant rate of mortality per unit of time. Different
"species" of debris will certainly bave different survivorship curves. Ve
need to establish the general shape of the survivorship curve for each
"species" and to establish the time scale along the horisontal axis. 5pes
it take days, months, or years for debris to dieT

Another factor we need to consider is that although aa individual item
of debris may not die by disappearing from the ocean, it may change its
condition in such a way that it becomes leos effective Carr et aI. �985!
and bligh �985! reported observations particularly directed at tbis
important question. The impact of s 1ost gill net is quite different
depending on whether the gill net is stretched open or tangled up. Even if
a drifting net remains open its effectiveness must decline «ith time as it
becomes fouled with algae, barnacles, and other organisms Figure 2 sbo«s
so me simple hypothetical possibiHties of decline in effectiveness over

The top curve shows a situation in which ef fectiveness remains high
for a while, then declines rather rapidly. The middle figur~ shows a
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Figure 2.� Several possibilities for declining effectiveness of
individual items of marine debris with time.

linear decrease in effectiveness with time, while the Lower curve
illustrates a situation in which theatre is an initial rapid decline followed
by a Longer period in which the debris continues to have an impact, though
at a reduced level. As with survivorship, tbe important things we need to
establish are the general shape of the effectiveness curve for each
"species" of debris and the time scale on the horisontaL azia.

The impact of a yopulatiou of marine debris is a product of the
effectiveness and survivorship curves. Figure 3 illustrates this idea. ~s
a simple example, linear declines in relative effectiveness and in
abundance with time are shown. Their product, however, whicb indicates the
impact of this particular "species" of debris, is not Linear~ Putting it
mre formally, let q t! be the average effectiveness  catchability
coefficient in fisheries parlance! and u t! tbe number of items of a
particular debris "species," both functions of time. Then the total impact
of  e g., total number of fish caught by! this 'kind of debris is

q t! n t! dt
0
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Pigure 3- � Iapsct of a population of debris as a function of time.
The impact is a product of the effectiveness and abundance
functions.

I

There are three general causes of death: �! deterioration of
naterial as a result of exposure to seawater, sunlight, oxidation,
biologicel agents, and the nechanical agitation of the ocean; �! sinking
by loss of buoyancy through eater absorption and by fouling «ith marine
orgeuisns; end �! stranding of eaterial o» the shore. What fraction of
deaths is due to each of these three causesT kt the present time even
rough estiaates do not seea to exist for floating narine debris ~

The physical deterioration of rope and netting material could be
estinated froa the nanufacturer's specificati.ons; otherwise saae simple
eR'«inents could shou hou long various materials might last. Xn general,
uu hnou that modern synthetic nateria1s have a long life. In fact, it ie
the durability of these naterials that is one of tbe fundeaentel causes of
the debris problea. Civsn thi ~ long potential life, uhat does eventually
happen to narine debrist Xf it does not deteriorate, end if it is not

~ested by a nerine organisa, tbere are only tuo other ueys it can die:
either it sinhs or it is cast up on a beach.
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Loss of buoyancy can occur «hen an item of debris gradually absozbs
water and also «hen marine organisms grow on it The main organisms which
could grov on floating debris and weigh it down are certain speciea of
barnacles. Since the calcified barnacle shell is denser than water, a
heavy growth of barnacles could cause an object which was originally
slightly buoyant to become heavier than water and sink. How quickly this
vill happen depends on the original buoyancy of the object, and on the rate
of settlement and grovth of barnacles. Figure 4 illustrates this for three
items of debris vith different originsi. huoyancies ~ The items of debris
have positive buoysncies which deczesse only slightly vith time. The
negative buoyancy of barnacles changes greatly «ith time, probably
according to some S-shaped curve similar to the one shown. The, f irst item
of debris is so buoyant that barnacles will never cause it to sink ~ The
second item of debris requires a heavy growth of barnacles to develop
before it vill sink, vhile the third item is only slightly buoyant and is
quickly pulled down hy the barnacles. The greatest unknovns are the rates
of settlement and growth of the barnacles  and other organisms denser than
seawater!, but these could be established with some relstivei.y
straightfovard, though not necessarily easy or cheap, expeziments.

R 0 Cl
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Figure 4.� Possible changes in buoyancy of items of debris with time due
to the growth of barnacles oz other organisms with density greater than
that of seawater. En the ezaayles showa, the growth of barnacles «ould
cause debris items 3 snd 2 to sink, but not item 1-
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Ihat happens after an object has begun sinking depends on several
factors. Of course if the object ia dense enough it will continue to sink
to the bottom of the ocean. But if its density is close to that of
seawater, the compressibility of the material relative to that of seawater
is important. Material which is more compressible than seawater will
continue to siak, even vhea the barnacles die and fall of f deep in the
ocean. On the other hand, material less coapreasible than seawater could
sink to aad remain at an intermediate depth.

The third possible fate of an item of marine debris is stranding on a
shore. It is difficult to estimate ho» much material is eventually removed
from the ocean in this vay. Monitoring a beach and recording the amount of
debris which accumulates aay give a relative indication of abundance, but
it does not tell us what fraction of a particular kind of debris ands up on
a beach. Fearshore this fraction could be substantial. One possible
approach in coastal «aters is to attach sonic or radio taga to a sample of
debris and monitor the fate of these tags. Such an experiment would also
have to consider the possi.bility that some items of debris could be
deposited on a beach, but later washed ont again; these could be termed
"born-again" debris kway from the continental land masses, oa the other
hand ~ the probability of death due to deposit on a beach appears to be
quite low. Since the oceans move in large circular gyrea, and since
surface waters tend to converge toward the centers of these gyres, a
floating object, if it did not deteriorate or sink, could continue to go
around and around. There is anecdotal evidence for some objects being
afloat for many years.

SUl9QRT kgb CONCLUSIONS

This paper haa provided a brief description of the marine debris
problem, approached from a population dynamics viewpoint. This description
addresses mainly the fate of marine debris. It concentrates oa describing
how much, vhen, and Were. Prom this information, the impact of a given
amount of debri.s on fishing operations or on vessel safety could be
estimated by computing aa encounter rate. To estimate the impact of this
debris on populations of fish, birds, turtles, and mammals, however, would
require more than a simple encounter rate. It would also require
iaforaatioa on the behavior, physiology, aad ecology of these aaimals,
topics beyond the scope of marine debris population dynamics.

Attempts to reduce the amount cf aarine debris can be viewed as taking
oae of tvo basic approaches: to increase the death rates or to reduce the
birth rates. Prograas which remove debris from beaches or proposals to
require certain rates of degradability in fishing gear are aimed at
iacreasiag death rates of debris. programs which seek to reduce the amount
of debris created, either through legal or financial incentives, are aimed
at reducing birth rates. Either can be an effective means of population
control- I hope ve can find a suitable combiaation of these tvo approaches
in the working group meetings which are next
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THE OCEANIC CIRCUIATION IN HAWAIIAN WATERS: FACTS!
HYPOTHESES, AND PIANS FOR FURTHER INVESTIGATIONS

 Abstract only!

Lorenz Nagaard
Departn!ent of Oceanography

University of Hawaii
Honolulu, Hawaii 96822

According to Robinson  Eddies in Narine Science, Ne» York,
1983!, "It is now well known that the mid-ocean flow ie almost
everywhere dominated by so-called synoptic or meso-scale eddies "
This is even more true near major topographical features like the
Hawaiian Ridge where. in addition to quasi-geostrophic motions
 Rossby waves, synoptic eddies!, barotropic snd baroclinic tidal
currents and currents associated with wind waves and surf, are of
strong, and in some locations of dominating influence-

Examples of direct and indirect current observations vill be
presented. These observations illustrate how extremely difficult
the predictions of the fate of marine debris in the Hawaiian
waters is.

In view of the very limited knowledge that we have about the
oceanic circulations in Hawaiian waters, a major research project,
called "Hawaiian Ocean Experiment  ROE!," is planned for the
period 1986-91. Background and plans of this comprehensive, inter
disciplinary, cooperative oceanographic study of Hawaiian waters
 to include the inhabited Hawaiian Islands and the Northwestern
Hawaiian Islands! vill be outlined.

L 8 ~ shss!ore eea 8 ~ 0, TO Sh Qe  e4 i ters! ! Proc sea is 8 s of the metk ShOP ee the Pate Se!i Zapect
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PLASTIC POLLUTION AT SEA AND IN SEABIRDS OFF SOUTHERN AFRICA
 Poster presentation!

Peter G. Ryan
Percy Fitzpatrick Institute of African Ornithology

University of Cape Town
Rondebosch, 7700, South Africa

ABSTRACT

Plastic objects were first recorded from seabird stomachs in
the northwest Atlantic Ocean in l962. Since then, this phenomenon
has become increasingly widespread and abundant. Recently,
plastic objects have been found in the stomachs of 22 seabird
species from southern Africa and the African sector of the
southern ocean, including birds restricted to the pack-ice. Three
species, pintado petrel, ~Da tion ~sense; blue petrel, ~81 becca
~caerule; and treat shearvater, Puff ines Drsvis, have plastic
objects in more than 90X of stomachs. In ezceptional
circumstances, ingested plastics make up 0.7X of body mass and
completely fill the muscular stomach  gizzard!. Although much haa
been hypothesized, the effects of these plastic objects are
unltnown.

Studies are under way in attempting to determine the spatial
and temporal distribution of plastic pollution at sea and on the
coasts of southern Africa using neuston trawls and beach surveys.
The incidence of plastic ingestion by birds is being related to
diet, foraging area, and behavior. The possible effects of
ingested plastic objects on seabirds are being tested by
physiological and energetic ezperiments on captive birds which
will be fed differing amounts of plastic objects and compared with
controls.

Q n92 S ShMH osa I Oe ZOAias  OaitOio!e 'bOCoOdiOSO Of who TfozhohOS oS Chs Tate Oaa ISSOCt
of arias sobrio, 2$-X9 ~r 19ss, sooolebt, Ehoaii. 0.8 sos. coasor. ~ sola Tech. %ooo
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REPORT OF THE WORKING GROUP ON NARINE DEBRIS

 Dayton L. Alverson, Chairman!

Review the results of the Fate and Impact of Narine Debris  FIND!
workshop sessions and determine the extent and the nature of the marine
resource interaction-

The FIND workshop provided ample evidence the debris of terrestrial and
shipborne origin was widespread in the marine enviromaent. A number of
papers, mostly descriptive in character, suggests debris interacts with
a wide variety of marine mammals, fish, turtles, birds, and inverte-
brs'tes. The consequences and quantitative impacts of this interaction
do not appear to be well understood nor documented for most observed
interactions; however, substantial evidence of a qualitative character
demonstrates that added mortality over those generated from natural
causes is occurring for species of marine mammals, birds, fish, turtles,
and shellfish. For the northern fur seals, the evidence of entangle-
ment and increased mortality of young resulting from entanglement in
large mesh trawl webbing is relatively strong, but there is a need to
evaluate this hypotbesis in terms of long-term availability of large
mesh trawl nets and other factors such as disease. For many other
species of mammals and fishes, invertebrates, seabirds, etc., evidence
of death, wounds, feeding problems' etc., is apparent, but quantifica-
tion of the impacts on the dynamics of impacted populations will
require more study. Regardless, there is adequate data on hand to
suggest that the distribution, diversity, and quantity of marine debris
are increasing  in moat areas! and that the consequences to marine life
and human safety should not be taken lightly.

2. Determine if tbe workshop has missed. any pertinent research efforts
which address the marine debris problem and assess whether this
information should be acquired to fully update the present state of
knowledge. I

a. There ia a body of data within tbe International North Pacific
Fisheries Commission documents on net design and usage in the north-
eastern Pacific region. These data should be further explored to
evaluate Charles W. Fowler'4 hypothesis that significant added
mortality to young seals occurs as the result of entanglements.

b. Nose data presented on fishing effort reflected foreign information
on U.S. fishing outside of state waters. Considerably more data
are available on U.g ~ fishing effort in the eastern Pacifi.c. The
additional data would help to broaden our understanding of poseible
debrismrine resource and debris-human resource interaction.

~ a S. sbcooCO OaS K O. TOOblsa  Cditcte!, PCOCOesirsI Of tbe WOcbebOS oo the tata aoa faSaet
of mcrieo sobrio, 26-2% %~ac les, aosolele, aaeali. s.s. nay ccmacr., soka Tech. Moro.
~, soLa-~-ssIc-$4. 1%45.
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Information on fouling of fishing snd recreational vessels ss well
as other waterborne traffic should be collected to understand the
full scope of impacts of marine debris.

Historical data on entanglement should be further explored in
detail with regard to fur seals to determine if specific sixes of
mesh csn be identified which generate the greatest potential
mortality-

e. Fishermen groups and net manufacturers should be asked to assist in
identifying specific types of nets snd net components which sre
most involved in entanglement.

Additional information is needed on seabird entanglement and
ingestion of plastic materials.

g. Incidentally caught organisms themselves can become marine debris
«hen discarded st sea. Further studies are needed to quantify the
amount of this type of debris generated and its impacts.

3. Determine j.f the present state of knowledge is adequate to identify
possible mitigation.

Although the present state of the problem is adequate to demonstrate
that debris~rine resources interactions are occurring and that many
of these interactions are generating added mortality to species of
marine life as well as endangering human life in many instances, the
quantitative aspects of the problem in terms of the population dynamics
of the animals involved and risk to humans are unknown. Similarly the
source of some debris is not clear. Finally the cost of mitigation in
terms of its value to problem resolution in some instances is unclear.
There are, nevertheless, possible actions that should be explored to
address the most obvious and dangerous problem areas. These include:

a. Education of the fishing c~ity ss to the extent of the problem,
addressing the loss of margie euummls, fish, sesbirds, ses turtles,
snd invertebrates and danger to human life's

b. Consideration of regulating mesh sixes of materials  e.g- nylon!
used in the wings and body of travls. The validity of the assump-
tion that large mesh webbing causes entanglement problems needs
confirmation. Could entanglement observations result from high
survival of animals encountering this gear but high mortality be
associated with the more common smaller meshT This is not likely
but the possibility should not be overlooked-

c~ Regulation of the discharge of webbing and other harmful debris.

d. Development of charts of known snags to reduce net losses by
fishing vessels.
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Requirement for identification of fishing nete to identify source
and areas loathe

e.

Urging U.S.. commitment to l,imit international vaste disposal at
sea.

Expanding public cleanup projects.g»

Requiring vegetable f iber hang,ings or escape panels on pote.

Determine which additional information ie necessary to identify
mangement actions which will alleviate the marine debris-earine
resource interaction.

Further explore hypothesis regarding the added mortality caused
from trawl webbing and plastic bands ou fur seals and other
potential sources of mortality, in particular disease, vhich might
explain declining population sizes. Consider at sea verification
of entanglement and death. Also study disease factors by
reinstituting pelagic high seas studies. Expand beach studies in
viuter to verify entanglement deaths.

a.

Expand study of wintering areas of birds.b.

Study fate of lost fishing nets through experimental design
studies.

c»

Investigate life of nets and breakdown processes after loss ~ Also
develop a catalogue to help the public identify net components and
materials.

e.

Develop standardized. beach survey methodology  see manual by
Theodore R. Nerrell, Jr.!. Also study impacts of beach transport
of debris and its effect on beach survey studies.

Collect information from f ishing industry on derelict fishing nets
and dieablement of vessels by marine litter  see Auhe Bay Labora-
tory format! ~

g»

Expand nse of submersibles in studies of lost gear on the seabed.

Enlist support of Korea, Japan, aud Taiwan in a study of the scope
of net losses, etc., from high seas gill net fisheries for squid.
Also, request aid of international organizations  Food and
Agriculture Organixatioa of the United Nations and Intergovern-
mental Oceanographic Commission! in determining net losses at sea.

Consider a new international scientific forum to discuss the Ahris
problem and other natural resource aud enviroxaental problems in
the North pacific region.

Confirm sources of major debris and expand studies of their distri-
bution in the marine environment.
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k. Zvaluate the scope of the entanglement problea for marine mammals
in other major rmrld travling areas. Do the same problems existed

l. Considerations need to be given ta the potential benefits of marine
debris. There ia evidence that same marine birds and fish benefit
from marine debris.

n. Information should be obtained on the eztent to which Asian
fisheries contribute to floating and beach debris in the Bering Sea
and the Nartb Pacific.

a. Investigate current use and needs of plastic bands and potential
design alterations which cauld alleviate associated problems.



53 l

REPORT OF THE WORKING GROUP ON I NPACTS 0 P DRBRI S ON RESOURCES

 Doug las G. Chapman, Chairman!

After reviewing some of the questions raised in background sessions,
this group decided to deal f ir st with general aspects and then to consider
problems on a resource or species basis For each of these, the Working
Group attempt ed to:   1 ! def ine the prob 1 am and the prob 1 em material ~ �!
~ ugge st information neede d,   3 ! provide recommendations to obtain the
information or to begin mitigation of the problem, and �! note' any other
relevant points .

1 . General ~

a. Inf ormation needed ~

  1 ! What is the f ate of different gear types in different locales
  and simi lar information for other debris ~ particularl y
bands! 2

  2! How long are the dif f erent types of debris likely to have an
impact ~ that is ~ cause eat aug lemeat 2

� ! What are the rates of ge ar loss for f isherie s, for which ghost
f ishing seems to be a probl em?

b. Recommendations relevant to mitigation.

  1 ! Require net ident if ication-

�! Develop a reference co 1 1 ection of debris, particularly nets.

�! Reduce sources of debris by educational programs ~

�! Evaluate the costs and benef it s of remove 1 of debris from
beeches on a peri odic basis .

c. Other comments.

  1 ! To a s s i st in scientific research t o be undertaken on marine
debris prob 1 erne or mitigation, it is desirable to have clear
definitions of the problem.

  2 ! Xt needs to be recognised that marine debris can have positive
benefits and these shoul d be recognised and, if possib 1 e ~
aa a e a aed .

Sg ggggga OQJ I Qy QOOEtlss  Oliroro! ~ FfeoOOSiegO of tha NOZEsEOp Oa tES
~ ef mosIao IFosr to, 2$ 2% %smasher lsd> SosoIsls> assegai IF S, noS ~
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Fur seals.

a. Problem.

For fur seals, it is clear that the problem of czarina debris
centers on  i! trawl net fragments snd  ii> bands, usually of
plastic. Seals entangled in trawl net fragments are impeded in
swimming and diving and hence, have higher energy costs and lower
feeding efficiency. They may also cause the seals to be more
subject to predation. Bande around the seals' necks can cause
lesiona and ultimately death from suffocation.

b. Information needed.

�! Confirmation of leveL of mortality that to date has been
estimated by indirect methods.

�! Studies as to whether fur seals become entangled with equal
probability in netting of different mesh sizes.

�! Determination as to whether the distribution of net debris at
sea is the same  in regard to size, type, etc.! as is found on
the beaches.

�! Theoretical vork or experimental studies should be carried out
to relate drag of netting, etc., on entangled seals to their
rate of survivals

cd Recommendations to obtain information or for mitigation.
 I! Radio tag and monitor entangled seals.

�! Set up experiments utilizing marked net debris near rookery
islands.

�! Carry out additional beach and sea surveys; it may be necessary
to survey at sea using several methods.

�! Explore the possibility of obtaining insight into the problem
or into mitigation through comparison of different. pinnipeds.

d. Other points

It was emphasized that although marine debris  trawl net fragments
snd banda! ia at the moment the most plausible explanation of the
recent fur seal population decline, other possible explanatory
hypotheses should continue to be investigated.

Fisheries.

a. Problem

Narine debris impacts fisheriea through possible problems of vessel
operations amd through mortality om commercial fish of interest to
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the fishery. Lost or discarded gill nets or gill net fragments
appear to be the primary problem for both of these impacts.

b. Information needed.

�! Quantitative information is needed on the types of problems
caused by net entanglement on fisbing vessel operations as
wel.l as their frequency.

�! Information is needed on the level of mortality of commercial
fish stocks in ghost fishing gear.

c. Recommendatians.

 l! Seek information from and cooperation with fishermen on tbe
effects of marine debris on fishing vessel operations.

�! If information on the amounts of ghost gear at sea and tbe
longevity of impact vere to become available, it would be
possible to incorporate the mortality due to ghost gear into
population dynamics models and thus, determine full impact.

�! Studies sbould be undertaken on the costs and benefits as well
as the possible options in making part or all of the net af
biodegradable material.

4. flank seals.

a. Problem.

Travl net fragments are those debris items that have been found on
monks seals and are perceived to be the main source of possible
mortality. The rate of entanglement and, hence, of mortality is
unknown but any loss is serious for this endangered species.

b. Information needs.

The information needs are much tbe same es those for the fnr seal
though it vill be more difficult and less appropriate to carry out
any experimental work on animals of this endangered species

c. Recommendations.

�! Carry out entanglement studies on captive animals

�! Clean up net debris on the beaches' and in the lagoons of the
islands and atolls inhabited by monk seals. This should be
done on a continuing basis.

�! Continue to monitor populations to determine the neer of
pupa born and other population dynamics parameters but also,
to determine the umber of entangled seals and as possible, to
remove the entangling materially
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ST Birds.

a. Problem.

Marine debris impacts marine birds in two different ways, through
entanglement and through ingestion. In regard to entanglement,
lost and discarded gill net and gill net fragments are the prime
cause, though it is believed that active fisheries represent a much
more serious problem t'han ghost fishing. Plastic pellets are
implicated as tbe cause of the ingestion problem.

b. Information needs.

�! Population dynamics studies are needed of two or three species
of birds that are most seriously involved in debris entangle-
ment.

�! The impacts of ingestiou aze not well understood and physio-
logical studies and experiments are needed to determine sucb
impacts.

�! Ingestion of plastic pellets may involve a hydrocarbon
contamination problem and studies need to be made to determine
if this is so and what impact it might' have.

c. Recommendations.

�! whatever steps aze possible should be taken to seek elimina-
tio» of- dumping of effluent from manufacturing plants.

�! hs feasible, ocean surveys should be carried out to determine
the level, distribution, and if possible, the source of
plastic pellets. Xt was suggested that directed surveys are
unlikely to be feasible but it may be possible to use
platforms of opportunity.

i Marine turtles.

a. Problem.

hlthougb entanglement has been observed, ingestion of various types
of marine debris, particularly plastic, seems to be the more
serious potential problem-

b. Information needed.

�! Similar to birds, the effects of plastic ingestion and the
possibility of a hydrocarbon contamination effect are unclear.
Ience studies are needed to determine if such effects exist
and what their mortality implications would be at the
individual level

�! Information is needed on the impact of such effects at the
population Xevel ~
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c. Recommendstious-

 l! The stranding network in vhicb stranded turtles are collected
needs ta be expanded and steps taken to assure that all
stranded turtles are examined, as far as this is possible.

�! Collection of turtles should be made for stomach analyses-
Again this ie most likely to bs feasible from platforms of
opportunity.
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REPORT OF THE WORKING GROUP ON TM PATE OP MARINE DEBRIS

  James D. Schumacher, Chairman!

Research needs.

Ve believe that the extent. nature, and fate of debris are not well
defined, although debris is clearly a problem throughout the world
oceans. It is essential that research activities receive close
international coordination.

a. More information is required on the quantity, type, distribution,
and change with time of the amount of debzis. The following
strategies could address the problem of debris:

 l! Develop sampling devices for marine debris such as neuston
«eta with grappling hooks, snd perhaps moored automatic
collectors.

�! Conduct beach surveys: expand present efforts in time and
space, mark or remove debris eo that the rate of accumulation
can be estimated, and standardise reports from all nations.

�! Do site-specific studies in the following environments:

 a! The eastern Bering Sea  Pribilof Islands! where there are
low currents, large mammal populations, and extensive
fishing efforts.

 b! Hawaiian Island waters, »here there are endangered
species and existing programs  monk seals! which »ould
allow comparisons between beached and at-sea material.

 c! North-south sections along longitudes in the eastern and
western Pacific  i.e., across convergence features and
upstream and downstream! .

�! Conduct "ship of opportunity" surveys from the National Oceanic
snd Atmospheric kdminietration and other research vessels.

b- Examine the timing and rates of change of the threat potential of
deb~is. No» does debris change mechanically  e.g., nets become
balls!, chemically  buoyancy effects!, snd biologically  plant
growth! ~ Once beached, is debris no longer a problem; can it be
returned to sea or be a problem om the beach itselfT To what
extent is benthic debris a threat to snimalst

XL s- Si Seeera aaa L 0 zoahila  cattoca!, hoeeelbsaa et the sachahep oa the 4ca ana 49act
ar mL+44 nahrh 24 zs %masher 1904, saaolala %NNE11 0 s ~ 589 ~T, raaa zach. ~.
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c. Investigate the mechanisms of entanglement, ingestion, or wounding
of individuals with marine debris. Obtain better estimates of the
rates of death at sea caused by derelict gear and other debris.
Evaluate the impact of entanglement and ingestion of marine debris
on animal populations.

d. Examine the potential impact of demerssl gill nets on marine fauna-

e. Examine historical records of monthly mean atmospheric pressure to
determine the variability of surface currents. Evaluate the
utility of using mean monthly atmospheric pressures as an index of
the drift of marine debris.

Determine hov activities will be coordinated to facilitate the
exchange of ideas, data, snd techniques amongst the international
community.

2. The present state of knowledge suggests the following mitigating
actions:

a. Enhance communications to:

 l! Change human attitudes toward the environment � the aea, even
at its greatest depths, snd beaches are not endless garbage
pits. Encourage and facilitate the proper disposal of debris'

�! Provide incentives to fishermen to cut packing bande snd to
return net fragments  e.g., nets continue to harvest fish,
foul boats, and harm marine mammals and birds � The Oregon
Experience!.

b. Conduct materials research:

 l! Print. "please cut" on bands, develop snap~ff bands, and bands
vith biodegradable weak links

�! Can materials that may potentially become marine debris be
made degradablef

�! Csn travl net material be made negatively buoyant'

c. Continue to rmove and quantify debris from monk seal habitat.
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REPORT OF TEE WORKING GROUP ON MANhGEMENT NEEDS

 Charles Karnella, Chairman!

The Working Group on Management Needs  Group!, «hile recognizing that
fuzther research is indicated to quantify certain aspects of entanglement
jn aud ingestion of debris, strongly believes that the data presented. also
indicate that a variety of management actions need be promptly undertaken
as «ell. Xn recognition of this fact, the Group urges the National Oceanic
and htmospheric hdminiatration and other relevant agencies take, the
following steps:

1. Program management.

The imaediate needs in this area are that:

a. h person of appropriate stature «itb the National Marine Fisheries
Service be appointed program coordinator; and

b. h mechanism be established whereby overall program progress can be
effectively revie«ed at periodic intervals'

2. Public information and education.

Recogniaing that greater benefits are likely to be realized as a result
of positive rather than negative incentives, Group participants urged
that significant emphasis be placed upon public information and
education and that steps specifically be taken to:

a ~ Work «ith f iaheries organ isat jons and the f ishery management
councils to develop and carry ont comprehensive information and
education programs for foreign fishermen, «orking within tEe
exclusive econaaic sone, and U.S. fishermen','I

b. Work «ith appropriate national and international organizations to
undertake cooperative comprehensive information and education
programs; and

Work with relevant industries, such as has been done «ith elements
of the plastics industzy, on public education programs.

Technology.

While zecognising the actions already taken by tbe National Marine
Fisheries Service to establish a center for purposes of identifying

d photographs of debris, the Group concluded that furthez
needs indicated in this area are:

~ S» Sk~ eai n» 0 Teekile  editOra! ~ heeeeaiaas et tke Serkekep ea the tata awk %pact
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a. A reference catalogue of netting materials be developed;

be Actions be taken to develop and implement improved or alternative
methods of fishing that will diminish the likelihood of gear loss;

c. Use be made of degradable materials and other gear alterations;

d- Efforts be undertaken to develop economically attractive methods for
recycling plastics retained at aea;

e- Economical and effective systems be developed to mark gear through
color coding or other means fax retrieval and identification of
source;

f. Systems be developed to facilitate and simplify means of retaining
damaged gear onboard for onshore disposal; and

g. Modifications to plastic packing bands be developed to reduce
entanglement problems.

4. Debris cleanup-

Group participants conciuded that immediate steps to remove ~isting
debris from the environment are clearly needed and concentrated efforts
should be directed to reducing tbe rate at which new debris is
deposited. The management steps recommended are:

a. To undertake cleanup programs to remove ezisting debris from shoze
areas and the water column;

b. To assign priority to areas where the density of debris is such
that it affects endangexed, threatened, or commercially valuable
species;

c. To require that all potentially harmfui. debris be retained onboard
vessels until proper disposal is possible;

d. To encourage the removal of debzis from the environment and prevent
the discarding of additional debris, positive incentives such as
financial rewards for the return of discarded netting material
should be considered as should possible negative incentives; and

e To take such actions as may be necessary to assure the proper
disposal of unwanted matezials in a nonhazmful manner.

5. Regulations.

Group participants, having considered presentations on the legal issues
involved, concluded that the current state of our knowledge of the
problems «arrants immediate initiation of certain regulatory actions
and exploration of a variety of other measures. The recommended steps
are that:
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a.

Other countries be requested to examine their domestic authorities
for similar purposes as in "a" above.

b.

Gear damage compensation programs be reviewed to lessen unnecessary
contributions to lost net debris;

c ~

The Secretary of Cossserce review bis rulemaking authority under
the Fishermen's Protective Act to help reduce gear loss",

The Magnuson Fishery Conservation and Management Act be reviewed to
determine whether additional steps can be taken under its authority
to reduce gear disposal at sea;

Consideration be given to amending the Magnuson Fishery Conserva-
tion and Management Act to include provisions for U.ST fishermen on
gear disposal at sea and the reporting of abandoned gear comparable
to those applicable to foreign fishermen;

Fishermen be advised that the purposeful disposal of fishing gear
in the territorial sea is prohibited under the Clean Water Act;

go

The V.S. ratify optional Annex V of tbe Convention for the
Prevention of Pollution from Ships and encourage other fishing
nations to become signatories;

h.

The U.S consider "regional seas" agreements under the United
Nations Environment Programs for waters adjacent to the U.S.;

Existing U.S. treaties, Iavs, and relevant programs  including
those in "a" above! be revieved to determine if they can be used to
reduce debris, other than fishing debris, from land and vater
sources; and

Consideration be given to the development of a broad range of
positive  financial! snd negative  regulatory! incentives to reduce
the deposition of debris in tbe marine environment.

Identification of problems and impacts ~

Group concluded that:

Existing data on the impacts on marine organisms of nonbiodegrad-
able debris from foreign and domestic fisheries be analyzed to
document tbe magnitude of this problem;

ae

b, Tbe rates of accmulation and disappearance of synthetic debris on
selected beaches be monitored;

Information developed by stranding netvorks be monitored as am
index of levels of entanglement;

e ~

Appropriate use be made of the several existing treaties, laws, and
programs, including amendments where necessary, so ae to minimize
and ss possible stop tbe deposition of harmful debris;
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d. A standardised program to monitor debris ingestiou and entanglement
on a regular long-term basis be developed and implemented;

A reporting pxogram to monitor entanglement of vessels in lost or
discarded fishing gear be undertaken; and

f. The impact of lost or discarded fishing gear and other marine
debris on marine mammals, birds, turtles, fish, and human beings be
monitored;

g- Assess on a continuing basis the type and quantity of debris loss
in domestic and foreign fisheries, with emphasis on trawl and
pelagic drift gill net fisheries of the North Pacific; and

h. Identify problems and impacts on certain fisheries; programs
related to debris entanglement should be coordinated with programs
related to incidental take.

7. Disentanglement.

The Group believes that known methods for disentangling ships and
animals should be wideI.y disseminated to tbose likely to be in need and
that efforts should be devoted to developing and publicising improved
techniques for gill net disentanglement.

8. Workshop results.

Tbe Working Groups recommend that the papers, recommendations. and
workshop proceedings be forwarded to other responsible agencies
including the Departments of Commerce, Transportation, l'nterior,
Defense, State, tbe Council on Environmental Quality, the Environmental
Protection Agency, and appropriate congressional committees with a
request that they address these issues.
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l. Opening of tbe workshop

2. Workshop Sessions

a. Legal frsmevork

b. Session I - Source and quantification of narine debpis

c. Sessioa II � Impacts of debris on resources

d. Session III � Fate of marine debris

e. Working Group Meetings

3. Special Session - Identifying management neede

4. Fi1m shoeing

$. Plenary Session

6. Closing of the Workshop
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