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PREFACE

The purpose of this document is to catalog the tasks undertaken
by the National Marj-ne Fisheries Service (NMFS) Marine
nñtanglement Research Program (MERP) since its inception in
Fiscal Year l-985. The Scope of work, status, costs, and products
for each task are presented.

Publications listed herein may be requested frorn the listed
author, laboratoriesr oE institutions conducting the sÈudy. Most
reports are also available from the MERP Office at the Alaska
Fisheries Science Center, NMFS, National Oceanic and Atmospheric
Administration (NOAA) , 7600 Sand Point Way N.E., BIN C15700,
Seattle, WA 98Ll-5-0070.

A comprehensive bibliography on the subject of marine debris was
compiled by M. Bradley Hansen with support from the MERP. This
bibliography is available from the MERP manager.

NOAA Technical Memorandum NMFS F/NVüR-23 lists a variety of marine
debris information resources including available publications,
brochures, posters, video, slide shows, etc. The publication is
entitledtrDealing with Annex V - Reference Guide for Ports,rrand
is available frorn the MERP manager.

Current information about the irnpacts of marine debris and
regional environmental education issues can be obtained from
NOAATs Marine Debris Information Offices which are operated under
contract by the Center for Marine Conservation. The Marine
Debris fnformation offices are:

Pacific Marine Debris office
3L2 Sutter St., Suite 606
San Francisco, CA 94108
(415) 3eL-62O4

Atlantic and GuIf of Mexico
Marine Debri.s office
L725 DeSaIes St. N.Vü.
Suite 500
lVashington, D.C. 20036
(202) 42e-560s
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DESCRTPTTON AND STÀTUS OF TASKS TN THE
NATTONAL OCEANIC AND ATMOSPHERTC ADMTNISTRÀTIONI S

MARINE ENTANGLEMENT RESEARCH PROGRAM FOR
FISCAL YEARS 1985 ]-991

INTRODUCTION

In response to public concern over the irnpacts of marine debris
on wildlife, Congress appropriated $1,000,000 in Fiscal Year
1985; $750rOOO in 1986, l-987 and 1988; $706,000 in L989 and
1990; and S703,8OO in L99L for the National Oceanic and
Atmospheric Adninistrationrs (NOAA) Marine EntangLement
Research Program (MERP). The program is divided into three
rnajor areas of activity; Education, Mitigation, and Irnpacts
Research and Monitoring. Initially, irnpacts research and
monitoring accounted for nearly one half of the funds, while a
little less than one quarter of the funds were spent on each of
the remaining two activities. As more facts were uncovered
from research activities a larger portion of Program funds were
directed to rnitigation and education acÈivities, which
currently account for 682 of the MERP budget. Roughly l1U of
the funds are spent on project management.

The impacts research and monitoring tasks are designed to
increase our understanding of the origin, amount, distribution,
fate, and effects of plastics and other synthetic debris in
marine environment, as well as how these materials may be
removed. A number of research tasks have been undertaken over
the last five years in the following general categories: (1)
the role of entanglement in the population dynamics of
pinnipeds; (2) the sources and dynarnics of litter on Alaskan
beachest (3) the rate of net discard from foreign vessels
operating in the U.S. EEZì (4) the hazard dynarnics of derelict
monofilament gillnets ì (5) incidental take rates in high seas
driftnet fisheries; (6) prevalence and physiological irnpacts
of plastic ingestion by cetaceans, sea turtles and birds; (7)
methods development for assessing density and distribution of
marine debris; (B) irnpacts of floating plastic debris on
pelagic ecosystems; and (9) entanglement rates of endangered
Hawaiian monk seals and sea turtles.

The education and public awareness component was originatly
designed to increase the knowledge of both industrial and
commercial contributors about the impacts and control of rnarine
debris. The educationaÌ tasks for the fiscal years 1985-1987
included: (1) education program development and irnplementation
for the Gulf of Mexico, Atlantic, and North Pacific regions;
(2) beach clean-ups and reports; (3) developing standard
nethods for assessment of debris in the marine environment; and
(4) evaluations of education program effectiveness. The 1999,
1989, and 1990 education components focused on disseminating
information to public and recreational contributors of marine
debris nationwide as mandated in Public Law LOO-22O, I'The



Marine Plastic Pollution Research and Control Act of L987.n In
April L989, The Second International Conference on Marine
Debris was held in Hono1u1u, Hawaii. The conference included
technical sessions to review the current international state of
knowledge on the marine debris issue and working groups which
made recommendations for research, rnitigation and education
actions.

Mitigation projects are directed towards reducing the amount of
non-degradabte material that is disposed of directly or
indirectly into the sea. These tasks have included: (1)
synthesis of available information on existing refuse handling
technologies applicable to ships ì (2) research on degradable
materials; (3) studies of port reception facilities for marine
debris î (4) survey of disposal methodsi (5) study of marine
photodegradation processes; (6) evaluaÈions of plastic
recycling systems; (7) assessment of shipboard incineration
hazards; (8) development of guidelines for the implementation
of international regulations to control vessel sources of
rnarine debris and (9) National beach clean-up database support.
In addition to these acÈivities, the MERP has initiated efforts
to coordinate research activities on the irnpacts of persistent
wastes on marine and coastal environments and on commerce.

The MERP participated in the Pacific Rin Fishermenrs Conference
on Marine Debris held in Kailua - Kona, Hawaii, during october
L987. This was an international fishing industry conference
which established guidelines for fishing vessel management of
marine debris. (Conference proceedings are available from the
MERP. ) NOAA is also actively working with the appropriate
international organizations (IMO, IOC, UNEP, CCAMLR) and
federal agencies (EPA, USCG, USFIIIS, NPS, USN) on many aspects
of the plastics pollution issue.

The following sections provide a description of the tasks
comprising the MERP for each fiscal year since its inception,
including a note on the status of each as of March 1, l-991,, and
a summary table showing the distribution of funds.

The MERP accepts marine debris research suggestions at any
time. AtI such suggestions are considered for inclusion in the
coming year's prograrn during the annual MERP Ad Hoc Advisory
Cornmittee review.

To facilitate the overall reduction of the inpacts of
persistent wastes in the marine and coastal environments and on
commerce, the Marine Entanglement Research Program is
constituted to accomplisn tne foJ-Iowing:

1. Design and implernent education programs to infonn
industry and the public about the problems caused by
persistent marine debris and the range of available
solutions.



2.

3.

Identify, monitor, and evaluat,e adverse irnpacts of
persistent marine debris upon the marine environment
and living narine resources.

Mininize the amounts of marine debris entering the
oceans by developing procedures, equipmentrand
programs, and where necessaryr recommending
regulaÈions to prevent the loss or disposal of
persisÈent debris into the marine and coastal
environments.



FINAL FUNDING PI,AN FOR FY 1985 ENTANGLEMENT PROGRÀM TASKS

TASK NO. TASK TITLE
FUNDING

LEVELS

]- " EDUCATION Àì¡D PT'BI.IC AWÀRENESS

a. Education program development and
implernentation

b. West Coast/New England coast beach clean-up'
Septernber 2L' L985

c. Hawaii l{orkshop on the Fate and Impact's of
Marine Debris

MITIGATTON

a. Development of methodology to reduce the
disposãI of ship generated refuse into the
marine environment

b. Research on the use of degradable materials

c. Development of regulatory approaches to the
problems of marine debris

IUPACTS RESEARCT ÀI{D I,ÍONITORING

a" Northern fur seal entanglement research

b. Northern sea lion entanglernent research

c. Establishment of a reference collection and
developrnent of expertise to identify marine
debris

d. Àccumulation and disappearance rates of
marine litter on beaches in Alaska

e. Cornpilation and analysis of U.S. fishery
observer data on marine debris in the
foreign and joint venture groundfish fishery

f. Survey of high seas sguid gillnet fishery

$r.44.0K

6. l_K

50. 0K

2.

3.

66. 0K
L8.0K

49. 0K

0. 0K

106.0K

85.0K

48.0K

35.0K

23.0K

L00.0K

(FY85)
(FY8 6 )



g.

1.

Identification of sources of fishing debris
affecting endangered marine animals in the
Northwestern Hawaiian Islands.

Dynamic of derelict gillnet gear in the
North Pacific
Irnpact of ingested debris on sea turtles

Irnpact of ingested plastics on sea birds

MeÈhod for surveying at sea distribution
and abundance of marine debris

Expansion of information collected by
stranding prograrns

Evaluation of aerial techniques for
assessing debris density

t_3.0K

27.OK

27.OK
l_0.0K

30.0K

20.0K

8.0K

8.0K

$54. lK

( FY85 )
(FY86)

).

k.

h.

I.Í,ANAGEMENT

a. Progran management

1.

m.

4.

5



FISCÀL YEÀR 1985 ACTIVITIES TO ADDRESS PROBLEMS ASSOCIÀTED
WITH DEBRIS IN THE MÀRINE ENVTRONMENT

t-. EDUCÀTION AND PUBLIC AWARENESS

â. Education Progran development aDd implementationr 9144.0K

with primary reference to the North Pacific basin, the
objecLives of this project were to identify the most
significant groups of non-degradable debris generators,
develop the means for educating them, and carry out the
described education program. PrÍmary tasks included:
identifying the debris itens causing the most serious
problems and upon which attention should be focused (e.9.,
ãiscarded net iragrments, packing bands, plastic pellets,
etc.); identifying the most significant U.S. and foreign
debris generators (e.g., specific fishing industries,
shipping industry, military, etc. ) ; identifying key
nanufacturers of raw rnaterials and finished products that are
inportant contributors to rnarine debris problems; developing
peisuasive arguments for convincing debris generators to
rninimize debris and manufacturers to modify the composition
and,/or design of materials to lessen irnpacts upon the marine
environment; developing effective means of conveying these
persuasive arguments so as to engender in debris generators a
real understanding of the nature and extent of the problem;
and then carrying out an intensive education progran making
use of the information and methods developed in the
activities described above"

Status: A contract to provide these education services was
awarded to Natural Resources Consultants (NRC) of Seattle,
Vlashington. The educational contract with NRC lasted until
March 1987. As a result of the successes of NRC, the FY86
Marine Debris Education Program vras revised to target the
North Pacific region. Educational products cornpJ-eted during
the contract period included:

l-. Three technical papers (published in Fisheries,
Marine Pollution Bulletin, fnternational Council on
the Exploration of the Sea).

2. Serninar/stide show (approx. 50 presentations
including audiences in Japan, Taiwan, South Korea,
and the Soviet Union) "

3. Numerous articles/editoriaJ-s in trade journals, etc.

4" rrStow Your Trashrr posters.



Response from the commercial fishing industry has been
outètanding. Progress to a lesser degree has been made in
the plastics and mariÈine industries.

b. flest Coastr/New England coast beach clean-up, Septernber
2Lr 1985, s6.lK.
Àt the Workshop on the Fate and Impact, of Marine Debris (held
November 27-29, L984) , actions taken in 1984 by the State of
oregon to increase public awareness of the problem v¡ere
discussed at length. On october l-3 of that year'
approxirnately 2,LOO volunteers collected more than 26 tons of
plastic debris from Oregon beaches. In so doing, they also
gathered certain useful information, previously non-existent,
on the incidence and volume of debris along the coast. of
perhaps even greater long-term significance was the fact that
the exercise generated considerable public interest in and
recognition of the scope and rnagnitude of the problem. A
similar clean-up day was conducted for the entire !,Iest Coast
and the New England Coast on September 2I, 1985. Project
support was for a report on the materials collected and the
activities necessary to organize and evaluate the project.
As in the case of Oregon, it was anticipated that while the
project would have transitory benefit in terms of beach
clean-up, even greater long-term benefits would be reaLized
as a result of the great,ly heightened public a!ùareness of the
problem.

Status: The National Volunteer Beach C1ean-up Days v/ere heLd
in September and October of l-985. Eleven coastal states
participated in the clean-up and provided varying levels of
data on their organization and findings. The final report
from the National Coordinator has been widely distributed and
may be requested from the MERP manager, reference:

Neilson, J. 1986. Final Report - Get the Drift and Bag
It. NWAFC Processed Rep. 86-1L, 23 p. Alaska Fish. Sci.
Cent., Natl. Mar. Fish. Serv., NOA.A, 7600 Sand Point lrlay
N.E., SeatÈle, I{A 98115-0070.

c. Hawaii lilorlrshop on the Fate and Inpacts of lrfarine Debris,
sso. oK

The evidence that, fisheries debris could potentially be
responsible for the decline of the northern fur seal
population since the l-960ts pointed to the need for a better
understanding of the fate and impact,s of debris in the
oceans. The staÈe of knowledge on this issue had yet to be
assembled and evaluated. The consequences of debris for
marine tife, the sources of marine debris and the range of
appropriate strategies for its control, if necessary, \^/ere
very poorly understood.
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Status: In November of 1984 NOAA, the Marine Mammal
Commission, the U.S. Fish and $fildlife Sen¡ice and the four
Fisheries Management Cornmissions in the Pacific sponsored the
International Workshop on the Fate and Impact of Marine
Debris. The workshop concluded that persistent debris riras an
emerging environmental pollutant that warranted further
inveãtigation and that education Progra¡ns to alert people to
the consequences of contributing to the problem v/ere
necessary and tirnely. The !{orkshop proceedings are
referenced as follows:

Shomura, R.S., and H.O. Yoshida. l-985- Proceedings of
Workshop on the Fate and Irnpact of Marine Debris | 26-29
Novembei L984, Honolulu, HI. U.S. Department of
commerce, NOAA Tech. Memo. NMFS, NOAA-TM-NMFS-SWFC-54.
Honolulu, HI, Southwest Fish. sci. cent., Honolulu Lab.,
NatI. Mar. Fish. Serv., NOAA, 2570 Dole St-, Honolulu, HI
96822-2396.

MITIGATION

These projects are directed toward reducing the amount of
non-degraãable naterial that is disposed of at sea. While
the beách clean-up program described under rrEducation and
PubIic Awarenessrr rnight also be included under "Mitigation,rl
it is Listed in the iorrner section because its beneficial
effects upon increased public avtareness and education are
probably of greater long-term benefit than the clean-up
itself.

â. Developnent of methodology to reduce the disposal of ship
generateô refuse into the marine environnentr S66.0K (FY85)
s18.0K (FY86)

Participants in the l{orkshop on the Fate and Impact.of Marine
Debris recommended that, however possible, the fÍshing
industry, the shipping/transportation f1eet, and al1 research
and rnilitary vessels be encouraged to reduce the amount of
refuse thrown overboard. The purpose of this project was to
provide for the synthesis of exist'íng information on
óompaction and incineration rnethods for at-sea disposal of
refuse, to identify nelt¡ compaction or incineration systems,
and to evaluate the economic feasibility of recycling
programs for non-degradable refuse. !'lithout such
initiatives, the current disposal rate (in L985) of over 6

mil-lion tons per year would continue unchecked.

Status: In September 1985, a contract was awarded to KVB
Inc. of Irvine, CA to synthesize available information on
existing refuse handting technology applicable to shípboard
circumstances. This included a survey of past' and present
refuse handling technology, and the technical capabilities



and characteristics of each system. The product of this task
was to idenÈify (for vessel operators) ' the most appropriate
existing waste management system(s) for each type of vessel
and its expected waste production. Obvious gaps in
technology and reasonable approaches to addressing these gaps
would be discussed. The drafÈ final report of this work was
received in February 1987, and returned to the authors for a
major rewrite and editing. The absence of an acceptable
final report and a difference of opinion regarding cost
overruns delayed task cornpletion. A final report is
available from the MERP manager, reference:

Parker, N.R., S.C. Hunter, and R.J. Young. L987.
Development of Methodology to Reduce the Disposal of Non-
Degradable MaÈeria1 into the Marine Environment. Report
to the NMFS Marine Entanglement Research Program'
Contract 85-ABC-OO2O3, 50 p. Alaska Fish. Sci. Cent.,
Natt. Mar. Fish. Serv., NOAA, 7600 Sand Point lVay N.E.,
Seattle, WA 98LL5-0070.

b. Research on the use of degradable materials, $49.0K

The purpose of this study was to start research on the nature
and characteristics of synthetic materials involved in the
fabrication of fishing gear, packaging rnaterials, and
commonly used supplies with a view to exploring the potential
for building degradability into a number of rnaterials and
components used.

Status: The funding for this task was carried-over into
Fiscal L986 and the contract was awarded in March L986, to
the Research Triangle Institute of Research Triangle Park,
NC. The task results identified the range of polymers and
mechanisms for degradation (if any) for each commonly used
type of fishing gear. Photodegradation technology is wel-l
developed for the polymers typically used in packaging,
however, biodegradation technology is in its infancy. The
final report, for this task is available from the MERP
manager, referenced as:

Andrady, A.L. L987. Research on the Use of Degradable
Fishing Gear and Packaging Materials. NWAFC Processed
Rep. 87-03, 49 p. Alaska Fish. Sci. CenÈ., Natl. Mar.
Fish. Serv., NOAA, '7600 Sand Point way N.E., Seattle, WA

981L5-0070.

c. Development of regulatory approaches to the problems of
marine debris, 90K

At the Workshop on the Fate and Inpact of Marine Debris,
Michael J. Bean of the Environmental Defense Fund reported on
a wide range of existing IegaI authorities that night be used



to address marine debris problems. The purpose of this study
was to further develop thè nost promising options outlined in
that report and such others as may appear feasible. Whereas,
the potèntial use of existing laws, treaties, and programs
for lninimizing the deposition of harmful debris into the
ocean was expÍored in the first report, it was anticipated
that the proãuct of this second reviest would be a series of
detailed specific actions to be pursued under existing
authority, and that the report would also include, where
appropriáte, specific recommendations for changes in the text
of- inÈernational conventions, domestic statutes, ot
regulations.

Status: This task has evolved into a loosely cooperatj-ve,
unfunded activity involving legal staff, administrators and
biologists from á nurnber of government agencies and private
founaãtions. This network is supplying information,
research, legal opinions, draft language, position papers,
terms of reference, etc. for national, international, state
and local initiatives to manage the input of debris into the
marine environment.

3. IMPACTS RESEARCH AND MONITORTNG

These activities are designed to increase our understanding
of the origin, amount, distribution, fate, and effects of
debris in the marine environment as weII as our knowledge of
the means for its control.

â. Northern fur seal entanglement research, $106.0K

Participants at the lrlorkshop on Fate and Impact of Marine
Debris concluded that: (1) northern fur seal-s may suffer
more serious impacts as a result of entanglernent in marine
debris than any other species; (2) trawl net fragments and
plastic packing bands appear to be the primary problen; (3)
Ène only available data on fur seal entanglernent are from the
sub-adult male harvesti and, (4) no data are available for
other age and sex classes. This effort would provide
information on the survival rate of entangled males and
females, the entanglement rate in large and small net
fragfments at sea, and the effects of entanglement on the
feeding cycle of lactating females. Because Èhe northern fur
seal rángãs over the entire North Pacific, the species should
provide a biological assay as to the amount of certain types
óf marine debris that are discarded in the North Pacific.

Status: The research activities on northern fur seal
entanglement for the 1985 fietd season on the Pribilof
Islands was conducted between June and November 1985.
Experiments were initiated and data were collected on the
raLes of entanglernent of juvenile maÌes, adult and juvenile

Lo



females, the impact of entanglernent on nursing females and
their pups, and the behavior of newly weaned pups exposed to
net fragments. the report of these research activities and
their results have been published in a NOAÀ Technical
Memorandum available from the ALaska Fisheries Science Center
(AFSC) NOAÀ Fisheries National Marine Mammal Laboratory
(NMML), reference:

Kozloff, P. and H. Kajimura (editors). 1988. Fur SeaI
Investigations, l-985. NOAA Tech. Memo. NMFS F/NWC-l46,
l-89 p. Alaska Fish. Sci . Cent. , NatI . Mar. Fish. Serv. ,
NOAA | '7600 Sand Point Way N.E., Seatt1e, WA 98115-0070.

b. Northern sea lion entanglement researchr $85.0K

A recent survey had indicated that the sea lion population in
the eastern Aleutians was declining at a rate comparable to
that observed in the northern fur seal popul-ation. This
study was to provide information on the rate of entanglement
for all age and sex classes of the northern sea lion
popuÌation, and would concentrate on entanglement effects on
the survival of sea lion young of the year. It was reasoned
that if this research provided evidence that entanglement in
marine debris is causing or contributing to the observed
decline, such knowledge may provide valuable information on
causative factors in both the northern fur seal and SteIIer
sea lion population declines.

Status: This survey of the incidence of entanglement of
northern sea lions was conpleted in July 1985. During the
survey, 17 rookeries and 15 haul-out sites were visited on 28
islands in the Aleutian chain and L5,957 adults and L4t1-60
pups v/ere counted. A total of 13 entangled sea lions $/ere
noted and the researchers concluded that this entanglement
rate could not be sufficient to cause the recent declines in
the northern sea l-ion population. The report is available
through the authors at the AFSC NMML, reference:

Loughlin, T.R., et aI. 1986. Assessment of Net
Entanglement on Northern Sea Lions in the Aleutian
Islands, 25 June 15 JuIy 1985. NVüAFC Processed Rep.
86-02, 50 p. Alaska Fish. Sci. Cent., Nat1. Mar. Fish.
Serv., NOAÀ | 7600 Sand Point Way N.8., Seattle, WA
981L5-0070.

Establishment of a reference collection and development
expertise to identify marine debris, $48.0K

There is a need to be able to identify derelict fishing gear
and other debris. Physical characteristics such as the type
of knot, the rnaterial, the hanging construction, etc., can
provide inforrnation as to the source of derelict gear.

of
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Source identification is crítical to the development of
rnitigating measures, and this effort would provide for (1) a
gear specialist to become familiar with the fishing gear that
i= u=eä in various foreign and domestic fisheries, and (2)
the establishment of an identification center, complete with
a fult reference collectÍon where different types of debrj-s
could be senÈ for identification-

Status: The reference collection is in place at the Alaska
Fisheries Science Center in Seattle, I{ashington. Techniques
have been deveroped to identify various poLyrner types used in
fishing gear manufacture and a wide range of físhing gears
have Uãen typed for future reference comparisons. The Center
staff is acðépting rnaterials for identification and may be
contacted for- infórmation on procedures for delivery of
specimens at:

Marine Debris Reference Center
Building #zz
7600 Sand Point V{aY, N.E.
Seattle, WA 981L5
ATTN: Mr" Dave King

d. Accr¡mulation and disapPearance rates of marine litter on
beaches in Alaskar S35.0K

Marine litter, including derelict net fragments, accumulates
on beaches where it can be inventoried. A recent study in
Àlaska had indicated that the amount of accumulated debris
can be correlated with the number of vessels that fish in the
U.S" economic zone. The objective of this study was to
estabtish a monitorinq system for evaluating the
effectiveness of various management actions designed to
reduce the amount of debris discarded at sea. In the first
phase of the study, âD experiment is conducted to deterrnine
ñow sen=itive beaõh surveys are to the sampling intensity and
variability in the rate of debris accumulation. If this work
demonstrates that beach surveys of marine litter are
efficient for detecting changes in the accumulation rates of
debris, Iong term monitoring programs are then initiated.

Status: The field surveys for this task were carried out
between May and November l-985. Beach types in four
categories were surveyed for debris at locations from
Anchitka Island in the Eastern Aleutian chain eastward to
Southeast Alaska around Juneau. The final review and editing
of this work was completed in August L987. A final report is
available from the MERP manager, reference:

Merrell, T.R. and S.w. Johnson- L987. Surveys of
Plastic Litter on Alaskan Beaches, L985. NOAA Tech.
Memo. NMFS F/NI^¡C-LL6, 2L p. A1aska Fish- Sci. Cent.,

L2



Natl. Mar. Fish. Serv., NOAÀ, 7600 Sand Point I{ay N.8.,
Seatt1e, WA 98Ll-5-0070.

ê. Conpilation and analysis of U.S. fishery observer data on
narine debris ín the foreign anö joint venture groundfish
fishery, S23.0K

There is now available a collection of several hundred data
reports providing informat,ion on debris observed during
foreign fishing operations in the eastern Bering Sea. There
are also recorded observations on the loss of gear as it
occurred during operations. These data, which have been
colLected since the fall of L982, had yet to be tabulated and
evaluated. The objective of this study was to cornpile and
evaluate information contained in the L983 and L984 fishery
observer logbooks to determine: (1) if observer logbook data
should be summarized and analyzed for the years in which
partial data vrere collected (L976-L982) ì (2) if observer
logbook data should be rout,inely summarized and analyzed now
and in the future; and (3) if some modification in logbook
format is appropriate.

Status: The data collection and analysis for this task was
completed in March of 1986. The final report has been
published as a NOAÀ Technical Memorandum and is available
from the authors at AFSC, reference:

Berger, J.D. and C. Àrmistead. L987. Discarded Net
Material in Alaskan Waters, L982-84. NOAA Tech. Mem.
NMFS F/NWC-L1O, 66 p. Alaska Fish. Sci. Cent., NatI.
Mar. Fish. Serv., NOAA | 7600 Sand Point Way N.E.,
Seattle, WA 98L15-0070.

f. Survey of high seas squid gillnet fishery, S1OO.oK

A large squid fishery has been developed since L97B outside
the U.S. fishery conservation zone in the central north
Pacific. The fishery may be the source of much of the
derelict gillnet found in Alaskan waters. Unfortunately,
virtually nothing is known about, the fishery and recent
attempts to put observers on vessels in the fishery have been
difficult. Therefore, it is appropriate and necessary to
determine the feasibíIity of nonitoring this fishery by
direct observations from small charter boats. The
information collected by observers on this initial charter
boat survey would provide very rough estimates of loss rates,
entanglement of non-target species in actively fishing and
lost gear, and the fate of lost gear, and more importantly,
provide the background informatj-on necessary to develop a
large-scale survey of such statistical significance that it
could be expected to shed definitive light on those points.
lrlithout this research, the contribution of the fishery to the
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marine debris problern will remain unknown and our ability to
develop mitigation measures is impaired.

Status: The field work for this task was conducted through a

cooperative agreement with the U.S. Coast Guard using the
Cutler Storis in the North Pacific for 36 days. Fifteen high
seas gitlnet vessels $¡ere contacted with the help of Coast
Guard surveillance flíghts from Kodiak, Alaska. The
scientific party observed 5 deployrnents and Ll- retrievals of
commerciaf Ëquiá driftnets. Although 29 seabirds $/ere
observed entángled, no marine mammals or salmon v¡ere observed
to be taken. óebris surveys covered over 23OO track miles
finding 3.4 discarded or lost gillnet fragments per 1000
track ñite=. The report is available though NMFS' AFSC, Auke
Bay, Alaska LaboratorY, reference:

Ignell, S., J. Bailey and J. Joyce. 1986. Observations
on High-Seas Squid eitt-Uet Fisheries, North Pacific
Ocean, 1985. NOAA Tech. Mem. NMFS F/NWC-105., 52 p'
Alaska Fish. sci. cent., Auke Bay Lab., NatI. Mar. Fish.
Serv., NOAA, P.O. Box 2l'0155, Auke Bay, AK 9982L'

g. Identification of sources of fishing debris affecting
éndangered marine animals in the northwestern Hawaiian
Island, $13. oK

Endangered and threatened species of wildlife such as the
Hawailan monk seal and the green sea turtle of the Hawaiian
Archipelago are being subjected to increased rnortality risks
due tõ diãcarded and lost material from gillnet, trawl, and
other fisheries. Under this project, (a) sampJ-es of beach
debris from the northwestern Hawaiian Islands would be
cataloged and identified as to the possible source fishery
and loõation, and (b) estimates of the current rate of
accumulation would be made. Without this work, the type of
debris responsible for entangling endanqered and threatened
species in the Hawaiian area would remain essentially
unidentified and unmitigated.

Status: The collection of marine debris from the haul-out
and rookery sites of the endangered Hawaiian monk seal v/as
sorted and identified to fishery of origin during the winter
of 1985-86. These results show that the principl-e fishing
gear found to entangle monk seals is trawl webbing fragments
ót nortn pacific origin. Further information concerning this
research is reported in FY86 MERP task 3c.

this line of investigation is continuing as a long term
effort to protect the Hawaiian Monk Sea1.
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h. Dynamics of derelict gillnet gear in the North Pacific,
s27. oK

the increasing volumes of non-degradable debris in the
worldrs oceans, especially the increase in lost and discarded
fishing gear, is nor¡I a matter of broad concern. It is not
known how long derelict giLlnets continue to fish, and this
study was desígned to develop information on the ghost
fishing profile of derelict gillnets in the North Pacific.
The project entails intentionally setting gillnets adrift and
then tracking them to determine changes in the physical
characteristics of the gear during the early, mid, and late
stages of derel-iction. If this project were not done, wê
would remain essentially ignorant of the ghost fishing
potential of gear lost frorn any drift gillnet fishery in the
North Pacific.
Status: Established as a long term investigation using free
ship time from other complimentary research activities, this
task was cornpleted in November 1987. For further details,
refer to task 3h of FY 1-986.

i. Inpact of ingested debris on sea turtles, ç27K (FY85)
$10.0K (FY86)

The growing volume of persistent ocean debris j-n recent years
has been accompanied by increased reports of sea turtle
ingestion of plastic bags, sheets, and pel-lets as well as
entanglement in tar, rope, and fragments of fishing net. It
is thought that turtles ingest plastic bags and sheets
because they are similar in appearance to their principal
food item, jellyfish. At the time of this study, there was
no information on the effects of ingesting plastic on the
J-ongevity and reproductive potentiat of turtles. Under this
project, experirnents on captive animals were done to
determine the relationships between type and quantity of
debris ingested and subsequent direct nortality, general
physical condition, feeding behavior, and, âs possible,
hydrocarbon uptake.

Status: The contract to carry out this research was awarded
in December of 1985 to the University of Miarni, that already
had a stock of captive turtles. The feeding experiments
concl-uded that sea turtles can actively seek out and consume
plastic sheeting. Except for a possible mi-nor change in
gì-ucose metabolism, the effects appeared to be innocuous at
the levels of ingestion allowed. A final report on this
study is available from the MERP manager. reference:

Lutz, P., 1987. Effect of Ingestion of Non-biodegradable
Debris in Sea Turtles. Report to the Marine Entanglement
Research Project, Contract FSN-5-0178, 50 p. AIaska
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Fish. Sci. Cent., Natl. Mar. Fish. Serv. , NOAÀ, 7600 Sand
Point !.lay N.E., Seattle, WA 9811-5-0070.

j. Impact of ingested plastics on sea birds' $30.0K

Observers have recorded ingestion of plastics in 50 species
of marine birds. Species which feed prirnarily by surface-
seizing or pursuit diving have the highest occurrences of
ingesting marine debris. Although plastic ingestion has been
obèerved in many species of marine birds and this trend is
thought to be increasing, there is uncertainty as to whether
plastic ingestion has detrímental effects on the health of
individual birds or on their reproductive success. The
purpose of this study was to evaluate impacts of plastic
ingestion on one or more species of seabirds with respect to
direct mortaliÈy, general physical condition, and, as
possible, hydrocarbon uptake.

Status: This task was not initiated ín FY85 due to the poor
quality of proposals received in response to the solj-citation
for bids. NOAA authorized the carry-over of these funds into
FY86. The status of seabird ingestion research is reported
in task 39 of FY86 and task 31 of FY87 activities.

k. Method for surveying at sea distributíon and abundance of
marine debris, i2o.oK

The purpose of this study was to test the utility of carrying
out surveys in the Bering Sea and GuIf of Alaska to determine
the abundance and distribution of rnarine debris at or near
the surface. Different survey methodologies r¡tere to be
developed for quantitatively estimating debris density in
total- and by type. lrlhatever biases may exist with differing
methods woul-d be described as will the conparative cost of
each. The study evaluates the relative nerits of platforms
of opportunity in addition to using dedicated vessels.
Previous field experiments were evaluated as necessary to
identify sources of bias in data collection methodologies.

Status: The Center for Quantitative Studies at, the
University of Ï,Iashington carried out this investigation
between August l-985, and april of 1986. Their findings
suggest that platforrns of opportunity and augmentation of
existing research vessel activities are the only cost
effective ways of acquiring data on the density, types and
trends in oceanic debris. Copies of the finat report of this
task are available from the MERP manager, reference:

Ribic, C.À. and L.J. BLedsoe. 1986. Design of Surveys
for the Density of Surface Marine Debris in the North
Pacific. NWAFC Processed Rep. 86'L2, 69 p. Alaska Fish.
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Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point
Way N.8., Seattle, WÀ 98115-0070.

1. Expansion of informatíon collected by stranding Programs,
s8.0K

Informatj.on and samples of value investigating entanglement
and debris ingestion can be collected from marine mammals,
birds, and turtles found dead on the beach. Under this
project, the NMFS would intensify its educational efforts
with stranding networks, particularly in Alaska, in order to
encourage the collection and processing of more information
on the irnpact of marine debris on marine mammals and other
species.

Status: The staff at the Division of Marine Mamrnals at the
Smithsonian Institution was contracted to prepare a handbook
describing procedures for gathering information from stranded
marine mammals on human impacts, including entanglement in
and ingestion of marine debris. Copies of the handbook are
availabl-e from the authors at the Marine Mammal Program at
the National Museum of Natural History, Smithsonian
fnstitution, Washington, D.C. 20560, reference:

Hare, M.P. and J.G. Mead. L987. Handbook for
Deter¡rination of Adverse Human-Marine Mammal Interactions
from Necropsies. NWAFC Processed Rep. 87-06, 35 p.
Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA,
7600 Sand Point Way N.E., Seattle, WA 98115-0070.

m. Evaluation of aerial techniques for assessing debris
density, $8.0K

The ability to measure the amount and types of marine debris
present in ocean or coastal areas frorn aircraft would permit
rapid estimation of changes in input as well as impacts of
these materials. Since a number of marine anirnal populations
are assessed by aerial survey, it may be a simple matter to
incorporate debris data recording into the field procedures.

Status: Scientists aboard flights performing coastal marine
mammal and turtle surveys in the GuIf of Mexico kept data on
marine debris sightings in September and October of 1985.
The investigators concluded in a brief report to the MERP
manager that it was feasible to gather data on distribution
of large debris items from low-flying aircraft over calm
SCAS.
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4. PROGRÀM MÀNAGEMENT, $54. ]-K

Fundíng for this task supports the office of the MERP
manager. The manager carries out the annual program plan for
MERP as well as represents NMFS/NOAÀ on the marine debris
issue in nany public and government fora.

Status: During this year (in addition to the activities
already reported) additional accomplishments vtere made
retating to the management structure of the MERP. These
activities included the establishment of the MERP planning
mechanism and the forrnation of the Ad Hoc Committee on
Entanglernent. These activities were accomplished in only six
months of effort.
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FINAL FUNDING PIÀN FOR FY ].986 ENTANGLEMENT PROGRAM TASKS
FUNDING

LEVELSTÀSK NO. TASK TITLE

1. EDUCÀTION ÀND PUBLIC AWARENESS

Marine debris education (continued)

2. MITIGATION

Funds from the FY86 Entanglement Program budget
$/ere used to complete the disposal technology
assessment task started in FY85

a. Disposal methods development

b. Fur seal rookery clean-up

c. Photodegradation processes in the rnarine

g. Study of the extent and effect of plastic
ingestion by Hawaiian seabirds

h. Studies of the dynamics of gillnet gear
(continued)

i. Benthic impact of narine debris

). Cetacean ingestion

environment

3. IMPÀCTS RESEARCH AI{D I,TONITORING

NOTE: FY85 sea turtle ingestion research contract was
augmented with $fO.OX from the FY86 program funds.

a. Alaskan beach debris survey methodology
(contínued)

b. Survey of high seas squid driftnet fisheries 95.0K

c. Hawaiian fsland endangered species monitoring L5.0K
(continued)

d. Fur seal responses to large pieces of derelict 35.0K
fishing gear

e. Entanglement rates of female northern fur seals 25.0K
(continued)

f. Northern fur seal and sea lion pup entanglement 35.0K
assessment

s1L2.0K

18.lK

97.0K

5.0K

24.0K

35.0K

20.0K

15. 0K

19. BK

23.0K
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k" Infrared spectrophotonetric analysis of
derelict fishing net material on Alaskan
beaches 37 " 0K

4 " I{À¡TAGEI{ENT

a. Program management $73"7K

20



FISCAL YEAR 1986 ACTIVITIES TO ADDRESS PROBLEMS ASSOCIATED
I^IITH DEBRIS IN THE MARINE ENVIRONMENT

1" EDUCÀTION AND PUBLIC AWARENESS

Marine debris education (continued)r S112.0K

The FY85 task by this title was to plan and carry out a
program designed to raise the awareness of industrj-aI
contributors to the marine debris problern such that they
would voluntarily reduce their output of debris. The task
as envisioned in FY86 was a continuation of the more
successful facets of this project in the North Pacific area
as wel-I as initiation of similar activities on the East and
Gulf Coasts. The development of plans for the East and GuIf
Coast projects would be nade considerably easier and cheaper
by the experience gained from the North Pacific efforts.
This task included the development of video and radio public
service messages which could continue to be run at intervals
to rnaintain public awareness. Attempts to coordinate and
report the results of voluntary public beach clean-up
efforts would also be included in the task.

Status: Awards rì/ere made in September 1-986, to two separate
contractors our previous contractor for the North Pacific
and a separate contract awarded to the Center for
Environmental Education (now the Center for Marine
Conservation [CMCI ) to handle the East and Gulf Coasts. An
educational scoping meeting and briefing was held in Seattle
in December L986, with representatives of each contracting
agency present. Draft program plans rìrere formulated. Revised
plans v¡ere subsequently approved, and marine debris
education program activities began through both contractors.
Production plans $rere made to produce a video of our
existing sLide show. lrade journal advertisements and
brochures indicating the severity of the problen r¡/ere
synthesized. An assessment of the North Pacific Education
PIan was finalized and the findings and recommendations
incorporated into a revised pIan. Organization of a Pacific
Rim Commercial Fisherrnenrs Forum on Marine Debris was
formulated. Participants from Canada, Japan, Taiwan, South
Korea, China, and the U.S. hrere in attendance. The
proceedings from this forum are referenced in FY L987 MERP
task summary 3m.

A publication entitled rrPlastics in the Ocean: More Than A
Litter ProbÌemrrr r^ras prepared by CMC in February 1987. It
is avail-ab1e for a nominal fee from Center for Marine
Conservation I 1-725 DeSales St. N.I^1., Suite 5OO, lrlashington,
D.C. 20036.
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2. MITIGATÏON

NOTE: $18.1K from the FY86 Entanglement Program budget was
used to complete the disposal technology assessment task
started in FY85.

â. Disposal methods developnent, S97.0K

The assessment of existing technologies applied to the
problem of marine debris disposal and management was
undertaken in the FY85 Program. This task is the logicaL
extension of that effort and was intended to specialize as
necessary and put into practice the techniques identified as
having practical nerit in reducing the amount of debris
released into the narine environmenÈ each year. If the rnost
promising nethod of this reduction is clearly identified in
the final report, the hardware may be built and proven.
These results would then be widely publicized through the
education contractor to the MERP. If the rnost promising
nethod(s) involves return to land disposal and/ot recycling,
these systems will be put into practice on a srnall scale and
widely publicized through the education contract.

Status: The development of a prototype port-based refuse
reception and disposal system was accornplished under this
task. A cooperative agreement between NOAA/NMFS and the
Port of Newport, oregon, vlas established to support this
development as a feasibility study for all the port cities
in the U.S. This task provided important information on
vessel-generated refuse management that is nandated for port
entities in I4ARPOL Annex V, which the U.S. became signatory
to in L987. The study began in January L987, and was
cornpleted in March 1988. Several posters, brochures,
newspaper articles and a video have been released on the
program, resulting in a high level of acceptance and
utilization. The final report was produced as N!,IAFC
Processed Report 88-13. Information from the final report
was expanded into a NOAÀ Technical Memorandum. Both
publications are available from the MERP manager, reference:

Recht. F. 1988. Report on a Port-Based Project to
Reduce Marine Debris. NVÍAFC Processed Rep. 88-13,
75 p. Alaska Fish. Sci. Cent., NatI. Mar. Fish. Serv.,
NOAÀ, 7600 Sand Point Way N.8., Seattle, WA 98L15-
0070.

Recht, F. l-988. Dealing with Annex V - Reference
Guide for Ports. NOAÀ Tech. Memo. NMFS F/NWR-23, 132
p. A1aska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAA, 7600 Sand Point lrfay N.8., Seattle, WA 98]-1,5-
0070.
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b. Fur seal rookery clean-upr 95.0K

A cooperative task between U.S. and Japanese fur seal
research teams would systematically clear selected St. PauI
Island haul-out beaches and uplands of all rnarine debris.
These beaches would be cleared of aII debris again at the
end of the breeding season. This would be done to reduce
the incidence of entanglement at these sites and would be
coordinated with the research assessing the contribution of
debris/entanglement to the current decline in the fur seal
population.

Status: Funding !'ras provided to the U.S. fur seal research
team to support this task. Àrrangernents with the Japanese
fur seal researchers enhanced activity during July and
October L986. Debris r^ras identified, measured, weighed,
sarnpled and cleared from the rookeries whenever possible. A
summary report is available from Dr. Charles Fowler of the
AFSC, NMML. Work has been completed and an informal report
issued.

c. PhoÈodegradation processes in the marine environment
s24. oK

Wider use of plastic materials in society has led to various
hazards for Ìiving marine resources. Entrapment in plastic
materials such as six-pack holders, packing bands, wrapping
materials, trawl web and other netting, and ingestion of
plastic particles and materials is known to kiIl birds,
seals, sea turtles, sea lions, and fish. Experirnental
demonstrations of controlled photodegradation on relevant
plastic debris under actual marine environmental conditions
wiLl allow an evaluation of the suitability of disposaÌ or
degradabiì-ity-based solutions to the more hazardous debris
sources. This task would develop methodology and conduct
experiments designed to measure the physical properties and
consequences of controlled photodegradatíon forrnulations of
common plastic conpounds in the marine environrnent. These
experiments would be conducted in both a land based and
marine environment for anal-ogy. A list would be compiled
detailing the activities, and plastic compounds to which the
system of photodegradation might be applied to reduce the
hazard of plastic debris to marine life.
Status: The contract was awarded in October L986 to
Research Triangle Institute of Research Triangle Park, N.C.
The task commenced January 1987, and vras completed in March
1988. In general, the plastic/rubber materials were found
to deteriorate much slower in sea water than on land during
the one-year exposure tests. The final report is availabLe
from the MERP manager, reference:

23



3.

Andrady, A. 1-988. Experinental Demonstration of
Controlled Photodegradation of Relevant Plastic
Compositions under Marine Environment Conditions.
NWAFC Processed Report 88-19, 68 p. Alaska Fish. Sci.
Cent., Natl. Mar. Fish. Serv., NoAÀ ' 7600 Sand Point
Irlay N.E. , Seattle, WA 98115-0070.

IMPÀCTS RESEARCH AND MONITORING

NOTE: FY85 sea turtle ingestion research contract was
augmented with $10.0K from the FY86 program funds.

ê. Alaskan beach debris survey methodology (continued),
$35.0K

Since it is intuitively more cost effective to measure
changes in the abundance and types of marine debris by
surveyì-ng beaches than by using vessels on the hiqh seas,
the developnent and proving of a scientifically based
rnethodology for doing so is desirable. This effort began in
FY85 and continued throughout FY86 as the precision of the
methods needed to be validated and the statistical
relationship between assessments of accumulation and loss
s/ere developed. Infrared spectrometric methods for
determining the longevity of various types of debris was
assessed during FY86 and scheduled for continuatj-on into
FY87. The ability to age debris will enable a broader
understanding of the "life history" of the various types of
marine debris thus improving the ability to assess changes
in the debris accumulation and provide a better focus on
mitigation measures directed toward the most persistent and
hazardous types.

Status: There are two activitíes under this task, the Alaska
beach survey to index debris changes and the
spectrophotometric characterization of plastic debris. Both
tasks r¡rere funded and carried out at the NOAA AFSC, Auke Bay
Laboratory in Alaska. Reports of results of the beach
survey activities are available from the author in Auke Bay,
reference:

Johnson, S. and T. Merrell. 1988. Entanglement Debris
on Alaskan Beaches, 1986. NOAÀ Tech. Memo. NMFS F/NWC-
L26, 26 p. A1aska Fish. Sci. Cent., Auke Bay Lab.,
Natt. Mar. Fish. Serv., NOAA, P.O. Box 210L55, Auke
Bay, AK 9982L.

The spectrophotometric studies r¡tere continued into FY L987 ,
and the report of the results of this research was delayed,
due to commitments resulting frorn the Exxon Valdez oil
spiI1. Preliminary results frorn this study v/ere reported
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during the Second fnternational Conference on Marine Debris"
A final report is expected to be released during fall 1990 "

b. survey of high seas squid driftnet fisheries, 995.0K

The purpose of this task was to design and execute a program
to estimate the rates of gear loss and the rates of
entanglement of non-target species in the high seas squid
driftnet fisheries. The project was designed to make
estimates of the annual incidental and accidental take of
target and non-target species in these fisheries. The
fishing patterns and techniques would be elucidated and the
feasibility of 1-ocating and marking derelict gear would be
determined. One or more vessels would be chartered to carry
experienced observers into the North Pacific for
approximately 100 days between May and September L986, to
make the observations necessary to estimate rates of gear
loss and catch rates at a predetermined level of precision.
The data would be used to estirnate the irnpacts of these
fisheries on marine manmals, seabirds, sea turtles and fish
stocks and fisheries of interest to the U.S.

Status: The high seas squid fishery assessment work
described in this task for FY86 was dependent on the
cooperation of the governments and fishing companies in
Japan, Korea, and Taiwan for the placement of biologists in
the fishery. This cooperation was not forthcoming for the
1,986 fishing season although the Japanese hosted one U.S.
biotogist on a squid fishing vessel after intense, Iast
minute negotiations. Both Taiwanese and Korean research
vessels were carrying U.s. biologists in the general squid
fishing area of the North Pacific to study the oceanography
of salmon and squid distributions. Marine mammal and debris
sighting data as well as experimental fishing data from
these cruises will be of some value in assessing the impacts
of these fisheries. Negotiations are continuing in an
effort to gather data from these fisheries.

Some associated reports resulting from this study are
available from the AKC, Auke Bay Laboratory in Auke Bay,
Al-aska, reference:

Ignell, S. and M. Dahlberg. 1986. Results of 1986
Cooperative Research on the Distribution of Marine
Debris in the North Pacific ocean. Unpubl. manuscr.,
L7 p. (Document submitted to the International North
Pacific Fisheries Commission, Anchorage, Alaska,
November 1986.) Alaska Fish. Sci. Cent., Auke Bay
Lab., Natl. Mar. Fish. Serv., NOAA, P.O. Box 2IOL55,
Auke Bay, AK 9982L.
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Dây, R., D. Clausen, and S. Ignell. 1986.
Distribution and Density of Plastic Particulates in the
North Pacific Ocean in 1986. Unpubl. manscr., 17 p.
(Document subrnitted to the International North Pacific
Fisheries Commission, Anchorâ9ê, Alaska, November
L986.) Alaska Fish. Sci. Cent., Auke Bay Lab., Natl-
Mar. Fish. Serv., NOAÀ, P.O. Box 2L0L55, Auke Bay, AK
99821-" (Also referenced in FY87 MERP task 3k. )

c. Hanaiian island endangered species monitoring
(continued) r S15.oK

As was done in 1985, beaches and nearshore reefs in the
Northwest Hawaiian Islands (Kure Atol1, Pearl and Hermes
Reefs, Lisianski Island, Laysan Island and French Frigate
Shoa1s) were regularly rnonitored during 1986 for presence of
entangled seals and turtles. Personnel noted the presence
and accumulation of nets and lines, and such flotsam was
measured, sampled, cataloged, and burned. Nets found on
reefs within the lagoon at Kure Ato11, Pearl and Hermes
Reef, and French Frigate Shoa1s were checked for entangled
animals. This work was "piggy-backedr! with other tasks for
existing personnel already on these Islands. l,Iork was
accomplished by the NMFS Hawaii Laboratory.

Status: As described above, this task supports the
continuing evaluation of the role of debris in the recovery
of the Hawaiian monk seaI. Haul-out and rookery sites l¡/ere
cleaned of hazardous debris that washed ashore and entangled
animals r¡/ere rescued wherever and whenever possible. A
report of activities under this task is available from the
authors or the MERP manager, reference:

Henderson, J.R., S.L. Austin, and M.B. Pil-l-os. 1987.
Summary of lrfebbing and Net Fragments Found on
Northwestern Hawaiian Islands Beaches, l-982-L986. SIdFC
Admin. Rep. H-87-11, 15 p. Southwest Fish. Cent.,
Honolu1u Lab., Natl. Mar. Fish. Serv., NOAA, 257 0 Dole
St., Honolulu, HI 96822-2396"

d. Fur seal responses to large pieces ,of derelict fishing
gear, S35.0K

This task attenpted to determine the behavioral responses of
fur seals to pieces of derelict fishing gear large enough to
prevent feeding or significant locomotion if entanglement
occurs. The ansr¡/er to this question would help to sharpen
our understanding of the causes of the recent declines in
the northern fur seaL population. The experiment was
designed in two phases, one to look at behavior in relation
to drifting derelict fishing qear and the other in relation
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to anchored pieces of fishing gear. The experimental design
would be devised and reviewed during the L986 field season.

Status: Logistics, equipment and personnel were put in
place in the Pribilof fslands for this task, however, Iast
minute contention over the Marine Mamma1 Protection Act
(MMPA) research perrnit between the NMFS, the Marine Mammal
Commission (¡tr"fC) , and certain constituent groups prevented
the experi-ment from being carried out.

e. Entanglement rates of female northern fur seals
(continued) r S25.0K

During JuIy through September 1985, the NMML had conducted
surveys of entangled fenale fur seals on three separate
rookies on St. PauI Is1and. These surveys were expected to
assess the rates of entanglenent, disentanglement, and
intraseasonal entanglement of lactating females. A single
survey of all rookeries and hauling grounds conducted in
September of 1-985 assessed the entanglement rates of young
adult and juvenile females. This task would repeat these
surveys in the 1986 breeding season on St. Paul Island to
quaJ-ify the 1985 findings and begin the series necessary for
trend detection. Further, during 1985 a number of adult
females $rere experimentally entangled to assess the irnpact
of entanglement on foraging energetics and survival. The
curnulative results of this experiment show that these
animals are capable of disentangling themselves. For L986,
this task would support the continued monitoring of the
experinentally entangled females to assess their survival
and disentanglement rates.

Status: Logistics and methodology were put in place in the
Pribilof Islands for this task, hoÌn/ever, Iast minute
contention over the MMPA research pernit between the NMFS,
the MMC, and certain constituent groups prevented the
experiment from being carried out.

f. Northern fur seal and sea lion pup entanglement
assessment, $35.0K

This task was designed to assess the role of entanglement of
pups with regard to the recent declines of the northern fur
seal and sea lion populations. To test the assumption that
the young of the year fur seals and sea lions are naive and
curious enough to become entangled in derelict fishing gear
and packing rnaterials (bands) in large numbers immediately
after leaving the rookeries, a land based survey of beaches
near the rookeries for entangled pups would be conducted.
To test this hypothesis for northern sea lion pups,
strategic beaches along the A1aska Peninsula and in the Fox
Islands in the Eastern Aleutians would be surveyed during
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November of l-985. For northern fur sea1s, the surveys would
be carried out on beaches of the Aleutian fslands adjacent
to the major passes exiting the eastern Bering Sea such as
Akutan and Unimak Islands and Sarnalga Pass.

Status: This task was completed in November L985, and the
results hrere reported in NVTAFC Processed Report 86-02 by
Loughlin et aI. as previously referenced in FY85 MERP task
3b.

g. study of the extent and effect of plastic ingestion by
Hawaiian seabirds, 920.0K

Because the U.S. Fish and Wild1ife Service conducts
extensive research and monitoring activities on the seabird
populations of the central pacific, it has been determined
that for a sma1l amount of additj-onal funding, the present
program can be augmented to assess the rate and irnpact of
debris ingestion on a number of species. This task would
determine the rate of occurrence of plastic particles in
three orders of Hawaiian seabirds; Procellariiformes,
Pelicaniformes, and Charadriifornes. The level of PCBts in
the body fat of species in these three orders would be
determined and the effects of this ingestion on survival-,
growth and reproduction would be assessed.

Status: Using funds carried over from FY85 ($30K) combined
with FY86 funds, the NMFS entered into a cooperative
agreement with the National Wildlife Health Laboratory of
the U.S. Fish and VÍildlife Service to do experiments to
determine the impacts of plastic ingestion on Laysan
albatross and to collect data on the prevalence of ingested
plastic in a diverse group of Hawaiian seabirds. lrlork was
completed in 1989 encompassing four Laysan albatross
breeding seasons (January to May 1986, and L987, 1988, and
1989). Results from this research provided no evidence that
ingested plastic caused mortality to albatross chicks, or
that ingested plastics interacted synergistically with other
causes of mortality. A report on this research is available
from the authors or from the MERP manager, and is referenced
in FY89 MERP task 3f.

h. Studies of the dynarnics of gillnet gear (continued),
$15.0K

Begun in FY85 at the NMFS Hawaii Laboratory, this task was
designed to develop a model for the life history of gillnet
debris in the Pacific. The model would be used to test
assumptions concerning the longevity and rate of change of
the hazard level of ghost gillnet gear. The continuation of
this activity into FY86 was principally to take advantage of
vessel- time available on the NOAÀ Ship Townsend Cromwel-I,
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which could be used to extend the experimental observations
over many months, thus strengthening the assumptions
ernployed in the model.

Status: Funding for this research task was used to purchase
fishing gear to be set adrift, satellite linked buoys and
computer time. The task was continued into L987 with one of
the nets compJ.eting a long term drift. For further
information regarding this task, refer to FY87 MERP task 3c.

i. Benthic irnpact of marine debris, S19.8K

The U.S. government and its ocean and pollution agencies
tolerated the disposal of a wide range of non-degradable
materials into the ocean from ships and from shore-based
plants until enactment of the MARPOL Annex V agreement,
December 31, L988. hle know that certain of the polymer
plastics are negatively buoyant and as such are deposited on
the sea floor whenever they are rel-eased or lost at sea.
These compounds are susceptible to degradation primarily by
heat and light, neither of which are in abundance at the
bottom of the sea. It is known that some types of synthetic
materials are ingested by rnarine organisms to their
detriment. Other synthetic materials, especially fishing
gear, are known to entangle and cause the deaths of a wide
variety of marine animals. Unfortunately, there is Iittle
data available on which to base an evaluation of the
biological and commercial consequences of this physical
pollution. This task was to conduct a mini-symposiurn to
develop a conceptual assessment of the biological impacts
caused by the present and future deposit of persistent,
negatively buoyant waste materials into the ocean, providing
rationale for conclusions and fully specifying the most
probable scenarios for continental shelf and deep ocean
ecosystems impacts.

Status: A contract was awarded to the University of
Washington Fisheries Research Institute to organize and
carry out a rnini-syrnposiun on the impacts of debris in the
benthic environment. After conferring with a number of
experts in the field, it was establ-ished that a symposium on
the subject seemed inappropriate due to a lack of
information pertaining to benthic marine debris. An informed
advisory group v/as established to develop conceptual models.
A final report was written, and is available from the author
at the University of Vüashington or from the MERP manager,
reference:

Sibley, T. H., R. M. Strickland. 1989. Potential
Effects of Marine Debris on Benthic Communities.
Report to the NMFS Marine Entanglement Research
Program, Contract 40-ABNF6-261-9, 37 p. Alaska Fish.
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Sci. Cent., 7600 Sand Point Way N.E., Seatt1e, WA

98L15-0070.

j . Cetacean ingestion, S23. oK

The Proceedings of the Hawaii lVorkshop on the Fate and
Impacts of Marine Debris contaj-ns thorough reviews of the
impacts of ingestion of debris by seabirds and sea turtles.
This information has been invaluable in the designing of
specific program tasks within the MERP. There has been no
review of this nature for cetaceans although discussion with
researchers reveal that data exists on the stomach contents
of many cetacean species. This task would produce an
extensive review of the available data on the incidence of
debris ingest.ion by cetaceans and the mechanisms and extent
of its impacts.

Status: A contract was awarded to !^Ii1liam lrlalker, Natural
History Museum of Los Angeles County (Mammalogy Section) in
September 1986. A literature search and institutional
survey $ras conducted to cornpile data on Odontocete cetaceans
and their incidences of marine debris J-ngestion" A final
report on this task was submitted to the MERP manager. This
information was presented at the Second International
Conference on Marine Debris in April L989. Additional
cetacean ingestion information was added to the report in
l-990, and the final- report is referenced in FY90 MERP task
39.

k. Infrared spectrophotometric analysis of derelict fishing
net material on Àlaskan beaches' S37.0K

Chernical characterization may provide information on the
type, origin, and relative age of derelict fishing net
materials found on Alaskan beaches. The chemical structure
and composition of fishing nets depends not only on the
polymer type, but also on the kind and relative amounts of
plasticizers used, and on the details of net fabrication.
For nets constructed of a particular polymer type, subtle
differences in chernical structure may therefore exist among
nets produced by different manufacturers' by the same
manufacturer but at different tirnes, and among otherwise
identical nets exposed to the elements for different
durations. The intent is to evaluate fourier transform
infrared spectrophotometry (FTIR) as a means of detecting
these subtle differences among nets collected from Alaskan
beaches.

Status: The FY86 efforts in this investigation found that
FTIR could be used to distinguish aging characteristics of
webbing samples from Alaskan beaches. AtI of these samples
v/ere trawl- webbing and all v/ere made of polyethylene.

30



Further investigation of FTIR and the identification and
aging of marine plastic debris was conducted in FY87 "

Results frorn this FTIR research are reported in FY87 MERP
task 3i.

PROGRÀM MÀNAGEMENT, $73. 7K

The responsible obligation of funds to accomplish the FY86
Program tasks (15 of thern) reguires the fuII tirne attention
of the Prograrn Manager. with the products of the FY85
program tasks coming in for review, acceptance, and
dissemination concurrent with the RFP and research plan
process for the FY86 program, it is apparent that a fu1l-
time program manager is justified. These funds support
program management and provide for the effective
administration of program tasks.

Status: A priority level billet was established for a NOAA
Corps officer as an Assistant Program Manager, beginning in
L987. This assistance is realized for the life of the
program at no direct cost. Planning for FY87 activities,
fiscal management and agiency budget cycle responsibil-ities
are covered under this task as welÌ. Contracts management,
inter and intra-agency research coordination and public
contract for the program were accornplished under this task.
In short, concept of the Entanglement/Debris Program became
reality through this task.

In addition to the above success, the MERP manager
accomplished the following:

1. Prepared an information paper and policy development
assessment for CCAMLR which was used as the basis for the
1986 U.S. recommendations to the Cornmission on incidental
rnortality and entanglement in the Convention Area.

2. Drafted NOAA/NMFS testirnony for House Coast Guard and
Navigation Subcommittee hearings on plastic pollution in the
oceans. This testimony v/as delivered with virtually no
modifications.

3. Prepared background information papers for NOAA General-
Counsel, United States Coast Guard, and State Department use
during International Maritime organization (IMo) Marine
EnvironmentaÌ Protection Committee (MEPC) meetings in JuIy.

4. In cooperation with the U.S. Marine Mammal Commission
and NOAÀ General Council, co-authored the U.S. position
paper on the inplementation of MARPOL Annex V, for
presentation at the bi-annual meeting of the MEPC in
February T987.
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FINAL T¡T'NDING PI,AN FOR FY ),987 ENTÀNGLEMENT PROGRÀM TASKS

TASK NO" TÀSK TITLE

1,. EDUCATION AIID PUBLIC AIÍARENEss

FUNDING
LEVELS

40.0K

40.0K

40.0K

r_9. 6K

L2 "7K

2.0K

2.0K

48.0K

25.0K

150.0K

10.0K

15.0K

30.0K

12.0K

2"

3.

a. Pacific debris education program (continued)

b. NW Atlantic debris education program (continued)

c. GuIf of Mexico debris education program
(continued)

d. North Pacific educat,ion program evaluation

e. Marine debris teaching unit development for
Project WILD

f. Development of a manual on procedures for
monitoring plastic debris on beaches and at
sea

MITIGÀlTION

a. Plastics research steering group meeting

b. EvaLuation of plast,ic recycling systems

c. Vesse1 refuse reception problems in
Alaskan ports

I¡.ÍPACTS RESEARCH AI{D UONITORING

a. High seas sguid f ishery irnpacts

b. Hawaiian monk seal entangtement protection
and evaluation (continued)

c. Dynamics of gillnet gear (continued)

d. Alaska beach litter index (cont,inued)

e. Sanpling survey of irnpacts of marine and coastal
debris and entanglement on sea turtles

f. Northern fur seal entanglement studies

(1) lrlorkshop to guide entanglement research on
northern fur seals
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g.

h.

vreb
FTÏR

I

k.

1.

(2) Modeling and analysis of effects of
entanglement on northern fur seals

Channel Islands pinníped entanglement index

Analyses of sea turtle stomachs collected
from strandings on the Atlantic coast

Cornposition and weathering of derelict trawl
collected from Alaskan beaches: Analyses by
(continued)

j. Marine debris in upwelling and frontal zones
the GuIf of Mexico

Assessment of floating plastic particulates

Hawaiian seabird plastic ingestion impacts
study - continuance of letter of agreement
with USFVüS National Wildlife Health Laboratory

Support for Pacific Rin Fishermens Conference
on Marine Debris

PROGRAII !,Í,A}IAGEI,TENT

25. 0K

5.0K

20.0K

21.0K

31.0K

2L.0K

t-8.7K

5.0K

80.0K

m.

4.
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1.

FISCAL YEAR L987 ACÎIVITIES TO ADDRESS PROBLEMS
ASSOCIATED WITH DEBRIS IN THE I'ÍÀRINE ENVIRONMENT

EDUCÀTION AND PUBLIC ÀWARENESS

Marine debris education - continued.

The Marine Debris Educational
in FY87 in the form of three
following objectives:

â. Pacific debris education

programs of FY86 were continued
separate tasks with the

program (continued) r S4o.0K

Taking into consideration the FY85 and FY86 program results
and Èhe FY87 program evaluation report, a contractor would be
selected to continue and expand the education program
previously established for the Pacific.

Status: À contract was awarded to Natural Resources
Consultants of Seattle, Washington, to continue the North
Pacific Educatíon program. Public education about persistent
marine debris was continued and expanded to all contributors
in the fishing industry. An international conference $/as
held to further educate fisherrnen about the hazards
associated with plastics discarded into the ocean. For
additional infonnaÈion on this conference, refer to FY87 MERP

task 3m.

b. NIf Atlantic debris education program (continued) r S40.0K

During L987, ât increased effort would be made to enlighten
the piirnary industrial contributors and others identified
during the initial FY86 program for this region.

c. GuIf of Mexico debris eôucation plogran (continued),
s{o. oK

A sinilar effort would be rnade to further enlighten the
prirnary industrial contributors from the Gulf Coast.

Status: À contract was awarded to Kearney/Centaur of
Washington, D.C., to continue and expand the education
program in both the North Àtlantic and along the Gulf of
l¡exico. The contractor expanded the education program to
include the offshore oi1 and gas industry and manufacturers
and distributors of monofilament fishing line. A
comprehensive booklet was prepared as an educational tool to
inform the general public about the problem of persistent
marine debris. The booklet is available from the Center for
Marine Conservation of Washington, D.C., reference:
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A Citizens Guide to Plastics in the Ocean: More than a
Litter Problem. L987. 1,3L p. Center for Marine
Conservation, L725 DeSales St., N.W., Suite 500,
Washington, D.c. 20036.

d. North Pacific education program evaluation, S19.6K

A marine debris educational program Ìâ/as developed in late
1985 and implemented in L986 for the North Pacific area. For
L987 the MERP intended to conÈinue the more successful facets
of this project in the North Pacific and further utilize the
experience, conÈacts, and developments of the previous
educational programrs accomplishments. In order to
effectuat,e this goal, ôrr independent assessment of the past
educational program impact,s would be conducted to produce
cost-effective reconmendations for present and future
educational efforts.

Status: Àfter lengthy delays necessitated by survey,
questionnaire review and formal authorization from the office
of Managernent and Budget, the surveys of varj-ous commercial
fishing and shipping interests are near completion. The
contract was increased from $15.0K to S19.6K to meet expenses
relating to the cost of the sur:\rey. A final report on this
projecÈ is expected soon.

ê. Marine debris teaching unit development for Project WILD,
S12.7K (Revised)

Project I{ILD is a program created in L980 by a coalition
between the Western Association of Fish and Wild1ife Agencies
and the Western Regional Environmental Education CounciI.
Its purpose is to develop balanced instructional materials
for use by teachers in elementary and secondary schools to
teach the principals of wildlife biology and management. The
U.S. Fish and !{ildlife Service entered into a cooperative
agreement with the sponsors of Project WILD to develop a
comprehensive set of instructional materials for aquatic
wíId1ife issues. These materials include a series on plastic
pollution and its implications for living rnarine resources.

Status: A cooperative agreement was finalized between the
lrlestern Regional Environmental Education Council and the
NMFS/MERP to design and produce instructional support
materials on marine debris as supplements for the curriculum
sections of the Project I{ILD Àquatic Educational program. A
draft final report on this task was received by the MERP
manager in October L989. Subsequent discussions between the
National !{ildlife Federation and the Project $IILD coordinator
resulted in the Aquatic Educatíon Kits being produced and
distributed through the Project WILD office in Boulder,
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Colorado. These teacher education kits are available at
$5.00 each. Reference:

Project !{iId. L990. Get The Ðrift: cleaning.up Plastic
poliution for People and Wildlife. 38 p. Project !ÙILD,
P.O. Box 18060, Boulder, CO 80308-8060.

f,. Development of a manual oD Procedures for monitoring
plastic debris on beaches anô at sea, S2.0K

During 1985 and 1986, numerous efforts had been undertaken to
apply and assess various techniques for monitoring plastic
aäËris at sea and on beaches. In order to encourage and
provide guidance to both domestic and international
ãefi"iaté, scientists, and organizations in a position to
collect relevant data, there existed a need to develop a
procedural manual. The manual would outline a standard set
ãf pro"edures for collecting and recording data that is
cornþarable with existing data sets and responsive to
infor¡nation needs for management purposes.

Status: A draft manual for monitoring plastic/manmade debris
on beaches and at sea was developed within the MERP office.
Subsequent discussions at the Second International Conference
on t'lafine Debris indicated the draft manual would require
substantial revision. Funds have been allocated under the
MERP program for FY90 to develop a national manual for
nonitoring plastic/manmade debris on beaches and at sea.
This nanuãI-will include sections on survey assessment on the
amount of marine debris (suitable for volunteer beach clean-
up programs); scientific survey sampling; at-sea sanpling
mãtÉoaófogyt and sarnpling for snall particles of marine
debris at sea using a neuston net.

ft is the intention that this manual be written in a manner
acceptable to the Intergovernmental Oceanographic Commission,
¡tarine Pollution Research and Monitoring Unit, for acceptance
as an international manual under IIARPOL Annex V. For further
information, refer to FY90 MERP task 2d.

2. MITIGATION

€f,. Plastic research steering group meetingr $2.0K

Effective strategies for supporting marine debris research
involve a number of complex decisions based on the level of
resources that governmeñt, industry and public organizations
are willing and able Èo commit to the perceived need and
potential iesources for ¡nitigating the marine debris problem.
To identify effective research and development projects,
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representatives from involved agencies and industries needed
to be surveyed.

Status: A diverse group of experts from the industrial,
governmental and environmental communities were brought
together in Seattle during Decernber 1986, by Èhe MERP to
evaluate strategies for future research and development to
nitigate the impacts of non-degradable debris in the oceans.
Due to the mutually acclaimed success of the meeting, a
second rrRoundtablerr meeting was sponsored by the Society of
Plastics Industries in WashingÈon, D.C., in June L987. A
third meeting was sponsored by the Port Àuthority of New York
and New Jersey and was held in New York in March 1-988. A
fourth rneeting was held in Baltimore, in May 1989, and was
sponsored by the EPA. The Center for Marine Conservation
sponsored the Fifth Roundtable meeting in Washington, D.C. in
November L989 and the U.S. Coast Guard will- sponsor the Sixth
rneeting in Miani sometime in 199L. Information from these
meetings has been used by the MERP to guide the development
of debris mitigation and education tasks since FY88.

b. Evaluation of plastic recycling systems, S48.oK

Recycling is often mentioned as a suitable rneans for changing
the flow patterns of waste plastics. This taskrs objective
was to evaluate the practicality of recycling systems in
reducing the flow of plastic refuse into the aquatic
environrnent and to identify factors criticaL to the systemsr
success or failure for the polymers used in the manufacturing
of items hazardous to wildlife.
Status: The contract was awarded in JuIy 1987, to Cal-
Recovery Systems, Inc. of Richmond, California. Work on
this task was completed during 1-987, and a final report
is available from the MERP manager, reference:

Cal Recovery Systems, Inc. L988. Evaluation of Plastic
Recycling Systens. N!{AFC Processed Rep. 88-16, 90 p.
A1aska Fish. Sci. Cent., NatI. Mar. Fish. Serv., NOAA,
7600 Sand Point Way N.E., Seatt1e, WA. 98LL5-0070.

c. Vessel refuse reception problems in Alaskan ports, $25.0K

In response to public concern about littered beaches and the
increasing records of damage to species that are managed and
protected under U.S. law, the U.S. has ratified optional
Ànnex V of the Convention for the Prevention of Potl-ution
frorn Ships (MÀ,RPOL) . Annex V is entitled 'rRegulations for
the Prevention of Pollution by Garbage frorn Ships" and
prohibits, with certain exceptions, the disposal of all
garbage, particularly synthetics, from ships. The objective
of this task was to evaluate the adequacy of the waste
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3.

managemenÈ systems in selected remote Alaskan seaports which
rrrere expected to receive the increased volume of landed
refuse as a result of I{ARPOL Ànnex V.

Status: Under cooperative agreement between the NMFS and the
Alaska Department of Environmental Conservation, the Alaskan
ports of Kodiak and UnaLaska were selected for the study
wnicn relied on methods and data developed during the Port of
Newport cooperative project.

A final report has been published and is available from the
MERP manager, reference:

Pacific Associates. L988. The Effects of IvÍARPOL, Annex
V, on the Ports of Kodiak and Unalaska. NWAFC Processed
Rep. 88-26, 64 P. Alaska Fish. Sci. Cent., Nat1. Mar.
Fish. Serv., NOAA, 7600 Sand Point Way N.E-, Seattle, WA

98115-0070.

IMPACTS RESEARCH AND MONITORING

â. High seas squiô fishery inpactsr S15o.0K

Large-scale driftnet fisheries for squid and other species in
the North Pacific Ocean v¡ere initiated by Japan, Republic of
Korea (ROK), and Taiwan in the late l-970's. The size of the
sguid fleets, the fishing characteristics of driftnets and,
the likelihood that they entrap marine mammals and seabirds
and intercept North American salmon is causing concern in the
United States. The concern is well-founded, because most
high seas sguid fisheries are unregulated by any
inÈernational fisheries convention or management regime. As
a result, there is no monitoring program to gain data to
estirnate the interception or entrapment of various species"
There is, therefore, a serious need for the following:

(1)

(2)

(3)

Evidence on the extent of entanglement of marine
mammals and seabirds in squid driftnets.

Infonnation on the amount of net discarded or lost
by these fisheries.

Est,imates on the catch of target and non-target
species.

Status: During L987, the Program supported bilateral
negotiations with Japan, Korea and Taiwan in vrhich the United
States requested the establishment of an observer program in
the sguid driftnet fisheríes of each nation" These
negotiations were unsuccessful.
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United States scientists were invited aboard five foreign
research vessels operating in squid fishing areas of the
North Pacific. Also, the United States sent the R/V Miller
Freeman into the fishery area to assess the distribution and
density of marine ma¡nma1s and seabirds. These vessels
collecLed infonnation on abundance and distribution of
species, the oceanography of the area, the bycatch of species
iñ research gillnets and the amounts and distribution of
marine debris. The cruises vtere as folÌows:

Ti¡ne PeriodNation

Japan
Japan
Taiwan
ROK
Canada
U. S.

Reports from
the MERP.

VesseI

Shoyo Maru June-Àugust
Hokuho Maru November
Hai Kung Aug-SePt.
Pusan 851- July-August
W. E. Ricker May-JulY
Miller Freeman October

these cruises are available from the manager of

During this year, funds hrere provided to the Joint Institutes
for Marine and Atmospheric Research at the University of
Hawaii to support an international rneeting of scientists on
driftnet issues in l-988. A loosely knit group of NMFS
research program leaders with interest in the driftnet
fisheries !{as formed and identified and the ttsquid Advisory
Committeetr. The interests of the committee cover marine
mammals, salrnonids, tunas and biological oceanography of the
North Pacific ocean.

b. Hawaiian monk seal entanglement protection and evaluation
(continued) r S10.0K

Net fragments, line, and other flotsam accurnulate on the
beaches and offshore reefs of the Northwestern Hawaiian
fslands (NI^IHI). Hawaiian monk sealsr âD endangered species,
are known to become entangled in these materials and
occasionally die. Recording, removal, and destruction of
hazardous materials began here in FY85 during a task entitled
ttldentification of Sources of Fishing Debris Affecting
Endangered Marine Animals in the Northwestern Hawaiian
Is1ands. I' The work continued as a piggyback study on monk
seal field research at very low cost.

Status: As in prior years, this task provided funds for the
removaL of hazardous debris that washes ashore at haul-out
and rookery sites and causes monk seal entanglernent. Data
gathered during this task was combined with data from
previous years, and presented in a report to the North
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pacific Rim Fishermenrs Conference on Marine Debris,
reference:

Henderson, J. R. 1988. Marine Debris in Hawaii. fn D.L.
Alverson and J. June (editors). Proceedings of the North
Pacific Rirn Fishermenrs Conference on Marine Debris,
October 13-16, L987, KaÍIua-Kona, HI p. L89-2O6.
National Resources Consultants, 4055 21st Àve. f{est,
Seattle, WA 98199.

c. Dynamics of gillneÈ gear (continued) r S15.0K

The ltDynamics of gillnet gearrr task is a continuation of a
study ãstablished in FY85 and continued through FY86 to
recover drifting gillnets of known age and history. In
addition to estímates of ghost-fishing, the recovered nets
would provide ancillary inforrnation on changes in.buoyanCY,
deterióration of netting, growth of fouling organisrns,
association of fish around floating debris, etc. This
information will augment our understanding of the fate and
hazard dynamics of derelict driftnets-

Status: Driftnets released in August 1986 with satellite
tracking systems vtere recovered by June L987. À final report
was pubiished in November of L987. Copies are available from
the NOAA Fisheries Hawaii Laborat,ory or from the MERP

manager, reference:

Gerrodette, T., B.K. Choy, and L.M. Hiruki. 1-987. An
Experimental Study of Derelict Gillnets in the Central
Pacific Ocean. SVÍFC Adrnin. Report H-87-L8, L2 p-
Southwest Fish. Sci. Center, Hono1ulu Lab., Natl. Mar.
Fish. Serv., NOAA' 2570 Dole St., Honolulu, HI 96822-
2396.

d. Alaska beach litter index (conti¡ueô) r $30.0K

Plastic litter and commercial- fishing gear lost or discarded
at sea entangles marine mammalsr sea birds, and fish;
disables vessels; and degrades the scenic guality of
wilderness beaches. Since most plastic litter eventually
washes ashore, it can be inventoried by cost-effective beach
surveys. these data constitute the beginning of an index of
debris in the North Pacific and will be used to track changes
in apparent rates of inPut.

Status: In L987 the Àuke Bay Laboratory (ABL) intended to
continue past surveys that have established rrbaselinerl
obsetr¡ations on guantíties and types of litter found on many
Alaskan beaches. These surveys ¡tere accomplished and many
trawl web samples were coll-ected from fourier transform
infrared spectrophotornetric (FTIR) analysis by another
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entanglement/debris task at ABL. Findings from this task
were presented during the Second International- Conference on
Marine Debris, and are referenced in FY88 MERP task 39.

e. sanpling survey of impacts of marine and coastal debris
and entanglernent on sea turtles, S12.0K

Accidental mortafity of endangered and threatened species of
sea turtles continue to occur throughout their range in
oceanic-coastal systems of the Southeastern United States and
Vtestern North At1antic. There exists a need to investigate
the degree and frequency of impacts of marine and coastal
entanglement and debris in relation to stranded sea turtl-es
of all species and all sizes in the upper Texas and Southwest
Louisiana coasts.

Status: Funds were transferred to the NOAA Fisheries SEFC-
Galveston Laboratory to systematically patrol, sample, and
document stranding observations and events and describe the
problem as it relates to the fate of sea turtles. This task
was continued into FY 1988. For further details, refer to
task 3j in the FY 1988 task summary.

f. Northern fur seal entanglement studies, S45.0K

(1) Workshop to guide entanglement research on northern fur
seaIs, $2o. oK

one hypothesis for the recent decline in abundance of
northern fur seals is increased mortality at sea from
entanglement in marine debris. Numerous studies on land and
various analyses have been cornpleted in recent years to
assess the magnitude of mortality at sea and an assessment of
the age and sex of animals dying at sea from marine debris.
The principal reasons for not conducting the research at sea
are high costs and the difficulty in designing research
experiments that woul-d provide the needed information. Some
experts have suggested that certain pilot studies be
conducted which may provide the needed information while
other experts believe that such studies are not practical.
Since there are numerous and confJ-icting opinions by
recognized experts on the type and amount of research needed
to address the problem of entanglement, the NMML wouÌd host a
workshop to guide future research to assess entanglement of
northern fur seals.

Status: A workshop to review and evaluate NMML fur seal
entanglement research (including on land and at sea
programs), was held January 6-8, 1988, in Seattle,
lrlashington. Although recommendations from that workshop have
been considered within the MERP, ro report on the workshop
has been finished.
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(2) Modeling and analysis of effects of entangJ-ernent on
northern fur seals, $25.0K

Studies conducted on data col-Iected through 1984, along with
preliminary analysis of data collected in 1985-86, suggest
Lnat mortality caused by entanglement ín trawl net fragments
in the pelagiè environment may be a principal factor in
recent ãeclining trends in the northern fur seal population.
However, a compl,ete synthesis, especialfy a rnodeling study
including the more recent data, has not been conpleted. In
particulãr, there j-s a need to re-examine mortality estimates
irom entanglemenÈ in large net fragments based on data
involving composition of debris observed on land and at sea,
both on éeals and as debris alone. In view of quantity of
data collected in recent years, it was j-mportant that a
comprehensive quantitative synthesis be conducted involving a
re-änalysis of the historic data in combination with the
results of the most recent studies, Surveys' and experiments.
The objectives of the task !'tere:

To estirnate the degree to which entanglement is contributing
to mortality among northern fur seals, to better estimate the
portion of entanglement related mortality caused by large net
fragrments.

To identify more clearly the specific data needed to better
refine estimated mortality caused by entanglement.

To 1ook for alternative means of deriving estimated mortality
due to entanglement, and to enter ralr¡ data needed for such
analysis into an ADP format.

Status: lrlork on this subtask continued through FY l-988 and
is reported in task 3b of the FY 1988 task activity summary.

g. Channel Island pinniped entanglement indexr $5.0K

Data has been systematically collected on the prevalence of
entangled California sea Iions, harbor seaLs, and northern
elephánt seals in the California Channel Islands since late
L98ã. This series, if it can be continued, has the potential
of developing into one of the few useful indicators of
entanglement problem status.

Status: Work on this task was performed by the Hubbs Marine
Research Center of San Diego, California. Rel-ated work on
this task was continued in FY 1988. For further inforrnation,
refer to task 3f of the FY 1988 MERP task summary.

h. Ànalyses of sea turtle stomachs collected from strandings
on the Atlantic coast, S20.0K
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The consequences of entanglernent, incidental catch, and
ingestion of debris by sea turtLes is severer âs known from
Iinited sample studies. ÀIthough many of the stranded sea
turtle rnortalities can be attributed to entanglement and
incidental catch in fishing gear or deliberate nutilation and
kitling by humans, some strandings result from ingestion of
plastic debris. Researchers in the Southern New England
region of the Atlantic have conducted necropsies and
collected gut contents of approximately 600 stranded turtl-es.
These samples are in storage and represent a significant
source of information on the ingestion of foreign materials
by sea turtles.

Status: Funds v/ere transferred to the NMFS Northeast Region
(NER) to commence this task. The NER contracted with Dr"
Shoop of the University of Rhode fsland to determine the
levels and types of plastic debris in loggerhead and
leatherback turtle stomachs and to develop baseline
information on frequency of plastic ingestion, materials
ingested, and apparent damage. The research efforts/
necropsies are complete. A final report has been submitted,
and is available from the MERP manager, reference:

Shoop, R.C. and C.A. Ruckdeschel. 1989. Analyses of Sea
Turt1e Gut Contents for Nonfood Components. Report to
the NMFS Marine Entanglement Program, Contract 52-EANF-7-
00067, 16 p. Alaska Fish. Sci. Cent., Natl-. Mar. Fish.
Serv., NOAA, '7600 Sand Point Way N.8., Seattle, WA

98115-0070.

i. Composition and weathering of derelict trawl web
collected from Alaskan beaches: Analyses by FTIR
(continued) r 921.0K

Previous work in this area indicates that trawl web and other
persistent plastics becone brittle and loose strength over
tine due to weatherinq effects, oxidation, and uLtraviolet
exposure" Results of the 1986 FTIR analyses of derelict
trawl fragments collected in Alaska indicated that all of the
trawl web material was made of polyethylene, and that FTIR
rnay be used to quantitatively deterrnine weathering effects.
Status: FY87 work is complete. Samples of trawl web
coll-ected from fishing vessels of the region were analyzed as
well as raw polyethylene pellets and web fragments found by
beach surveys and observers at sea. A prel-ininary report on
findings and accomplishments has been drafted but the revised
final report has been delayed due to changing work priorities
resulting from the Exxon Valdez oil spi11.
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j. Marine debris in upwelling and frontal zones in the GuIf
of Mexico, S31.0K

A variety of sealife has been found to associate closely with
flotsam ánd other debris near oceanographic frontal zones.
Both adult and larval fishes, incÌuding specj-es of economic
importance, and other marine life have been observed in
aggregations along these zones. Little work has been done on
túá póssible affeðts of marine debris on the aggregations of
nariire life in oceanographic frontal zones. This task was
designed to initiate debris inpact studies as a part of an
ongolng program directed towards understanding the many
taõtorã Lnaù influence populatíon strength of the marine
specj-es associated with these frontal zones-

Status: Scientific cruises aboard the NOAA Ship OREGON TI
have been conducted in the Gulf of Mexico. Ir70rk was
conducted to augment certain NMFS field activities to
maximize sample and data collectÍons' thus utilizing some
existing data and oceanic models" cruise reports are
availabÍe for the FY87 work. The study was continued in FY88
and the work described in FY88 task 3I.

k. Assessnent of floating plastic particulates, 921.0K

Neuston samples from various ocean regions have contained
plastic fragrnents and resin pellets. This phenomena.has been-reported siãce the early 1970's, prirnarily as an oddity from
icthyoplankton research activities. À study of the
IiteraLure reveals a steady increase in the number of
particles per unit area depending on how closely the-researcher looks at the collected sarnple. The impl-ication is
that substantial amounts of plastic rrmicro-particlesrl
ftoating on the ocean Surface have yet to be docurnented.
There eiists a need to document the density, type, and range
of size of plastic debris particJ-es at the ocean surface in a
specific, preferably remote region or regions.

StaÈus: Neustonic samples collected on a cooperative,
U.S. /Korea research cruise Í¡ere analyzed by NMFS scientists.
A report was prepared for presentation to the International
¡¡orth pacific Fisheries Commission and is available from the
fnstitute of Marine Science, 2OO O'Neill- Building, University
of ÀIaska, Fairbanks, A1aska 99775, reference:

Day, R.H. , D.M. Clausen and S. E. Ignell. l-986.
Oiétri¡ution and Density of Plastic Particulates in the
North Pacific Ocean in 1986. (Document submitted to the
Internationat North Pacific Fisheries Commission,
Anchorage, Alaska, November l-98 6 . ) )'7 p . Alaska Fish .

Sci. Cent., Auke Bay Lab., NatI. Mar. Fish. Serv., NoAA,
P.o. Box 210155, Auke BaY, AK 9982L.
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I. Halraiian seabird plastic ingestion impacts study -
conÈinuance of letter of agreement with USFWS National
Wildlife Health Laboratory, S18.7K

fnitiated in FY85, this task continues through FY87 (Note
FY85 and FY86 Status report updates). The FY87 plan extended
the project biotechniciants appointment and provides for the
conduct of a statistically adequate survey of the rnortaJ-ity
caused by plastic and other problerns affecting the tropical
seabirds at Midway Island. A diagnostician position to
conduct, postmortern examinations on the island was also
funded.

Status: FY87 field work was completed. Findings indicate
that 16 of l-8 species of seabirds studied had ingested
plastic. A final report hras prepared and is available from
the author or the MERP manaqer, reference:

Sileo, L. 1987. The Prevalence and Effect of Plastic
Ingestion in Hawaiian Seabirds from October 1986 to
January L987. Progress Report for NWHC Work Unit. 20.
15 p. Natl. Wild1ife Hea1th Res. Cent., U.S. Fish and
Vùildlife Serv., 6006 Schroder Rd., Madison, WI 53711.

m. Support for the Pacific Rinr Fisheries Conference on
marine debris, $5.0K

Fishing industry associations in the United States, Canada,
Japan, the RepubJ-ic of Korea, and the Republic of China
initiated this conference. The MERP provided funds to assist
in the production of the proceedings.

Status: The Conference hras held October 13-16, 1,987, in
Kailua-Kona, Hawaii, and included sessions on law,
technology, industry policy and government programs. The
workshop was a success with final sponsorship from commercial
fishing industry groups and associations from Canada,
Republic of China, Japan, Republic of Korea, and the United
States. Proceedings of the rneeting v¡ere published, and
copies are availabl-e frorn the MERp manager, reference:

Alverson, D.L. and J.A. June (editors). L988.
Proceedings of the North Pacific Rim Fishermen's
Conference on Marine Debris. 460 p. Alaska Fish. Sci.
Cent., Natl. Mar. Fish. Serv., NOAA | '7600 Sand point Vtay
N.8., Seattle, WA 98115-0070.
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4. PROGRÀM MANAGEMENT

Program management, $80.0K

Successful planning and execution of each yearrs Marine
Entanglement Research Program tasks has been the primary
responsibility of the designated Program Manager. The
activities that have proven relevant to the effective
direction of the program are the discovery, receipt,
interpretation and distribution of information related to
fisheries research, plastics technology, industrial and
public education, national and internationaÌ trade and treaty
developments, public policy issues, myriad constituent
concerns, Federal administrative systerns and dornestic 1aw.
Comrnunication, negotiation and compromise have been the most
useful tools in managing the program, both internally and
externally. The overall goat of existing nanagement for the
program is to promote the realization of long term solutions
to the proliferation of non-degradable refuse in the oceans,
thereby controlling a significant cause of unnecessary
destruction of living marine resources.

Status: Program Manag'ement gained the concurrence of the
Marine Mammal Commission on a plan to effectively utilize the
FY87 appropriation of $750K to address the goals of the
Program. A NOAÀ Corps Officerts billet was granted to the
Program and filled by LCDR AIan Bunn who acted as the
assistant program manager at no cost to the Program. Program
management has played an increasing role in the development
of agency policy on the marine debris problem. Briefings
have been given at the Administration policy level and advice
provided to the national and international organizations
regarding marine debris research, education, and control.
The MERP also provided advice to the U.S. Coast Guard and the
International Maritine Organizatj-on regarding the
implernentation of IvIARPOL Annex V.

In addition to the activities described above' MERP
management provided administrative support to a Saltonstall-
Kennedy (S-K) grant to study the feasibility of rnarking
fishing gear as a method of mitigating the problem of
derelict fishing gear in the environment. This work
continued through 1989, and is reported in FY89 MERP task 4a.
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FINAL FUNDING PI,ÀN FOR FY 1988 ENTANGLEMENT PROGRAM TÀSKS

FUNDING
TÀSK NO" TASK TITLE LEVELS

1. EDUCATTON ÀÀTD PUBLIC AIVARENESS:

a. Marine Debris Education Programs (continued)

(1) Marine debris information office - Pacific $30.0K
coast. By contract

(2) Marine debris inforrnation office - AtLantic $30.0K
coast. By contract

b. Shipping industry marine debris education $f:.zx
(part r-)

c. Second InternationaL Conference on marine ÇqZ.gX
debris

2. IIITIGATION

a. Degradable plastic technology research and $60.0K
development

b. Unalaska port waste management planning $50.0K

c. Guidelines for waste burning aboard ships $2o.oK

3. I}IPÀCTS RESEÀRCH ÀND !{ONITORING

a. High seas squid investigations program-frarnework $L2o.OK
plan

b. Synthesis of information on northern fur seal g25.OK
entanglement (continued)

c. Juvenile male fur seal survivorship and
entanglemenÈ in marine debris (continued) g2O.OK

d. EntangÌed and unentangled juvenile male fur seal 91O.OKbehavior patterns

e. Rernovar of debris hazardous to monk seals frorn g1o.oK
Northwestern Hawaiian fslands (continued)
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f. Channel Islands pinniped entanglement nonitoring $5.0K
(continued)

g" Entanglement debris on Alaskan beaches $25.0K
(continued) 

:

h. Effects of marine poltution on juvenile, pelagic $35.0K
sea turtles 

:

i. National seashore debris sulívey program $4O.OK

j. Debris, entanglement, strandings, and causes of $20.0K
death in sea turtles in the GuIf Of Mexico
(continued)

k. Hawaii sea turtle stranding network enhancement $10.0K

1. Àssociations of marine debris with upwelling $25.0K
and frontal zones (continued)

4. ¡.ÍANAGET.ÍENT

a. Program management (continued) SB5.5K
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1.

FISCAL YEAR 1988 ACTIVTTIES TO ADDRESS PROBLEMS
ASSOCIATED I^TITH DEBRIS IN THE MARINE ENVIRONMENT

EDUCATION AND PUBLIC AWARENESS

a. Marine debris education program (continued) , $eO. ox
ITasks ( 1) and (2 ) ]

Due to funding shortfalls and evolving rnarine debris
education requirements (given the growing national- interest
in the subject), the MERP established the Marine Debris
Information Offices (MDIO). These offices would be national-Itclearingr housesrr to efficiently disserninate inforrnation
about the persistent rnarine debris problem to the public at
Iarge using educational materials developed through
government and private industry funding.

Status: Two MDIOTs were established during late 1988
through a contract with the Center for Marine Conservation
(cMc), using $60.0K of FY 1988 funding. one office was
opened in Vüashington, D.C. to meet the marine debris
ínformation requirements relating to the Atlantic and GuIf
of Mexico coasts. Another office was opened in San
Francisco, CA to meet marine debris information needs in the
Western States.

The report of the first year of operation of NOAÄ,rs marine
debris information offices is available from CMC or the MERP
manager and is referenced in FY89 MERP task 1a.

b. Shípping industry narine debris education plan (Part I),
$13.2K

Prior inability to engage ship operators in region marine
debris education activities indicated that an effective
marine debris education program for foreign and domestic
shipping and cruise ship industries was needed. Such a
program would result in their awareness of and increased
conplj-ance with MÀRPOL Annex V and the Marine Plastic
Pollution Research and Control Act of I9B7 (MPPRCA). The
task was divided into two parts, with the plan development
being part I and the implementation of that plan in part II.
Part I was expected to be completed during FY 1988, and
should a workable plan be developed, funding for part rI
would be made available in FY 1989.

Status: A contract was awarded to A.T. Kearney, Inc. of
Alexandria, Virginia. In consultation with representatives
from government and shipping industry factions, the
contractor submitted a shipping industry marine debris
education plan in February of 1989. Reference:
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¿.

Kearney/Centaur and the Center for Marine Conservation.
1-989. Shipping Industry Marine Debris Education Plan.
Report to the NMFS Marine Entanglement Research Program
Contract 52ABNFB OOI32, 79 p. Kearney/Centaur Division
of A.T. Kearney, Inc., 225 Reinekers Lane, Suite 300'
Alexandria, VA. 2231-4.

For further information about the shipping industry marine
debris education plan, refer to task 1c of the FY 1989 MERP

task summary.

C. Second International Conference on Marine Debrisr $42.9K

The first International Conference on persistent marine
debris in the oceans was held in Hawaii in November 1984.
This lrlorkshop on the Fate and Inpact on Marine Debris laid
the foundation of information and recommendations that has
driven government, industry and private programs to soLve
this problem. In conjunction with the entry into force of
MARPOL Annex V, a second conference was planned, to review
the status of science, technology and adrninistration
rel-evant to the marine debris problem. The conference would
upgrade the information base and províde long-term insights
and recommendations for continuing progress in rnanaging the
impacts of mants debris on ocean resources.

Status: FY 1988 funds v/ere increased from $30.0K to $42.9K
and used for conference preparation, including the hiring of
a conference chairrnan, the renting of office space, and for
the reservation of an appropriate conference venue. Funds
vrere also used for the purchase of supplies and for printing
costs for the conference announcement. For further
information about the conference, refer to task 1d of the FY
1"989 MERP task summary.

MTTTGATION

â. Degradable plastic technology research and developnent
(S50.0K from !'ÍERP, $10.0K from NOAA)

Certain plastic materials that find their way into the
marine environment darnage marine life, ships and the quality
of our beaches (aesthetic damage). The range of strategies
to counteract this danage includes plastic recycling,
incineration and heat recovery from plastic wastes, ì-and-
fills and utilization of alternate, less durable material-s.
The objective of this task was to conduct a detailed
technical, economic and strategic evaluation of the
feasibility and practicality of controlled-lifetime plastics
as a partial solution to the problerns caused by plastic
debris in the ocean and on the shore. Attention $/ould be
focused on the impact of rrdegradablerr plastics, which after
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a reasonable service lifetime would enbrittle and
disintegrate into ever smaller particles.

Status: NOAÀ/NMFS entered into a cooperative agreement with
eLements of the U.S. Navy in order to amend an existing Navy
contract with the Research Triangle Institute of North
Carolina. The focus of the work was to develop a list of
the damaging marine plastic debris items reported in
Iiterature, and classify each iten according to its specific
polymer and processing technology enployed in its
manufacture. Then, develop a list of known controlled
lifetine polymers, and identify possible items found in
marine debris which night be manufactured using a controlled
lifetirne polymer. Having identified the applications where
the substitution of controlled-lifetirne plastics may be
feasible, identify possible problems and solutions in
converting the applicable plastic items to manufacture using
controlled-lifetine polymers.

Work on this task was completed in 1988, and the findings
r¡/ere reported in a final report to the MERP rnanager and as
part of a final report of the Interagency Task Force on
Persistent Marine Debris, references:

Dunford, R.W., A.L. Andrady and L.J. Norwood. 1989. The
Economic Impacts of Required Rapì.d1y Degradable Plastics
in Selected Products: A Preliminary Analysis. Report to
the NMFS Marine Entanglement Research Program, Contract
RTI/4O7A/OO-OIF, 24 p. Research Triangle Institute,
P.O. Box L2194, Research Triangle Park, NC 27709-2194.

Dunford, R.W., A.L. Andrady and L.J. Norwood. 1988.
Assessment of Degradable Technologies. Chapter Six of
the Report of the fnteragency Task Force on Persistent
Marine Debris, 170 p. Alaska Fish. Sci. Cent., Natl.
Mar. Fish. Serv., NOAA, 7600 Sand Point Vtay N.E.,
Seattle, WA 981L5-0070.

b. Unalaska port waste management plannirg, S50.0K

Unal-aska Is1and is adjacent to the richest fishing grounds
in the United States, íf not the world. The Dutch Harbor/
Unalaska port areas are becoming increasingly important as
staging areas for domestic fishermen and, with the rapid
deployrnent of shoreside and nearshore fish processing
capacity, for the processing and cargo vessels of many
nations. The fishing industry operating within this region
generates a l-arge quantity of net and plastic debris, which
impact the large number of marine mammal and bird
populations. In anticipation of the ratification of MARPOL
Annex V, an international effort should be mounted to
develop the capabiÌities of Unalaska/Dutch Harbor to manage
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and process the volume of vessel garbage deposited in
accoidance with new regulations. The objective of this task
is to evaluate the extent of the solid waste disposal
problem within this region, examine legal policy and
ãtticient disposal methods, and discuss waste management
options including the procurement of facilities and
e-guipnent as necãssary, to recycle and dispose of materiaLs
brought ashore.

Status: A grant to perform this task !{as alrarded to
Southwest Alaska Municipal Conference of Anchoraqe, A1aska.
Work was completed and the final report to the MERP manager
was published as a NITIAFC Processed Report. The study
concluded that the Unalaska, Kodiak, and Bristol Bay coastal
communities generate more garbage per capita than the
average lower 48 coastal cities. Unalaskars garbage
generãtion rate has increased to 54OZ of the national norm
ãs vessels are bringing their garbage ashore (in conpliance
with MÀRPOL regulations). The Unataska landfill has nearly
reached capacity, with 3 to 5 years left. The report
recommends to begin an engineering feasibility study to
evaluate incinerator disposal with energy recovery and for
beginning a solid waste collection and management study for
thã eristol Bay area. Copies of the report are availabl-e
from the MERP manaçter, reference:

Bayliss, R. and c.D. cowles. 1989. Final Report on the
Imþact of MÄRPOL Annex V Upon Solid VÙaste Disposal-
raðitities of Coastal Alaskan Communities. NwAFc
Processed Rep. 8g'2O, L05 p. A1aska Fish. Sci. Cent.,
Nat1. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.8.,
Seatt1e, WA 98Ll'5-0070.

c. Guidelines for waste burning aboard ships, 920.0K

The use of trburn barrels and sinilar low technology burning
to reduce the volume of ship-generated garbage \^/as expected
to increase with the implementation of MARPOL Annex V. It
had not been determined as to the extent these open burning
techniques v¡ere effective in destroying various types of
trash. The objectives of this Èask lrtere to evaluate the
efficiency of using low temperature rrburn barrelrr methods to
destroy shiprs wastes and to characterize the hurnan and
environmentaL hazards created by this type of refuse
destruction. If warranted, a series of clear guidel-ines for
the safe burning of trash generated aboard ships will be
developed.

Status: A contract to perform this task was awarded to SCS

Engineers of Bellevue, l,Iashington. The work was performed,
and two final reports vtere submitted to the MERP manager.
One report summarized the feasibility study of burn barrels
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aboard ships, and one report discussed the operating and
safety guidetines for burn barrel use aboard ships.
Research revealed that burn barreLs are technically feasible
and, when properly used, appear to comply with existing
environmental and marine regulations. When operated
accordj.ng to the suggested guidelines, burn barrels can
provide a safe, convenient, and low cost alternative to
either on-shore disposal or incineration of shipboard-
generated wastes. However, neither SCS Engineers or the
MERP thought it appropriate to recommend use of burn barrels
aboard ships. Copies of these reports are available from
the MERP manager, references:

ScS Engineers. 1989. operating and Safety Guidelines
for Use of Burn Barrels to Dispose of Shipboard-
Generated (MARPOL V) Wastes. NWAFC Processed Rep. 89-
14, 15 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAÀ, 7600 Sand Point lrlay N.E., Seatt1e, WA

9811_5-0070.

ScS Engineers. 1989. An Investigation of Usj-ng Burn
Barrel Technology to Dispose of Shipboard-Generated
(MARPOL V) !,Iastes. N!{AFC Processed Rep . 89-L5 , 22 p.
A1aska Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA,
7600 Sand Point Way N.8., Seattle, WA 98115-0070.

3. IMPACTS RESEÀRCH AND MONITORING

a. High seas squid investigations program - framework p1an,
s120.0K

In the North Pacific, drift gillnet fisheries for flying
squid are operated by Japan, the Republic of Korea (ROK) and
Taiwan in the transition zone between subarctic and
subtropical waters. Although squid is the target species,
in the northern range of the mixing zone, the gillnets
inflict incidental mortality on stocks of salmon, DaIIrs
porpoise, northern fur seals and other specíes protected by
international treaties or U.S. law" In the southern region,
there is a significant bycatch of albacore.

fnformation on the amount and distribution of effort and
observations of net retrievals are needed to estimate
bycatches. Because many non-target species are not
retained, port sampling programs cannot provide needed catch
information. Instead, observer placement aboard commerciaÌ
fishing vessels is required and this placement must occur
throughout the fishing season and fishing areas.

The objective of this task was to plan for the coLlection of
fishery data and estimate the bycatch of salmon, marine
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mammals, seabirds, albacore, and other non-target species in
hj-gh-seas squid gillnet fisheries in the North Pacific.

Status: on December 30, 1987, Congress passed the
Driftnet Impact MonJ.toring, Assessment and ControÌ Act
of 1987. This Act gave the National Marine Fisheries
Service the responsibiliÈy for developing infonnation
and programs to assess the impacts of these fisheries
on marine resources of the United States. Throughout
the year, the program supported U.S. scientists in the
development of scientific and negotiating positions for
observer proqrams in the North Pacific squid driftnet
fj.sheries of Japan, ROK, and Taiwan. In the spring,
the U.S. and Japan agreed to field a pilot observer
program involving 4 U.S. and L0 Japanese observers.
This program was contingent upon the Japanese receiving
a permit from the U.S. to take marine mammals
incidentally to their salrnon driftnet fishery in the
U.S. EEZ. This permit was denied and the observer
program v/as cancelled for 1988.

A single U.S. observer was placed aboard the RoK commercial
squid driftnet vessel Oyang 53 and recorded data from 22 net
sets. The results of this cruise v/ere published as a NI¡üAFC
Processed Report, reference:

Gooder, P. 1989. Observations on Board the Korean
Squid Driftnet Vessel, ovang 53, June 9 - August 8,
L988. NWAFC Processed Rep. 89-03, 30 p. Alaska Fish.
Sci. Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand
Point Way N.E., Seattle, WA 98115-0070.

The Squid Advisory Comrnittee held a workshop in May of 1988
to review the biological and oceanographic inforrnation
relevant to North Pacific driftnet fisheries. The fuIl
report of the workshop is in preparation. This meeting was
also to develop a plan for further investigation to meet the
impacts assessment expectation of the Driftnet Act.
Reference:

lr]etherall, J. A. L989. Strategic PIan for North
Pacific Squid Driftnet Entanglement Research. SwFc
Adnin. Rept. H-89-9, 51 p. Southwest Fish. Cent.,
Honolulu Lab., Natl. Mar. Fish. Serv., NOAÀ, 257 O DoIe
St., Honolulu, HI 96822-2396.

United States Scientists took part in three cooperatj-ve
research vessel cruises in the Squid fishing area in 1988 as
follows:
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VesseI

Hai Kung
Pusan 851
I^f. E. Ricker

Reports from these cruises are available from the MERP
manager.

b. synthesís of ínformation on entanglement of northern fur
seals (continued) r S25.0K

Data analysis through I984, along v¡ith prelirninary analysis
of data collected in L985-86, suggest that mortality of fur
seals caused by entanglement in trawl net fragments may have
been an irnportant if not a major factor in the recent
decline in the northern fur seal population on the Pribitof
Islands. These studies include rnodeling work by various
investigators. However, in view of the rnost recent
collection of data (l-985-L987), a synthesis is needed,
especially a modeling study including the more recent data.
rn particular, there is need to re-examine mortality
estimates from entanglement in large net fragments based on
data involving compositíon of debris observed on l-and and at
sea, both on seaLs and as debris independent of seal-s. In
view of the quantity of data collected in the last several
years, it is important that a comprehensive, quantitative
synthesis be conducted, involving a re-analysis of the
historic data in combination with the resul-ts of the most
recent studies. Such a synthesis would not be restricted to
a summary of existing information, but would include an
assessment of the impact of entanglement on the growth of
the fur seaL herd. A full assessment of entanglement-caused
rnortality cannot be made without an updated analysis and
synthesis of the recent data covering specific needs as
identified at the Entanglement Vüorkshop held in January of
L987. This contract was to be part of the overall
reassessment and synthesis effort beíng undertaken at the
NMML, as recommended by the fur seal program review paneJ-,
in March L987.

Status: An analysis of fur seal mortality and entanglement
data was completed in early 1989. Two papers vtere presented
at the Second International Conference on Marine Debri-s,
which summarized portions of the finding related to this
task. A complete final report was submitted to the NMFS
National Marine Mammal Laboratory, and portions of that
report may be published later as an NMFS Processed Report.
The reports presented at the Hawaii Conference and the final
report are referenced below:

Nation

Taiwan
ROK
Canada

Time Period

JuIy - October
JuIy - August
June - JuIy
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Ribic, C.A. and G.L. Swartzman. In press. An Index of
Fur Seal Entanglement in Floating Net Fragments. In R.
Shomura and M.L. Godfrey (editors). Proceedings of the
Second International Conference on Marine Debris, April
2-7, 1989. Honolu1u, HI, Southwest Fish. Sci. Cent.,
Honolulu Lab., Natl. Mar. Fish. Serv. NOAA,2570 Dole
St., Honolulu, HI 96822-2396.

Swartzman, G.L., C.A. Ribic, and C.P. Haung. In press.
Marine Debris Entanglement Mortality and Fur Seal
Populations: A Modeling Perspective. fn R. Shomura and
M.L. Godfrey (editors). Proceedings of the Second
International Conference on Marine Debris, April 2-7,
1989. Honolu1u, HI, Southwest Fish. Sci. Cent.,
Honolulu Lab., NatI. Mar. Fish. Serv. NOAA, 257 0 Dole
St., Honolulu, HI 96822-2396.

Swartzrnan, c.L., C.A. Ribic and C.P. Haung. L990.
Effect of Entanglernent on Populations of Northern Fur
SeaI Callorhinus ursinus. Unpubl. manuscr., 98 p.
(Report subrnitted to Èhe NMFS Nat1. Mar. Mamma1 Lab.)
Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA,
7600 Sand Point, $lay N.8., Seattle, WA 98L15-0070.

c. iluvenile male fur seal su¡r¡ivorship and entanglement in
marine debris (continued) r $20.0K

The declining population of northern fur seals rnay be
partially attributed to mortality caused by entanglement in
marine debris, especially trawl nets. The impact of this
mortality nay be greatest on juvenile sea1s, which are more
vulnerable because of their relatively small size. A
cooperative U.S. - Japan fur seal entanglement study has
been gathering data on fur seal entanglement for three
years. Data from this study provide the principle means of
monitoring the juvenile male component of the northern fur
seal population since the termination of the commercial
harvest. The objective of this task is to continue
monitoring juvenile fur seal entanglement to assess the
impact of marine debris on the northern fur seal population.

Status: A total of 66 fur seal roundups v/ere completed
during JuIy of L988. During these studies 24,519 male fur
seals of the size historically taken in the commercial
harvest $rere exarnined for debris. A f inaL report
summarizing the results of this study was subnitted to the
MERP manager. In summary, the 1988 roundups of juvenile
males indicated an entanglement rate of about half of that
leve1 observed during previous years, reference:

Fowler, C.W., R. Merrick, and N. Baba. L989.
Entanglement Studies at St. Paul Island, 1988: Juvenile
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Male Roundups. NI^IAFC Processed Rep. 89-01, 23 p. Alaska
Fish. Sci. Cent., NatI. Mar. Fish. Serv., NOAA, '7600

Sand Point lr7ay N.E., Seattle, WA 981L5-0070-

cl. Entangled and unentangled juvenile nale fur seal
behavior patterns, S10.0K

Prel-iminary studies conducted in l-986 of onshore attendance
behavior of juvenile male fur seals, indicated that rnales
entangled in debris may spend approximately twice as much
time át sea as unentangled males. The objective of this
task was to assess the amount of time that entangled and
unentanqled juvenile males spend foraging at sea and resting
ashore.

Status: This work was completed in 1988, in conjunction
with the entanglement studies listed in task 3b of the FY
L988 task summary. The results of this work I¡/ere included
in the report referenced in the summary of task 3b for FY
1988.

e. Removal of debris hazardous to monk seals from
Northwestern Hawaiian Islands (continued) r $10.0K

This task is a continuation of the annual removal of marine
debris from beaches inhabited by Hawaiian monk seaÌs, to
lessen the number of seal entanglements. Removal or
destruction of net fragrnents, Iine, and other flotsam from
known monk seal beaches is thought to be effectj-ve in
reducing observed entanglements. Nonetheless, debris
continues to wash ashore on beaches and reefs inhabited by
rnonk seals, and will continue to pose a threat unless
removed.

Status: Work on this task was cornpleted in 1988. Results of
the study indicate that since L985, the overall rate of
entanglement for Hawaiian monk seals has increased tenfold.
The rise in entanglernent is attributed to the rise in amount
of marine debris present on or around seal haul-out areas.
A report on these findings is in preparation for
publication, reference:

Henderson, J.R. In press. Recent Entanglements of
Hawaiian Monk Sea1s in Marine Debris. In R. Shornura and
M.L. Godfrey (editors). Proceedings of the Second
International Conference on Marine Debris, Aprj-1 2-7,
1989. HonoLulu, HI, Southwest Fish. Sci. Cent.,
Honolulu Lab., Natl. Mar. Fish. Serv. NOAA, 257 0 DoIe
St., Hono1ulu, HI 96822-2396.

f.. California Channel rslands pinniped entangle¡nent
monitoring (continued), S5.0K
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This task is a continuation of the systematic collection of
data on the prevalence of entangled California sea lions,
harbor seals, and northern elephant seals in the California
Channel Islands since Late 1,983. ff continued, this annual-
collection series may develop into one of the few useful-
indicators of entanglement problen status"

Status: Work on this task vtas completed in early L988.
Research indicated that the prinary rnaterial entangling
California sea lions v/as monofilament giII net (892 of all
observed entanglements). À report of this research was
submit,ted to the MERP manager, and is available from the
authors, reference:

Stewart, B.S. and P.K. Yochem. 1988. Pinniped
Entangl-ement in Synthetic Materials in the Southern
California Bight, l-986-L988. Sea hiorld Research
fnstitute Technical Report No. 88-21-0, 15 p. Sea Vùorld
Research Institute, Hubbs Marine Research Center, 1700
South Shores Rd. , San Diego, CA 92LO9.

g. Entanglement debris on Alaslcan beaches (continued),
s25. oK

Plastic debris and commercial fishing gear lost or discarded
at sea entangles marine mammals, seabirds, and fish;
disables vessels; and degrades Èhe scenic quality of
beaches. Since most plastics eventualÌy wash ashore, they
can be inventoried by beach surveys. Debris surveys are
useful in monitoring trends in abundance over time, and when
combined with experiments using rnarked debris and debris
removal, can also quantify the annual deposition rate and
fate of debris washed ashore. This task would continue past
surveys that have established rrbaselinerr observations on
quantities and types of debris found on many Alaskan beaches
since 1972.

Status: A series of L2 beach surveys r¡/ere conducted over a
seven month period between 1987 and 1988. fnformation from
these surveys have been reported in a paper presented at the
Second fnternational Conference on Marine Debris,
reference:

Johnson, S.W. fn press. Entanglenent Debris on Alaskan
Beaches, 1982-88. In R. Shomura and M.L. Godfrey
(editors). Proceedings of the Second International
Conference on Marine Debris, April 2-7, 1989. Honolulu,
HI, Southwest Fish. Sci. Cent., Honolulu Lab., NatI"
Mar. Fish. Serv., NOAÀ, 2570 Dole St", Honolulu, HI
96822-2396.
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h. Effects of marine pollution on juvenile, pelagic sea
turtles, $35.0K

It has been established that the earliest developmental
habitats of sea turtle hatchlings, once they leave the
nesting beach, are oceanic driftlines. LoggTerhead, green,
hawksbill and Kemprs Ridley sea turtles are often associated
with rafts of sargassum in these driftlines that provide
both physical refuge and a food resource. There have been
no systematic studies of sea turtles in this habitat; hence,
there is much to be learned about the basic biology of sea
turtles withÍn oceanic driftlines.

This task would investigate both the basic biology of
pelagic, post-hatchling sea turtles and the effects of
pollutants on the biology and survivaL outlook of these
threatened and endangered species. The task would be
divided into two phases:

(1) Investigation of the effects of marine pollutants on
post-hatchling sea turtles in their pelagic habitat
in the lVestern Atlantic ($17.5K).

(2) Biology of juvenile Ioggerheads,
a pelagic habitat in the Eastern

Caretta caretta,
Atlantic ( $l-7 . 5K) .

1n

Status: Work on this task was performed through a contract
with the Archie Carr Center for Sea Turtle Research, through
a series of cooperative interagency agreements with the
University of Florida at Gainsville, the U.S. Fish &

Wildlife Service, and NOAA. Due to cornplications arising
from the transfer of funds through these organizations, the
task was funded in late L988, resulting in the work being
performed during FY L989. This work is ongoing, but
preliminary results confirm a presence of many small,
pelagic sea turtles in the Eastern Atlantic around the
Azores. A sea turtle biologist has been collecting
specimens in the Azores during the 1989 and l-990 field
seasons. For further information on this task, refer to
FY89 MERP task 3c"

i. National seashore debris survey progrErm, $40.0K

There is presently onJ-y one quantitative study of the types,
amounts, and distribution of seaborne debris in the U.S.
coastal zones. This work is being carried out in Al-aska to
assess the levels of entangting material-s generated by the
rnajor fisheries operating there, which are documented to
cause the deaths of birds and marine mammals. For the
remainder of the country, the problem of beach litter is
perceived as more of an aesthetic and health problem. Data
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on the types and volumes of debris on the non-Alaskan
beaches of the nation is generated primarily frorn voluntary
beach clean-ups. While these data are useful for public
education and media purposes, Èhey are inadequate for
quantitative assessment of the problem or for developing
Jolution strategies. À quantitative study of beach debris
is needed for eãch region of the country, because the debris
problems and sources differ from area to area. Using the
èurvey methods developed in Alaska, a national samplJ-ng
system needs to be initiated. Às envisioned, this system
would begin to gather the data necessary to characterize the
marine debris problems on U.S. shores and monitor the
success of legislation to control durnping from ships-

This task l¡tould develop a program of systematic surveys in
each region of the coastal United States to assess the
types, quantities, sources and dynanics of debris arriving
on these shores.

Status: Cornplications arising from the initiation of
funding for this task resulted in FY l-988 funds being used
for task implementation during FY L989. A workshop was held
June 6-8, l-989, in !,Iashington, D.C. to discuss debris
monitoring activities around the U.S. and resolve questions
on sampling procedure, data handling, reporting
requirements, etc. The workshop produced a set of
guidelines for handling, analyzing, and presenting data
gathered from seashore surveys. For additional information
on the results of the first year of monitoring efforts,
refer to FY89 MERP task 3j.
j " Debris, entanglementr stranðings and causes of death in
sea turtÌes in culf of Mexico (continued) r $20.0K

Beach sampling surveys conducted in L986 and in 1987 by the
NMFS Southeast Fisheries Center Galveston Laboratory (in
collaborati-on with four other universities) documented 47I
stranded sea turtle carcasses from the Merrnentau River,
Louisiana to the Rio Grande River in Texas. The critically
endangered Kenpts ridley sea turtle comprised 239 (51å) of
these carcasses. Necropsy analysis conducted on a portion of
these carcasses indicated that a number of mortalities hrere
due to entanglement or ingestion of debris. Increased
strandings of sea turtles along the Northwestern GuIf coast
have created conflicts concerning the roles that debris
entanglement, commercial and recreational fishing, offshore
petroleum platforms, and other of manrs at-sea activities
play in sea turtle mortalities. Settlement of these
conflicts requires that beach sampling surveys and
necropsies of sea turtle carcasses be continued to docurnent
the possible causes of death in stranded sea turtles.
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This task was designed to cornpliment an interagency fundedrrSea Turtle Stranding and Salvage Network" by including
beach sampling for debris entanglement on stranding surveys
of the upper Texas coast and the Southwest Louisiana coast.

Status: Systenatic beach sarnpling surveys were conducted
along the upper Texas and Southwest Louisiana coasts from
June L987 through October 1988. Preliminary results hrere
reported in early L988 during the Eighth Annuar lrrorkshop on
Sea Turtle Conservation and Biology. A revised interirn
report on marine debris and sea turtres was submitted to the
MERP manager in March, 1989. For additionar informati-on on
the results of this research, refer to Fy89 MERP task 3d.

k. Hawaii sea turtle stranding network enhancement, g1o.oK

Questions and concerns raised about the role of human at-sea
activities (discussed in FySB MERP task 3j ) aLso apply to
the apparent increase in sea turtle strandings in the
Hawaiian fslands. Although a stranding network exists
within the state of Hawaii, lirnited resources have prevented
some recoveries and precluded complete and thorough
examinations for the presence of prastic or other flotsam.
This task was designed to enhance the recovery and necropsy
of stranded turtles in Hawaii, to determine whether any of
the strandings may be resulting from marine debris.
Status: Vüork on thj-s task was cornpleted in 1998, and the
resul-ting data was subrnitted to the MERp manager in July
l-989. Information collected during this task was
incorporated into a paper presented during the Second
International Conference on Marine Debris. Reference:

Bal-azs, G.H. and B.K. Choy. fn press. EcoLogical
Aspects of Marine Turtles Impacted by Ocean Debris: A
1989 perspective. In R. Shomura and M.L. Godfrey(editors). Proceedings of the second rnternatioña]
conference on Marine Debris, Àprir 2-7, L999. Honorulu,
HI, Southwest Fish. Sci. Cent., Hono1ulu Lab., Natt.Mar. Fish. Serv" NOAÀ, 2S7O DoIe St., Honolu1u, HI
96822-2396.

1. Associations of marine debris with upwelling and front,al
zones (continued) r S25.OK

fn recent years, researchers have recognized that
oceanographic frontar zones comprise an aggregation offishes, rnarine mammals, seabirdè, and varíõus-types of
marine debris. Not only do frontar zones influeãðe thespatial and ternporar distribution of fishery organisms, butthe debri-s associated with these zones arso has thepotential to carry absorbed and adsorbed contaminants.
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There has been litt1e research relating to the possible
effects of aggregated debris on aggregations of fishes. The
NOAÀ Southeast Fisheries Center Beaufort Laboratory has been
working toward understanding the factors that influence
population strength of fisheries organisms. This task would
äsèist ongoing work on the interaction of early life history
stages of fish with frontat zones and in understanding the
fate and impact of contaminants on fishery organisms within
these zones. The task would fund three phases of research:

Participate in three cruises along the Carolina coast
and in the Mississippi niver plurne, samplinq surface and
sub-surfaee rnicro-debris in convergence and frontal
zones.

Examine and characterize particJ-es taken from these
samples.

Conduct feeding experiments using larval Atlantic
menhaden (Brevoortía tyrannus) and aged plastic
particles.

Status: Work on this task was performed during FY 1988 and
in FY t-989. Additional FY L989 MERP funding was allocated
to this task in support of the larval fish feeding
experiments. For further information about this task, refer
to FY89 MERP task 3b.

4. MANAGEMENT

â. Progr:m nanagement (continued) r S85.5K

The Marine Entanglernent Research Proqram cannot function
without management and direction, both of which have been
provided in the past by a Program Manager and an Assistant
Program Manager. This continuing need is constantly
challenged by (1) growing public interest in the problern of
persistent marine debris ì (2) continued discovery of sources
and impacts of debris; and (3) evolving national and
international laws, policy, and practices to control marine
debris.

Status: During FY 1-988, the MERP undertook many new
challenges relating to marine debris education and
rnitigation issues. The port refuse reception facility
studies helped the port comrnunities and the fishing
industries to work together for simple, cost-effective
solutions to port and vessel waste disposal problems. The
MERP prepared NOAA testimony before Congress on the Marine
Plastic Pollution Research and Control Act to irnplenent
MARPOL Annex V in the United States. fn the developrnent of
the U.S. implernenting legislation and the International
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Maritirne organization's (IMO) Guidelines for the
Irnplementation of Annex V, the MERP provided guidance to
enhance the likelihood of compliance by vessel operators.

In addition to the above activities, MERP management participated
as a rnember of the !,fashington State Task Force on Marine Debris.
This task force developed a marine plastic debris action plan for
Washington State.

MERP Management provided adrninistrative support to three
Saltonstalt-Kennedy (S-K) grants in support of marine debris
mitigation activities. These S-K grants were awarded to:

1. The Center for Marine Conservation for the development and
eval-uation of education techniques to elininate at-sea disposal
of plastics and debris by commercial and recreational fishermen"

2. Pacific Marine Fisheries Commission for the development of a
west coa,st marine debris recovery program.

3. GuIf and South Atlantic Fisheries Development Foundation for
the development of a Southeast initiative to comply with MARPOL
Annex V prohibitions on at-sea dumping of plastics.

These projects continued through FY L990, and are reported in
FY90 MERP task 4a.

MERP Management participated in OCEANS 88, âD international
marine conference sponsored by the Marine Technology Society and
the Institute of Electrical and Electronics Engineers. MERP
Management presented a paper at this conference, reference:

Coe, J.M. and A.R. Bunn. l-988. Marine Debris and the Solid
lrfaste Disposal Crisis. fn Proceedings of ocEANS 88 rrA

Partnership of Marine Interests.rr october 3l- - November 2,
l-988, VoI. I, p. 1-5. Marine Technology Society, 2000
Florida Ave. N.W., Suite 500, Washington, D.C. 20006.
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FINAL FUNDING PIÀN FOR FY ].989 ENTÀNGLEMENT PROGRAM TASKS

FUNDTNG
LEVELSTÀSK NO. TASK TITLE

1. EDUCATION ÀlID PUBLIC A!ÍARENESS

a. Marine debris informaÈion offices (conÈinued)

b. Marine debris education program supplies

c. Marine debris education program for shipping
and cruise lines; Phase II

d. Second fnternational Conference on Marine Debris
(cont,inued)

2. UITIGÀTTON

a. National beach cleanup database support

b. Debris removal from Hawaiian monk seal beaches
(continued)

c. Advisory workshop on marine debris rnitigation

d. Ghost gillnet nitigation experiments

3. IUPACTS RESEÀRCH AND I,ÍONITORING

a. High seas driftnet fisheries investigations
(continued)

b. Impact of plastic particle ingestion on survival
of larval fish (continued)

c. Effects of marine pollution on juvenile, pelagic
sea turtles (continued)

d. Assessment of marine debris, entanglement and
causes of death in sea turtles (continued)

e. Juvenile male fur seal survivorship and
entanglement in marine debris (continued)

f. The effects of ingested plastic on al"batross
(continued with U. S . F&V{S )

g. Ingestion of marine p1-astics by Western Atlantic
seabirds

$60. oK

50.0K

39.0K

3l_ . 0K

$30. oK

L0.0K

32.0K

15. 0K

$r"22. sK

18.5K

35"0K

20.0K

25.0K

25.0K

B"OK
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h. Bioaccumulation and buoyancy of floating marine 30.0K
debris

i. Marine debris survey of the Eastern Bering 5.0K
Sea shelf

j. National seashore marine debris survey program 33"0K
(continued with U.S. NPS)

k. Surveys of entangLing debris on AÌaska beaches 24.5K
(continued)

1. ChanneL fslands pinniped entangJ-ement monitoring 7.0K
(continued)

4. IÍÀ¡¡AGEMENT

a. Program rnanagement $86. 0K
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FISCAL YEAR 1989 ACTIVITIES TO ADDRESS PROBLEMS ASSOCIATED
WITH DEBRIS IN THE MARINE ENVIRONMENT

l, " EDUCATION AND pUBLf C AI^TARENESS

â. I'tarine debris infornation of f ices (continued) r S60.0K

These offices provide the means to distribute information
and rnaterials on the marine debris problern and its
solutions. Funds are used for the continuation for two such
offices, one in San Francisco, California and one in
Washington, D.C. These offices would be supplied by the
Marine Entangtement Research Program (MERP) with the
necessary materials to meet public and industrial demand.
operatorè of these offices are also encouraged to seek
assistance from industry and public organizations.

Status: Work on this task continued through FY 1989. The
Center for Marine Conservation (CMC) reported progress in
the development and dissemination of information about
persistent marine debris. Some of the accomplishments
during FY 1989 included:

The development of marine debris rrinformation packetsrr
and the subsequent dissemination of this rnaterial to
LL,L89 educators, government, and industry personnel.

The creation and distribution of trinformation packets'l
about beach cleanups.

The distribution of l-5,OOO recreational boating
brochures for National Safe Boating lrleek' I 

' 
000

recreational fishing brochures for National Fishi
Week, and 2,5oO copies of Citizents quide to Plas
the Ocean to the U.S. Navy.

obtaining the right to use the cartoon character
rrPopeyert for posters depicting the problen of plastics
in the ocean. Printed Lo,oOo posters for distribution
to educators and other Ínterest groups..

A summary of the marine debris information office educat,ion
efforts during the first year of operation is available from
the MERP manager, reference:

Center for Marine Conservation 1989 " Marine Debris
fnformation Offices: Atlantic Coast/Gutf of Mexico and
Pacific Coast-Annual Report (October L, 1988-september
30, L989). Report to the NMFS Marine Entanglement
Research Program, contract 52À8NF8001"33 158 p.
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Available Alaska Fish. Sci. Cent., 7600 Sand Point Way
N.E., Seattle, I^IA 981-L5-0070.

b. Marine debris education progrErm supplies, S50"0K

This is a fund used by the MERP manager to provide the
marine debris information offices with materials needed to
meet public and industrial demand. Task funding is used to
purchase brochures, posters, photo and video materials,
coloring books, stickers, etc. No new materials are
developed using these funds.

Status: This funding source proved useful in providing
important education materials to constituents. Some of the
funds from this task r¡/ere used to print the existing
educational material referenced under FY89 MERP task 1a.

c. Marine debris education program for shipping and cruise
lines (Part II) r 939.0K

This is the execution of the plan formulated under task i-b
as described in the FY 1988 MERP task sumnary. The task was
scheduled to last one year and include seminars, mail-outs,
trade journal public service advertisements, press releases
and posters or placards for shipboard display.

Status: $Iork on Phase II of this task was irnplemented in
March of L989, and continued through Decenber l-989.
Activities relating to this task included the preparation of
case studies on MARPOL Annex V compliance; preparation of a
model shipboard plastic control and rnininization plan;
development of a kit designed to assist vessel operators to
conply with regulations under MARPOL Annex V; providing
liaison with cruise line owners/operators; providing public
service advertisementsi and organizing a workshop
presentation about cornpliance with regulations under MARpoL
Annex V. This task produced many useful MARPOL Annex V
education materials which are available from the MERp
manager, reference:

Kearney/Centaur Division of A.T. Kearney, Inc. 1999.
Dealing with Garbage under MARPOL Annex V: Exanples of
Cornpliance Approaches Used by the Shipping fndustry.
Report to the Marine Entanglement Research program,
contract 52ABNF800t_32 62 p. ÀvaiIab1e A1aska Fish.
Sci. Cent., 7600 Sand point lrlay N.E., Seatt1e, WA
981 1 5-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. t-999.
Moder Plastic Refuse contror and Minimization plan forShips. Report to the Marine Entanglement Research
Program, contract 52ABNF800t-32 48 p. Available Araska
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Fish. Sci. Cent., 7600 Sand Point Way N"E", Seattle, WA

981-L5-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. 1990'
MÀRpOL Ánnex V Kit: Inplernenting MARPOL Annex V in the
United States. Report to Èhe Marine Entanglement
Research Prograrn, contract 52ABNF8001-32 306 p.
Available ALáska FÍsh. Sci. Cent., 7600 Sand Point Vüay

N.E., Seattle, !'fA 981-L5-0070.

d. second International Conference on Marine Debris
(continued) r S31.oK

It has been nearly five years since the Hawaii !,Iorkshop on
the Fate and Impact of Marine Debris brought this problem to
lighÈ. À second conference on marine debris would raise the
international level of attention t,o the problem by updating
and refining scientific, technical and adrninistratj-ve
knowledge gained since L984. Seven technical sessions and
eight wórking groups v¡ere scheduled to be held, covering
toþics from ghost-fishing to waste handlíng technol-ogy and
administrative concerns .

status: The second International conference on Marine
Debris was held in Honolulu, HawaiÍ, during April 2-7, 1989.
A total of 91 papers vrere presented covering a variety of
topics relating to the problem of marine debris. The papers
which were presented at the Conference are soon to be
released as Conference Proceedings, reference:

Shomura, R.S. and M.L. Godfrey (editors). fn press.
Proceedings of the Second InternationaL Conference on
Marine Debris, April 2-7, 1989. Honolulu, HI, Southwest
Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish. Serv.
NOAA, 2570 DoIe St., Honolulu, HI. 96822-2396.

2. MITTGÀTION

â. National beach cleanup database support, ç30.0K

This task provided funds for Èhe private development and
maintenance of computerized databases for the storage and
analyses of information collected during voluntary beach
cleanups, nationwide. The MERP does not have the necessary
funding to establish this capacity internally. Recently,
there appears to be enough private interest that some of the
costs rnay be borne by outside sources. This task seeks to
assist that effort and to ensure that once established, the
databases will be naintained. Such a database is one of the
few ways that, over time, the impacts of the implernentation
of MARPOL Annex V rnay be evaluated.
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Status: This task was not implenented until October 1989,
due to a number of technical difficulties relating to the
grant application process. À grant was awarded to CMC to
support a national marine debris database. Funding for this
grant v¡as provided by the MERP ($30.0K), and from the office
of Marine and Estuarine Protection, of the Environmental
Protection Agency ($ros.2K). This project will be funded
through June 30, 1993, contigent upon future funding and
satisfactory performance.

A total of 7 0,000 marine debris data cards \¡/ere produced and
distributed to beach cleanup participants during the l-989
celebration of Coastweeks. A comprehensive national public
ahrareness campaign was initiated as part of this task, which
resulted in 65,000 citizens participating in national beach
cleanup activities. This work was surnmarized in a final
reporÈ on the first year of this program. The report is
available from the MERP manager, reference:

Center for Marine Conservation L990. National Marine
Debris Database - Fina1 Report. Report to the NMFS
Marine Entanglement Research Program, contract NA89AÃ-D-
F5229, 2I p. Available Alaska Fish. Sci. Cent., 7600
Sand Point l{ay N.8., Seattle, WA 98115-0070.

b. Debris removal from Hawaiian monk seal beaches
(continued) r $10.0K

This task provides assistance to the research tearns working
to understand and protect the highly endangered Hawaiian
monk seal. In the Northwest Hawaiian Is1ands, these teams
gather, catalog, and destroy aII of the entangling material
washed ashore on monk seal hauling and pupping beaches they
visit each year.

Status: Work on this task was completed during the summer
of l-989. Research teams removed entangling debris from
pupping and haul-out beaches on the islands of Kure,
Layasan, Pearl & Hermes, and French Frigate Shoals. Some
debris removal also was accornplished on Midway Island. A
report on debris removal- activity during FY 1989 and FY l-990
is planned. No date has been scheduled for the release of
that report.

c. Advisory workshop on marine debris rnítigation, S32.OK

Serious difficutties have been identified with either the
technology, cost, oF inplementation strategies for virtually
all of the ideas for reducing the amount of fishing gear
loss into the ocean. As long as fishing remains a
legitirnate enterprise, there will be a risk of gear loss.
The international fisheries technology community has yet to
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be convened on this problern. As a first step in addressing
the fishery technology solutions for ghost fishing, the MERP
commissioned a survey and evaluation of U.S. fisheries'
ghost fishing problems.

Status: Budget shortfalls resulted in the withholding of
MERP funds until near the end of FY89" As a result of this
action, the task could not be implemented until October
L989. The contract to perforn this task was awarded to
Natural Resource Consultants of Seattle, I,Iashington. The
scope of work reguired the contractor to evaluate fishing
gear loss through Iiterature research and through contact
with assocíated state and federal fishery management
entities. Incidence of gear loss would also be identified
through documentation of gear losses, ghost fishing, and
vessel disablenent. The project was completed in June 1990,
resulting in a comprehensive report identifying 626
fishery/gear combinations in six regions of the U.S. and its
territories. Reference:

Natural Resources Consultants, fnc" 1990. Survey and
Evaluation of Fishing Gear Loss in Maine and Great Lakes
Fisheries of the United States. Report to the NMFS
Marine Entanglement Research Program, contract 50 ABNF-
ï-OOL44, 224 p. Àvailable Alaska Fish. Sci. Cent., 7600
Sand Point lrlay N.8., Seattle, WA 981].5-0070.

d. Ghost gillnet mitigation experiments S15.0K

Demersal gillnets commonly used off New England function as
an invisible wall- of webbing, anchored to the bottom by a
continuous leadline and buoyed up to a height of two meters
by a floatline. Studies undertaken since 1984 indicate that
the floatline (and attached floats) of derelict or ghost
gillnets continue to buoy up the net" This buoyancy is
irnportant to the continual fishing action of the net, both
when actively fished and when Iost. This task would provide
for the evaluation of rnodified gillnet gear containing
biodegradable materials. A series of nets wouLd be observed
over a period of one year to assess differences in vertical
profile and catch.

Status: This research was undertaken by the NOAA, National
Marine Fisheries Service, Northeast Region using the NOAA
research vessel cLoRIA MICHELLE and in cooperation with the
State of Massachusetts. This work continued into the
following year, and is reported in FY90 MERP task 3e"
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3. IMPACT RESEARCH AND MONITORING

a. High seas driftnet fisheries investigations (continued) r
s122. sK

Status: During 1989 the United States negoti,ated vigorously
for driftnet rnonitoring and enforcement agreements with
Japan, RoK and Taiwan. The resulting agreements included a
pilot observer program in the Japanese squid fishery from
June to early october with 9 U.S., 5 Canadian and 32
Japanese observers on 32 commercial vessels. AIso, single
observer cruises \^/ere completed on a Taiwanese and a Korean
vessel. The results of the pilot program with Japan are
published in two joint reports:

International North Pacific Fishery Commission. L990.
Data Summary of Squid and Salmon Observations in the
Japanese Driftnet Fishery for Neon Flyíng Squid
(Ornmastrephes bartrami), July - August, L989 Observer
Program. Joint report by the National Sections of
Canada, Japan, and the United States. 34 p. (Availab1e
from: Driftnet Program Coordinator, A1aska Fish. Sci.
Cent., Natt. Mar. Fish. Serv., NOAA, 7600 Sand Point Vlay
N.E., Seattle, üIA 98115-0070. )

International North Pacific Fishery Commission. 1990.
Final Report of Squid and Bycatch Observations in the
Japanese Driftnet Fishery for Neon Flying Squid
(Ommastrephes bartrami), June - December, L989 Observer
Program. Joint report by the National Sections of
Canada, Japan, and the United States. 11L p. (Available
from: Driftnet Program Coordinator, A1aska Fish. Sci.
Cent., Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point laiay
N.E., Seattle, WA 9811-5-0070. )

Cooperative research cruises were conducted in the squid
fishery area as follows:

Nation

Japan
Japan
ROK
Taiwan
Canada
U. S.
U.S"

Vessel

Shoyo Maru
Kaishyo Maru
Pusan 851-
Hai Kung
Arctic Harvester
Miller Freeman
Townsend CromwelI

Tine Period

June - JuJ-y
July
July September
September - October
July - August
October - November
October - November

Fiscal Year l-989 v/as the last year during which the driftnet
investigations vrere conducted under the MERP. Beginning in
Fiscal- Year 1990, the high seas driftneL fisheries research
program for the North Pacific is operated under the Science
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& Research Director of the Alaska Fisheries Science Center
of the NMFS with a total annual budget of $¡.0 million"

b. Inrpact of plastic particle ingestion on survival of
larval fish (continued) r 918.5K

Field sampling in the Gulf of Mexico has shown that fish
Iarvae consume floating plastic particles. This behavior
has been verified in the laboratory. This task would
support the conduct of laboratory experiments to determine
the impacts of plastic particle ingestion on growth and
mortality of larval and post-larval spot and mullet. Field
data on the consumption of micro-debris by cornmercial fish
Iarvae would continue to be collected.

Status: Work on this task $tas completed during early L989 
'and a portion of the resul-ts \^tere presented at the Second

International Conference on Marine Debris. A final report
summarizing a1I task research is presently being prepared,
and will be submitted to the MERP manager during late winter
1990, reference:

Hoss, D.E. and L.R" Settle. In press. Ingestion of
Plastics by Teleost Fishes. In R.S. Shomura and M.L.
Godfrey (editors), Proceedings of the Second
Int.ernational Conference on Marine Debris, April 2-7,
1989. Honolulu, HI, Southwest Fish. Sci. Cent.,
Honolulu Lab., Natl. Mar. Fish. Serv. NOAA,2570 Dole
St., Honolulu, HT. 96822-2396.

c. Effects of marine polluÈion on juvenile' pelagic sea
turtles (continued), $35.0K

The nost abundant sea turtle species in the U.S. is the
loggerhead. This animal apparently spends the first several
years of its life in a leisurely circuit of the north
central Àtlantic Ocean, returning to North America as an
aduLt about 3-4 years later. Loggerheads are a threatened
species under the Endangered Species Act and are documented
to indiscrininantly ingest a wide variety of floating
debris. The task purpose is to study the role of floating
debris of all types on the survival of young sea turtles.
Collection and examination of stranded juvenile sea turtles
on U.S. Atlantic and Gulf coasts will be done as wi-Il field
experiments in the Azores in May and June of 1989.

Status: Research on turtles in the lrlestern Atlantic ( in
cooperation with the Florida Department of Natural
Resources) was conducted throughout FY 1989. Research in
the Azores r¡/as conducted over a five-month period from May
to September, l-989. At the Azores site, 68 loggerhead
turtles were tagged, measured and released. Other turtles
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observed at the Azores site included a Kemprs ridley and a
leatherback. Three turtles lfere butchered for food by the
loca1 population during the research period. The stomachs
from these animals were examined, and each contained tar
bal1s, styrofoam, hard pJ-astic pieces' and plastic bag
material. one turtle was found alive but entangled in
discarded fishing net. A report on this field research
activity was subrnitted to the MERP manager in L989,
reference:

Bolten, À.8. and K.A. Bjorndal L989. Task Report:
Àzores Trip Summary. Report to the Marine Entanglement
Research Program' Research Work order No. 66, 9 p.
Available A1aska Fish. Sci. Cent., Natl. Mar. Fish.
Serv. NOAA, 7600 Sand Point I{ay N.E., Seattle, WA

981-15-0070.

d. Assessment of marine debris, entanglement and causes of
death in sea turtles (continued), $20.0K

This task is a continuation of past sampling surveys of
entangled sea turtles, in collaboration.with an interagency
funded rrsea Turtle Stranding and Salvage Network. r' This
stranding network covers the upper Texas and Southwest
Louisiana coast. The purpose of this task is to document
the incidence nurnber of sea turtle entanglements and/or
strandings due to marj-ne debris.

Status: Systematic beach sarnpling surveys were conducted
along the upper Texas and Southwest Louisiana coast during
L989. Man-rnade debris was found in 59.4å of those animals
sampled for debris ingestion. A report summarizing this
research since L987 has been prepared' reference:

DuronsLet, M.J., D.B. Revere, and K.M. Stanley. 1991.
Marine Debris and Sea TurtLe Strandings on Beaches of
the Upper Texas and Southwestern Louisiana Coasts, June
L987 through September L989. Available National
Technical Information Service, 5258 Port Royal Road,
Springfield, VA 221-61-"

ê. Juvenile male fur seal survivorship and entanglement in
marine debris (continued), S25.0K

Entanglement has been suggested to have contributed to the
northern fur seal population decline since the Iate 1960rs.
This task continues the evaluation of entanglement rates and
survivorship among juvenile males of the Pribilof rslands
population. The 1989 field season would be the second year
of collecting tags on returned animals, so that the
comparative survivorship of a year class of juvenile males
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can be estimated. Tagging of entangled and non-entangled
juvenile males would be continued this year.

Status: tüork on this task was completed during the summer
of l-989. A final report on the results of juvenile male fur
seal "roundupsrr during l-989 was submitted to the MERP
manager in May 1989. Sixty-five roundups of male northern
fur seals rÂIere completed on St " Paul f sland in Alaska. The
1"989 field season produced a second year of reduced
entanglement rates and provides more convincingr evidence
that a change has occurred in the entanglement rates,
especially since it continues to be attributabl-e to a
reduction in entanglement in trawl webbing. Reference:

Fowler, C.W. and T.J. Ragen 1,990. Entanglement
Studies, St Paul fsland, L989 JuveníIe MaLe Northern
Fur Seals. NWAFC Processed Rept. 90-06, 39 p. Alaska
Fish. Sci. Cent., NatI. Mar. Fish. Serv., NoAÀ, 7600
Sand Point Way N.E., SeatÈIe, WA 98L15-0070.

f. The effects of ingested plastic on albatross (continued
with the U.S. Fish and Wildlife service), Ç25.0K

This task continues research in cooperation with the
National v'fildlife Health Laboratory to study the ingestion
of plastic by the Laysan albatross. Recent findings have
indicated that plastic consumption has no inpact on the
survival of albatross chicks. However, these birds r¡/ere
examined in the 1988 fledgling class which was measured to
have, oD the averâ9ê, nine tirnes less ptastic in its diet
than the L987 year class. Interannual variation in the
availabj-lity of plastics as food items delivered by the
parent birds may be the cause of this negative finding. To
evaluate the impact of this varíation on the 1988 findings,
another year class must be examined.

Status: V'Iork on this task was completed in 1989, and the
results published in two reports, reference:

Sileo, Louis L., P.R. Sievert, M"D. Samuel, and S.f.
Fefer. In Press. Prevalence and Characteristics of
Plastic fngested by Hawaiian Seabirds. In R.S. Shornura
and M.L. Godfrey (editors), Proceedings of the Second
International Conference on Marine Debris, April 2-7,
L989. Honolulu, HI, Southwest Fish. Sci. Cent.,
Honolulu Lab., NatI. Mar. Fish. Serv. NOAÀ, 2570 Dole
St., Honolu1u, HI. 96822-2396.

SiLeo, L., P.R. Sievert, and M.D. Samuel 1990. Causes
of Mortality of Albatross Chicks at Midway Atoll "

Journal of wildlife Diseases, 26(3), l-990:329-338.
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g. Ingestion of narine plastics by l{estern Atlantic
seabirds, S8.0K

A collection of over 1OOO seabirds at the North Carolina
State Museum of Natural History would be examined for
presence of plastics in the stomach. These data would be
correlated with health indices for the birds, the tirne and
location of the birdts collection, the fullness of the
stomach and, any gut lesions or blockage. The types,
colors, sizes and shapes of the ingested particle would also
be reported.

Status: Ìrrork on this task $¡as completed, and a final report
summarizing research results was submitted to the MERP
manager in March 1990. Gut contents of 1,042 birds vtere
analyzed, and 20 of the 37 pelagic seabird species and 1
shorebird species had ingested plastic. Reference:

Moser, Mary L. and D.S. Lee. 1990. A Fourteen Year
Survey of Plast,ic Ingestion by Western Atl-antic
Seabirds. Report to the NMFS Marine Entanglement
Research Program, Alaska Fish. Sci. Cent., NatI. Mar.
Fish. Serv., NOAA 7600 Sand Point Way N.E., Seattle, WA

981_L5-0070.

h. Bioaccumulation and buoyancy of floating marine debris,
$30.0K

Recent findings in experiments on the performance of
photodegradable plastics in sea water indj.cate many floating
debris items are quickly fouled by algae growth and sank
from the sea surface. This finding inpacts the development
of strategies to reduce hazard to marine life by floating
debris. The experiments supported by this task would
establish a basic understanding of the dynamics of fouling,
floating and sinking of types of debris in tropical and
temperate ocean regimes. This is viewed as a preliminary
evaluation of this phenomenon, recognizing that
bioaccumulaÈion nay differ considerably between ocean
regions "

Status: Due to a funding shortfall, FY89 funds to impJ-ernent
this task r¡rere withheld from MERP use until August 1989.
Upon receipt of funding, a contract to perform this task was
awarded to the Research TriangJ-e Institute of North
Carotina. The two sites selected for the study \^/ere Miani,
Florida and Seattle, Washington. The samples at the hlarm
water site r¡rere fouled by algae growth and sank rapidly to
the bottorn. Sunken samples will be allowed to remain at the
bottom for observation. Severe winter storms in 1990
darnaged the Northwest observation site, and delayed rel-ease
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of the final report. The final report on this project is
expected Spring-Summer L99L.

i. Marine debris survey of the Eastern Bering sea shelf,
ss. oK

Each year, the NMFS conducts a bottom trawl survey of the
crab and groundfish resources on the Eastern Bering Sea
shelf. The sampling net fishes hard on the bottom and
samples debris as well as crabs, snails, etc. This task
supþorts the recording and reporting of the debris taken in
each of the more than 1,20 trawl net samples since L988.
These resulÈs would provide the first systematic assessment
of accurnulate debris on any of the highly utilized
continental shelves of the United States.

Status: A contract to perform this task was awarded to
Natural Resource Consultants of Seattle l{ashington. Work on
this task hras completed, and a report on the results of the
study $ras presented during the Second International
Conference on Marine Debris, reference:

June, J.A. In press. Types, Quantity, and Probable
Sources of Trawl-Caught Marine Debris in the Eastern
Bering Sea and off the Coast of Oregon in 1988. In R.S.
Shomura and M.L. Godfrey (editors), Proceedings of the
Second International Conference on Marine Debris, April
2-7, 1989. Hono1ulu, Hf, Southwest Fish. Sci. Cent.,
Honolulu Lab., Natl. Mar. Fish. Serv. NOAA,25'70 Dole
St., Honolu1u, HI. 96822'2396.

j. National seashore marine debris survey Program
(eontinued with the U.S. Fish and Wildlife Service), $35.0K

This task provides funding for a continuing cooperative
agreement with the National Parks Service (NPS) for the
conduct of systenatic surveys of debris arriving on selected
beaches in each region of the U.S. This task was approved
for the FY L988 program but was delayed due to unexpected
budget cuts. The data collected in this activity would be
used to systematicalLy evaluate the sources, amounts, and
distributional dynarnics of seaborne debris in various
regions of the U.S. These data differ from those collected
by voluntary beach cleanups because the scientific methods
used would allow expansion of debris arrival rates to
estinate changes in regional debris loadings with tirne. The
methods used in these surveys would be the same methods used
in the on-going Alaska beach surveys funded by the MERP-

Status: Funds set aside during FY88 for the purpose of
irnplenenting this task htere used in 1989 to conduct a
systematic survey of eight beaches (representing four
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coastaL regions) in monitoring the deposition of pJ-astic
marine debris. A workshop was held 6-8 June in Washington,
D.C., to summarize the debris monitoring activity at each
research site, and to identify and resolve unique and common
beach survey problems. A draft final report summarizing the
results of this task during 1989 was subnitted to the MERP
manager in August L990. The final report was published as a
U.S. Department of Interíor Technical Report. Reference:

Co1e, Andrew C., et aI. L990. Annual Report of
National Park System Marine Debris Monitoring Program:
1989 Marine Debris Survey. U.S. DOI Technical Rep.
NPS/NRWV/NRTR-90/O4, 29 p. Natl. Park Serv., c/o Aír
Quality Div. (AIR), P.o. Box 25287, Denver, CO 80225-
0287.

lc. surveys on entanglement debris on ÀIaskan beaches
(continued) r S24.5K

This is the fourth year of the systematic surveys of
selected beaches in Alaska. As there are no widespread
public beach cleanups in Alaska, the only way to
characterize the types of entangling debris circulating in
the North Pacific, such as nets, is by beach survey. These
surveys have recently shown derelict trawl webbing fragments
arriving at the rate of '7 fragments per kilorneter per year
in the Yakutat area on the Gulf of Alaska. The
relationships between season, storm events, on-shore
movement, and burial and exposure of entangling debris and
the survey findings are beginning to emerge from these data.

Status: Field work relating to this task was completed in
l-989. A NMFS final report on the results of the 1989 field
season was delayed due to labor requirernents related to the
Prince william Sound oi1 spi1I. The final report was
published as an NWAFC Processed Report, and is available
from the author, reference:

Johnson, Scott W. l-990. Entanglement Debris on A1aska
Beaches, 1989. N!{AFC Processed Rep. 90-10. 16 p"
Alaska Fish. Sci. Cent., Auke Bay Lab., Nat,l Mar. Fish.
Serv., NOAA, P.O. Box 21-0155, Auke Bay, AK 9982:..

1. Channel Islands pinniped entanglement nonitoring
(continued) r S7.0K

The rates of entanglement of harbor sea1s, elephant seals,
and California sea lions have been estimated for the
California Channel Islands populations since 1984. This
task provides the funding to continue this entanglement
monitoring series. The data are collected during other
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research activities not funded by the MERP; this task pays
only for data preparation, analysis and reporting.

Status: Travel and other commitments delayed cornpletion of
this task until October 1990. A technical report
summarizing the results of l-989 and 1990 pinniped
entanglemeñt monitoring efforts is near completion, and will
be available in late Spring l-991-.

4. MANAGEMENT

a. Program Management

Funding for this task supports the office of the MERP

manager. The manager carries out the annual program plan
for MERP as well as represents NMFS/NOAA on the marine
debris issue in many public and governmental fora.

Status: In addition to adrninistrating current and
continuing program tasks, MERP management provided
adninistrative support to a number of Saltonstall-Kennedy
(S-K) grants relating to marine debris nitigation
activities. During FY89, the MERP manager received the
final report from Northwest Marine Technology, Inc.
concerning the S-K grant to study the feasibility of rnarking
fishing gear. The report concludes it is technically
possible to mark fishing gear. À rnajor factor to be
considered is the poinÈ at which the marker system will be
incorporated into the fishing material. Manufacturers
opposé implementation of narking systens at their level, due
tó-cost, iecord-keeping, and possible technical changes.
The report is available from the MERP manager, reference:

Northwest Marine Technology, Inc. and Aqua/lerra Consulting,
Ltd. l_989. Fina1 Report: Marking of Fishing Gear. Report
to the NMFS Marine Entanglement Research Program under S-K
Award No. NA-88-ABH-OOO28, 1-51, p. Àvailable Alaska Fish.
Sci. Cent., 7600 Sand Point Vüay N-8., Seattle, WA 981"L5-
0070.

In addition to initiating and supporting the Second
International Conference on Maríne Debris, MERP management
assisted in the presentation of two papers at the
Conference, reference:

Coe, James M. In press. Marine Debris in the North
Pacific. fn R.S. Shornura and M.L" Godfrey (editors) ,

Proceedings of the Second International Conference on
Marine Debris, April 2-7, L989. Hono1u1u, HI, Southwest
Fish. Sci. Cent., Honolulu Lab., NatL. Mar. Fish. Serv.
NOAÀ, 2570 Dole St., Hono1ulu, HI. 96822'2396.
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lrlal-ker, william A. and J.M. Coe. In press. Survey of
Marine Debris Ingestion by Odontocete Cetaceans" (This
paper is referenced in FY90 MERP task 39.)

The MERP management provided support to a number of
regional, state, and international forurns addressing the
problem of persistent marine debris. These forums included
membership on the l.fashington Marine Debris Task Force, and
participation at the IoclUNEP Regional Review Workshop on
Marine Pollution Monitoring, Research, Control and Abatement
in the Wider Caribbean. A paper v/as presented at the IOC
I{orkshop, reference:

Heneman, Burr and J.M. Coe. l-989. Persistent Marine
Debris in the V{ider Caribbean Area. Unpubl. manuscr.,
28 p. (report subrnitted to the IoclUNEP Regional Review
Workshop on Marine Pollution Monitoring, Research,
Control and Abatement in the l,rlider Caribbean Region, San
Jose, CosÈa Rica, August 24-30t 1989). A1aska Fish. Sci.
Cent., 7600 Sand Point lrlay N.E. , Seattle, WA 981L5-
0070.

In an effort to develop inportant educational rnaterial
directed at elementary and secondary school students, the
MERP edited a collection of existing education materials
into a marine debris coloring book. This.book has been
quite popular with elementary and secondary school teachers,
reference:

Bunn, AIan R. and J.M. Coe. l-989. Marine Debris
Education Progran Supplement: Marine Debris Coloring
Book. NOAA Tech. Memo. NMFS F/AKR-9. 33 p. Alaska
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAÀt 7600
Sand Point lrlay N.E., Seattle, WA 98LL5-0070.

79



FINAL FUNDING PLAN FOR FY ].990
ENTANGLEMENT PROGRÀM TASKS

TASK TTTLE

1.

TASK NO.

b.

c.

d.

EDUCATION AIID PUBTIC AWARENESS

a. Marine debris information offices (continued)

b. Marine debris information office shortfall
for 1990

c. Marine debris education program supplies
(continued)

d. Puerto Rican port project and symposium

e. NOAÀ/USCG information network

UTTIGATION

a. National beach clean-up data'base support
(continued)

Debris removal from
beaches (continued)

Economic aspects of

Production of marine

FUNDING
LEVELS

$66. oK

40.lK

50.0K

20.0K

37.5K

50. 2K

25.0K

100 " 0K

40.5K

25.0K

23.0K

42.0K

38.5K

16. 0K

2.

Hawaiian monk seal

marine debris

debris survey handbook

1 TUPACTS RESEARCH ÀND MONITORING

a. Surveys of entangling debris on Alaska beaches
(continued)

Juvenile male fur seal survivorship and
entanglement in marine debris (continued)

Effect of plastic ingestion on sea turtles

Effect of persistent marine debris on juvenile,
pelagic sea turtles (continued)

e. Investigation of the impact and fate of
cornmercial gillnet (continued)

b.

d.
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f. National seashore marine debris survey program
(continued with U.S. National Park Service)

g. Update information on debris ingestion by
cetaceans

h. Impacts of entanglement of humpback whales

33.0K

3 .0K

1.9K

4. I{ANAGE!.IENT

a. Program management (continued)
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t_.

FISCAL YEAR 1990 ACTIVITIES TO ADDRESS
PROBLEMS ASSOCIATED VTITH DEBRIS IN THE ENVIRONMENT

EDUCATION ÀND PUBLIC AWARENESS

â. ltarine debris information offices (continued)r 566.0K

These offices provide the mechanisms through which
inforrnation and materials on the marine debris probÌem and
its solutions are distributed. offices are l0cated in
$Iashington, D.C. and San Francisco, California. These
offices are supplied by the Marine Entanglement Research
Program (MERP) with the necessary materials to disseminate
infórmation on the narine debris problem nationwide.
operators of these offices are also encouraged to seek
aèsistance from industry and public organizations.

Status: This program has been overwhelmingly successful in
the quantity añd quality of marine debris education material
delivered to the general public" These activities include
the distribution of information packets, providing materials
for the print and electronic media, and for educators and
others cònducting presentations, seminars, and briefj-ngs.
The success of this program continually surpasses its budget
(see task l-b, below) .

A final report summarizing the yearts narine debris
education activities during FY 1990 was prepared by the
contractor (CMC). This report ís available from the MERP

manager, reference:

Center for Marine Conservation. 1990. Marine Debris
fnformation offices: Atlantic Coast/Gulf of Mexico and
Pacific Coast - Annual Report (october L, 1989-September
30, 1990). Report to the NMFS Marine Entanglement
Research Program, contract 524BNF800133. 178 p.
Available Alaska Fish. Sci. Cent., NOAA, 7600 Sand Point
lrlay N.E., Seattle, WA 99l-l-5-0070.

b. Marine debris information office shortfall for 1990,
s40.1K

The overwhelmingly successful educational program
implemented by the Marine Debris Information Offices (MDIO)
have resulted in a rapidly growing public demand for marine
debris education material. This increasing demand has
threatened to linit services and materials available through
the MDIOs. To avoid closing the doors of the MDIOs during
the last quarter of the year, additional funds v/ere
required.
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Status: Supplemental funding for the MDIOs for FY90 was
approved and $40.lK in additionaL funds v/ere added to the
program budget. The funds for this shortfall were real-ized
by canceling a planned task to develop revised International
Maritime organization guidelines for port reception
facilities. This task was re-instated in 1991.

c. Marine debris education program supplies (continued),
sso. oK

This is a fund to be used by the MERP manager to provide the
MDIOs with materials needed to meet public and industrial
dernand. Funds set aside under this task will be util-ized to
supply necessary educational materials such as posters,
brochures, reprints, videotapes, etc. A portion of the
funds will be used to produce and distribute service
announcements for television.

Status: The NOAÀ MDIO responded to L2,935 requests for
information material during FY 1990. This is almost a 1002
increase over the numbers of information requests during the
previous year. The general public accounted for the Iargest
number of material requests (4,73O) followed by teachers and
educators (2,260) , students (1,547) , organizations (I,373) ,
and recreational boaters (1,301-). A compJ-ete accounting of
naterial distribution is contained within the contract
report referenced in FY 1990 MERP task l-a.

d. Puerto Rican port project and symposiun, S20.0K

As modified by the Ad Hoc Committee on Entanglernent, this
task aIlows for the design and irnplementation in Puerto Rico
of a model port/rnarína project involving marine debris
education and the development of an adequate refuse
reception facility. The project wiLl place the major
emphasis on Spanish speaking educational supplements, and
will be rnodeled after the outline provided in NOAA Technical
Memorandum NMFS F/NhlR-23, 'rDealing with Annex V - Reference
Guide for Ports.r' A symposia wíIl folÌow project
implementation, to report results and address common and
regional rnarine debris issues in the Gulf and Caribbean
regions.

Status: The project continues. Marine debris educational
material is being translated into Spanish. Marina Puerto
del Rey was selected as the location for irnplementation of a
model port/marina project. This marina (located in Fajardo,
about a 2-hour drive from San Juan) is reported to be the
Caribbean's largest fuII service marina and boat-yard
complex. This task continued into FY L99l-, and is reported
in MERP task 29.
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ê. Distribution of TTMiARPOL Information Packetsrr via U"S.
Coast Guard networks, $37.5K

Funds from this project are used to reprint existing
educational material for distribution through the U.S. Coast
Guard Auxiliary network. A mandatory and courtesy vessel
inspection program is operated by Coast Guard active and
auxiliary members. The Marine Plast,ic Pollution Research
and Control Act (MPPRCA) of L987 directs NOAA, the EPA, and
the U.S. Department of Transportation to operate a plastic
pollution education program. This project would meet those
requirements under the MPPRCA while disbursing important
education material to boaters (the principle source of
persistent marine debris) .

Status: This task provides an excellent source for the
distribution of MARPOL Annex V information to boaters. NOAÀ
funds !,/ere combined with $20.0K from the U.S. Environmental
Protection Agency to allow for the printing of over 300,000
MARPOL Annex V placards and 200,000 MARPOL Annex V
brochures. These educational materials are being
distributed to boaters through the Coast Guard Auxiliary
national network.

2. MITIGATTON

a" Natíonal þeach cleanup database support (continued) r
sso.2K

This task provides funds for the maintenance and improvement
of a conputerized database for the storage and analysis of
inforrnation collected during voluntary beach cleanups
nationwide. This project also receives partial funding from
sources outside NOAA. Such a database is one of the few
!üays that the irnpacts from implementation of MARPOL Annex V
rnay be evaluated.

Status: Work on this project continues. The contractor
(CMC) wiII subrnit a final report on the results of this task
to the MERP manager sometíme during Summer L991. This
report will provide an analysis of the 2.6 nillion pounds of
debris collected by over 108,000 volunteers during beach
cleanup activities as part of the 1990 celebration of
Coastweeks.

b. Debris removal from Hawaiian monk seal beaches
(continued) r $25.0K

This task provides assistance to the research teams working
to understand and protect the hiqhly endangered Hawaiian
monk seal. In the Northwest Hawaiian Islands, these teams
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make annual visits to monk seal hauling and pupping beaches
to gather, catalog, and destroy aII of the entangling
material washed ashore.

Status: Vtork on this project was completed during the
summer of L990. A summary report of the debris removed from
monk seal beaches will be submitted to the MERP manager in
Iate Spring , 1-99L.

c. Economic aspects of marine debris, 9100.0K

This task would implernent (through the Sea Grant CoIIege
Program) selected research proposaJ-s presented during the
Second fnternational Conference on Marine Debris. Sea Grant
and MERP t¡¡i1I jointly select several research proposals
which would address a variety of issues reported by the
Economic Working Group during the Conference. The primary
objective of this task is to establish a competitive
research program that addresses the economic aspect of
marine debris.

Status: Two marine debris econornic research proposals have
been selected for funding:

ttEstimating the Use and Nonuse Damages of Debris for
Coastal Resources and Marine (Noncornmercial) Species,tl
by V. Kerry Snith and Rayrnond Pal¡nquist, Department of
Business and Economics, North Carolina State University.
This research will be funded for two years at a total
funding of $l-l-5,52o.
rrEconomic Aspects of Marine Debrisrrt by K.E. McConnell,
Department of AgriculturaL and Resource Economics,
University of Maryland; J.G. Sutinen, Departrnent of
Resource Economics, University of Rhode Island;
J.Kirkley, Virginia Institute of Marine Sciences. This
research will be funded for three years at a total
funding of $2oo,ooo.

d. Production of a marine debris survey handbook, $40.5K

Funds would be made available for production of a handbook
which describes individual survey nethodologies, their
advantages and disadvantages, design considerations, and
data analysis procedures. Separate sections would be
assigned to various experts, with an editor to synthesize
various approaches to ensure the overal-I consistency of the
manual. This effort is an attempt to establish national and
eventually international standards for marine debris survey
methods.
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3.

Status: A contract to produce a marine debris survey manual
was awarded to the Center for Quantitative Science,
University of Washington. Work on this project was delayed,
when the principal investigator (Dr. Chris Ribic) accepted a
position with the U.S. EnvironmentaÌ Protection Agency (EPA)
in Corvallis, Oregon. MERP management reached an agreement
with the Center for Quantitative Science for continuance of
Dr. Ribicts services. The manual should be avail-ab1e for
dist.ribution by JuIY l-99L.

TMPACTS RESEARCH AND MONITORING

Er. surveys of entangling debris on Alasl(a beaches
(continueô) r $25.0K

This task would continue the collection of baseline data on
deposition of debris on the remote beaches of Alaska.
During this year the task was revised to include only a
baseline survey at Yakutat, Alaska. Objectives of the task
were to make the following deterrninations: the type and
quantities of plast,ic debris that commonly wash ashorei the
deposition rate of entanglement debris and; the feasibility
of using low flying aircraft to survey beaches for plastic
debris, especially entanglement items such as trawl webs and
monofilament gillnet.

Status: I,lork on this proj ect was completed during the
Spring and Summer of l-990. A final report on the results of
this research will be subrnitted to the MERP manager sometime
Iate Spring, I99L.

b. Juvenile nale fur seal survivorship and entanglement in
marine debris (continued) r S23.0K

Entanglement has been suggested to have contributed to the
northern fur seal population decline since the late 1960's.
This task continues the evaluation of entanglement rates and
survivorship among juvenile male fur seals of the Pribilof
Islands population.

The research this year tests two hypotheses: l-) the
rnortal-ity rate for entangled juvenile male fur seals is the
same for non-entangled juvenile males, and 2) the current
rate of observed on-Iand entanglement is unchanged in recent
years.

Status: This work was completed during Summer 1990. The
results for 1990 field studies reject the hypothesis that
the entanglement rate for juvenil-e male fur seals is the
same for non-entangJ-ed juvenile maLes. The study concluded
that after 1 year, seals entangled in small debris (Iight
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enough to perrnit animals to return to land) are reduced in
numbers to about half the comparable numbers for
nonentangled sea1s. The author also noted a continued
reduction of the overall entangl-ement rate (from 0.4% to
less than 0.342 in l-988-1-990) . The report may be obtained
from the MERP manager, reference:

Fowler, Charles üI. and N. Baba. 1991-. Entanglement
Studies, St. Paul Island, l-990 Juvenile MaIe Northern
Fur Sea1s. AFSC Processed Rep. 91-0L, 63 p. Available
Alaska Fish. Sci. Cent., NatI. Mar. Fish. Serv. NOAA,
7600 Sand Point lrlay N.E., Seattle, WA 98115-0070.

c. Effect of plastic ingestion on sea turtles, ${2.0K

The anatorny of the turtle gastrointestinal tract appears
predisposed to obstructions. This task wilI assess the
effects of ingestion of plastics at quantities much smaller
than those necessary for gut strangulation in the sea
turtle. As some sea turtles actively seek out and consume
srnalI pieces of plastic sheeting, determination of the
harmfuÌ effects of this foreign material over time could
prove to be another serious problem for the sea turtle.
Status: Research on this task was undertaken by the Marine
Biology and Fisheries Division, University of Miani, in
cooperation with the NMFS Southeast Fisheries Science
Center. The study has recently been completed, and
researchers found that turtles will actively approach and
consume plastic sheeting. Swallowed plastic can remain in
the gut for at least six months, and may lodge in the J-arge
intestine. Gas accumulation in the turtle intestine can
cause positive buoyancy, which could have a serious effect
in reducing the amount of submergence time. This condition
could reduce the amount of feeding time or inhibit the
animal from escaping predators. A report wiII soon be
available from the MERP manager, reference:

Lutz, Peter L. and A.A. Alfaro-Schulman. In prep. The
Effect of Chronic Plastic Ingestion on Green Sea
Turtles. Available Alaska Fish. Sci. Cent., Natl. Mar.
Fish. Serv., NOAA, 7600 Sand PoinL Inlay N"8., Seattle, f'lA
9811_5-0070.

d. Effect of persistent marine debris on juvenile pelagic
sea turtles (continued)r $38.5K

This task wilt combine two proposals designed to focus on
the effects of marine debris on juvenil-e sea turtles. The
study will define the litt1e known juvenile sea turtle
populations and determine the extent to which marine debris
has a negative effect on the turtles within these habitats.
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Prirnary investigation areas wilI be the lrlestern AtlanÈic
(along Florida beaches in cooperation with the Florida
Department of Natural Resources) and in the Àzores, where a
persistent concenÈration of pelagic loggerhead turtles has
recently been discovered.

Status: Work on this task continues. Researchers will be
in the Azores from September-November 1990. Successes are
reported in a cooperative program with the local commercial
fishing fleet ín the Azores and with the sighting,
stranding, and tagging programs. A comprehensj-ve status
report on this research is available and is referenced in FY
199L MERP task 3d.

ê. fnvestigation of the impact and fate of the commercial
gillnet (continued) r S16.0K

Funds would be used to continue an ongoing study of four
experimental sections of an inshore gillnet deployed off the
New England coast. The study wiJ"1 measure the vertical
profile of each net section over time and assess the catch
characteristics of each section. After documenting the
impact of these gillnet sections, the researchers will
intervievr commercial gillnet fishermen on the appJ-ication of
degradable materials usage in giIlnets. If feasj-ble,
recommendations on degradable material use will be provided
to fishery managers in order to reduce the negative irnpact
of Lost gillnets.

Status: This work is a cooperative effort of the National
Marine Fisheries Service, Northeast Region and the
Commonwealth of Massachusett,s, Division of Marine Fisheries.
Field work is expected to be cornpleted by May L99I. A final
report on the results of this project (including a
videotape) will be available July 1991. A recent project
summary report is available from the MERP manager,
reference:

Carr, Arnold H. and A. Blott. L991. A Study of Ghost
Gíl1nets in the Inshore Waters of Southern New England.
10 p. Available Alaska Fish. Sci. Cent., Natl. Mar.
Fish. Serv., NOAA, 7600 Sand Point lrfay N.E., Seattle, WA
981_l_5-0070.

f. National seashore marine debris survey program
(continued) r 530.0K

This task provides funding for a continuing cooperative
agreement with the National Parks Service (NPS) for the
conduct of systematic surveys of debris arriving on selected
beaches in each region of the U.S. The data collected in
this activity will be used to systematically evaluate the
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Sources, amounts, and distributional dynarnics of seaborne
debris on various regions of the U.S. These data differ
from those collected by voluntary beach cleanups because the
scientific nethods used will allow expansion of debris
Ioading with tine. The methods used in these surveys are
Èhe same methods used in the Alaska beach surveys-

Status: lrlork on this project continues. A draft report of
the 1990 beach survey results are in preparation. A final
report is expected June I99L.

g. Update information on debris ingestion by cetaceans,
s3. oK

Since this topic was discussed during the Second
International Conference on Marine Debris (April 2-7, 1989) ,

a recently collected food habits sampÌe from 20 Bairds
beaked whales became available. This ne\¡r sample was
collected from the southern Okhotsk Sea near Japan. An
opportunity exists to compare these new data with earlier
studies in the region where beaked whales \^/ere documented as
having a high frequency of ingested debris due to their
feedíng on benthic prey.

Status: Stomach content analysis was cornpleted on the
available beaked whale stomachs. Results of this research
were incorporated into the paper submitted as part of the
Conference proceedings, reference:

llaÌker, William A. and J. M. Coe. In Press. Survey of
Marine Debris Ingestion by Odontocete Cetaceans. In
R.S. Shomura and M.L. Godfrey (editors), Proceedings of
the Second International Conference on Marj-ne Debris,
April 2-7, 1989. Honolulu, Hf, Southwest Fish. Sci.
Cent., Honolu1u Lab., NatI. Mar. Fish. Serv. NOAA | 2570
Dole St., Hono1ulu, HI. 96822-2396.

h. Inpacts of entanglement of hurnpback whales, $1.9K

Over the last two decades, cetaceans have been known to
become entangled in marine debris and actíve fishing qears.
one of the recomrnended recovery actions in the Humpback
WhaLe National Recovery Plan is to identify the sources and
rates of human induced injury and mortality in these whale
populations.

This project assists a graduate research program focusing on
estirnating the percentage of hurnpback mortalities caused by
entanglement in the Gulfs of Maine and Newfoundl-and.
Evidence of entanglement will be evaluated through
observatj-on of scarring on sighted animals. À final report
on this project is expected April 1991-
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Status: All field work on this task has been completed. A
final report to the MERP manager is expected May 1-991.

MANAGEMENl

a. Program management (continued) r S88.0K

Funds allocated to this task support the office of the MERP
manager. The manager carries out the annual program plan
for MERP and represents NMFS/NOAA on marine debris issues
during conferences and meetings with colleagues,
constituents and the general public.

Status: The Marine Entanglement Research Program has been
effectively managed during 1990. LCDR Jim Herkelrath
replaced LCDR AIan Bunn as Assistant Program Manager. New
marj-ne debris education and nitigation initiatives have been
established which utilize existing networks to further
disseminate education material to the public. Relating to
marine debris educat,ion, several papers hlere produced,
reference:

Herkelrath, James M. and J.M. Coe. 1990. NoAÀrs Marine
Entanglement Research Program. Unpubl. Manuscr. 5 p.
Alaska Fish. Sci. Cent., NOAA, 7600 Sand Point l{ay N.8.,
Seattle, WA 98L15-0070.

Herkelrath, James M. and J.M. Coe. 1990. Marine Debris
Education and PubIic Awareness Projects by the NOAA
Marine Entanglement Research Program. In Proceedings
of MTS 90 ItScíence and Technology for a New oceans
Decade, rr Septernber 26-28 , L990 , Washington, D. C. , Marine
Technology Society, L825 K St. N.W. , Suite 2L8,
V'Iashington, D.C. 20006.

During the FY90 program review, the Ad Hoc Committee on
Entanglement concluded that the commitnent of MERP funds for
studies of the sguid driftnet fisheries !,ras no longer
appropriate. SubsequenÈly, the MERP is no longer providing
support for high seas driftnet research. The MERP manager
has been designated rrcoordj-natorrr for a nelv, independent
high seas driftnet program. The program provides 2OZ of the
MERP managerrs salary and fully supports an Assistant
Driftnet Coordinator.

The MERP management actively assisted the new Washington
State Task Force on Marine Debris as that program re-
established proçtrams designed to reduce the amount of marine
debris in Washington State.
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MERP management also provided administrative support to
three Saltonstall-Kennedy (S-K) grants in support of marine
debris nitigation activities. Two of these projects
resulted in a variety of useful docurnents addressing the
marine debris problem, reference:

Kearney/Centaur Division of A.T. Kearney, Inc. 1990.
Development and Evaluation of Education Techniques to
Elirninate At-Sea Disposal of Plast,ics. Report to the
Marine Entanglement Research Program under S-K
Cooperative Agreement NA 89-AA-H-SK0007. 234 p.
Available A1aska Fish. Sci. Cent., NOAA, 7600 Sand Point
hlay N.8., Seatt1e, WA 98115-0070.

Recht, Fran. l-990" West Coast Marine Debris Recovery
Project: Summary Report. Report to the NMFS Marine
Entanglement Research Program, S-K Grant NA 89AA-H-
SK003. 31 p. Available A1aska Fish. Sci. Cent., NOAA,
7600 Sand Point lVay N.8., Seatt1e, WA 98115-0070.

Recht, Fran and S. Lasseigne. L990. Providing Refuse
Reception Facilities and More: The Portrs RoIe in the
Marine Debris Solution. Report to the NMFS Marine
Entanglement Research Program, S-K Grant NA 89AA-H-
SK003 . 1,2 p. Availab1e Alaska Fish. Sci. Cent., NoAÀ,
7600 Sand Point lrlay N.E., Seattle, WA 981-L5-0070.

Recht, Fran. L990. Marine Refuse and Recycling
Facilities: U.S. Irlest Coast Ports Respond to MARPOL
Annex V Requirements and Reduce Costs. (Document
submitted to the fnternational Marina Institute's
Conference on Environmental Management for Marinas,
Washington D. C. , Septernber l-99 0 . ) A1aska Fish . Sci .

Cent., NOAA, 7600 Sand Point lVay N.8., Seattle, WA
981-t-5-0070.

The West Coast Marine Debris Recovery Project also resulted in a
number of short, information notices including:

1. Port Recycling Systerns around the nation"

2. MARPOL V Placard and Waste Management PIan information.

3. MARPOL V News release for newspaper, radio, and Sea
Grant Agent.

4. MÀRPOL V information for fishermen.

5. A list of individuals (by port) involved in MARpOL V
port programs and mariner education efforts"
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Delays experienced by the Gulf of South At,lantic FÍsheries
Development Foundation resulted in a L2 month no-cost extension
given to the S-K project |tsoutheast fnitiative to Cornply with
MÀRPOL Annex V Prohibitions on At-Sea Durnping of Plastics. rr This
project has been extended until November L991"
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FUNDING PI,AN FOR FY 1991
ENTANGLEMENT PROGRÀM TASKS

TASK NO. TASK TITLE
FUNDING
LEVELS

]-. EDUCATION AND PUBLIC AWÀRENESS

a. Marine debris information offices, $zg.zx *
FY L99l- shortfall

b. Marine debris education program $a:.¿x *
FY 1-991 supplies (continued)

c. Distribution of 'TMARPOL fnformation $8.5K
Packetsrr via U.S. Coast Guard networks

d. Pacific regional marine debris awareness $9.5K

2. I'ÍITIGATION

a. National beach clean-up database $50.0K *
support (continued)

b. Debris removal from Hawaiian monk seal $25.0K
beaches (continued)

c. Production of a procedures manual for $o.oK **
the safe disentanglement of cetaceans

d. Economic aspects of marine debris $100.0K *
(continued)

e. Supplement for IMO guidelines for the $62.8K
implernentation of I4ARPOL Annex V.

f. Continuation of Puerto Rico port $2o.oK
project (continued)

3 " II,TPACTS RESEÀRCH AND I,ÍONITORING

a. Surveys of entangling debris on Alaska $42.0K
beaches (continued)

b. National seashore marine debris survey $O.OK ***
program (continued with U.S. NpS)
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c. Evaluation of ghost fishing of Plastic $20.0K
Iobster traps

d. Effect of persistent marine debris on $¡e.SX
juvenile, pelagic sea turtles (continued)

e. Juvenile male fur seal survivorship and $25.0K
entanglement in marine debris
(continued)

f. North Pacific fisheries observer debris $28.0K
data collection

4. !Í.ANAGEI,ÍENT

a. Progran management s75.4K

* Multi-year commitment.
** Not funded during FY t991,.
*** Program funded during FY L991 using FY l-990 funding.
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FISCAL YEAR ]-99]- ACTIVITIES TO ADDRESS
PROBLEMS ASSOCIATED WITH DEBRTS IN THE ENVÏRONMENT

1. EDUCATION AND PUBLIC AI^IARENESS

a. Marine debris information offices (supplenental funding),
$79.7K

These offices continue to provide the mechanisms through
which information and materials on the marine debris problem
and its solutions are distributed. They are supplied by the
Marine Entanglement Research Program (MERP) with the
necessary rnaterials to disseminate information on the marine
debris problem nationwide. Operators of these offices are
also encouraged to seek assistance from industry and public
organizations. Increased public demand for information has
necessj.tated supplementary funding to the original funding
base established l-ast year.

Status: These offices continue to disburse information on
the problem and impact of marine plastic debris in the
environment. This program remains as a highly successful
mechanism for distributing information to the general public.

b. Marine debris education prograrn supplies (continued),
s83 .4K

This is a fund to be used by the MERP manager to provide the
Marine Debris Information Offices with materials needed to
meet public and industrial demand. Funds set aside under
this task will be utilized to supply necessary educational
materials such as posters, brochures, reprints, videotapes,
etc.

Status: This project continues. Because of the successful
outreach program by the contractor (Center for Marine
Conservation), the demand for education materials is very
high. A final report from the contractor summarizing the
dispersement of educational material is expected FaIl 1991.

c. Distribution of rrldARPoL lnformation Packets[ via u.s.
Coast Guard networks (continued), $8.5K

Funds frorn this project will- be used to reprint existing
educational material- for distribution through the U.S. Coast
Guard Auxiliary network. A mandatory and courtesy vessel-
inspection program is operated by Coast Guard active and
auxiliary members. The Marine Plastic Pollution Research and
Control Act (MPPRCA) of 1-987 directs NOAA, the EPA, and the
U.S. Department of Transportation to operate a plastic
pollution education program. This project would meet those
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requirements under the MPPRCA while disbursing irnportant
education material to boaters (the principle source of
persistent marine debris) .

Status: This project continues. The bulk of educational
materials made available during FY 1990 are presently being
distributed as part of the 1991- boating season. As there is
enough material to meet the demand of the Àuxiliary network,
MERP management is exploring the distribution of material-s
during rnandatory vesseJ- inspections by the U.S. Coast Guard.

d. Pacific regional maríne debris anareness, $9.5K

This project would establish a marine debris education
program in Vüestern, Central, and Southern Pacific
communities, utilizing the existing Sea crant education
network. This project would produce regionally oriented
marine debris education rnaterial for distribution within
diverse island cultures.

Status: Work on this project continues. A significant
marine debris information education program has been
developed for Pacific fsland peoples, utilizing the exísting
Sea Grant network.

2" MITTGATION

a. National beach cleanup database support (continued)
$5o. oK

This task provides funds for the maintenance and improvement
of a cornputerized database for the storage and analysis of
infornation collected during voluntary beach cleanups
nationwide. This project also receives partial funding from
sources outside NOAÀ. Evaluation of this database is one of
the few ways that changes in debris cornposition due to the
implenentation of MARPOL Annex V rnay be detected.

Status: I'Iork on this project continues. A final report can
be expected in the Summer L992.

b. Debris removal fron Hawaiian monk seal beaches
(continued) r $25.0K

This task provides assistance to the research teams working
to understand and protect the highly endangered Hawaiian monk
seaL. rn the Northwest Hawaiian rslands, these teams make
annual visits to monk seal hauling and pupping beaches to
gather, catalog, and destroy arJ- of the entangling materiar
washed ashore.
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Status: Work on this task continues. The field season for
this activity is from May to September.

c. Production of a procedures manual for the safe
disentanglement of cetaceans, SO.oK

Funds for this project wíIl be used to produce a procedures
manual for the disentanglement of Iiving whales and other
marine mammals.

Status: Faced with a nurnber of question over the scope of
project, and the appropriate agency to perform the research,
MERP management re-directed these project funds to cover
increased costs associated with the production of a
supplement to IMO Guidelines for the Implementation of MARPoL
V, (MERP task 2e) .

d. Economic aspects of marine debris (continued), S1OO.K

This task would continue funding (through the Sea Grant
CoIlege Progran) a selected research project on the economic
impact of marine debris. Sea Grant and the MERP have jointly
selected several research proposals addressing important
issues as identified by the Economics lriorking Group during
the Second International Conference on Marine Debris.

Status: Ir7ork on this task continues. FY L991 funding will
be used to complete the research rrEstimating the Use and Non-
Use Damages of Debris for Coastal Resources and Main (Non-
commercial) Species.rr this research is being conducted by
V. Kerry Srnith and Raymond Paluquist, Department of Business
and Economj-cs, North Carolina State University.
Funds will also be used to support continuing research onrrEconomic Aspects of Marine Debris,rr by K.E. McConnell,
Department of Agricultural and Resource Economics, University
of Maryland; J.G. Sutinen, Department of Resource Economics,
University of Rhode Islandr and J" Kirkley, Virginia
Institute of Marine Sciences.

e. supplement for rlto guiderines for the inprernentation of
l,LÀRPOL Ànnex V, S62.8K

This task would synthesize all relevant information on
significant issues effecting the implernentation of MARpOL
Annex V into clear and practical supplements for the
rnternational Maritime organization (rMo) "Guiderines for
the fmplementation of Annex V of MARPOL 73/79.n Emphasis
will be placed on provision of adequate port reception
facilities.
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Status: À contract to perform this work was awarded to A.T.
Kearney, Inc. of Alexandria, Virginia. A comprehensive
synthesis of port waste reception information was completed,
including recommended actions to supplernent existing IMo
guidelines for the provision of adequate port reception
facilities. This reporE has l¡een accepted by the U.S. Coast
Guard t,o be presented by the U.S. Delegation as an action
paper to the 3Lst meeting of the IMO Marine Environmental
Protection Committee. Copies of the draft report are
available from the MERP manager, reference:

Kearney/Centaur Division of A.T. Kearney, Inc. and Lissa
Martinez. 1991. Revision of the Port Reception Facility
Section of the fMO Guidelines for the Implernentation of
MÀRPOL Annex V. Report to the NOAA Marine Entanglement
Research Program, contract 52ABNF-1,-00058, 92 p.
ÀvaiIable Alaska Fish. Sci. Cent. Nat1. Mar. Fish. Serv.,
NOAA, 7600 Sand Point lrlay NE, Seattle, VüA 98L15-0070.

f. Puerto Rico port project (contínued) r S20.0K

As modified by the Ad Hoc Committee on Entanglement, this
task continues work on the design and implementation in
Puerto Rico of a model port/rnarina project involving marine
debris education and the development of an adequate refuse
reception facility. The project places the najor emphasis on
Spanish speaking educational supplements, and will be modeled
after the outtine provided in NOAA Technical Memorandum NMFS
F/NVüR-23, ttDealing with Annex V - Reference Guide for Ports.tl
A symposia will foLlow project irnplementation, to report
results and address common and regional marine debris issues
in the Gutf and Caribbean regions.

Status: the project is near completion, with the workshop on
marine debris scheduled April 30 (during the First
fnternatíona1 Ocean Pollution Symposium). This workshop will
disseminate information learned from the two-year study. A
final project report to the MERP manager is expected during
the summer L99L"

3. TMPACTS RESEARCH AND MONITORING

a. Surveys of entangling debris on Alaska beaches
(continued), $42.0K

This task continues the collection of baseline data on
deposition of debris on the remote beaches of Alaska"
Objectives of the task will be to make the foJ-lowing
determinations: the type and quantities of plastic debris
that commonly wash ashore; the deposition rate of
entanglement debris and; the feasibility of using low flying
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aircraft to survey beaches for plastic debris, especialty
entanglement items such as trawl webs and monofilament
gilInet.

Status: Research on this task continues. Field work is
expected to commence May 1-99L. A special high resolution
camera has been located for the aircraft survey portion of
the research. A final report on this project is expected
during the first. quarter L992.

b. National seashore marine debris survey program
(continued)r $o.OK [Funded $33.0K in FY90 Funds]

This task provides funding for a continuing cooperative
agreement with the National Parks Service (NpS) for the
conduct of systematic surveys of debris arriving on selected
beaches in each region of the U.S. The data collected in
this activity will be used to systematically evaluate the
sources, amounts, and distributional dynamics of seaborne
debris in various regions of the U.S. These data differ from
those collected by vol-untary beach cleanups because the
scientific rnethods used will allow estimation of debris
loading with time. The methodology used in these surveys v/as
developed and is in use in the Alaska beach surveys.

status: lrlork on this task continues, and a summary report is
expected July 1992.

c. Evaluation of ghost fishing of plastic lobster traps,
$2O. oK

The occurrence of ghost fishing through lost or discarded
fishing gear has become an increasing concern to resource
managers as degradable gear has been replaced by persistent
synthetic rnaterials. This project will examine the aspects
of the ghost fishing problem using Hawaiian plastic spiny and
slipper lobster traps tested in the Laboratory and in the
fieId.

Status: f{ork on this task has been cornpleted. Research
concluded that little direct rnortality of lobsters is due to
their inability to exit traps. Ghost fishing by these traps,
therefore, is not considered a probJ-em for Hawaiian slipper
and spiny lobsters. A final report entitled rrEvaluation of
Ghost Fishing in the Hawaiian Lobster Fisherytr is presently
under review.

d. Effect of persistent
sea turtles (continued) r

Funds for this task wilL
effects of marine debris

marine debris on juvenile pelagic
$38. 5K

provide continued research on the
on juvenile sea turtles. The study
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defines the litt1e known juvenile sea turtJ-e populations and
determine the extent to which marine debris has a negative
effect on the turtles within these habitats. Primary
investigation areas wilL be the Western Atlantic (along
Florida beaches in cooperation with the FLorida Department of
Natural Resources) and in the Azores, where concentrations of
juvenile pelagic loggerhead turtles have recently been
discovered "

Status: lrlork on this task continues, with f ield work to
commence during the summer L99l-. Àt the request of the MERP,
a comprehensive interirn report has been subrnitted,
summarizing the project findings to date. This report is
available from the MERP manager, reference:

Bolton, Alan B. and Karen A. Bjorndal. 1991-. Effect of
Marine Debris on Juvenile, Pelagic Sea Turtles.
Available Alaska Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, 7600 Sand Point !,Iay N.8., Seattle, WA

981L5-0070.

e" .ruvenile male fur seal survivorshÍp and entanglement in
marine debris (continued) r S25.0K

Entanglement has been suggested to have contributed to the
northern fur seal population declj-ne since the late 1960's.
This task witl continue the evaluation of entanglement rates
and survivorship among juvenile male fur seals of the
Pribilof Islands population. Work will continue toward
monitoring any change in the rate of entanglenent among
juvenile rnale fur seals.

Status: Field work on this task is expected to commence
during Summer 199L.

f. North Pacific fisheries observer debris data collection,
$28.0K

Attenpts to develop no-cost observer data collection and
archiving of marine debris inforrnation have not succeeded.
During FY l-99L, the NMFS will place up to 600 observers in
the North Pacific under three separate programs. At present,
these observers are not systematically gathering data on the
distribution and density of the types of marine debris.
Funds from this task will provide for the collection,
evaluation, and reporting of marine debris data collected by
observers at sea.

Status: Vüork on this task continues.
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4. MÀNAGEMENT

a. Program nanagement, S75.4K

Funds allocated to this task support the office of the MERP
manager. The manager carries out the annual program plan for
MERP as welL as represents NMFS/NOAA on marine debris issues
during conferences and meetings with colleagues, constituents
and the general public.

Status: The program managerrs salary $ras partially funded
through the NMFS High Seas Driftnet Prograrn, âs James Coe is
also the Coordinator of the Driftnet Program. MERP
management is faced with continuous nev/ challenges, through
budget reductions, changing priorities, and contracting
uncertainties.

In addition to effectively running the program, MERP
management has given a nurnber of presentations on the
persistent marine debris problern. These presentations have
been given during national and international meetings, to
educators and students, and recreational- and commercial
fishermen. I¡lhile these presentat,ions are not planned for
publication, discussion papers are available from the MERp
rnanagement, reference:

Coe, James M. 1990. Discussion Paper on Management
Options to Control Marine Mammal Mortality in passive
Fishing Gear. Unpubl. manuscr. 10 p. (Document
submitted during the IWC Workshop on MortaJ-ity of
Cetaceans in Passive Fishing Nets and Traps, La Jolla,
Calif., October L990). Al-aska Fish. Science Cent., Nat1.
Mar. Fish. Serv., NOAA, '7600 Sand Point Way N.E",
Seattle, WA 981L5-0070.

Coe, James M. L99L. Discussion Paper on Persistent
Marine Debris, Unpubl. manuscr. 4 p. (Document prepared
for Asia-Pacific Economic Cooperation: Experts Workshop
on Marine Resource Conservation, Vancouver 8.C., November
1990.) Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAÀ, 7600 Sand Point Way N.E. Seattle, WA 98115-0070.

Coe, James M. In prep. Initiatives for port Compliance
with MÃRPOL Annex V Regulations. Availab1e Alaska Fish.
Sci. Cent., Nat1. Mar. Fish. Serv., NOAA, 7600 Sand point
Way N.8., Seattle, WA 98115-0070.

101_



REPORTS FRO!{ THE I,IARINE ENTÀNGLEMENT RESEARCH PROGFJA¡,!

Alverson, Dayton L. and J.A. June (editors). 1988. Proceedings
of the North Pacific Rin Fishermenrs Conference on Marine
Debris. 460 p. Alaska Fish. Sci. Cent", Natl. Mar. Fish.
Serv., NOAA, 7600 Sand Point Way N.E" ' Seattle, WA 98115-
0070.

Andrady, Anthony L. L987. Research on the Use of Degradable
Fishing Gear and Packaging Materials. NWAFC Processed Rep.
87-03 , 49 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, 7600 Sand Point lrtay N.8., Seattle, WA 98115-
0070.

Andrady, Anthony L. 1988. Experimental Demonstration of
Controlled Photodegradation of ReLevant Plastic Compositions
under Marine Environment Conditions. NWAFC Processed Rep.
88-l-9, 68 p. A1aska Fish. Sci. Cent. , Natl " Mar. Fish.
Serv., NOAÀ, 7600 Sand Point !{ay N.8., Seattl-e, WA 98115-
0070.

Bal-azs, George H. and B.K. Choy. In Press. Ecological Aspects
of Marine Turtles Impacted by Ocean Debris: A 1989
perspective. In R. Shomura and M.L. Godfrey (editors)
Proceedings of the Second International Conference on Marine
Debris, April 2-7, L989. Honolulu, HI, southwest Fish. sci.
Cent., Honolulu Lab., NatI. Mar. Fish. Serv., NOAA, 2570
Dole St., Honolu1u, HI 96822-2396.

Baytiss, Randolph and C.D. Cowles. 1989. Final Report on the
fmpact of MÀRPOL Annex V Upon Solid Waste Disposal
Facilities of Coastal Alaskan Communities. NVüAFC Processed
Rep. 89-20, 105 p. Alaska Fish. Sci. Cent., Natl. Mar.
Fish. Serv., NOAÀ, 7600 Sand Point Way N.8., Seattle, WA
98115-0070.

Berger, Jerald D and C. Armistead. L987. Discarded Net Material-
in Alaskan Vlaters, L982-84. NOAA Tech. Mem. NMFS F/NWC-110,
66 p. Alaska Fish. Sci. Cent., NatI. Mar. Fish. Serv.,
NOAA , 7600 Sand Point Vüay N.E. , Seattle, WA 98115-0070.

Bol-ten, AJ-an B. and K.A. Bjorndal. 1989. Task Report: Azores
Trip Summary. Report to the Marine EntangJ-ement Research
Program, Research lrlork Order No. 66, 9 p" Alaska Fish. Sci.
Cent., Natt. Mar. Fish. Serv., NOAA, 7600 Sand Point Way
N"E., SeattIe, t,üA 98115-0070.

Bo1ton, Alan B. and Karen A. Bjorndal. 1991" Effect of Marine
Debris on Juvenile, Pelagic Sea Turt1es. Available AÌaska

to2



Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAÀ, 7600 Sand
Point Way N.E., Seattle, WA 98115-0070.

Bunn, AIan R. and J.M. Coe. 1989. Marine Debris Education
Program Supplement: Marj-ne Debris Coloring Book. NOA.A
Tech. Memo. NMFS F/AKR-9. 33 p. Alaska Fish. Sci. Cent.,
NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.E.,
Seatt1e, WA 98115-0070.

CaI Recovery Systems, Inc. L988. Evaluation of Plastic
Recycling Systems. NWAFC Processed Rep. 88-16, 90 p.
Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAÀ, 7600
Sand Point Way N.E., Seattle, WA. 981-15-0070.

carr, Arno1d H. and A. Blott. 1991. A Study of Ghost Gillnets
in the Inshore lrlaters of Southern New England. l0 p.
Available Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAA, 7600 Sand Point lrtay N.E., Seattle, WA 98115-0070.

Center for Marine Conservation. 1987. A Citizens Guide to
Plastics in the ocean: More than a Litter Problem. 131 p.
Center for Marine Conservation, 1-725 DeSales St., N.W.,
Suite 500, Washington, D.C. 2OO36.

Center for Marine Conservation. 1989. Marine Debris Informati-on
Offices - Atlantic Coast/cuJ-f of Mexico and Pacific Coast;
Annual Report (October I, 1988-September 30, 1989). Report
to the NMFS Marine Entanglement Research Program, Contract
52ABNF8OO133, L58 p. Alaska Fish. Sci" Cent., NatL. Mar.
Fish. Serv., NOAA, 7600 Sand Point lrlay N"E., Seattle lVA
98115-0070.

Center for Marine Conservation. 1990" Marine Debris Information
Offices - Atlantic Coast/cuJ-f of Mexico and Pacific Coast;
Annual Report (october I, 1989-September 30, l-990). Report
to the NMFS Marine Entanglement Research Program, Contract
5248NF800133, T78 p. Alaska Fish. Sci. Cent., NatI. Mar.
Fish. Serv., NOAA, 7600 Sand Point lVay N"E", Seattle, WA
98115-0070 "

Center for Marine Conservation. l-990. National Marine Debris
Database - Fina1 Report. Report to the NMFS Marine
Entanglement Research Program, Contract NA89AÀ-D-F5229,
2I p. Alaska Fish. Sci. Cent., Natl. Mar" Fish. Serv.,
NOAÀ, 7600 Sand Point Way N.E., Seattle, WA 98115-0070.

Coe, James M. 1990. Discussion Paper on Management Options to
Control- Marine Mammal Mortality in Passive Fishing Gear.
Unpubl. manuscr. lO p. (Document submitted during the IWC
Vüorkshop on Mortality of Cetaceans in Passive Fishing Nets
and Traps, La Jolla, Calif., October 1990) . Al-aska Fish.

103



Science Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point
Inlay N. E. , Seatt1e, WÀ 98LL5-0070.

Coe, James M. L99L. Discussj-on Paper on Persistent Marine
Debris, Unpubl. manuscr. 4 p. (Document prepared for Asia-
Pacific Economic Cooperation: Experts Workshop on Marine
Resource Conservation, Vancouver 8.C", November L990.)
Alaska Fish. Sci" Cent., Natl. Mar. Fish. Serv., NoAÀ' 7600
Sand Point Vùay N. E.. Seattle, WA 981L5-0070.

Coe, James M. In prep. Initiat,ives for Port Compliance with
MARPOL Annex V Regulations. Available Alaska Fish. Sci.
Cent., Natl. Mar. Fish. Serv., NOA.A,'7600 Sand Point !'Iay
N.E., Seattle, WA 98115-0070.

coe, Jarnes M. In press. Marine Debris in the North Pacific. In
R.S. Shomura and M.L. Godfrey (editors). Proceedings of the
Second International- Conference on Marine Debris, ApriJ- 2-7,
1989. Honolulu, HI, Southwest Fish. Sci. Cent., Honolulu
Lab., Natl. Mar. Fish. Serv., NOAÀ, 2570 DoIe St., Honolulu,
Hr 96822-2396.

Coe, James M. and A.R. Bunn. 1988. Marine Debris and the Solid
Waste Disposal Crisis. In Proceedings of OCEANS 88 rrA

Partnership of Marine Interests.rr October 31 - November 2,
l-988, VoI. I, p. 1-5. Marine Technol-ogy Society, 2000
Florida Ave. N.W., Suite 500, Washington, D.c. 20006.

CoIe, Andrew C. et al. L990. Annual Report of National Park
Systen Marine Debris Monitoring Program: 1989 Marine Debris
Survey. U.S. DOI Technical Rep. NPS/NRVIV/NRTR-9O/O4, 29 p.
NatI. Park Serv., c/o Air Quality Div. (AIR) , P.O. Box
25287, Denver, CO 80225-0287.

Day, Robert H., D.M. Clausen and S"E. Ignell" 1986.
Distribution and Density of Plastic Particulates in the
North Pacific ocean in l-986. (Document submitted to the
International North Pacific Fishery Commission, Anchorage,
Alaska, November 1986.) L7 p. Alaska Fish. Sci. Cent.,
Auke Bay Lab., Natl. Mar. Fish. Serv., NOAÀ, P.O. Box
2101-55, Auke Bay, AK 9982I.

Dunford, Richard !'I., A.L. Andrady and L.J. Norwood. 1988.
Assessment of Degradable Technologies. Chapter Six of the
Report of the Interagency Task Force on Persistent Marine
Debris. 170 p. Alaska Fish. Sci. Cent., Natl-. Mar. Fish.
Serv., NOAÀ, 7600 Sand Point lVay N.E", Seattle, WA 98115-
0070.

Dunford, Richard W., A.L. Andrady and L"J. Norwood. 1989. The
Economic lrnpacts of Required Rapidly Degradable Plastics in
Selected Products: A Preliminary Analysis. Report to the

104



NMFS Marine Entanglement Research Program, Contract
RTI/4074/}O-Ol-F, 24 p. Research Triangle Institute, P"o.
Box 121-94, Research Triangle Park, NC 277O9-2I94.

Duronslet, Marcel J., D.B. Revera and K.M. Stanley. 1991.
Marine Debris and Sea Turtle Strandings on Beaches of the
Upper Texas and Southwestern Louisiana Coasts, June L987
through September 1989. Available National- Technical
Information Service, 5258 Port Roay Road, Springfield, VA
221,61,.

Fowl-er, Charles W., R. Merrick, and N. Baba. 1989. Entanglement
Studies at St. Paul- Island, L98B: Juvenile Male Roundups.
NWAFC Processed Rep. 89-01, 23 p. Alaska Fish. Sci. Cent.,
NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point Vlay N.E.,
Seattl-e, WA 98115-0070.

Fowler, Charles W. and T.J. Ragen. 1990. Entanglement Studies,
St. PauI Isl-and, 1989 Juvenile MaIe Northern Fur SeaIs.
NWAFC Processed Rep. 90-06, 39 p. Alaska Fish. Sci. Cent.,
NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.E.,
Seattle, WA 98115-0070.

FowIer, Charles Vü. and N. Baba. 1991. Entanglement Studies, St.
PauI Island, L99O Juvenile MaIe Northern Fur Seals. AFSC
Processed Rep. 91-01, 63 p. Alaska Fish. Sci. Cent., Natl-.
Mar. Fish. Serv., NOAA, 7600 Sand Point lVay N.E., Seattle,
wA 98115-0070.

Gerrodette, Tim, B.K. Choy, and L.M. Hiruki. 1987. An
Experj-mental Study of Derelict Gillnets in the Central-
Pacific ocean. SWFC Admin. Report H-87-18, 12 p. Southwest
Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish. Serv.,
NOAA, 257 0 DoIe St., Honolulu, HI 96822-2396.

Gooder, Perry. 1989. observations on Board the Korean Squid
Driftnet Vessel-, oyang 53, June 9 - August 8, 1988. NI^/AFC

Processed Rep. 89-03. 30 p. Alaska Fish. Sci. Cent., NatI.
Mar. Fish. Serv., NOAA, 7600 Sand Point lrlay N.E", SeattJ-e,
vlA 98115-007 0 .

Hare, Matthew P. and J. G. Mead. L987. Handbook for
Determi-nation of Adverse Human-Marine Mamrnal Interactions
from Necropsies. NI^IAFC Processed Rep. 87-06, 35 p. Alaska
Fish. Sci. Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand
Point Vüay N.8., Seattle, WA 98115-0070.

Henderson, John R. 1988. Marine Debris in Hawaii. In D.L.
Alverson and J. June (editors). Proceedings of the North
Pacific Rin Fishermenrs Conference on Marine Debris, October
13-16, I9B7, Kailua-Kona, HI p. 189-206. NationaL

105



Resources Consul-tants, 4055 2lst Ave. West, Seattle, WA

98l_99 .

Henderson, John R. In press" Recent Entanglements of Hawaiian
Monk SeaLs in Marine Debris. In R. Shomura and M. L.
Godfrey (editors) Proceedings of the Second International
Conference on Marine Debris, April 2-7, L989. Honolulu, HI,
Southwest Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish.
Serv., NOAA, 2570 DoLe St., Hono1ulu, HI 96822-2396.

Henderson, John, S.L. Austin, and M.B. Pillos. L987. Summary of
Webbing and Net Fragments Found on Northwestern Hawaiian
Island Beaches, 1982'86. SvtFC Admin. Rep. H-87-11, 15 p.
Southwest Fish. Sci. Cent., Honolulu Lab., Natl-. Mar. Fish.
Serv., NOAA, 2570 Dole St., Honolulu, HI 96822-2396.

Heneman, Burr and J.M. Coe. L989. Persistent Marine Debris in
the Wider Caribbean Area. Unpubl. manuscr., 28 p. (report
submj-tted to the IOC/UNEP Regional Review Workshop on Marine
Pollution Monitoring, Research, Control and Abatement in the
Vüider Caribbean Region, San Jose, Costa Rj-ca, August 24-30,
l-989) . Alaska Fish. Sci. Cent., Natl. Mar" Fish. Serv.,
NOAA, 7600 Sand Point Vüay N"E., Seattle, WA 98115-0070.

Herkelrath, James M. and J.M. Coe. 1990. NOAA's Marine
Entanglement research Program. Unpubl. Manuscr. 5 p.
Alaska Fish. Sci. Cent., NatI. Mar. Fish. Serv., NoAÀ, 7600
Sand Point l,tay N.8., SeattLe, WA 98115-0070.

Herkelrath, James M. and J.M. Coe. L990. Marine Debris
Educatj-on and Public Awareness Projects by the NOAA Marine
Entanglement Research Program. In Proceedings of MTS 90
'rscience and Technology for a New oceans Decader n September
26-28t 1990, lVashington, D.C., Marine Technology Society,
1-825 K St. N.W., Suite 2L8, Washington, D.C. 20006.

Hoss, Donald E. and L.R. Settle. In press. Ingestion of
PLastics by Teleost Fishes. In R.S. Shomura and M.L.
Godfrey (editors) Proceedings of the Second International
Conference on Marine Debris, April 2-7, 1-989. Honol-ulu, Hf ,
Southwest Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish.
Serv., NOAA, 2570 Dole St., Honolulu, HI 96822-2396.

IgneII, Steve, J. Bailey and J. Joyce. l-986. Observations on
High-Seas Squid Gi1l-Net Fisheries, North Pacific ocean,
1985. NOAA Tech. Mem. NMFS F/NWC-105., 52 p. Alaska Fish.
Sci. Cent., Auke Bay Lab., Nat1. Mar. Fish. Serv., NOAA,
P.O. Box 2TOI55, Auke Bay, AK 9982I.

Ignell, Steve, and M. Dahlberg. 1986. Results of 1986
Cooperative Research on the Distribution of Marine Debris in
the North Pacific Ocean. Unpubl. manuscr., L7 p. (Document

1_06



submitted to the International North Pacific Fishery
Commission, Anchorage, Alaska, November 1-986.) A1aska Fish.
Sci. Cent., Auke Bay Lab., Natl. Mar. Fish. Serv., NOAA,
P.O. Box 210155, Auke Bay, AK 9982L.

International North Pacific Fishery Commission. 1990. Final
Report of Squid and Bycatch Observations in the Japanese
Driftnet Fishery for Neon F1ying Squid (Ommastrephes
bartrami) , June December, L989 Observer Program. Joint
report by the National Sections of Canada, Japan, and the
United states. 111 p. (Available from: Driftnet Program
Coordinator, Alaska Fish. Sci. Cent., NatI. Mar. Fish.
Serv., NOAA, 7600 Sand Point lVay N.E., Seattle, WA 98115-
oo7o. )

International North Pacific Fishery Commission. 1990. Data
Summary of Squid and Sa1mon Observations in the Japanese
Driftnet Fishery for Neon Flying Squid (Ommastrephes
bartrani), JuIy - August, L989 Observer Program. Joint
report by the National Sections of Canada, Japan, and the
United States. 34 p. (Available from: Driftnet Program
Coordinator, Al-aska Fish. Sci. Cent., NatI. Mar. Fish.
Serv., NOAA, 7600 Sand Point Way N.8., Seattle, WA 98115-
0070. )

Johnson, Scott !V. 1990. EntangJ-ement Debris on Alaska Beaches,
1989. NI,{AFC Processed Rep. 90-L0, I6 p. Alaska Fish. Sci.
Cent., Auke Bay Lab., Natl. Mar. Fish. Serv., NOAA, P.O. Box
210155, Auke Bay, AK 9982]-.

Johnson, Scott InI. fn press. Entanglement Debris on Alaskan
Beaches, 1982-1988. In R. Shomura and M.L. Godfrey
(editors) Proceedings of the Second International Conference
on Marine Debris, April 2-7, 1999. Honolu1u, HI, Southwest
Fish. Sci. Cent., Honolulu Lab., NatL. Mar. Fish. Serv.,
NOAAT 257 0 DoIe St., Honolul-u, HI 96922-2396.

Johnson, Scott and T. Merrell. 1988. EntangÌement Debris on
Alaskan Beaches, 1986" NOAA Tech. Memo. NMFS F/NVüC-126, 26
p. Alaska Fish. Sci. Cent., Auke Bay Lab., Natl-. Mar. Fish.
Serv., NOAA, P.O. Box 210L55, Auke Bay, AK 9982L.

June, Jeff A. In press. Types, Quantity, and Probabl-e Sources
of Trawl-Caught Marine Debris in the Eastern Bering Sea and
off the Coast of Oregon in 1988. In R.S. Shomura and M.L"
Godfrey (editors) Proceedings of the Second International
Conference on Marine Debris, April 2-7, 1999. HonoluLu, HI,
Southwest Fish. Sci. Cent., Honolulu Lab., NatI. Mar. Fish.
Serv., NOAA, 2570 DoIe St., Honolulu, HI 96922-2396.

Kajimura, Hiroshi. 1990. Fur SeaI Investigations, 1987 and
1988. NOAA Tech. Memo. NMFS F/NWC-180, 92 p. Alaska Fish

L07



Sci. Cent., Nat1. Mar. Fish. Serv., NOAA, 7600 Sand Point
Way N.E., Seattle, WÀ 981L5-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. L989. Model
Plastic Refuse Control and Minimization Plan for Ships.
Report Èo the Marine Entanglement Research Prograrn, Contract
52ÀBNF800132 48 p. Alaska Fish. Sci. Cent. , NatI. Mar.
Fish. Serv., NOAA | 7600 Sand Point frlay N.E., Seattle, WA

98LL5-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. 1989. Dealing
with Garbage under MARPOL Annex V: Examples of Cornpliance
Approaches Used by the Shipping fndustry. Report to the
Marine Entanglement Research Program, Contract 52ABNF800132
62 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAÀ, 7600 Sand Point Way N.8., Seattle, WA 98115-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. 1990.
Developrnent and Evaluation of Education Techniques to
Eliminate At-Sea Disposal of Plastics. Report to the Marine
Entanglement Research Program under S-K Cooperative
Agreement NA 89-AA-H-SK0007 234 p. Alaska Fish. Sci. Cent.,
NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.8.,
Seattle, WA 981-L5-0070.

Kearney/Centaur Division of A.T. Kearney, Inc. 1990. MARPOL
Annex V Kit: Implernenting MARPOL Annex V in the United
States. Report to the Marine Entanglement Research Program,
Contract 524BNF800132 306 p. ALaska Fish. Sci. Cent.,
Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point Vüay N.E.,
Seattle, WÀ 98115-0070.

Kearney/Centaur and the Center for Mari-ne Conservation. 1989.
Shipping Industry Marine Debris Education Plan. Report to
the NMFS Marine Entanglement Research Program Contract
52ABNF8OOI32, 79 p. Kearney/Centaur Division of A.T.
Kearney, Inc., 225 Reinekers Lane, Suite 300, Alexandria,
vA. 223t4.

Kearney/Centaur Division of A.T. Kearney, Inc. and Lissa
Martinez. L991. Revision of the Port Reception Facility
Section of the IMO Guidelines for the Implementation of
MARPOL Annex V. Report to the NOAA Marine Entanglement
Research Program, contract 52ABNF-L-00058, 92 p. Avail-able
Alaska Fish. Sci. Cent. Natl. Mar. Fish. Serv., NOAA, 7600
Sand Point lVay NE, Seattle, WA 98115-0070.

Kozloff, Patrick and H. Kajimura (editors). 1988. Fur Seal
Investigations, l-985. NOAA Tech. Memo. NMFS F/NhlC-l46,
189 p. Alaska Fish. Sci. Cent., Natl-. Mar. Fish. Serv.,
NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115-0070.

108



Loughlin, lom R. et aI. 1986. Assessment of Net Entanglement on
Northern Sea Lions in the Aleutian fslands, 25 June 15
JuIy l-985. NWAFC Processed Rep. 86-02, 50 p. Alaska Fish.
Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point
Vüay N.8., Seattle, WA 98115-0070.

Lutz, Peter. L987. Effect of Ingestion of Non-biodegradable
Debris in Sea Turtles. Report to the Marine Entanglement
Research Project, Contract FSN-5-0L78, 50 p. Alaska Fish.
Sci. Cent., Nat1. Mar. Fish. Serv., NOAA, 7600 Sand Point
Irlay N.E., Seattle, WA 9811-5-0070.

Lutz, Peter L. and A.A. Alfaro-Schulman. In prep. The Effect of
Chronic Plastic Ingestion on Green Sea Turtles. Available
Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv., NoAÀ | '7600

Sand Point l,rlay N.E., Seattle, WA 98115-0070.

Merrell-, Theodore R. and S.I^f. Johnson. 1987. Surveys of Plastic
Litter on Alaskan Beaches, 1985. NOAA Tech. Memo. NMFS
F/NVüC-116, 2L p. Alaska Fish. Sci. Cent., NatI. Mar. Fish.
Serv., NOAA, 7600 Sand Point !'Iay N.E., Seattle, WA 98115-
0070.

Moser, Mary L. and D.S. Lee. 1990. A Fourteen Year Survey of
Plastic Ingestion by lVestern Atlantic Seabirds. Report to
the NMFS Marine Entanglement Research Program, Alaska Fish.
sci. Cent., Nat1. Mar. Fish. Serv., NOAA, 7600 Sand Point
Vüay N.E., SeattIe, WA 98115-0070.

Neilson, Judie. L986. Final Report - Get the Drift and Bag ft.
NWAFC Processed Rep. 86-LIt 23 p. A1aska Fish. Sci. Cent.,
Nat1. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.E.,
Seattle, WA 9BL1-5-0070.

Natural Resources Consultants, fnc. L990. Survey and Evaluation
of Fishing Gear Loss in Maine and Great Lakes Fisheries of
the United States. Report to the NMFS Marine Entanglement
Research Program, Contract 50 ABNF-9-OOL44, 224 p" Alaska
Fish. Sci. Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand
Point Way N.E., Seattle, WA 98115-0070.

Parker, Nancy R., S.C. Hunter, and R.J. Young. 1987"
Development of Methodology to Reduce the Disposal of Non-
DegradabLe Material into the Marine Environment. Report to
the NMFS Marine Entanglement Research Proqram, Contract 85-
ABC-O0203, 50 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, 7600 Sand Point lrlay N.E., Seattle, WA 98115-
0070.

Pacific Associates. 1988. The Effects of MARPOL, Annex V, on
the Ports of Kodiak and Unalaska. NVüAFC Processed Rep. BB-

109



26, 64 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAA, 7600 Sand Point l,rlay N.E., Seattle, WA 981L5-0070.

Project !'Iild. 1990. Get The Drift: Cleaning Up Plastic
Pollution for People and Vüild1ife. 38 p. Project WILD,
P.O. Box 18060, Boulder, CO 80308-8060.

Recht, Fran. 1988. Dealing with Annex V - Reference Guide for
Ports. NOAA Tech. Memo. NMFS F/NWR-23, L32 p. Alaska Fish.
Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point
lVay N. E. , Seatt1e, WÀ 98115-0070.

Recht. Fran. l-988. Report on a Port-Based Project to Reduce
Marine Debris. Nl{AFc Processed Rep. 88-13, 75 p. Alaska
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 7600 Sand
Point lVay N.E., Seattle, WA 98115-0070.

Recht, Fran. 1990. Marine Refuse and Recycling Facilities:
U.S. !,Iest Coast Ports Respond to MARPOL Annex V Requirements
and Reduce Costs. (Document subrnitted to the International-
Marina Institutets Conference on Environmental Management
for Marinas, Washington D.C., September 1990") A1aska Fish.
Sci. Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point
Vüay N. E. , Seattle, WA 981L5-0070.

Recht, Fran. L990. I¡Iest Coast Marine Debris Recovery Project:
Summary Report. Report to the NMFS Marine Entanglement
Research Program, S-K Grant NA 89AA-H-SK003, 31 p. Alaska
Fish. Sci. Cent., Nat1. Mar. Fish. Serv., NOAA, 7600 Sand
Point Way N.E., Seattle, WA 9811-5-0070.

Recht, Fran and S. Lasseigne. 1990. Providing Refuse Reception
Facilities and more: The Portrs Role in the Marine Debris
SoLution. Report to the NMFS Marine Entanglement Research
Program, S-K Grant NA 89AA-H-SK003 , 12 p. Al-aska Fish. Sci.
Cent., NatI. Mar. Fish. Serv., NOAA, 7600 Sand Point Way
N.8., SeattIe, wA 98115-0070.

Ribic, Christine A. and L. J. Bledsoe. L986. Design of Surveys
for the Density of Surface Marine Debris in the North
Pacific. NIVAFC Processed Rep. 86-12, 69 p. A1aska Fish.
Sci. Cent., Natl. Mar. Fish. Serv., NOAA,7600 Sand Point
!,lay N. E. , Seattle, WA 98115-0070.

Ribic, Christine A. and G.L. Swartzman. In press. An Index of
Fur SeaI Entanglement in Floating Net Fragments. In R.
Shomura and M. L. Godfrey (editors) Proceedings of the Second
International Conference on Marine Debris, April 2-7, 1989.
Honolulu, HI, Southwest Fish. Sci. Cent., Honolulu Lab.,
NatI. Mar. Fish. Serv., NOAÀ, 2570 Dole St., Honolulu, HI
96822-2396.

110



SCS Engineers. 1-989. Operating and Safety Guidelines for Use of
Burn Barrels to Dispose of Shipboard-Generated (MÀRPOL V)
Wastes. NWAFC Processed Rep. 89-14, 15 p. Alaska Fish.
Sci. Cent., Natl. Mar. Fish. Serv., NOAÀ, 7600 Sand Point
hlay N.E. , Seattle, WA 98115-0070.

SCS Engineers. 1989. Àn Investigation of Using Burn Barrel
Technol-ogy to Dispose of Shipboard-Generated (MÀRPOL V)
ÍVastes. NWAFC Processed Rep. 89-L5, 22 p. Alaska Fish.
Sci. Cent., Natl. Mar. Fish. Serv., NOAA | 7600 Sand Point
Way N.E., Seattle, WA 98115-0070.

Shomura, Richard S. and H.O. Yoshida. 1985. Proceedings of
Workshop on the Fate and Impact of Marine Debris, 26-29
November 1984, Honolulu, HI. U.S. Department of Commerce,
NOAA Tech. Memo. NMFS, NOAA-TM-NMFS-SWFC-54. Honolulu, HI,
Southwest Fish. Sci. Cent., Honolulu Lab., NatI. Mar. Fish.
Serv., NOAÀ, 25'7 0 Dole St., Honolulu, HI 96822-2396.

Shomura, Richard S. and M.L. Godfrey (editors). In press.
Proceedi-ngs of the Second International Conference on Marine
Debris, April 2-7, L989. HonoluJ-u, HI, Southwest Fish. Sci.
Cent., Honolulu Lab., NatI. Mar. Fish. Serv., NOAÀ, 257O
DoIe St., Honolulu, HI 96822-2396.

Shoop, Robert C. and C.A. Ruckdeschel. 1989. Analyses of Sea
Turtl-e Gut Contents for Nonfood Components. Report to the
NMFS Marine Entanglement Program, Contract 52-EANF-7-00067,
16 p. Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
NOAA, 7600 Sand Point Way N.8., Seattle, WA 98115-0070.

Sibley, Thomas H., R. M. Strickland. 1989. Potential Effects of
Marine Debris on Benthic Communities. Report to the NMFS
Maríne Entanglement Research Prograrn, Contract 4O-ABNF6-
26L9, 37 p. Alaska Fish. Sci. Cent., NOAÀ, 7600 Sand point
Way N.E., Seattle, WA 98L15-0070.

Sileo, Louis. 1987. The Prevalence and Effect of Plastic
Ingestion in Hawaiian Seabirds from October 1986 to January
L987. Progress Report for NlrtHC lrlork Unit 20. t-5 p. NatI"
Wild1ife Health Res. Cent., U.S. Fish and Wildlife Serv.,
6006 Schroder Rd., Madison, WI 537n.

Si1eo, Louis, P.R. Sievert, and M.D. Samuel. 1990. Causes of
Mortarity of Albatross chicks at Midway Atoll-. Journar of
Wildlife Diseases, 26(3), 1990:329-338.

Sileo, Louis L., P.R. Sievert, M.D. Samuel-, and S.I. Fefer. fn
Press. Prevalence and Characteristics of Plastic fngested
by Hawaiian Seabirds. fn R.S. Shomura and M.L. Godfrey
(editors) Proceedings of the Second International Conference
on Marine Debris, ApriJ- 2-7, 1989. Honolulu, HI, Southwest

111



Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish. Serv.,
NOAA, 2570 Dole St., Honolulu, HI 96822-2396.

Stewart, Brent S. and P.K. Yochern. 1988. Pinniped Entanglernent
in Synthetic Materials in the Southern California Bight,
1986-1988. Sea World Research Institute Technical Report
No. 88-21-0, 15 p. Sea Vüorld Research Institute, Hubbs
Marine Research Center, L700 South Shores Rd., San Diego, CA
92L09.

Srn/artzman, Gordon, C.A. Ribic and C.P. Haung. L990. Effect of
Entanglement on Populations of Northern Fur SeaI Callorhinus
ursinus. Unpubl. manuscr. 98 p. (Report subrnitted to the
NMFS Natl. Mar. Mamma1 Lab.) Alaska Fish. Sci. Cent., NatI.
Mar. Fish. Serv., NOAA, 7600 Sand Point Way N.8., Seattle,
wA 98115-0070.

Swartzman, Gordon, C.A. Ribic, and c.P. Haung. In press. Marine
Debris Entanglernent Mortality and Fur SeaI Populations: A
Modeling Perspective. fn R" Shomura and M.L. Godfrey
(editors). Proceedings of the Second fnternational
Conference on Marine Debris, April 2-7, 1989. Honolulu, HI,
Southwest Fish. Sci. Cent., Honolulu Lab., Natl. Mar. Fish.
Serv., NOAÀ, 2570 DoIe St., Honolulu, Hf 96822-2396.

lValker, hfilliarn A. and J. M. Coe. In Press. Survey of Marine
Debris Ingestion by Odontocete Cetaceans. In R.S. Shomura
and M.L. Godfrey (editors) Proceedings of the Second
International Conference on Marine Debris, April 2-7 , 1989.
Honolulu, HI, Southwest Fish. Sci. Cent., Honolulu Lab.,
Natl. Mar. Fish. Serv., NOAA, 2570 Dole St., Honolu1u, HI
96822-2396.

Wetherall, J. A. 1989. Strategic Plan for North Pacific Squid
Driftnet Entanglement Research. SWFC Admin. Rep. H-89-9.
51 p. Southwest Fish. Sci. Cent. Honolulu Lab., NatI. Mar"
Fish. serv., NoAA, 2570 DoIe st., Honolulu, HI 96822-2396.

TT2




