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PLASTIC POLLUTION
A PERSISTENT PROBLEM

by Danial Bawer

A young, emaciated hawksbill turthe
was found stranded on a remote westam
Hawaiian island baach. It was unsble to
dive. The causs became apparent 2 days
later wihen the 11-pound turtle died and
an surtopsy was performed,

Completely blooking it intestinal tract
was a mass of plestic and styrofoam
chips, monofilament line, end shreds of
plestic bags — well over ong pound of it —
compacted in fecal matter. The bouyancy
of the material had the same effect as a
lite preserver, Unfortunately for the tur-
tle, this meant [t could not reach the sea
floor 1o sleap.

For Goorge Balazs, sea turtle biologist
with the Netional Marina Fisheries
Servica who  performed  the autopsy,
thiz s bhecoming a disturblingly froquent
problem, Mumerous sea turties have baon
foumd with plastic bags hanging [rom
thieir mouths, lining or totally blocking
their intestinal tracts, and extanding from
thair excretory orifices. Balaze i cur
rently compiling data about the eMect of
marine debris on saa turtles.

A large source of the plastic debris
problem is the ingredibiy larga amount of
packing material and fishing gesr dumped
or bost by commerclal fisharies and salling
vesals, A recent report by the US. Acsd-
gy of Sciences estimated that up 1o B0
million pounds are dumped and 300 mil-
lon pounds are lost each year, Much of it
ic plasthe or plastic-related materind, which
does not break down fike hemp netting or
cardboard packaging, materials  com-
monly used before the boom in plastics
wse Tollowing Waorkd War 1.

Instead, plastic remains reamarkably
dursble, & fact that can have deadly
consaquences for sea life. Monofilamant
netting, for example, goss on "ghost-
metting” fish for years after it is host by
fisherman. Sea birds, atiracted 1o the net-
ted fish, and sea turthes, which are possi-
bly attracted to marine life encrusted on
the netting, become further victims of
the ghost nets as they remain swash or
snagoed on rocks or coral reefs. One case
was even reported of a sea turthe found

trapped inside @ plastic bag floating in
the water nesr French Frigata Shoals.
Doomed to drown in such a predicament,
it was foriunately rescued by a sympa-
thatic sclemtist from a passing research
wassed,

In thi open seas, plestic debris, largely
in tha form of plastie bags and styrofoam
pollets, is blown by pravailing winds into
long rows called drift Hnes, which be-
come  virtual highweys of conogntrated

{ Continued an page 2

Balloon relesses, such as this one at the January 1986 Hufa Bowd in Honolul,
contribute to the littering of Hawail's land and ocean anironments.
—Homa ks Ao verriser photo by Carl Vit



Plastic Pollution a Persistent Problem (contned from page 1/

fleating wasta, Thesp parsistent, buoyant
masses become 8 target for sea animals
who are attracted to the naturally occur-
ring organec  material  present  there,
According o Balazs, the piestic itself
oftenn has some marine growth on it,
possibly making it sppear to be food and
Increasing the likelthood of itz baing
gaten by sea turtles. It is unknown what
chemigals ar polymers may be releasad by
the plastic = an animal attempts to digest
it, or what their effect may be on the ani-
mal"s heakth,

Floating, undulating plestiec bags may
Appear o sed turties as jellyfish, one of
their favorite foods. Balaze hald up one of
thost  popular round silvery  balloons
thet was fourd awash In the sea |t
mirrar-like aluminum coating had long
sinca oxidizad in the salt water, but the
exiremely durable mylar body iself
showed fittle sign of deterioration. With
s curly, d-foot plastic string trailing
beneath i, the opague balloon looked
verily like a huge pallyfish

What begina as 8 visual feast for human
gyes — those massive mlesses of thou-
zands of multi-colored balloons at sport-
i events and other ocelebrations = can
grd & a lethal fesst for flsh and sea
mammals when the balloons rotum 1o
garth, particularly whan the raleases ake
place near coastal arcas, such as last Jan-
uary & Hula Bowl halftime ralease of
20,000 balloons at Aloha Stadivm néas
Honolulu, Another 10,000 balloons were
released at the city's waterfront Ala
Moana Park on Movember 16 as part of
a mationwide charity fundraiser.

Thesa fegures themaselves paie in
comparison B0 some  receant  record-
breaking balloon relesses undertaken in
other coastal aress: 1,121,448 balloons at
Disneyland in Anaheim, California (that's
8,000 pounds of latex): 384 000 In Japan
ta promote instant noodles; 1.5 million
in downtown Cleveland {whare thousands
of them were bBlown into Lake Eriel;:
300,000 balloons carrying peace messagaes
refeased by girls throughout the world;

What begins as a
visual feast for human eyes . . .
can end as a lethal feast for
fish and sea mammals

and 150,000 relessed by students thraugh:
out the Unitad States, including Hawail,
a6 part of & metecrological survey for
Wational Science Wesk. Indesd, among
the plastic debris George Balazs found
cormmpacted  in the [ntestines of that
yound, daomed hawksbill turtle unable to
dive was the neck of a latex balloon,
Contralling the dumping of oceanic
plastic debris remeins a huge task. Mew
uses are continually being found for ever-
mora-durable plastics, and the plastics
imddustry ramains in & high growth stage.
Soma laws and International treaties exist
which control oceanic dumping of westa,
but interpretation of Jurisdiction remains
vegue, ard enforcement is hard to main-
tain. An amendment to the Marine Pol-
lution Convention of 1873 called Annex
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W, would repulate oceanic dumping of
persistent  plastics. Howeewer, it is just
short of the necessary wotes for ratifica-
tlon, and the United States hes not
yot approved It

Mounting cxncérm  ovar  the  envi-
ranmantal effect of plastlc debris has
prompted Senator John Chefee (R-A.L)
to introduce the Plastic Waste Reduction
Act of 1886 (25-2598), which woubkd
have a two-fold purpose, Flrst, it waould
require that all beverage-connecting de-
vices (such as six-pack holders, which
commonly lead ta entanglement and sub-
saquent strangulation of a wide variety of
birds} be blodegradable. Ten states hawo
dlraady passod similar legislation, Second-
by, the Enwiromental Profection Agency
(EPA) would be required to conduct &
study on plaste pallution of the environ-
ment, Including its sffacts on fish and
wildlifa. EPA would then repart back to
the Senate Subcommittee om Environ-
mantal Polludon, which |5 chaired by
Chafes. The bill has been referred to this
subcommittes, where £ is  currently
awaitingg @ction. Interested persons are
gncouraged T eontact the committes
by weriting to Senator Chafeas at Dirksan
Sanate Office Bullding, Washingtan, D.C.
206110,

Aocording te the plastics industry,
some plastic milk and soft-drink bottles
are bpeing recycled into insulation and
construction materials, and further re
cycling efforts are underway, The plastics
industry can ba contacted by writing The
Botde Information Bureau, The Sociaty
af Plastics Industry, Inc., 366 Lexington
Ava,, New Yark, NY 10017,

Bueach cleanup efforts have been orga-
nized in several coastal states. & recant
cleanup effort at Hanauma Bay, a popular
smorkaling site mear Honoluly, resslted
in more than 50 large trash bags belng
filled in 2 hours of work, according to
Rich Mewmanns, prasident of the Univer-
sity [of Hawaii) Agusnauts Dive Club
that participeted in the denup. Most of
the garbage picked up wes plastic ar
styrofoam  meterial, Another cleanup
effart at Hila Bay an the iland of Hawail
yieided 100 bags of garbage,

Any information, old or new, about
seda Turtlas esting or becoming entangled
in marine debris is baeing sought by
George Balazs, He can be contacted at
Southwest Fisheries Ceanter, Honolulu
Laboratory, Maetional Marine Fisheries
Service, NOAS, PO, Box 3830, Honolulu,
HI #6812, OO



Whale-Watching Guide Available

Tha conception of whales in general
has boen as the “gentle giants™ of the
ocean. Recent evidents, however, has
shown male humpbecks In multiple-
escort pods to en@ags in strenuous,
even  vioknt, combat in apparent
contests avar accas to females,

This and more information are con-
tained in Humpheck Whales in Hawai:
Guide for the Amateur Wihate-Watcher,
published by the University of Hawal
Sea Grant College Program, The gulde
explains whale behaviors such as slaps
and leaps, offer tips for photographers,
degcribes  anti-harssment requlations,
and more, The text is amply [llustrated
with drawings end photographs.

The guide is available for $1 per
copy. To obtain & copy 3and & check
payable to “University of Hawaii,”
along with the order form below to
Whale Guide, Publicatioms Offica,
UH Bea Grant College Program,
1000 Pope Road, Room 200,
Honolulu, H| 96822,

LEAPS

Enclosed is my check for S far copies of Mumpback Whales in
Hawall: Guide for the Amateur Whals Watcher. Please send to:

Mame

Mailing Address

Zip
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|- GEOLOGIC HAZARDS SLIDE BETS

Savaral geologic slide setz are now available from the Nationsd
Geophyscal Data Center, Each set containg twenty 3B-mm
slides with captions and costs $31, Whon two or more sets are
ardersd the price s $25 per set, The sl|de sets are:

# Farthguake Damage, San Francicco, CA, April 18, 1906
{bEw]

Earthguske Damage to Transportation Systems (b&w, color]
Earthguaka Damage, Mexico Clity, September 1985 (color)
Earthquake Damage - General (color}

Tsunami — General {color]

Volcanoes in Eruption (bfuw, color)

‘Wolcanic Rocks (color)

Payment may be by check or money order payable to
COMMERCE/NOAA/NGDC or by American Express, Master
Card, or Visa credit cards; Include card account member, expira:
tien date, telephone number, and signaturs with order. Send
orders to National Geophysical Data Center, NOAA, Codi
E/GCA, Deparvment F10, 325 Broadway, Boulder, CO BO303.
For telophone inquiries and orders, call [3031497-6641,

Fer further information contact the following
Sea Grant Extension Offices:

‘Oabu Offios Hamaii Dffice

WaIKIKI AQUARIUM ANNOUNCES
SPRING PROGRAMS

The Waikiki Aquatium has announced its programs for
“& Spring of Discovery” and Pacific travel. Scheduled sctivities
mclude reef walks, courses on maring mammals, and explora-
tions of the aquarium after dark. The aquarium is also sponsor-
ing several natwral history tours in 1887, Including snorkeling
and diving on Maui, Palau, and Fiji and sea kayaking in British
Ciolumbia and the Galapagos |siands, For brochures amd registra-
tion information call the Walkiki Aquarium at (B08) 923-9741
or write to Waikiki Aquarium Education Department, 2777
Kalskaua Ave,, Honolulu, HI BEB1E,

NEW GUIDE TO PERMITS AVAILABLE

The Hawaii Department of Planning and Economic Devalop-
mment has 8 free booklet, A0 dpplicant Gulde fo State Permnits
and Approvals for Lang and Water Uss and Development, pre-
pared by the department’s Coastal Zone Management Frogram.
The guide is for developers and others unfamiliar with required
permits and epprovals thet appdy to their proposed lend and
water use, Copies of the booklet are available from the depart-
ment's Information Office, 260 South King Strest, 7th Floor,
Homalulu, H| 98813,

Eex Grant Extension

1000 Pops Roacd, MEB 208

Honodulu, HI 85322
{B0E} Sa8.8191

* Fisheries g
HAighard Brock

Dpean Aecreation
dmn Aupong

‘Hay Tabama

.l.uri.ml.ltl.lu ard
Frcific lgands
Pater Rappa

Coastal |ssues
Mark Suiso

Egucarion Goardingior
Chirig Waalaway

Hoaward Takats
Son Grani Extension
8F5 Romahana Sireet
Hila, HI 857230
1808} QEGE1565

L

Guam Oities
Barry Smith
Sea Grant Extension
e jre Labiowatory
University of Guam
UOG Station
Mangilpe, Guam S6313
[&71) 734-2431

The Maotional Sea Grant Coflege Progrom is o netwiork of institutions wark-
ing fogether T praomode The wise use, o W, and valian of the
nathor's comital, maring, gl Grest Lokes resounces. Fravisions of the Matanal
Sea Gront College ard Program Act of 1966 called for the crootion of Sea
Grant Colleges, and In Ocrober 1872, the Univarsity of Hawas was diesi grate
one of tha tirer five Sea Gramt Colleges in tha nation. Logally, Sda Grand s a
wrigue pactnership of university, govermment, and industry focusing an marne
regsurch, sducation, ard adwvisory fexiension servios.
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SUEJECT: Entanglement Issue == IHFORMATION HE

Thie merorandur. provides additional information on the entanglement issue
diecusecd &t the Monthly Program Review on Februsry 7, 12B5:. The Fisheries
Eervice and secveral other Federal agoncics coepongored an international
workshop in Honolulu, Hawaii last Wovember to conzelidate information
concerning entanglencnt and to determine scientific and management actions
that are nended to reduce the impacte to liviro marine resourcee froe parine
debris. The Workehop Etecrirno Cormittec has indicated that an executive
surnary of the workshop will be available in early March 1985 and the full
procesdings in July 1905. We will provide you with copies of thope docunents
when they are available.

There 16 general agreement that entanglement in and ingestion of marine
delbris can have adverse impacts to marine animbls. Workshop participants
acknowledoed that, althouch many anirmals die s & direct or indirect result of
entanclement, the extent of thes¢ iopacte har not been detormined. Despite
tnie lack of knowledoo, the workehop participants indicated that several
actions can Le taker to reduc the amoont of dckrie beine introduced fnto the
crrine environmcnt .

The Fisherics Service has becn workine with many domestic and foreign

ctoLnizatlons to inrlerncnt boo of the actiont recomscnded by the workshor
rarticipents. ¢ &lsc have been asked by the Concress to develor a
crrnrebersive plan to eddrest the vffecte of diecarded netting and other

A1E on BEERbs Bhlial: . Tidre plan is being Gewvelope] 3k copmcultation wit!

Barinc harmel Corcdsrion and with paty conotituent oroope.  APonRo the
fotions Identifiod I the draft plen 10 to uEe petionsl ond interngtional
COCANYZEBT IONE, Lleve et frdalive o conwvey Inforration eon the ¢ifccts of

1is D MAFIT. Foeodl Crin repoeit Lol Scdont Toorsane; af eliminatc those

- 41
“fecte. " Thorefore, I boliewe thet it is appropriat. for the U.5. te brinc
o ieeuc of entancleisnl i the stvention of the pertices to the London

JAfen Lomventaion. Tee Tichorzdes Ecrviel wall worl with ROWA's Cdfice of
witey and Flonndino to &evelo) o strategy on hosw Thi cnteneles it ifpud cen
2360 2t kb nosl oeonzerence [(Cotoley 19580 of the Convention.
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Ecological Significance of a Drifting Object to Pelagic Fishes

Brcmarn M, Goopixe and Jous |0 Mackusos!

PELacie FISHES Frequently gather apound drifr-
ing material i the vpen ses, Commercinl and
sport fishermen regard the immediate vicinity
of drifting matereal as o potentinlly ginsd. area
for trolling. Commercial seine and pobe-and-
line fishermen in Japan, Indonesia, and Maltn
nnchor Avating matertal to pttroct fish, Fish have
been repewted jrathered arcund floating algae,
coconuts, and pumice { Besednov, 1960; Senta,
1965 ; foating logs (Inowe, Amano, and Twa-
saki, 1965, Kimurs, 1934; Yabe npnd Mo,
195 coconut Fromds and slabs of cork {Har-
denberg, 1949 Soemanto, 1960; Galea, 1961 );
and rafts (Kuopima, (960 Heyerdohl, 1230;
Evans, 1953}, In addition o chodering near
these inanimate objects, the young of many
pelagic. fishes pather beneath jellyhsh (Man-
sueli, 19633 Leb-jellyfish  sssociations  have
much m common with the asocations studied
i the prosonl paper.

Hypotheses suggested to explain the accurnu-
bation of fAsh arcund inanimate foating objects
include: (1) tsh seck shelter from predators
{Foemarte, 1960 Sayehirn, 19529 (2 larger
fish prey on e concentrabion of smaller fish
(Kopima, 19%3%; (3} hsh feed oo algae or
docaying coconut Fronds [ Rewber, 1938, Soe-
mearko, 19003 (4) fsh seck the shade under
the ubject (Suyehiro, 19527%; (5] fish use Hoal-
ing ubjects a5 4 substrate on which b lay their
cgps | Besodoow, 19600 ; (6) the shadow of the
object nakes zooplankion more visible oo the
fish { Damont, 19250, A the beginning of e
present study we sugpested still another Typoth-
esisy floating objects are cleaning stations, where
peligic fishes have {hcir paarasites femowed Iy
olher Bsh, BSuch symbiotic cdeaning associations
are well dovumented For fishes inomshore waters
(LBibl-Ethesfeldr, 1933; Limbaugh, 1955, 1961;
Handall, 19587,

To best teese hypodlieses, studres were mode

! Hureew of Commercial Fisheries Biologiml Lab-

oeitegy,  Haomsole,  Howsin L RTETEA A S revererad

August 18, 1945

from a raft with an observation chamber | Fig
Iy bulbt at the Burcio of Commerciz] Fisheres
Biological Lobwormfory, Honolulu, and sef it
in the central Pacific (Guoding, 1965). The
present paper describes ond interprets the o
servations in light of the above hypotheses

ARBAS AND METHODS OF ORSERVATHIN

Observabions were made i b areas, ne
off the leeward coast of the island of Hamad
and the other mear the F.-rlu.lt\-::-r in the central
Pacific {Fig. 2]

Observations were made in Hawaii betwen
September 38 and October L1, 1962, amd be
tween August 1 and August 26, 1965 The
ares offers two advantages: first, it is shelensd
from the oofthesst trude winds and the sen 5
relatively calm; second, essentially pelagic con
ditiswes {wiber deeper than 800 m) odour withn
I mile of shore. During 345 hours of drift, 173
huurs of daylight chservations and 9 hours of
night observations were recorded, Eleven drfis
were made, the fongest of which was 52 hours

Two drifts were nuude betaeen Fobruare 14
and March 20, 1938 in the storm-free bele o
the convergence of the northeast and sauath
east trude winds near the Equatoe. On the frs
drift the mft was launched 9 naotical miks
nowth of e Ecpuator inopnareg of upweliing
[ruring 194 hours of drifl, 91 bowes of daylglt
obdervaiions were made, The second equatonis
drift began 153 pactical miles south of e
Exquatesr, Dhaeringe 210% hasiers of oreft, (00 howr
of daylight observations were made

The raft drifted 384 pautical miles west Jir
imig bhe first eguatoel dofr and 345 matdl
miles west during the second. Most of the drift
wak due to surface currents. To reduce wind:
imduced drife 4 28-foot parachube was used &
a sea anchor during part of the frst drift and
all of the scoomd. (TF was also wmed  dwring
several of the Hawaiian drifs.)

While the raft was adnft, wave heighls
renged From o o [ moat Haweii and from |0
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Lrritting Object and Pelagic Fish—Gooning anp Macnuson

Fle. 1.

Phi shservation mee wsed in soody,
! m at the Equalor. Average wind speeds
ranged from 10 g 15 knots. Cloud cover seldom
excecded 305

The vhservation chaimber beneath the raft
{Fig. 3) accommodated 2 single observer, wha
could view the aren beneath snd pround the
raft. Two observers manned the drifting raft
from dawn to dusk, Watch positions in e
chamber were rutated each hour. MNights were
spent on the ship, which remained 1-3 miles
from the raft. A skifl priwided Lransportation
between ship and mft,

The observers noted the number of exch Lind
of fish ot the eaft, their posttion wnder of near
the raft, and their fear teon o the raft znd o
ather fish o invertebrates. Night observations
were made under bright moonlight, but a flash-
ight was wsed pe intervals fo debermine L
scCurabely the posetions of the fsh, The ac-
cumulation was quantified by making population
counds of the species preseit af inbervals dusing
the day. An estimste of population changes
during the night was obtained by comparing the
Lest coumit in the evening with the first count on
the following morning.
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Feis. 2

Arvas in which drifts were mode with

the chservaticn taft, off Hawaii {mpeper panel) and

near the Bguator {fower panel).

Pz 3. The abstrvation  cleimber  of
Dk spiscles b right of chamber are snull

tlas raft.
hsh, The

white abgecr behind the chamber s the pirachuee

drogue.
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Tr addition o direct obscrvations, 6,200 ft of
16-mm color movies, and numerons stll pic-
tures were takes.

Fish were captured at the mft with dip nets,
baited hooks on hand lines, costing and trolling
lres, and a small pusse seine net attached to
the sides of the saft. To avedd interference with
the accumulation of animals, collections were
made only at the end of the drifts. Stomach

Fi. 4. Freckled deififish,

Fir. db.  Adult dolphin.

PACIFIC BCIEMCE, Vol, XX, October 19467

contents and external parasites of fish captured
ab the nift were preserved,

FISHES AT THE RAFT

Apimals seen From the obsesvation chamber
{sume are shown, as photographed from the
chamdwer, n Figures da—f)  were  broadly

P, e, Whitetip shark acoomnpanied by pilochsh
and remim.

T de. Amberjack.

Fei. df. Whale shark nccompanied by pemnosa,

P N T S S



Drifting Object and Pelagic Fish—Goomng ann Masnuson

Brouped s transients, visibors, or residents
(Table 1) on the basis of their reaction b the
raft and the length of time they remained near
it, Transients (many of which wers Ityingish,
Exvcoetidae ) did nor dppear Lo react to the mfe,
bat were usually visible vily momentarly s
they swam by. Visiturs did ot ngrererate at the
raft, bat appeared to react to it; they usually
remained near it for several minupes o an hour.
Besidents aggrepated ar the raft: some stayed
in view more or Jess permanently, and ochers
swam out of view for several hours bt usually
returned, Different individuals of Certain species
did st always react in the same way tor the rafe:
these spocies were tonsequently placed in more
than one categury.

Residenbs were of two types: smualler fishes
which stayed in the immedigte vicinity of the
raft and wers usually in view of the obgerver:
ansd large earnivers that were Frequently out of
view: for several hiours, When reappearing after
i peolonged absence, the fndividual of group
old  often be identified by distinguishing
characteristics such as aheasioas, parasites, sCara,
the number in the groap, and body size, The
reixtion of all resident species to the mft was
facultative, since each 3k oecurs tnlependently
of any association with drj fting objects.

small resident fishes were- freckled Jdrife-
lizh, Prewe; Fyaiapbiys (Covier): juvenile pilot.
fish, Nawcrates ducrar {Linaeens}: rough trig-
gerlish,  Canthidermic wmacutatns {Blochy;
sctawled flefish, Afwiarg serifria (Osbeck) (hut
only individuals exceeding about 20 cm, simaller
mes heluving as LSRG amberjack, Serials
rrelions Cyuvier and Valenciennes;  juvenile
greater amberjack, Seriole duwmerili [ Rissoy;
mvenile jack, Carams 5p.; adult and juvenile
mackerel scad, Decuprerns piwnubatys { Eydoux
and Stuleyet); juvenile skipjack tuna, Kt
wonns frelamis (Linnaeus); . fuvenile yellowlin

tuna, Tiwnwns albacares (Bonnaterre); juvenile
dilphin, Coryphaena 5P and juvenile stapes
af foarr reef fishes- damselfish, Abwidefduf
abdamtinalis {Quoy and Gaimard); sea chyb,
Kypboias cimerascens (Forskil}; goatfish, Mal.
IieBE s famposnris Gunther; i squirnel-
fish, Holooentridae,

The large predatory residents were- dolphin,
Corpfpbactia bipparn Linnaeus: wahoo, Avan.
b ylinm solandri (Cuvier); rainbow runner,

= ]

Elapatis Bigipialatys (Chuoy and Gaimard) and
whitetip shark, Corchardivas e EIRIAT, RS-

ally accompan

ted By adult pilotfish and Fermnras,

Remora remora (Linnaeus}.

The freckled driftfish was by far the mose
common resident in both drifl areas. Op all
drifts it was the first 1o appeir, had the highest
rate of accumulatinn (Table 2}, and attained
the largest population, At the end of the second
eqatorial drift, 720 were caught in the purse
seine and several hundred escaped. Many were

also caught ot

the end of other drifts, Freckled

driftish wsaally came o the raft singly or in

sl Ry,
mydar, came |

Onice a green tuste, Chalaia
o the raft accompanied by nine

drifiiish and oge remera. The turtle lefe with

the remora aft

€ a few minutes, |yt the drift-

fish remained with the faft.
Residents acoumulated more rapidly shy day

than by night.
accimlalion 4
residents appea

Stabistics oq phe avernge rate of
if soie of the more common
rin Table 3, e CUTAIMING. fesi-

dents, not listed in Table 2, also acoumulated
mare rapidly by day than by night.
Species  composition  difered between  the

Hawaiinn wisd

equatorial aress, Only 384 of

the 27 fish identified 1o specics in Table 1 were
seen in. both areas, Thive of the more Ok
species off Hawaii, the rough trigrecfish, dol-
phin, and damselfish, were sither absent or rare

in the erjuiabor

al wabers, OF species that were

resicents at sume stage i their life history,

G205 were fomy

non to both aress, whesegs e

listed only as a visitor WS Commaon o haodly
s, Same of the apparent diffenences hetwosn

the aress could

have resulted  From differences

in the time of year or could even be attributable
bo the sample sizes, For example, the occurrence

of rainbow pun

news, pampans dolphin (Cory.

Bbasig eeairelis Linn.al:u:}, and preen furiles

in the equatorial
well b‘:l irrelew

but not the Hawaiian areq ety
ant, for all are common in

Hawaitan witers.

ALFAF

TIVE SHGMIFICA MNiE

Cuir observations provided relevant informa.
tion on the hypotheses tha floating material
(L) provides protection From predators, (2)
Concenbmbes the
cleaning station,

Food supply, and (3) acts as 2
These hypothesss, of course
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TABLE |
ANIMALS SOEN FaDM THE (INSHRYATHH CHampner oF & DEIFTING Bapp®

SAXIRLIM
SPECIHE, GENUS, (W0 FAMILY DRIFT REHAVHIR FIRK LEMoTH WUMAER SEEN
{Common Name in Parentheses) LOCATICN CATDAOY [<m] AT OME TIMI
Abwdvldul whdoniwelis H H o.7-1.0" |
[ darselfsh b
Avawidc yhimm roleovdsd Hia B 15-00) i
{wahpo)
Alnterd seripita H RY 10-31 2
(acrawled fAlefsh ]
Canrbidermis smaralatar H [ T3y’ K]
{rough tngeerfish)
Carawy fally H v an 1
(golden jack)
Caranx sp. H R el 3
{jnck)
Caredarbinmr loapimavar Hn3 RY 125-17% 2
{whitetip shark)
S lbeloms wydar 1] W fdl |
{green durtle)
{.'-r;]'lbiw.'.u p'..‘r.l.-.:j;.rr_r {13 ¥ 3] Bl
{pompano delphin )
Caridmend e finere Hios [ fl-10a" T+
{ddphin}
Coryflarna =, Hoa H H=1% =il
Drévapievns pivewlatwr  adult Hiy RT -25 1,00+
{maddoered scad)
juvemile 3 K 15t I
Driechnantiifae m W 1F |
[spuny puffer)
Echensidar ?E’:r_l.--.-:wim:'nfngin 1 R ! I .
{ remora b
Plaparic bupivwalaie e R kY 1
{mainbaw nenper )
Exovoctudae Hiz T 105 104
{ fiyingfish ) |
Frntwlaria perincia H ¥ e 2 2
{ corncitesh )
Grlabirephala soammoni ERiy W 375 3
{pilat whale)
Halocentricles H k 2 | -
{sperredi=h i
Istinphoridae = H T 129 | i
(maslin} L
Katswwownr pelamii  nadalt H3 T i3 1004 iy
{skipjack tuna) A
juvemnile | RV 1014 k1] 'E‘
K ypboins cimeradivens H [ 25 i3 e
{sea chub) o
Mirwta alfreds H ¥ 101 33t i ; ,:
{mante gy & .
Mumia & il L1 1 ':ll:!
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APECEES, GENUIS. OR PAMILY
(Common Mame in Perentheses )

Malleaiafle by gy TN e
[ geatfsh )
Nawerares dustor adul
{pileihish y
juvenile
NoWenr progons
{ msEn-of-war fish )
Privmive plewer
(gt blue shark)
Fiemes cxamapheys
{Freckled drifsfish )
Rasora remors [itached )
{remars)
Kivweodaw ypus
{whale shark)
Sardaly riecliong®
{amberjack )
Kevioly J-I'u.w:'.lqllr'
(areater amberiack )
S byedemg Barrarmdy
{great Barranads )
Thuanur albacany
{rellowiin Fiena )
Twerfopr sp.
{ breltlerse dodphin
_-r:nr. ;I.;:ih'.: H'__' |:'.'|I|.- [+]

Fedavic: Capepnry: R = Remders- v —

! Measpred leaggrhy o ul.‘e_l gtk gie Edlimanzy,

F Breagh,
! The fist resord Fup Hawaiian walem, g
& Speeasien. presrves] iper SaMurg it ghe radr

TABLE 1 {rentivsd i

———— —_— ———— ;!Elm = =]
uFT BEHAVMK FORE LENGTH MUMRBER SOER
LOCATHON CATEGORY fom) AT GNE TIME
H RV 16-17 1 AN
Hoy By 15-350 7
Hos E 2.6-6,7° 7
1] v 2 I
il W A I
His R Li-124° L0004
Hos Ry 19-30 e
i W 3 1
[ 1-\.
[ E{rl 1
] 3.7 I
FI ¥ L7l |
Hi RV bl ST b
Hi v [ T Hiefe

0% Latirnds; 3 =?:~'-_ 2

Visbor: T p= Transient

niiked by Dr, Feank J, Blavhey Wienis Hils (hvasniaphip Tastitutinn, frm

TABLE =

AveRAcr Nar Ivcnease g DEcREssn Nusmen op HEsinEnTee 4p THE BAFT pip 13-Hoarg Diay
AND 12-Houve Migys M THurg

{ Mumber

af 13-Hour Perivds g

H A A
OCTORER 957

AVGUAT (953

Dsrrr Angag
Pasemitheses )
Hiwan 0 Larege WE

FEBRUVAKY 1964 MARCH 19v4

Day  Wight _|1.|:|- Mighs Ezg.'_ -‘E,Il_ _D.:] EFJ;

ET (o) {7} {48.5) 1) (75 o) (B3] {o0)
Perwed ;;m-_r,u-.f.._.:’ 24 1 7 1 17 1 1031 o
Corgpdaens sp {hevenile) - - - - i —2 i —1
LT T 7 2 3 1 B ! e
Cormpdurens Bphurnr {adulr) i I " i : . * =
Abwdefdul whdomivalic {jmvenife) = - 4 =] i = - x E
Decaplavns biwnsiosr {aduli ) - - m —5 2 [F] i -3
Katraicomor fefan iy {luvenils = ¥ ; i & % i
Sawerater dueior { Javeniie ) = - =X = 1 |
T Cidy |‘|I:.' r-l'liﬁ:h!';:m_aﬁ :'Br.;r_ l:;.-_lﬂ:al'u: .u \;; I:"III ;r\-. JI:I Irl; -_:nr b per 12 B rd .|'||:,-||.:!|| ]lr_irl-
Anced
Il'P-rlﬂ-'IIi-Hl Chasges -Iurm.; th night werny Estimiled py CofEalirg fhe  as ot jn ghe esing wiily £ Bre rownt

the falloating iy Sulire

Flacreanes i bised i the Tate ur the. Bt 1o g Elther by

ause lagwer awmbemn Cicli] fiss b thunted arturately
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are not meteally esclsive. The observations
provided fess information about the  other
hypotheses mentioned earlier, All the above
hypotheses consider the adaplive significance of
floating material in the ecology of pelagic fishes.
The stimuli that release the approach of fishes to
the raft are not discussed.

Provdection. from Prodution

At lenst nine species of fish, both large and
small, rescted to the raft in a way that made
them less vulnerable o peedation, Typically,
when a predator approached the raft, the prey
formed 2 compact group very close to the under-
structure. When the prodator left or ceased
harasments, the ey again :ll:ﬁ-n;ml abwot
the raft, Often the predator chased the prey
to the raft. The value of the mft to the prey
was demonstrated by the fact that only one
species, the amberjack, frequently caught fishes
that had taken shelter under the raft. Observa-
tiens on individual prey species are deseribed
below.

The most common resident, the freckled
driftfish, wsnally took 1 position far below and
dewnwind from the raft and was sometimes
out of view, Driftish were able to match their
background. They had 2 silvery countershaded
coloration when oot under the cift, hart took
on a mattled brown colosation when close un-
der it, and those collected from under an orange
drogue buoy had an aeangre color, Muost of theis
predutar-avoidance activity was i response 1o
dolphins, although some was in response ts
pompana dolphing, wahoos, bottlenose dolphins
(Twriiops sp.}, oe o pilofish which approached
the raft swimming with a whitetip shark. The
hundreds of such responses followed an un-
varying seequence: when one of the predators
cme into the vicnity, the freckled driftfish
suddenly Formed a compact school and swam
rapidly back to the raft or the parachute drogue.
{They also fled wo the raft when an observer
cisbered  the waker,) When an ambetjuck was
preving upon them, they remained within sbout
20 em of the viewing chamber. They attempted
to stay on the opposite side of the chamber
from the amberjack or dodged ot the pilps
between the frames of the viewing windiws,
When the smberjack was not actively feeding,
the deiftfish ranged out again, Small damselfish,
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pilotfish, greater amberjacks, and jacks behaval
similarly to driftfish in response to predasion,
but did not change coloration,

Rough trigperfish ranped far from the nft,
sometimes out of sight, Their rapid retumn o
it wsually heralded the sppesrance of 2 predatar
(Pillfish, o great barracuda, bottlenose dedpluin,
whitetip shark) or apparent predators [schaids
of mackerel scad or o powerboat). They re
st ranging before the potential predutor Je-
parted, except when the predator was a battle
tose  dolphin, Mone of the above speries
exhibited a predatory response towards rough
triggerfish. The teiggerhish did not retumn to the
raft when manta rays appeared and they ususlly
swants et amd met approaching dolphins, Reugh
triggeriish and dolphing may often be associated
in the absence of drifting muaterial; sometimes
they arrived simultanecusly at the raft.

On several occasions, the most successful
pescivore, the amberjack, itself became the po-
tential prey of dolphins and took  shelter
beneath the raft. Although amberjacks fre-
quently ranged 10 to 15 m from the raft un
molested, when the dolphin began pursuit the
amberjack eleded the predator by swimming
close o the chamber, It remained thete for
sume time before ranging oat again,

The dolphin, one of the Jargest residents,
took shelter close under the rft three times:
onde in response to a bottlenose dolphin, once
to a billfish, and cace o o swimmer, Each time
the dolphin swam around the chamber just un-
dex the flotstion drams and took on a colaration
(Fig. 5% that occurred in mo other situation

Fet. 3. The lower dolphing msemed the  dark
cobration when one of- dle observers enterod . the
waber,
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and had not previowsly been recorded {for other
colorations of this species, see Murchison and
h-l'.ep'nnmn, L9580, The dorsal half of the by
turned a dark brownish-black, A sharp separa-
tion  extended Jmtgitu-_]iuull}' along the side
between the dark dorga] area and the silvery
ventral half of the body, The ahove behavior
and  colorstion, ohserved only when [ or 2
dolphing were at the raft, were differsnt from
those seen on similar oecasions when 13 o
mure dolphing were preseat, Then the Eroug
of dolphing swam mmmediately behind o bill.
lish, a whitl‘:tl'p- shark, bottlenose dr:-]p]n'u, and
L Swimmer near the rafe, A pmition im-
medintely behind a Petential predator may be
of advantuge to the prey provided the animasl
hus the speed and mancuverability to maintain
such & position.

Large schools of goarsish attempted to avoid
delphing and amberjacks by swimming to the
other side of the raft, but only rarely did in.
dividuals use the maximum shelter of the raft
by swimming under it As 4 consequence hoth
preditors were able o Prey upon them suecess-
fully.

One of the most clearcut examples of preds-
tor avoidance vocurred when 3 Eolden jack was
chased to the raft by the feeding attacks of five
dulphins. The dolphins stopped . their feeding
passes after the jack swam under the raft. For
several hours the jack swam within inches of
the chamber, The cbserver on deck cold reash
min the water and touch the fish withvut driving
it away, After several hoars jt began o swim
unider the fotation drums, ot mot away from
the zaft. About § hours aftee it areived the jnck
pimed a whitetip shark and spx pilotfish which
swam: chose by, and left the raft in their come-
pany. The delphing took o their feeding colora.
ton, Bt did net attack the jack as it swam off
with the shark. ‘This ingident Provided evidence
bie the protective role that hoth foating objects
and arge animals such a5 sharks play for the
fish that accompany them.

Comcenivation of Food Supply

It hus often been said that fAoating materiul
ancentrates the food supply—singller fish, z00.
plarkton, or sessile bioky, Most piscivares did
et successlully prey on fish that sotght shelpesr
wneath the eaft, byt they did prey extensively

493

on thuse that gathersd at the rafy Bt did not
take shelter beneath i, Zooplankion was ot
comcentrated at the raft, nor Jid large numhers
of sessile organisms attach themselves 1o i,
Kojima (1956) suggested that dolphing were
found near foating vhjects because mure fosnd
was available there, but was unghle +o demiogg.
strute that they fe substantially on other fishes
guthered 2t anchored bambexs rafes § Kejieng,
1860, 1361, Yabe and Muor {1950 arpieed
that abundance of food ws a0 indeguate ey-
Planation for the presence of vellowlfin  gpd
skipjack tuna neqr foating logs because the
fsh ook byie rdily and did not have mich
food in their stomachs, The simultanenys Jpres-
ence of piscivores g Potentinl prey nesr ghe
raft was well documented, yer, g5 M b
ibove, unly amberjack successfully preyed on
the small fish that ook shelter there, We sioy
them chase and ey freckled driftfish, The
stomach of the only amberjack taken at the raft
vontiined theee driftfish, The only other species
we saw catch smaller fish was the acdult dolphin.
Buth it and the tmberfack, a5 has been men.
tioned, preyed nn schools of poatiish tha were
near the raft, bat po under i, The Stoanachs
of 33 dolphins caight near the rafy conttained
only 3 serawled filefish; | sarpassum triggrer-
fish, NawtBichtiygs riNgeN {Linmaeus): apd |
Puffer, Disdon bolocanthy Linnaeus, All were
javeniles, Once we sy n adult dedphin seize
nid eat a freckled drififish which was attemgt.
g to reach the rafp This incident sligpests
that dolphing sometimes intercepted  driftfish
seeking shelter, Prssible suppoiting  evidence
for this suppasition came From observationg off
Hawaii, While the raft was anchored for severs)
days, numerms freckled driftfish, 10 dulphins,
ind 1 amberjack accemulated, The rift yos
then towed by the ship 30 miles diwn the ciest
und set adrift, During the tow the driftish
were outdistanced and all were lest;
delphins andg amberjack remained, Thus, un-
like: other deifts, this drify began with a number

“uf fish—19 desdphing and | amberjack-—ae the

raft During 52 hogrs of drifting freckled
driftfish appeared, Yet i the sime are, fwo
weeks earlier, Approximately 300 and 200 Jrif
fish gathered a the raft on two drifis of sg
and 32 houes, during which only 2 gnd 7
dufphing had sccumulared,
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Two ather predators, wahoos aid adult pilo
fish (with sharks), actively chased smaller

fishes at the raft, but were not observed to
cabch g,

Althanagh zooplaskbion was nof concentrated at
the raft, a number of fishes that eat rouplankton
gathere] there, For example, stomachs of 10
rough triggerfish canght at the raft contained
many plefopods and stomatopods, amd  lesser
numbers of eraly megalops and zoea, amphi-
pods, aind copepods. Stomachs of 81 freckled
deifthish contaned  small  pelagic  tenicates
(Cifaplenra sp.)y, copepods, fish epps, chaeto
gnaths, and wvarious coelenteeates, These fish
also r"'il' al I1i|l4.'r':"]'l[.'u'|l:+\-:m !q.lrt_'h q% 1_'|-|'_"||-:;j1|'|||.'{-5
and tunicabe colomies, Stomachs of 24 damselfish
contained only Chikaplenra sp. Stomachd of nine
small pilothish contrined mostly copepods. All
of these fishes, and also scrawled filefish aind
goatfish, frequently darted afier and caught
znoplankton around the raft. The wind showly
pushed the raft through the water at 3 speed
faster than the swimming speed of the small
zouplankters. Thas, there was no accumulation
of zooplankten, but father & continuous stream
of macroplankton and microplankton  slowly
moving past the underaater windows.,

Finally, fishes at the raft did not feed on the
small amounts of sessile or ambulating biota
present. Only the rough trigpecfish bit at the
ralt. Crab megalops oocasionally settled an the
underside of the raft or on the triggerfish, but
those in the stomachs could hive been faken
as well from the plankton as from the raft
Perhaps a greater growth of biots an the raft
would have altered the feeding hehavior, es-
pecially of the triggerfish, which has a dentition
suited foe grazing. Evans (1955) reported that
trigggerfishes  (Balfiter sp, and  Canthidermis
spo ) cropped barnacls fringing the waterline
of a dritting vessel in the Atlantic Morth Iqua-
tortal Current, - -

Kempmeal of Ertafarairtes

Al the beginning of this study we hypoth-
esized that floating objects serve as clezning
stativns where fishes may gather to have rivta-
sites. removed by other fish, Many fish observed
at the ralt carried cctoparasites, and  several
events sugpested that these were eaten by other
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fish. Fish abso chafed against the raft, another
pussible aspect of cleaning bihavior,

Small copepods were found  on captured
dolphing, freckled deiftish, and roagh trigger-
fish, and were seen on whitetip sharks ani
juvenile  dolphins (Corypbaena sp.). Crb
megalops and peirasibic sopls were also s
on trigpeehsh, The megalops walked frely mar
the fish; the sopods were firmly attached,

Biting behavior was common among rough
triggerhish and was directed toward a trigges-
fish that was h'!ilthlil-lll“ﬂj!. {l'ﬂ.ﬂ.|]-' oriented heud
duown ), apparcntly soliciting predation on pas-
sites. This behavior occurred only when mare
than one triggerfish was present; it was commn
P to 12 m from the raft. The beadstanding
fish did not flee the hiting fish and once even
appearsd by fobate s bondy, kn:n:piuﬂ the sule
with the parasitic Bopod toward the biting fish,
The biting was always directed ar the headstand-
g fish even though several other fish were
very close by, Although we did not witnes
directly the removal of 5 parasite, we saw one
rough triggerfish bite at 1 parasitic isopid on
the cawdal peduncle of another, and soon afier-
ward the isopod was missing. Biting did n
Ippear to represent agpressive behavios; ingrs-
specilic aggression among triggerfish frequently
occurred immediately under the raft, but did
not inclade headstanding. In agpression one
triggerish repeatedly chased others from under
the mft,

Once o roagh triggerfish swam o a dalphin
and apparently nipped at it. The dolphin, some
distance from the raft, had begun leaning to
ane side. Tt had also stopped swimming and
wis almost motionless in the water. Tt lewned
four times within 2 minutes, for perieds of
about O seconds. Stmilar leaning behavior by
dolphing in the presence of rough triggerfish
wis seen on severnl other ocoasions, but did
not elicit nipping by the labber. This behavior
was mot unlike that of inshore fshes sifigiting
parﬂii‘e-{lﬂniﬂg Inbrids (Randall, (958}, Ba-
listids are not among the reposted  inshere
parasite-pickers, bur their dentition  shoubd
make them efficient in this role.

A juvenile delphin, Corpphaena sp,, with a
small reddish copepod attached near the furk
of the caudal fin repeatedly positioned itself
so that its caudal fin was close to the head of

[T

Fic
drusiy

Amatl
g |
st
with
a5 i
ELIRTHETS
Cory,
Feche:
praras

ever,

e
akiif,
dolpl
of o
and ¢
(195
times
1540
abirus
wis |
the r
trigin
dolpl
fing
shark
P’u.rJ.l'.
small
CHATR
paLrias:

Sl
the
TETLY
raft ;
that |
uhjert
muales
portui



Eomren S L oo 1

%

.
ol

Drrifting Object and Pelagic Fish—Goonimc aND MacNrson 495

¥

Pra. a6, Adult -c||:l|p||-i|| :’|1.|f|||||: ipui:l" ] ﬁ}-ﬁ'u“l}l‘l
drum benath the caft.

wnother juvenile delphin, Carypbasna sp. Dur-
ing the display the fish with the ectoparasite
stopped cawdal movements and freaded water
with its pectorals. It did not lean to one side
15 did the adult dulphin mentioned above. On
mumerous  occasions, the juvenile dolphin,
Coryfibaema sp., to which the display was di-
recbed made passes at the caodal fin of the
parasitized fish. At the end of the day, how-
ever, the copepod was still attached.

Several species chafed their sides on the eaft,
skiff. or lines hanging in the water. Adult
didphin commeonly chofed aguinst the botbom
al the rate and skiff {Fig. 6). Sanchez Rog
and Gomez de la Maza (1952 and Heyerdahl
(19507 have reporbed similar behavior. Some-
times dolphin chafe against other fish {Breder,
15493, In one of our film SEQUENCEs, 0L r;n'!u'ﬂ
iheasion can be seen on the side that the [sh
wis rubbing against the skiff, Other species at
he raft which were seen chafing were roagh
mggerfish on the bottom of the mft; juvenile
.]ul|'||'|i|1 on fopes and oo e candal and dorsal
it of whitetip shark: whale shark, whitetip
shark, and scrawled filefish on the rope Lo the
parachute deogue; and 4 spiny paffer, on a
sall fAoating can, This  behavior, especially
amman b cosyphacnids, ocould  reimowve
prasites or relieve skin irritation

Some predation on ectoparasites occurred al
the raft, but the question cemging whether the
emoval of parasites is concentrated near the
aft and other fleating objects. It 5 obwvious
fat removzl of parasites by chafing on hard
bjects would be concentrated near fluating
paterial or laeger Bshes. In addition, the op-
poptwtiey tor feed on ectoparasites or oo ol

parasite cleaning would appear o be preater
near the raft becanse the dsbes useally areived

in small groups or alone and formed larges
aggregations at the raft.

Other Porstble Explanasions

The hypothesis that fshes seck shade under
floating objects has oo substance, Yabe and
Mori {1930) and Kojima (1956} also reached
this concligion, None of the smaller species
tended (o remain in the shade of the raft
Larger species such as rough triggeefish, wahoo,
dolphin, and whitetip shark often ranged far
feom the raft and were seldom in its shadow,
The hypothesss [ Besednow, 1960% that el
use floating material a8 a substance on which
to lay their egos could not be substantinted.
Even though fish eggs are frequently found on
drifting material, no fAsh deposited eggs on the
raft nor were any egos scen on the underdurface,
No data were obfained o test the hypothesis
[(Dramant, 1921} that the shadow of an et
makes the zooplankton more visible to fish.
Four species fed upon .'.t-l'-e;||1:;-|nkt-.':n; the wisi-
hi.li!]-' of these woplankiers may  have been
increased by the raft's shadow.

ML

A Hoating object in the pelagric envieonment
provides a relatively rare “superstrate™ in an
cnviromument nofabile for i horzontl homes-
geneity, This superstrate has some of the some
ecological sigmicanee o cectain pelagic fishes
that a substrate has to inshore fishes. Obwiously,
o singie bivlogical association or adaptive ad-
vintoge can explan the ooowrrence of fish
wroiind Hoabing objects at sea. OF the c{ul-.agil.'ul
hypotheses considered, shelter from predation
i substantiated best and appears to be the most
significant factor in the evolution of fish com-
munities that pather beoeath inanimate drifting
mipberinl in Hee open ocean, -
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MASSACHUSETTS AUDUBON SOCIETY

CONSERVATION WELLFLEET BAY WILDLIFE SAMCTUARY AND WATURE CENTER
%ﬁ January 31, 1985

Mr. Goerge Balags

Hational Marine Misherieg Service
Honolulu Laboratory

PG Hox 3830

Honolulu, Hewaii 96812

Dear George:

I'm glad the informatlon I sent to you was of use to you.

Thank you for the draft peper en ocean debris. This iz an ares
of interest for NMFS and your lab in Woods Hole Iaj let a con-
tract soon to do some work on this probles here. 1 would like
to get involwved because of my work with turtles - and aleo be-
cause ofgill net ghost Tishing and bird entanglements. Could

I get the literature ciled section of the dralt?

In regard to the digested plastick - if it would be of help To
you, I could send you half of one. If you want it, plesse write,
ated IT'11 mail it out. ="

T an alse familiar with Sam Sadove work on Long Island. TI% was

g conversation I had with him and Bob ScholkofT of the Marine
Mammal Center in New Jersey. Both reported finding plastic bags
in esophagus of sea turtiles _p:ﬂtl1 leatherbacks There iz more
rlastic being dumped into the water near them than what 1 Bag
here. Bob msy have some information - if you haven't mlready
written to him. s L

Sincerely,

RBobert FPrespott
Director

L]

PO, BOX 2346, BOUTH WELLFLEET, MASSACHUSETTS 02663  TEL. (817) 399-2615 ’
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MASSACHUSETTS AUDUBON SOCIETY
WELLFLEET BAY WILDLIFE SAMCTUARY AND NATURE CEMTER

RESEARCH december 13, 1984

Mr. Geaorge Balazs
Wildlife Biologist - NMFS
PO Box 3830

Honolulu, HI 96812

Oear Coerge:

I'm not sure how much help I can be, I have necropsied nine 3
leatherbacks in the lgst five yesrs - one sach the first three &

years - in which I found no debris. However, the fourth year
(last year) I did find & partially digested ball of accumulated
plastic in the upper part of the colon In one of tha three turtles’
I examined., This year, I found one ball of plastic in the upper
colon in one turile and the second and third turtles with no ball
of plastie - but with pieces of plastic in their esophagus.,

i Teel only the ballas of tlally digested plastic are of = con-
sequence to the animal. Howeved, plecss 0 pLEStlc onee ingested
are probably not excreted and once enough scoumulates, it will
have an impaci on a leatherback.

I have examined literally over a hundred 2-3 yeaar-old ridleys and
loggerheads and have found no plastie remzins.

A more common cause for strandings of leastherbacks iz their en-
tanglement in lobater-pot lines. Eight of the nine leatherbacks
stranded this year either were entangled or showed secars from be-
ing entangled. I'm not sure that is information you need becausge
I Teel these turtles entangle in active gear - not drifting line.
IT you want to know more about lobster-pot line entanglement, let
me know, NMFS here 1in the Northeast has not shown much of an in-
terest.

1T I can be of further help, don't hesitate to write.
Sineerely,

P

Hobert Prescott
y Director

REzh

PO, BOX 23, SOUTH WELLFLEET, MASSACHUSETTS 02863 . TEL (617) 340-2815
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{Drgweing: M. Luconder)

The Lucander 31-foot (9.3 m) mini-seiner /longliner.

The deep Fforefoot, easy buttocks and long keel makes it an easily handled

boat, with an e¢asy motion, very economical and the flared topsides provide
excellent stability. More information from: Nils Lucander, 5307 ¥%. Pearl

Streat, Tacoma, WA 28407, U,.5.4,

Pumice forces fish ashore in Fiii
(Sources:Fiji Sun/Fiji Times/SPC)

yillagers of 0Ono-i-Law, Fiji's most southerly inhabited island, crowded
thelr beaches early in June to gather fish apparently trapped and forced to the
surface by huge quantities of floating pumice stones,

Magses of pumice were reported in April by SPC Master Fishersan Paul Head,
whose trolling lines were repeatedly clogged by the material. That reported
from Ono=-i=-l.au was much thicker, and villagers were able to walkx on the pumice
to collect Eish floating between the islands of Ono and Doi. The pumice is
thought to have originated from one or more underwater volcanic eruptions in
Tonga during March.

Mmo=-i-Lay villagers were disappointed that Fiji's fish collection wvessels
ware far away from their island at the time, and could not assist them in
gerting their windfall to Suva market for salea. Ono-i-Lau is two days journey
from Suva and, as no chill facilities are available on the island, the fish
would have been decaying bafore they could be collected. However, the islanders
contented tnemselves with a huge feast on the wore than 2000 large fish they
collacted.
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Later in June the pumice spread to many other parts of Che Fiji group, and
south easterly winds at the end of the month brought it around the area of the
capital, Suva., Thick grey blankets of the tiny pumice rvocks clogged Suva
harbour and gave vessels the appearance of being beached on a flat expanse of
grey sand.

Reports from Tonga say that the eruption which produced the pumice lasted
six weeks and was located at Home Reef, where volcanic activity has been
recorded frequently in the past. The site of the eruption has been marked by
the Fformation of & new island 1.6 lm long and 0.8 km wide, but which is likely
to wash away in a strong storm.

Trouble with Tuna Transhipment in Northern Marianas
{Source:; Pacific Magazine)

The value of the tuna transhipment industry on Tinian is being debated in
goveroment circles, and hearings have been schaduled to decide its fate. Tinian
leaders welcome the industry, which has brought jobs and income to the island -
but several incidents of violence have others worried. There was a "mini riot"
between sailors and residents, and a sailor was seriously woundad when he was
stabbed with —a fishing spear. A sleeping Palauan stevedore died when he was
axed in the neck by another., Health officials say the Tinian harbor has been
polluted, tod.

Do tropical fish spoil less rapidly in ice than temperate fish?

It has long been contended that cold water fish spoil more rapidly in ice
than tropical fish because the normal bacterial flora of their bodies is better
able to survive and cause spoilage at ice temperatures, A number of astudies
hava hesn carried out which add weight to this contention, such as that
described in the Following article by John Sumner and Elizabeth Gorczyca in
FAO'a Fisharies Technology News Mo, 6 (December 1983):

"The considerable ecircumstantial evidence that tropical f£ish keep longer
when stored in ice than fish from temperate and cold waters led Dr Jim  Shewan
to propound the theory that keeping times in ice were related to the numbars of
paychrotrophic (cold-loving) bacteria present, cold water fish baing mors
likely te have higher numbers of psychrotrophs and therefore to spoil more
rapidly, A series of experiments carried out at tha Royal Melbourne Institute
of Tachnology (RMIT) lends weight to Shewan's theory. Mullet (Mugil cephalus)
caught off Brisbane from waters of 23 degrees C kept 26 days in ice compared
with 20 days and 21 days for the same species taken from Gippsland (Victoria)
waters of 9 degrees €, Rainbow trout (Salmo gairdneri) harvested from the same
fars in Buxton, Victoria, kept 18 days in ice when taken in summer (water temp.
18 degrees C) compared with 14 days and 15 days in winter (water temp. 5
degreas C), In bocth sets of experiments at the time the fish was rejected by a
trained taste panel total bacterial counts (22 degrees C) were 10 =10 fg, with
H S-producers (mainly Alteromonas putrefasciens) being 10 =10 fg and compriging
|-10T af the total count, Rejection by the taste panel approximated depletion
of the nucleotide, inosine monophosphate (IMP), depletion being accomplished
mare rapidly in cooler-water fish."

However, a review article by FAQ's Carlos Lima dos Santos in Volume 23 of
Tropical Science suggests that existing data collected from fish srorage trials
fall Ear short of walidating this theory. Lima dos Santos' articla brings
together for the first time detailed results of over 200 different trials on
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Encounters of Hawaiian Monk Seals
With Fishing Gear at Lisianski Island, 1982

Inireduction

Interactions of marine mammals
with various fisheries are documented
for many specics (Mate, 1980; Bever-
ton, 1983 Contos, 1982), though
studies have generally emphasized
direct interactions which economical-
ly impact a fishery, take considerable
numbers of marine mammals, and
have high public visibility, Less ap-
parent inferactions, such as entangle-
ment in lost or abandoned fizhing
gear, are more difficult to assess, et
may significantly impact some marine
mammal species,

Morthern fur seals, Callorfines wre
sirmlis, have been observed entangled
in net debris on shore and at sea
{Fiscus and Kozloff'; Jones’;
Scordino and Fisher'), and such en-
tanglements may be a source of
significant mortality For the species
(Fowler, 1982). Collars of rope and
plastic sirapping have been reported
on Cape fur seals, Arclocephalus
prsiius  (Shaughnessy, 1980), and
Antarctic fur seals, 4. gazella (Bon-

"Fiscus, . H., and P, Kozloft. 1972, Fur sesl
arsd D=k netting. Appemdix E in Fur seal in-
westignbions, po [3-132, Moil, Mar, Mammal
Lah,, Momhwes Alnska Fish, Cenl., Mail. Mar.
!‘15|'|. Serv., MOAA, Seatile, WA GR112
“lomes, L. Lo 1982, Iocidental take of nariberm
fur seals in Japaness pillmes n e Mol Pacilic
Choean it 1981 Background peper submitied o
the 2%th Anmual Meeiimg of the Scanding Scien-
tifke Commiine:, Morth Pacific Fur Seal Com.
i, Ditawa, Iﬁ]fu.
*Beording, 1., and K. Fisher, 1983, Investigs-
tsang an Tur seal entanglement in net fragments,
i e i and other debris in 1950 and 19§32,
2. Paul lsland, Alsskn, Beckground paper sub-
mistted o Che 260 Annissl Mestmg of the Stand-
ing Scienlific Commiries, Morih Pacific Fur
Seal Commission, held on March 28-Agril B,
1953 in Washinglon, DoC., 33 po + appendix
lables and Figures.
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ner amd MoCann, 1982). Hawaiian
monk seals, Momachus sohauinslandi,
are also known o become entangled
in fishing gear and other synthetic
debris, Monk seals with distinctive,
garrote scars have been observed, as
have animals bearing net fragments
and debris (Balazs, 1979, Kenyon,
1980 Gilmartin®). A weaned monk
seal pup at French Frigate Shoals was
found entangled in, and immobilized
by, a piece of fishing net to the extent
that drowning would likely have
resulied had the animal not been freed
{Andre and Ittner, 1980).

Fragmenis of lost or discarded fish-
ing gear regularly wash ashore at all
of the Morthwestern Hawsziian Islands
(NWHI). At Lisiansk: [sland this oc-
curs predominantly on the east (wind-
ward) side of the island and the debris
includes mel fragments, tangles of
rofpe and line (some of which may e
mooring line), and assored glass and
plastic floais, In 1978, Fiscus eof al.®
counted 1B pieces of nelting at
Lisianski which they considered could
entangle a seal. MNet fragments and
tangles of line akso foul on the reefs
which extend approximately 100 m
offshore on the north and cast sides
of the wland, and remain partially
submerged in the shallow (<3 m)
water, The size of these [ragments
ranges from small (< 1 m?*) pieces to

W, G Gilmartin, pers. commaun., Henaluba
Lahomacory, Scethwest Fish Ceml., MNail. Mar.
Fush, Sery., NOA, Honolulu, Cdieber 1981,
TFmcus, C. H., A, M. Johnson, and K. W,
Kenyon, 1978, Hawalian mwonk seal { Moo
Setroreiistamel}  sarvey of the Mocthwestern
{Lecward) Hawnisan lslands, Northwess Alasks
Fish, Cent,, Mo, Mar, Fish, Serv., MOAA,
Seattle, WA 9E112. Proc. Rep., 37 p.

virtually entire nets weighing over 100
keg. Many of these pieces have been
identified as originated from Japancse
trawls and gill nets {footnote 5.

From March to September 1982, a
study was conducted af Lisianski
Island to assess the effect of ragging
on the behavior of weaned pups.
Methods included individually mark-
ing all pups. During the course of this
study, seals were observed to en-
counter fishing gear, These observa-
tions are reported here,

Oihzervations

Presence and Accumulation
of Met Debris

Those net fragments on the island
which were deemed hazardous 1o
monk seals were sampled and inven-
toried early in the season, and such
debriz which accumulated throughout
the ficld secason was similarly
monitored, Asesmment of the hazard
to seals was subjective; criteria in-
cluded size of the frapment and
presence of loops or holes large
enough to encirele the head of the
scal, Fifty-two net fragments which
had beesn present an unknown time
were counted and 21 fragments
washed ashore during the & months in
which field personnel were on the
island.

Inventory of debris included re-
cording the size, location, color, and
ivpe of material, Samples were taken

Johm E. Hederson is with the Hosolok
Laboratory, Sousthweest Fishenes Center, Na-
tional Marine Fiheries Service, MNOAA, PO
Box 3EM0, Flonahle, HI S6812,
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for subsequent determination of twine
and mesh sizes,

Seals Lying on Nets

Seals of all ages often hauled out
atop or adjacent to piles of net and
ling which were high on the beach. Mo
records of this behavoir were main-
taimed, though the behavior was par-
ticularly evideni among molting in-
dividuals who apparently scck objects
against which they can roll or rub o
Facilitate sloughing of T old pelage.

Pups Investigating Met
Fragments and Floisam

Five weaned pups, none of which
was involved in the entanglement in-
cidents deteribed  below, were ob-
served investigating floating net frag-
ments, The pups swam  into amd
around the fragments, often surfacing
with mesh covering their head and
neck, A sixth weaned pup was ob-
served investigating a large nel frag-
mett which was fouled on a rock
ledge. Although no entanglement oc-
curred during any of these incidenis,
encounters such as these could easily
result i entanglement if holes large
enough o accommodate a head or
flipper were present in the fragment,

Weaned pups were also frequently
observed nuzzling and imvestigating
plastic and glass floats and other flot-
sam, often mouthing various objects,
including shards of broken glass
floats, Mo injuries from these in-
cidents were noticed, One pup in-
serted its muzzle into a 7 cm diameter
plastic ring which remained tightly en-
circling the seal's snout for 24 hours
before it was removed by leld person-
nel.

Entanglements
fncident Cne

Soon after armival at Lisianski on
17 March, field personnel observed a
large mass of net approximately 25 m
offshore on the east side of the island.
Subsequent mspection of the nel on
8 April showed that it was fouled on
coral rubble in water 34 m deep, and
the bulk of the net mass was floating.
A 43 cm green sea turtle Chelomia

&l

mivdas, and a small wlua, Caranx sp.
entangled in the net were released,

At 1430 hours on 22 April a weaned
male pup was found entangled in the
same net. The pup's head and left fore-
flipper were inserted through a hole in
the mesh, and {ive (o six sirands en-
circled the neck and fMipper. The pup
was hying atop the net mass and not 1n
immediate danger of drowning, but il
was 0 firmly entangled that escape
was unlikely and it probably would
have starved had it not been released.
The net was drageed ashore. It formed
a pile 1.5 m high, 2 m in diameter, and
probably weighed over 100 kg. The
iwine was gray polypropylene 2 mom in
diameter; the stretched mesh size was 9
.

Tncident Two

At 0B30 hours on & May, a weaned
pup was observed ashore on the north
end of the island with a piece of net
arcund its chest. The net fragment did
not impede the seal's movements, but
was tightly constricied about the
chest, forming a 1-2 om deep depres-
sion around the animal. The net
would likely have eveniually slipped
off due to postweaning weight loss
and the attendant reduction in girth,
Monctheless, infection and necrosis of
the constricted tissue surrounding the
comstriction might also have ocourred,
or the net might have fouled on a
picce of coral as the seal swam. The
et fragment was removed by feld
personnel. The gray polypropylene
fragment measured 30 = 60 cm, had
a stretched mesh size of 10L5 cm, and
a 2 mm twine diameter. The pup had
been entangled through a hole in the
wieb, not in a sangle mesh.

Tnctdent Three

AL 0E30 hours on 8 May, a weaned
pup was heard vocalizing repeatedly
from the reef edge, approximately 100
m offshore from the ecast side of the
island. Closer inspection revealed the
male pup to be entangled in an 80 x
30 cm mass of monofilament net and
25 mm diameter polypropylens line,
The net apparently had been fouled on
the shallow reef for some time, and
the pup had become entangled by four

L

strands of the bne, two strands each
anterior and posterior tothe front flip-
pers, girdling the chest, The entire
tangle was in water approsimately
.25 m deep, the tide was low, and the
seal was held so tightly that had
biologists not released the animal, it
would almeost certainly have drowned
during the incipient high tide.

Incident four

Al 0830 hours on 9 May, an adult
fernale seal attended by her 26-day-

old nursing pup was seen apparently
entangled in & mass of net and line at

the reel edge, about 75 m off the
northeast side of the island, The
femnale appeared (0 have geveral coils
of ling draped owver her neck and
back. The pup was swimming and
vocalizing near the female.

Research  personnel prepared
equipment for restraining and releas-
ing the female, bul upon returning o
the site at about (930 hours, they
found the female had freed herself
and was ashore nursing her pup. The
net which had entangled the female
washed ashore later the same day, 200
m west of the entanglement site, The
net mass comprised assorted polypro-
pvlene lines and monofilament net,

Imcident five

At approximately 0900 hours on 23
June, a weaned male pup was found
entangled in a met mass on the east
side of the island. The net was the
came one that entangled & pup on 22
April {incident one). Though the net
mass had been previously dragged
ashore, high tides and wave surge had
mowed it about 400 m north, where it
was in the wazh zone of the beach.
The pup was lyving atop the pile en-
tangled by a twisted noose of mesh
about its neck (Fig. 1), As in incident
ong, the pup was not in immediate
danger of drowning, bul was £0 firm-
Iy bound that escape would have been
unlikely. Field personnel released the
pup and retained the mesh noose,
(The net was later moved high up on
the beach.)

Tiscussion
Although the number of hazardous

Marine Fisheries Review j#yirly



nmets counted on  Lisianski  was
markedly higher in this study than
counted by Fiscus et al, (footnote 5) in
1978 (52 versus 18), this amount does
n necessarily represent accumiula-
tiom over 4 years, Some of the neis
cataloged in 1982 were found in
vegetation well up the beach, and may
o have been seen during the 4-day
visit in 1978. Criteria by which a net
was deemed hazardous may also have
been less stringent in 1982 than in
1976, Monetheless, the large number
of fragments accumulating through-
out the 6-month field season in 1982
indicates that floating debris is ubi-
quitous in the waters of the NMWHL

Twenty-5ix pups survived to wean-
ing at Lisianski in 1982, When field
personnel departed the island on 15
Seplember, 25 pups were still alive,
The one pup that died was once en-
tangled (incident one), but the death
was unrelated to that incident. During
a l-month field camp from 26 Oe-
tober to 22 November, 24 of these
pups were seen.

Since all pups were bleach marked,
the identity was known of all n-
dividuals observed entangled in or in-
vestigating nets. The 10 imcidenis
reported here (4 pup entanglements, &
observations of pups investigating
debris) involved 10 different animals,
38,5 percent of the pups of the vear.
Three of these entanglements could
have resulted in death of the monk
scal had researchers not intervened.
Moreover, the large percentage of
pups known to have interacted with
nets sugpgested a general propensity in
pups to explore fishing debris. En-
tanglement of northern fur seals,
Callorhinus wrsinus, is believed 1o
simibarly result  from  investigative
behaviar by the seals rather than from
accidental blundering®. This in-
viestigative behavior, coupled with the
presence of large amounts of such

*Seording, 1., G. Beckman, H, Kajimurn, K,
Yaoshada, ¥. Fujmmaki, amnd M. Tomaa. 1954,
Investigatians on fur szal em m 19&1
and comparisons whh 1581 and 1582 emtangle-
e data, 51 Paul Bland, Alasica, Backproand
paper subminied to the XTth Annual bMeetmg of
the SEnding Scentific Commites, Momh
Pacific Fur S=al Comenissiom, March Bﬁ.[.'li
6, 194, Moccow, M p 4 appendices and
figumes.

#6(3

Figure 1, = Hawsiiamn mﬁsmlpup}ﬂdanpmtwem&meumw in & frag-

merl o

debris, could lead to considerable
mortality among recently  weaned
monk seals. The escape of an ap-
parently entangled adult female sug-
pests that nets and other debris may
present less hazard o adulis than o
pups.
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Comiments by Linda L. Jones and Joe
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- P.0.-BOX 25413 HONOLULU, HAWAII 96825
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The value of green sea turtles as ecoloaical,
educational and aesthetic components of our
Hawaiian marine emnironment is well-known to many§
residents and tourists who haouve seen these greal  §
reptiles swimming in Island waters. These reasons
alone seem sufficient to justify current pro-
tective laws aimed at preventing further population
declines following many years of heouy and
uncontrolled exploitation. However, an additional
benefit of special interest to the fishing community
hos now come to fight. The following short but frue
“fish story” was recently ralated to me by my
colleague, John Maughton, of the National Maring
Fisheries Service: %

While trofling between Kauai and Nithau

during calm weather, o furtle about two-feet
long was seen floating at the surface with
several seabirds circling overhead. A closer
inspection revealed the presence of small fish
aggregated under the turtle along with fuwo
mahimahi, As the boat passed by, the turtls
quickly dove out of sight and both fish were t

=T

hooked-up and landed. The total catch
amounted fo a respectable 40 lhs,

Maybe there is something to the Japanese
“Urashima Tara” folk tale where the sea turtle
becomes the fisherman’s goad friend!

George H.Balazs
Honolulu, HI
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EUR LES COTES DE FRAMCE 2

la mort. Celle-ci survient par noyade de I'animal, soit lorsqu'il vient
s'entortiller les membres antéricurs dans un orin de casier, soit lors-
qu'il reste prisonnier du chalut pendant le trait. Toutefois, lorsqu'une
tortue s trouve prise lors de la remontée du chalut, ou lorsque le
casler est remonté rapidement aprés la capture, Ianimal a des
chances de survivre. C'est précisément & ces circonstances gque nous
devons d'avoir pu faire le marquage des six Tortues luth, dont nous
avons parlé précddemment,

AsSeZ rarement, nous avons constaté gue des bouts de lignes se
trouvaient accrochds aux tortues par des hamepons. Mais il ne nous
parait pas évident que ces engins de péche constituent un Cacteur
de mortalité.

Les autopsies pratiquées au cours des cing dernidres anndes
nous ont révélé que les estomacs de Tortues luth pouvalent recéler
la présence de corps étrangers. I1 s'agit de sacs en plastique dont
nous avons retrouvé les restes chez cing animaux, sur doure autop-
siés. Dans l'un des cas, la mort de la tortue a pu ére rattachde, avec
certitude, & cetle ingestion accidentelle, Le 6 octobre 1979, une femelle
(196 cm de longueur totale et 160 cm de carapace) a &ié trouvée,
affaiblie, sur la plage d'Arsen-Ré (Charente-Maritime). Aprés de
vaines tentatives de remise & l'eau, elle fut transportée dans un
bassin d'eau de mer oir elle mourut trois jours aprés. Son estomac
était rempli de morceaux de sacs en plastique dont l'ensemble attei-
gnail un volume de 5 litres, environ, L'examen histologique de la
paroi de l'estomac montrait que cet obstacle permanent au transit
digestif, en provoquant des contractions anormalement fréquentes
des parcls, avait entrainé une hypertrophie compensatrice de la
musculature, puis une fibrose inflammatoire. La sténose pratigue-
ment totale qui s'est ainsi formée a conduit 1'animal, par dénutrition,
a I'état cachectique dans lequel nous l'avons trouvd. Bien qu'il soit
impossible de dater le débutl de l'occlusion, on peut vraiscmblable
ment supposer que ¢¢ processus s'est déroulé sur plusicurs mols
(Duguy, Duron, Alziew, 1980).

I est trés probable que cette ingestion de sacs en plastique n'est
pas accidentelle, en ce sens que les Tortues luth ne les avalent pas
en méme temps que les méduses mais, au contraire, guelles prennent
velontairement ces morceaux translucides, par confusion avec des
fragments de méduses.

La contamination des Tortues luth par les micropolluants Orga-
nochlorés a été étudide chez trois femelles ot un mile, capturds ou
trouvés morts, en 1976 et 1979, Les résultats détaillés des analyses
pratiguées sur le muscle, la graisse, le foie, le rein ct les testicules,
publiés dans un précédent travail (Duguy, Duron, Alzieu, 19800 ont
€t¢ présentés dans le tablean IIT, 11 apparait que seuls les PC.B, et
le D.D.E. se trouvent en guantité notable, alors que les fencurs en
DD.T. et DD.D. sont extrémement Faibles. De fagon gpéndrale, les
degrés de contamination des quatre individus analysés sont COT -




28 LA TORTUE LUTH

rables et les teneurs en P.C.B. et D.D.E., rapportées aux tissus Ivophy-
lisés, augmentent sensiblement dans lordre: muscle, rein, foie,
graisse, c'est-d-dire dans le méme sens que la richesse en lipide des
tissus, 8| I'on examine les teneurs exprimées par rapport aux lipides,
on remarquera qu'elles sont du méme ordre de grandeur dans tous
les prélévements d'un méme individy, Ceci tendrait & montrer que
la contamination des lipides est untforme dans l'organisme, donc
d'origine ancicnne ou trés peu dépendante du métabolisme présent,
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Alzier, 1983,
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,Eo¥ Turtleman --
The auntopeies carried out over the last five years have shown us that the

stomachs of leatherback turiles may conceal the presence of forelgn objecte.
These are plastic bags, the remains of which we have found in five animals out of
twelve sutopsied. In one of these cases the death of the turtle could be ascribed
with certainty to this accidentsl ingestion. On Oetober 6, 1979, & female (195 cm
total length, 160 cm carapace length) wae found in a weakened sondition on the beach
at Ars-en-Ré (Charente-laritime). After unsuccessful attempts %o return it %o the
gea, it was moved to a seawater tank where 1t died three deys later. Its stomach
wag filled with pleces of plastic bage with a total volume of ground 5 liters. A
histological examination of the stomach walle showed that this permanent obatacle to
digestive paseage, by provoking abnormally frequent gontractions of the walls, had
brought sbout a compensatory hypertrophy of the musculature, and then an inflasmatery
fibtrosis. The practically total dismksge stenocsis which wag thue formed had led
the snimal, by lack of nutrition, to the enfeebled gtate in whieh we found it. Al-
though it is impossible to assign a date to the beginning of the occlusion, one can
probably assume that the process developed over several monthe {Duguy, Durom, Alwieu,
1980).

1t is very likely that this ingeation of plastic bags is not accidental, in the
gense thet the leatherbacks do not swallow them together with medusae but, on the
contrary they take these translucent morsels voluntarily through confusing them
with fragments of jellyfish.

Contamination of leatherback turtles by organochloric micropollutants has baen
gtudisd in three females snd one male, captured or found dead, in 1976 and 1979.
The detailed resulie of analyses carried out on muscles, fat, liver, kidneyve and
teaticles, published in an earlier work ‘Duguy, Duren, hlzieu, 1980}, are presented
in Table III. It appeared that only FCE's and DDE were found in soneiderable guant-
itiss, the content of IDT and LLD being very low. In a general way, the degrees of
contamination of the four individuals analyzed are comparable, and the contente of
FCE and DIE aescciated with the lyophylized tissues increase appreciably in the
order: muscle, kidney, liver and fat, that is to say, with the same tendency as the
abundance of lipid in the tiggues, If we examine the contents expressed by their
relation te the lipide, we will note that they are of the same order of magnitude
ing all of the samples from the same individual. This would tend to ghow that the
contamination of the lipide is uniform in the orgeniem and thus of longetanding
origin or very little dependent on the current metabolism.

Table IIT \\J
7 T-’ai uiu

e “‘fﬁgf..~ ﬁ%&ﬂ1takALLJA- “Hauwown
+ T::D&‘_.;.M; 1982 ”Ebﬂ?_

geg



5T L 8. 0RO 1977 -0-TRA-052 /1118

Eﬂﬂ%fid‘ U5 DEFT. OF COMM, | DATE

Praver. . 3/8/85

PAO -2y ANSMITYAL SLIP : 5
TRk Caktahonen REF. HO. O ROOM, BDG.
"[.a:-:a]_ REF. MO O D0, BUBGL

ACTION
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(] Taxe arProPRSATE AcTION [ sevesmowre ano repcar

COMMENTS:

Your turtle friend asked =e about the
posalbility of having tha attachaed
translated right after you left. Let

himpay you in turtle meat if nothing
elsel Would you mind?

thanks,

hazal



CHARTERED | B s
COLLEGE OF WILLIAM AND MARY
VIRGINIA INSTITUTE OF MARINE SCIENCE
SCHOOL OF MARINE SCIENCE

Gloucester Palnt, Vieginis 23083 12 Hovember 1984 Phona (B04) B43-2111

Dr. George H., Balazs

I Wildlife Biologist

Matienal Marine Fisheries Service
Hooolulu Laboratory

PO Box 3830

Honolulu, Hawaii 96812

Dear George:

In response to your letter regarding the problem of debris in turtle
guts in our area (Virginia, Maryland and Delaware), there seems to be little
if any problem here.

The primary reason for this is not that floating plastic bags, etc.,

are rare, but rather the most abundant sea turtle is Caretta (>90%) with
Lepidochelys next in abundance. We may record only one to half-dozen
Dermochelvs each summer.

In recent summers I could find recerds of only two turtles {of hundreds
examined) that were involved with plastic trash.
~— The first of these was a loggerhead (50.5 cm straight line carapace
flength} taken live in a pound net at the mouth of the Potomac River om 5
- Cﬁ-’]n ! October 1984, This animal had the half-round base of a plastic champagne
i | "eork™ stuck around the base of the lower left jaw. This did not obstruct
4" 2 | the action of the jaw but there was a small necrotic spot on the inner jaw
/ surface beneath the plastic. The turtle was very vigorous, and we released
L_ it (sans "cork") after taking measurements and blood samples.

The second turtle was a leatherback (129.7 cm CL8) which stranded,
._4q | bloated at the mwouth of Chesapeake Bay just on the ocean side of Cape Henry
:E:J}ﬁ i on 17 October 1983. This specimen was well along in decomposition, but had
N a piece of the plastic wrapper from a ketchup packet in its intestine. This
plastic piece was too small to have caused intestinal blockage.

I hope this mesger informatiom is of interest to you.

Best wishes,

— Jobn A. Musick
Professor of Marine Science

JAM/ghr
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Whale Foundation vice presi
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Lost Year Specimens

There appear to be no data in the literature on the diet of wild
hawksbl 11z of the size range represented by the four specimens that
stranded on Florida beaches (Witzel1, 1983). Because of the
considerable Interest among the sclentific community In nn;Tne turtles
of this slze class—particularly as regards thelr habitat occupation—

the results of anmalyses of the digestive tract contents of these

specimens are reported in detall In Table 7.
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Data collected by KaJlhara and Uchida (1974) an the carapace
lengths of 156 hawksbills caught for the taxidermy trade in Southeast
Asia offer some of the most convincing evidence ever presented for the
existence and length of the lost-year period for hawksbills. In spite
of Intensive economic Incentive for fishermen to supply the taxidermy
trade, no turtles under 15 cm carapace length, and only a few In the 15—
20 cm range, were found in the factory. The authors suggested that a
change in habitat cccupation takes place at approximately 16=18 cm
carapace length,

An alternative solution to the lost-year puzzle for hawﬁsbflls Is
offered by Witzel1 and Banner {1980), who reported that at least some
past-hatchling hawksbills (> & em) inhabit coral reefs in Western Samoa.

The contents of the digestive tracts of four hawksbills reported
here provide corroboration of the theory that the lost year [s spent
assocliated with Sargassum rafts, although caution must be taken In
interpreting data from stranded specimens. The possibllity exists that
atypical foods were consumed subsequent to the Injury or onset of
disease that resulted in death. The food sample from UF 54846 can
probably be considered free of this blas because death was almost
cartainly due tn_asphvxiatiun by tar. Food present in the digestive
tract was therern;e consumed beforehand, and can be assumed to be
characteristic of the normal diet,

Sargassum was present in all four specimens, although in enly two
cases cn&ld It be positively assigned to ane of the pelaglc speclias of

the genus that is known to form large floating mats. Fish eggs of the
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suborder Exocoetolidel were attached to Sargassum in UF 54846, This
suborder Includes flying fish, half-beaks and needlefish; most of the
species within It are known to be pelagiec. The presence of these eggs
in the digestive tract Is evidence of surface feeding, In any case, as
is that of bouyant styrofoam particles and plastic beads.

The relative importance of plant and animal matter Is difficult to
assess with the 1imited sample. Both were well represented. Sargassum
was present in sufficient quantity te suggest purposeful ingestion.
Norris and Fenlcal (1982) discuss the apparent avoidance of Sargassum by
many herblvaores In the Earrhbeap. and suggest that the p;asuhce of
tannin=like polyphenollic substances within members of the family
Sargassaceae may be responsible. In a wide survey of the feeding habits

of West Indian fish, Randall (1965) found that relatively few fish feed

on drifting Sargassum, sea chubs and the triggerfish Melichthys being

notable exceptions,

~ The abundance and diversity of man-made debris In the digestive
tract contents reveal the vulnerability of marines turtles—at least at
this 1ife history stage—to cceanic pollution. A1l four specimens
examined had plastic refuse in the digestive tract; some had several
different types., OFf the many oceanic pol lutants, petroleum products
undoubtedly rePre;ent the greatest threat to survival. Death of at
least ane, and probably two of the specimens can be attributed with some
conf ldence to this cause. Two were fouled externally and thres had tar
present in the digestive tract. The esophagus of UF 50027 was heavily

coated and tar aggregates were present throughout the digestive tract.
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The presence of oceanic pollutants In the digestive tracts of the

turtles may be a result of thelr association with the jargassum raft
community. Pollutants such as ofl, styrofoam and other plastics are

well known components of the rafts. Thelr presence there has been

identified by Carr (1983) as a potential threat to maride turtles of

lost year size,
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Drift Plastic—An Expanding Niche for a
Marine Invertebrate?

JUDITH E. WINSTON

The American Museumn of Natural History, Central Park West at 79th Sireet, New York, NY 10024, LS4

Bench collection of plastic litter washed ashore a1 Fort
Pierce om the Atlantic coust of Florida showed that, while
some of this material may have had a local source, much
of the rest originaled in the Caribbean. During its pelagic
existence the plastic commonly became encrusted by marine
organisms. In contrast to the diverse assemblage of
organisms pssociated with pelagic Sorgassum, however,
the number of species encrusting drift plastic was limited,
being dominated primarily by the colonies of the bryozoan,
Elgctra tertella, an organism which may be ncreasing its
abmmidance and distribution, due to increasing amounts of
drift plastic substrata. ]

Strong onshore winds or storms, particularly in winter
months, cast tons of Sargassum ashore on Florida's Atlantic
coast, Entangled with the masses of weed and its associated
community, are other pelagic organisms, Physalic and
(more rarely), Velells and JSanthing, as well as large
quantities of tar {the subject of much recent study, e.g.
Butler ef al., 1973; Cordes et al, 1980, Van Dolah et al,
19800 and an amazing amount of plastic trash, often
.. encrusted with sessile organisms,

5 The amount of plastic produced worldwide has increased
enormouwsly over the last 30 years (Carpenter & Smith,
1972). It is not known how much of this eventually ends
up in the oceans, but there 5 no doubt that plastic pellets
and spherules now occur in areas far removed from shore
sources or major shipping lanes (Venrick of al, 1973
Morris, 19800), and that chemicals derived from plastics
have become incorporated into the bodies of marine
organisms {Fowler & Elder, 1978; Giam ef al, 1978; Maorris,
19, Most studies bave included only small particles —
those that can be collected by neuston nets (Austin &
Stoops-Clas, 1977, Carpenter &f wl, 1972; Carpenter &
Smith, 1972; Colton ef al, 1974; Morriz, 1980b; Van
Dolah ef al., 1980). Only two shipboard studies refer to
sightings of large pieces of plastic. Yenrick ef ol (1973

| [ S ey G, PR O PR R R e Tl i TGSl L AL Rl T g 0

were plastic) on the surface of the central north Pacific in
an area 600 miles from the nearest landfall (Hawaii) and
outside main shipping lanes, while Morris (1980a) found
that in the Mediterranean, where pollution of this ype
eould be expected to be high for both oceanographic and
demographic reasons, 60-70% of objects over 1.5 cm in
size appeared to be plastic debris such as bottles, sheets,
cups, packing material, etc. In addition, beach studies of
marine litter (including plastic containers and plastc
fragments) have been carried out on British amd Wes
European beaches, where a large proportion of litter was
found to originate from shipboard sources (Dixon &
Drixon, 1981).

Table 1 shows plastic material obained in one collection
along the hightide line over approximately 14 mile of the
North Beach, Fort Pierce, Florida, on 23 Decemnber 1980,
after several days of onshore winds, This sample included
only those items (76) encrusted by at least one bryozoan
colony; the total number of items present was at least
douhle that number. Mast of this material (51 items) con-
sisted of whole or parts of plastic containers or container
tops. Most items (47) were semi-flexible, though some had
become brittle apparently due to breakdown of the
plasticizers with age (Carpenter & Smith, 1972). Comp-
osition included high density polyethylens, polystyrenc
and styrene Butadiens rubber. Reflotation in seawater
showed that most pieces (62) had floated at or just below
the water surface.

Probably many of these objects were swepl into the
Sargassum windrows which form aiene- (Lo bodose
convection cells at the ocean surface (Faller & Woodeock,
1964), and, thus entangled, cast ashore with the Sargassu
masses, Their origin for the most part is not in the Sargassa
Sea, Labels or imprinting with the place of manufacture
didled in identification of the origins of some of thest
objects (though of course it does not preclude their having
been dumped far away at seal). Sources for some may be
similar to those reported for pelagic tar in these walers
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these: originated in southern Florida or in shipping traffic
passing through the Straits of Florida, were carried through
the Siraits of Florida and entrained in the Florida Current-
Gulf Stream system. It is possible that some US debris had
i more distant source in the Gulf of Mexico and was
tarried by the Gulf Loop current to the Straits of-Florida,
but in view of the evidence on pelagic tar transport this is
probably a less important source. Plastic items originating
in Venezuela, Colombia, Guatemala and Jamaica were
ako found in the sample, indicating that the other major
wuree of the plastic is the Caribbean. Material transported
the easternmost Caribbean and the northern coast
of South America could reach the Atlantic coast of Florida
"z the Guiana and Antilles Currents. Material originating
 the southern or southwest part of the Caribbean would
be carried by the Caribbean Current, passing south of
Samaica and between the Yucatan Peninsula and the west
wast of Cuba, through the Straits of Flerida and into the
Gull Stream. Calculations based on July surface currents
{25 given in Wist, 1964) indicate that an object could be
mnsported by this route from Venezuela to the Atlantic
toast of Florida in as litle as four months, or from Jamaica
io the Atlarte coast of Flasida im ac Tila ae tus manthe

Like Sarpasum, drifting plastic become a substratum
for encrusting organisms, bot while the Sorgassum com-
munity consists of over 100 species, 10% of them endemic,
and shows a high degree of biological integration, with
specialized adaptations of form and behaviour that indicate
a relatively long history (Friedrich, 19659}, the fauna and
flora of drift plastic is limited to a very few specics (of
bryozoans, serpulids, barnacles, Millepora, filamentous
algae and Foraminifera), and at least in the area studicd is
dominated by the encrusting cheilostome bryozoan Electre
tenella (Fig. 1). Electra fenefla occurred on 56 of the objects
sampled, and on 43 of them it was the only bryozoan
present. The second most abundant species, Membranipong
fubercilata, 15 the commonest bryozoan and one of the
most abundant organisms on Sarpessum (Friedrich, 1969
Eyland, 1974). Although larvae show settlement preferences
on Sargassum natars, the species can oocur on other algae
(Winston & Eiseman, 19800, and it is not surprising to find
some colonies on plastic substrata, Electra fencifa, however,
has not been found on Serpassue, It may be that setiling
larvae of E. fenelflz cannot attach to the Sarpassum surface,
or dislike the tanmins it produces, or thal the species
canmed survive the competition for space in the densely
populated Sargassum community. When M. fuberculara
and E, fenella colonies came into contact with each other
on plastic surfaces the M. tuberculata overgrew the E
fenefla, The reason for the success of Efecira femefle on
plastic may lie in the lack of ability of most other organisms
to colonize the smooth semi-flexible plastic surfaces, or to
grow and persist without being sloughed or broken, There
may also be far less predation occurring around floating
plastic objects than in the Sergassum community where
filefish, flatworms, pyenogonids and nudibranchs all feed
on bryozoans,

Electra tenefla was described by Hincks (1880) based
on a specimen collected from Florida, Since then it has
been re-described only by Marcus (1937} who found it on
the coast of Brazil, and Weiss (1948) who reported it {as
Acanthodesia tenelld) from fouling panels in Biscayne
Bay, Miami Beach, Florida. Osburn (1940 stated that he
did not find the species in Puerio Rico, but examination of
his specimens of ‘Conopeum reticalum” showed them to
be Electra fenella and not the European species Conopeun
reticufurm, This report listed it as occurring on hard sub-
sfrata, chiefly dead shells and barnacles in shallow water
harbour areas, but it has only once been recorded as a
fouling species (Weiss, 1948). Perhaps, like the closely
related Indo-Pacific species Flectra anguleta (recorded
from drifting wood, from shells, barnacles and sea-snakes),
Electra tenefla has specialized for an epipelagic mode of
life,

In spite of its sparse record over the last hundred years,
Electra tenelfa is now one of the most abundant bryozoans
on the Atlantic coast of Florida (Winston, 1982), and its
success appears to be due chiefly to the presence of large
quantities of drift plastic in those waters. The increase in
the amount of semi-rigid or non-algal epipelagic substratum
provide by plastic trash may have been somewhat offset by
& decrease in the available natural substratum (logs, non-
finished wood, coconuts, sea beans), due to the clearing of
coastal forests and development of coastal areas. But the
todal amount of plastic substratum is probably increasing
aidly and Al onntiniie s e em af bnack e e shes s
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Fig. 1 (A} Sanddal of Colombian manufacture encrissted by colonies of
the chislostome bryoecan Elecira renelie, 436 om ares enclased
in hilnck reciangle is enlarged In Fig. 1B.

(B) Porlions of two colomies of Flectre renslia.
() Several pooids of Elrcing remells (scale = 200 ).

future, as Caribbean countries increase production and
distribution of plastics, Like nthtrll organisms able to thrive
in the border of manmade and natural environments (e.g.
wild turkeys, cattle egrets, armadillos) this marine inverte-
brate may be actively expanding its abundance and range.

Thanks to C. Baker and K. A. Winston for feld assistance, to M. E. Rice
and M. P, Smich for aid with oceanographic caboulations, and to W, Lee
fur cheenical analyses of plastic abjects. Thanks alo o & M leptham

(L.5.5,M.) for allowing examination of Oshurn's material apd 10 P. L.
Cook (British Museum — Nat, Hist.) far permitting examination of e
type of Elecirg femeila,
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Bamiet Lot Brtain

Using synchronous coltures of the unicefiuwlar green alga
Chiomydomonas reinhardti, the toxicities of mixtures of
Beofisk crude oil and ofl dispersants were measured, Six-
| irem so-called concentrates and 10 solveni-lased dispersants
' were tested. The dispersing effectiveness of these com-
pounds with respect to the Ekofisk crode oil was also
memured. The concentrates were tested undiluted as well
& diluted wsing algal growth medium (2%w salinity) and
artificial sea water (33%%s salinity) as dispersing liquid. The

| solvent-based compounds were tested in algal mediom,
| For gll compounds we found significant correlations

between their toxicity and their effectiveness in dispersing

| e Ekofisk oil, such that the more effective the compound,

the more toxic it was,

To control the use of chemical odl dispersants in Morwegian
waters, the Morwegian authorities have put forward
regulations including toxicity testing with the green alga
Chismydomonas reinkardri (Anon., 1980). For several
¥ears we have been testing the toxicity of dispersants, both
water-soluble concentrates and solvent-based types, with

Eﬂgﬂmﬂim close relative, the marine Nagelate Dunaliela
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Correlation of Dispersant Effectiveness
and Toxicity of Oil Dispersants Towards
the Alga Chlamydomonas reinhardti

GUNNAR BRATBAK, MIKAL HELDAL, GIERT KNUTSEN, TORLEIV LIEN and SVEIN NORLAND
Department of Microbiology and Plant Physiology, University af Bergen, Alléer. 70, 5000 Bergen, Narway

mast toxic compounds seemed to be those which were the
most effective in dispersing oil. This impression stems from
visual observations of their effectiveness as seen in the algal
cultures during testing, and from the observations that the
mixture of oil and dispersant was usually more toxic than the
two tested alone,

We here report the resulis of experiments undertaken to
tast whether or not such a correlation exists between toxicity
and effectivensss,

Methods

The test oil was Ekofisk crude odl, and the dispersants
were commercially available ones obtained from the
manufacturers. In this report they are pot identified.

Texicity tests were performed with synchronous coltures
of Chigmydomonas reinhardii, as described previously
(Heldal ef aol., 1977). In short, appropriate amounts of oil!
dispersant mixture were added to the algal cultures
contained in 25 ml test tubes, to give a concentration series.
These cultures consisted of zoospores at a density of ca 1.5
million cells mi-!, and they were cultivated in parallel with
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Monk Seal Injuries 42

SYNTHETIC DEBRIS OBSERVED ON A
HAWATIAN MONK SEAL
by George H. Balazs

Injury &nd mortality to northern fur
seals (Callorhinus wursinue) resulting from
entanglement in scraps of net and other
synthetic debris have been well documented and
appear to ba on the increase in recent years
(Fiscus and Kozloff 1972, Kajimara 1976,
Roppel et al. 1978). Kenyon and Rauzon [1977)
and Fiscus et al. (1978) hawve suggested that
such entanglement may represent a significant
threat to the endangered Hawaiian monk seal
(Momachus schauinalandi), particularly with
the advent of greater commerclal fishing ac-
tivity in the animal's breeding and foraging
hablitat of the Northwestern Hawaiian Islands.
Although Kenyon and Rauzen (1977) racorded
two monk seals at French Frigate Shoals with
leng narrow scars suggestive of extended
contact with lines, no direct obsarvations
have been reported of lines or othar synthe=
tic items actually tangled around a =eal in
the Worthwestern Hawaiian Islands. The pug=-
pose of this paper is to document such a

‘casey which I have observed during the course

ef field studies of the Hawaiian green turtle
(Chelonia mydas). :
On 3 Detober 1974 a subadult monk seal

"with synthetic debris wrapped around the basa

of its neck was cbserved on Whale-Skate Island
at French Prigate Shoals (Fig. 1). The
material was approximately 1.5 cm wide and
consisted of a continucus band into which the
seal had apparently placed its head. The
predominant forward motion of the animal whila
swimming undoubtedly served to slide the band
to a tight position. Except for the Presance
of this band, the seal appeared to be in good
condition with no signs of regpiratory di=-
tress or emaciation. It was not posgsible to
determine how lorg the band had been on the
seal; however signs of fraying and deteriora=-
tion indicated that it would Probably eventu=
ally break and fall of#,

On & number of cccasions I have observed
debris of this type along the shorelines at
French Frigate Shoals, Lisianski and Kure
Atoll. pAecording to MocMaster and Carr (1975),
these bands are manufactured From Polypro=
pylens for use in securing crates and other
carga. The boxes of frozen bait carried by
Japanese longline fishing vessels are known
to be secured with bands of this type.
Although some of these boats operate in off-
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Fig. 1. Seal on Whale-Skate Is., with poly-
propylene banding around its neck.
Fhoto by George H. Balazs

shore waters of the Morthwestern Hawaiian
Islands, the bands could conceivably have
drifted from any of numercus locations
throughout the North Facific where they were
discarded.

Tha seal observed on Whale-5kate Island
has not been recorded during subseguent trips
to French Frigate Shoals. Howewer, if the
band fall off and did not leave a scar, there
would be no way of recognizing this particular
animal, Since the initiation of my research
at French Frigate Shoals in June of 1373, I
have recorded two seals with deep distinctive
scars which probably resulted from lines or
other entangling debris (Figs. 2 and 3).
Fhotographs presented by Eenvon and Rauzon
{1977) rewveal that one of the animals that I
ebaerved was tha same individual seen during
the course of their field work.
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1l Merchant Ships

' PAUL V. HORSMAN

| Dowe Marine Laboratory, Cullercoats, Tyne & Wear, NEZ04PZ, UK

! The content of ships" wasie was anglvsed on two merchani
! vessels. The results show a large amoant of ORNECEssary
garbage pollution by ships. The disposal at sea of plasiic
| mmterials, and of all garbage except Tood waste in certain
wecial areas, is against the Inter-Grovernmental Marine
Comsultative Organization (IMCO) 1973 resulations, Ships
are ignoring these regulations. The garbage can be a hazard
W man and wildlife, apart from being aesthetically
| dsphensing, Tt is recommended that more responsibility be

+ | pul with the shipping companics, owners and suppliers 1o

dop this pollution.

The origin of litter on British beaches is world-wide (Dixon
& Cooke, 1977; Dixon & Hawksley, 1980). This SUgREsts
i that disposal from shipping is the major source. There is
E an increasing number of records of man-made debris in
i the marine environment from all parts of the world
{Carpenter & Smith, 1972: Feder ef al., 1978; Morris 1980:
Van Dolah ef al,, 1980),
' The Inter-Governmental Marine Consultative Organiza-
\ tion (IMCO) conference on marine pollution in [973
produced regulations for preventing pollution by garbape
! from ships. Annex V, Regulation 2, from the final act of
. s conference prohibits the disposal at sea of all plastic
malerials, There is a limit of 25 nautical miles from the
nearest land for the disposal of floating material, and 12
¢ nautical miles for food waste and other garbage. The
f disposal of all garbage except food waste is prohibited in
i the Mediterranean Sea, the Baltic &ea, the Black Sea, the
| Red Sea, the region of the Persian Gulf and around the
| Geeat Barrier Reef, Australia. Food waste may not be
dumped less than 12 nautical miles from the nearest land
¢ inthese areas,
T This report presents evidence that these regulations are
~gnored. It is believed that this is the first time that a
| Wslematic count of the garbage dumped from merchant
J ships has been carried out.

Methods

Favestisasion af the siores
| All the cases, wrappings, containers, packages, bottles
nd jars taken on board a ship are ultimately disposed of
| | ®sea. Provisions usually last for 2, 4 or 6 months. Hence
| e method of obtaining a measure of litter dumped at sea
B t0-count the iiems in the stores,
merchant ships were investigated. The amount of
Metal, glass and plastic containers was counted from the
of stores, The period the stores were 1o la=l was nofad

' The Amount of Garbage Pollution from

=,

and the figures worked out to a daily consumion per
person,

The first ship took stores on 25 and 30 Sepiember 1980,
scheduled to last 2 months. The results are shown in Table
1. The second ship ook major stores on 4 September 1980,
and between 11 and 19 December 1980, These lists showed
goods consumed in 98 days. Minor provisions were taken
on 26 January and 27 March 1981, The resuls are shown
in Table 2,

TABLE ]
The use of materials From 8 stores Hst stheduled re last for 80 days
{=hip’s company, 30) -

Wizl Gilass il‘h.:uir_
Use  Fooddk' Duink Aerowls  Food | Drink Food £ " Clarhage

: domestic _drlnw.:i.': b
Wumber 580 TRED® i) (L1 L] b Ll
of 135 lins frosen
CofLiingrs sohaccs Timsnfy 1

W ks,

ClRancy
Drely
mageper L3 4.3 .4 4N} .4 ans 3
e s s {drink] {haij
Tlal 50 o5 Hirs

*The canmed drink was supplemented with 3 kegs of lager,
TErocen food was listed in weight niog mumber of packages,

TABLE 2

The use of materials from & stores Tiss pver 98 days
(ship's company, 46),

Mderal Gl P lastic

Lize Food &  Drink  Asesols  Food Lrink  Food & Garbaps

domeaic dohiilic  bags
Mumber X% 40 (L] &7 1514 MAL 20K
of 211 st
miainern AL wad
Dadly
usipE s Lh 5.6 L] o 14 [1%] L3
peisceE 190 iy
Tonad [ 04 0l

M A, = Mar available,

*Ther bags were nod used mich becauss they were the wrong size. They
have been exchuded From the caloulanions,

t 3600 packoets of orisps = stones takes in Los Amgeles, 36 farupry 1931,

960 packers of crisps — stores taken in Caires, Ausiralia, 27 March
T4E1.

Food and domestic waste includss sonainers of Food siulfs, saniary
citansers, detergends and variows disinFectaniz, Aerosals include polish,
My spray, fresh fir sprays and oven cleaners. The lisis do nof ineleds
rersshal items like toileries, tont hpasee, dendorant sprays, aftershaves,
=8

Mot of the provisions sre pacioed in boxes or crates and wrapped |n
Plastic. Some food sufls are in sacks, pome plasiic, oihers naturgl
fibre. There are oiber sandry Hems in ihe siares such as mope, crockery,
cullery {metal and plastic), plaside cups and Eitchen wiensils which are

Nl ineliadad o e s b Bl
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Subfective assessment of the content of ship's wasie

A chart was prepared with the following  column
headings: Time, Container, Cardboard/Paper, Wood,
Plastic, Glass, Tin, Food Waste, and Other. When rubbish
was dumped, the person assessed what it consisted of. He
represented this assessment in the chart as a number of X',
For instance, if it was entirely food waste, there would be
A's In that column only; if there were equal amounts of
plastic, glass and tin then there were the same number of
X's in each of these columns, and so0 on. The time of
dumping and the type of container were also noted,
Containers were usually a dustbin, a 101. bucket or a plastic
garbage bag. Often the number of items in each category
was recorded if they were large and easy 1o count, e.g,
drums, or if they were unusual like crockery, fluorescent
tubes and sacks (listed under *other’ - see Tahle 4).

From the data the position of the ship at the times of
dumping could be worked out. The X's in each column
were converted to percentages of the total waste, and the
average calculated for each day.

This assessment was continued during three sea passages:

(1) Los Angeles to Canton (Guangzchou), southern
China - 26 days.

(2) Southern China to Cairns, North Queensland,
Austratia - 12 days.

(3) Australia to the Gulf of Panama — 28 days.

The average daily percentage of each category was worked
oul for the entire voyage — 65 days at sea. The results are
shown in Table 3.
Amount of waste

it is arguable whether analysing the stores list accurately
shows how much is dumped ar sea. Not ll the stores may
be used up in the time planned: SOMME, @ very small amount,
may be dumped ashore. The assessment only gives g sub-
Jective percentage content. To obtain a true picture, the
amount of litter in each category was counted over a period
of 44 days.

The contents of 102 dusthing of waste wers ocounted
prior to being dumped, This represents 54T of the total
bin waste over the whole voyage (the total number of bins
was 188), The figures were calculated to the average daily
total per man. The results are shown in Table 4. The
contents of 312 buckets of waste were not counted.

.,
\‘\’D\E'I.E}

The average daily percenlage cantent of ship's waste.

Cardboard! Waod émrf} Glass  Metal  Food
paper e

L. o s

China 4.4 .4 1.3 2.0 M2 445
{25 days)

Ching 1o

Ausiralia 26.4 - 1.4 2.6 233 4218
{12 days)

Australia
to Panama 3.9 - 1.&° 2.6 23 44,6
25 days)

Mean 24.9 k1 1.5 .6 230 450

'Results and Discussion

The stores
The results from the stores lists (see Tables | ang 2) gy
an estimation of the maximum number of COnLAinery itk
possible to dump at sea. There is little difference hape
the two ships in the usage per person fﬂfglmsampﬁ
materials. On neither ship was it possible i e
amount of plastic food containers, e.g. frozen f““dﬂﬁui
The numbers of m:tafmmajnman:simfﬁmnwmﬂ%
4.4 and 6.2. The explanation is that the first vesse SUpple.
mented the canned drinks with 30 kegs of lager,
were returmed to port and refilled when empty. The use of
keg beer therefore meant 30% fewer cans dhpmdn;-‘
seq. r

Content of ship ‘s waste i
There was linle difference in the perceniage mnré:ﬂ
the ship’s waste during the three sea passagres (Table 3y
The average figures for the whole voyage show that overg
quarter of the material (26.1%0) is mn—hﬁudegm&ahhﬁ:
is plastic, glass and metal (aluminium, tin and bimeale
aluminium/tin cans). If the figures for the Sundry othey
items were available it is probable that the. nonti
degradable material is nearer 30%s of the total ship's wasy

TABLE 4 e

The 2mouns of waste dumped at sen (ship's company, 46,
Cardboard’ [ Plastie ! Cilans e =

paper 1"‘\-\.\_\_,_.-"'I a ¥ .f

Total counted 30 boxes IT0 halders® 245 bottlest 5176 comw }
ower 24 days 165 crisp % glasses 2 drume
mackers I Nuarscen)
19 bags Lsbes .
2 druns 2 buibhs L
Averspedaily 7.3 bowes Bdholders Séhoirks 11766
Emamang 3.8 crisp 01 glamses -~ SHEUEEE
packets L6 fuhes i e
0.4 bags
Average daily o P
ami por O Zboves 0.3 materialy {12 boiles 1lam:
persan

*3M holders account for $3% ol (ke cans, kT
1243 hatiles includes 107 small “Schweppes® bosrles and G,
|38 large spicit bostles and caps. e :-éﬁ;f
Other items included: 25 places, | cup, 35 patato sacks (nafural fbek
4 onion sacks (man-made Fibre), 1 map, 2 plastlc ashrrays, | pepperust
sontainer, 1 air filter, | rubber mat, & plasiic bags and | becket of ol
rags and engine-room waste, 14 baxes of wafers (wrappad s
heavy duty plastic crates, § cassetie tzpe and | plastic ice-backet fid

The results in Table 4 show that more cans are dum :
sea than any other containers. The majority ﬂrﬂlﬂcﬂ‘#
plastic material were the can holders. Mare plastic w8
dumped which it was not possible to count, For exampie
majority of the boxes were wrapped in plastic. Frozen food
packets were disposed of in the 312 buckets of ml;:__l_“,
were not counted. «JE

Using the figures from Tables 2 and 4: every day o
person afloat dumps between 3.2 and 6.2 metal, betweenld |
and (L3 glass, and 'ﬂ.}ﬂﬂ_ﬂic containers in the sea. LIoF
register in 1979 lists] 00@merchant ships in the prindd
fleets of the world. Assuming 30 people per ship,
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L all 71 000 ships are afloat at the same time, but there
sany ships that are not included in the Lloyd"s register,
& cance, naval vessels which carry large numbers af
2 Thirty people per ship is a conservative number

[ F the passenger ships and the number of
A ional’ ships still operating with old-style large

| giibers of crew.
&+ of six British merchant ships during their voyages
&« or did not know about the IMCO regulations
grding the dumping of garbage. The 12 and 25 nautical
 fimits were constantly disregarded. On three occasions
e through the Mediterranean Sea, the vessels continuwed
§.mp garbage. Another ship dumnped 348 cans, 54 plastic
berials and 33 bottles in three days saling between the
fih Queensland coast and the Great Barrier Reef, This is
<t the IMCO regulations which defines this arca as

{ nart from the aesthetic point that garbage dumped from
fs s spoiling beaches (Dixon & Cooke, 1977), and coral
i (personal observation on the Barrier Reef), there are
s to man and wildlife. The ear-off lids from metal

Pt are o common cause of cut feet amongst bathers
Bixon, 1978), These lids could damage fish, which have
g0 been reported 1o have swallowed plastic cups (Anon,
915). Fragments of nylon netting have proved fatal to
mbirde which become entangled (Bourne, 1977). It is
ﬂ;rle that the plastic can holders and man-made fibre
pose sacking could pose a similar problem, T have ohserved
atpe sheets aof plastic being dumped at sea. Turtles have been
gaerved swimming with plastic sheeting wrapped around
e shells (Morris, 1980; personal data from the marine
rrhives at Bracknell). e

Ay appears that the IMCO regulations are not enoigh 1o

uop this. form of pollution. Ships generally do not have

‘Ssposal units so the people on board have no choice but 1o
@ rubbish at sea. The regulations should require:

A8¢a) that shipping companies, owners and suppliers ensure
Bt the vessels do not take on board any material which

.

IMCO regutations prohibit dumping at sea; i.e. plastic.
{0} that ships be supplied with efficient disposal units.

se do not usually deal with metal containers (Perry,

1981). Supplying ships with keg beer, and/or bulk
comtainers of other drink, e.g. soft drinks, will go a long
way to reducing can waste, Recycling depots at ports
should be provided to take the rest. It would be a
refatively simple matier 1o store crushed cans on hoard
until the ship reaches port,

Regulation 7 of the IMCO conference report in 1973
stabes:

(1) The Government of each party to the Convention
undertakes to ensure the provision of facilities at ports and
terminals for the reception of garbage, without causing
undue delay to ships, and according to the needs of the
ships using them, oy

{2} The Government of cach party shall notify the
Organization for transmission to the Parties concerned of
all cases where the facilities are alleged to be inadequate.™

At 26 ports in 15 countries these facilities were not
provided adequately. In several ports the only facility is a
barge which when full is towed out to sea where the
rubhish is dumpead.

The responsibility should be with shipping companies,
owners and suppliers to ensure that ships stop this needless
pollution of the sea,

My thanks to the officers and crews of several merchant ships for
sisting mee wirh this work.
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NETURE MOL. 241 JANUARY 26 1973

Main-made Obijects on the Surface

of the Central North Pacific Geean

¥ August 1972, on the Soripps Instilition of Oeeannsraphy’s
wpedition C'BOG 1 In the Central Noeth Pacific, there was a
rare coanbination of cle¥t warm wedther and calm seas which
sernpted the scientife perzonnel to spend their leisurg time on
i boow of the ship. From this vaniage point il wag obyvions
bt the ses surface s [Htered with a ;]?[!iiqlw_a.ﬂillyﬁgjm[b:mib_:_
objecty, even 600 miles from the nearcst major civileation
(Haweil) and ontside the major shipping lanes,

Ak log wes established and maintained (net contisuously)
for four days;, during which time the ship truvelled from
ITEN, 1457 30TV to 35700, 1557007 W, and then south to
iU 00 W. Recosd was kept of the duration afwatch,
siip’s spoed sl viewing conditions, and an efforl was mada
i eateporiae cach object, even 1hough exact idendification wes
aiflen uncerdain, i

The resulis of this log are presented In Tahle 1. Driring 5.2
viewing hours during which tme the ship teavelled 155 km,
el o approximsately 125 km?, o total of 53 mdinemade ofjecis
wis recorded. Twelve of these were gliss fishing floats, approxi-
mtely 3 10 14 inches in dizmeter, which may claim some istoche
of sesthetic place on the sea surface, The remaining 41 ohjeets
vt encountercd with an averape frequency of one avery - 12
mingies. At least pro-thitds of these were plastic,

Surcusmibing to the temptation Lo exirspalate from olr sample
ol six plastic botiles, we have celoulated an average conceatras
iion of 0.5 hottle km~* (359 confidence interval, &ssEm-
mg & Poisson distribution: 0.2-1.0 bottle km=) and a todsl
of 354 million plastic botdes (14.2 2 10-70.8 = 107 currently
&d=ift in the ‘:hi'-u:nnh Peeific Oeean (a8 well o milikon
rwber sandafs) A more conservilive estimato iy be derived
from the observed ratio of plastic boides to fishing floats,
af which there are an estimated ten million aflogt i the Preific
Leean’, Our ratio predicts five million plastic bortles,

i

Tabdo 1 Tentative Identificaiion af Man-macy Objects adrill in the
Caniral Morth Paglific Ocean

Miscellanen

fmtl:ﬂlm

16 Fimighed wood
Shochrush
Rubber sandal

liss
Fishing floses 12
Bodrles 4
Toral

Heplles &
Fragmienis 2%
Togl o

it

Paper items
Coifee can

Tnl

W L

—

O 1wo of the plastic botiles, algal prowth was evident.

A thitd wag covered with gonseneck Barnacles, Floating plastic,
xc o plase fishing flont, provides a lomg-fived subsieste for
Sasnort of seesile animal species us well as elgnl sac bacterial
Bowth; whether the increased avallability of such “micre-u ™
Eielitalier distributional patterns or atteact local coRCentraiions
B assnciuted pelagic. argsnisms Is an open guestion,
{ - Is the growing concern aver global pallution, 1he accumye- |
ol plastic products has received Jittle  attention,
cancentritions of plastic pellets have been repartod
Toihe Sargnsan Seat. Although plastic objects may directly
e wildlife?, the fnert mature of Plastic means that it is
Lalikely 1o enter the foed chain and threaten human welfase,
‘;: 3 poiluiant, s eHect is chiefly acsthetic, which is difficelt
s _F‘ril.'l!alr: and easy (o grore. We find B abarming that
osabla™ jtems now litter even the st vemode surfEced

{ LI-H-'U-.'l.';tn,a. "

-3 ?!JZ".!‘:."F"'?!":IE-I;'!] ol plistics has evalved rapicly during the past

}""“'F‘T Years—annual production of plastic Sotiles now cxcecds

m IS development of dearadabls plastics may hring
® relief', bue unless we find adequate means of digposing

C?.’,AJQ-.I’? | : | EFT-

of our plastie producls soun, we cun anticipate that (he
"Wimkin, Blynldn and Mod™ of our ehildren will 20t =nil Inlo
i plastic sea, sccompanicd by all the " ne=deposit-no-reecn
predict; of oor lechnobogy,
E. L. Wanpsoe
T W, RACKEMAN
WL BamvRAM
C Lo PLatT
M. 5. THORMNRLL
R. B Yarns
Uinireraity of Colifrnle, San Diezo,
Feviops Mrstiinrton of Clerarriraplly,
Lo ol Culiriie 32037
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Induced Nucleophilic Substitution
in Benzofa]pvrene

Cavalieri and Calvin have propoged?? that the LRTOinogenic
sction of benzofalpyrens (Bal) may ariie Moy mrvl hydrosyiase
induced binding to sucleophilic collular components.  Their
theory proposes that attack by eleotrophilic oxyvman, prodieed
In the hydroxylase syster, occurs st the 6 position of the
hydroczrbon o give a earboniom fon, localized primarily ap
the I and 3 positions, which cun underpo attack with necleo-
philic cellular components,  Alternatively, initla! setack anuhl
oeturat 1or 3, followed by nucleophilic reaction ut 6,

Some evidence for the theory has beon obtalned by uslng
fndonium fon as a model for the hydrosylase stem. Beasofaj-
preene and iedine dipyridine nitdate react to give either tha
f-iodo or G-pyridinium derivative or & miBchane demeuding
upodt renclion conditions,  Effects of solvent, coacentratlons
and ratios of reactants wene investigated and are summarizad
in Table 1. Equlmolar quantifes of the reagents react adifin
10 min In chloroform to give S-iodo-benzolaloyrens in nearly
quantitative yield. Al other reactions listed required wpta 2 h
to reach completion.  Formation of tha puriciniumi derivative
requires a 2 11 modar ratio of fodondom reagent to Bal,

— ———

Tabia 1  Effect of Resction Varlsbles on Preduet Bormation

Muoler ratios_

Cumncen-
testlon {pasl=pod) Hi Yiedd,
of HaP py/Bad®* Hap Sofvent T-Bal  pe-Tup
1 CHCl, L Trasa
| meH a3
] DME L
J"g'l'ilt'il:_r: Mo peaction
1.mg ml,—t iz rl L3 PuiCHCE, =y St
G5 mgml -t 6 & i 'E'} mwiCHC, 5
5 mag - 3N 2 58 oG, a3
S mE mi ! an i S0 CHICH 5
I my ml—? 2 CHCN 10
" = i3

* Added pveldine,
T ApPrEximne yields,

The fermation of the Speridininm derivetive iy e inter-
preted ais arising wia the proposed ionic mechanism with initial
vrectrophidie atiuek ocourring ut pamition 1 or 3 rather thai ag
posilion 6 as occurs in the Tormution of felodobenzala jpyeaie
The position of artack might change for steris radsons becanss
diiferent repgents could be Involved s ndicaied by the follow-
ing equilibre;

byt = (-t 4+ py == 14 4 2 py
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cles peparated from a pine needl= at 20
kv (the torn ares in the center @5 0.7 pm
long ).

from the cuticle only while a [zaf s
growing (J). and, because of the lack
of seasonal varintion in wax composi-
tion (6), the wax coaling apparently
is mot further affected by the plant me-
tabolism (7). Although the wax layes
on the tips of some pine needles is reis-
tively smooth, other peedles of com-
parable age from the same or from &n-
other pine tree may exhibit shapes simi-
lar to those shown in Fig. 1 (Pieas
vchinata), Wax finpers are also found
on other species of drees The tips ex-
hibiting the elongated wax fingers tend
to be in exposed areas such et on the
tops of trees, on the outside of a lone
tree, or oo the margin of a stand, Melt-
ing of the wax copnot be invoked as
an explanation for the observed con-
fipuration for several reasons, chief
among which is that the tips point op-
ward.

It is suggested that the wax fingars
represent the preserved record of a

conduction path which became molten” ~

during the atmospheric phenomenon
usually referred to as brush dizchargs.
To test that hypothesis, pine needia
specimens were mounted on one of o
pair of clectrodes in a closed system
and subjected to various electrical gra-
dients in the laboratory. In each case
carbon-coated disks were attached to
the opposite electrodes, and the col-
lected particulates were replicated and
exarmined with an clectron micrscope.
warticlea colletted when the pine needle
as raised to @ potential of 20 kv with
respect o a flat plate 20 cm aWway are
shown in the electron micrograph (Fig

1340

-y

=70 A Jower potentials the particles
were similar in size but less concen-
trated, whereas at 30 kv the wax fingers
began to shatter and irregular sivips and
chunks were collected. The small wax
particles released under low to moder-
ately high potentiel gradients have di-
ameters in the size range < 0.6 pm;
particles in this size range may be a
major factor in the production of blue
haze.

Chalmers (F) has measured a signifl-
cant conduction current passing through
a small tree. The local, fAat-field poten-
tal pradient easily cam reach several
thousand volts per mefer as elecirified
clonds poss overhead; in an electrical
storm gradients much higher than this
may be recorded, Thess observations
sugpest that discrete wax particles in
the appropriate size tange to produce
bluz haze are generafed by natural
forces in the environmeot. Other fypes
of vegetation, including prasses, could,
in principle, emit wax particles under
similar conditions. In the brush dis
charge  phenomenon, high podential
pradients occur al the sharp edges and
tips of leaves, producing a Bue glow
at pight Undoubtedly, such factors as
the diclectric strength of the wax, i3
melting point, the ambient lzmperabure,
the radivs of curvature of the underly-
ing conductive surface. and the exposurs
of the plant all have some bearing on
the rate of production of wax aerosols.
CHher exirinsie factors, such as gaseous
ar particufate air pollutants, may affect
the properties of the wax 30 a5 to re-
duce or cohance the rate of wax attri-
tion, possibly leading to the denudation
of the needle tip and the eventual loss
of the needle becauss of excessive dry-
inmz.

g".'u-’l=r1l: {2} has suggested that the blue
heze aerosols, returned to the ground

£ .

by warious natural processes, may be
o source of the petrolevm formed o
earlier geological periods. The pressnce
of significant quantities of waxes in
crude oil and the observation of a
mechaniam for the peneration of wax
aerosols in the eavironment suggest thag
the wax particles, which may serve ag
condensation nuclei for terpenes and
olher organic mases, may be & comple
mentary factor in the phenomena de-

scribed by Went. Another implication is

that radicactive fallout collected on the
sharp edges and tips of vegetation may
be reemitted to the atmosphere during
the next thunderstorm after its initial
deposition. In this same connection,
particulate silver iodide from clowd-
seeding operations may be retained Jo-
cally for a period of time and be re-
entrained into an unseeded cloud, pro-
ducing the "memory effect” that has
been  observed by some atmospherie
scientists (7).

. Birvey R. Frua
Health Physics Division,
flak Ridge National Laboraiory,
Oak Ridge, Tennessee 37830
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Plastics on the Sargasso Sea Surface

Abstract, Plastic particles, in corcentrations averaging 3500 pieces and 29 graed
per sguare Ellometer, are widegpread in the western Sargasso Sea. Piaces are brirde,
apparently due to the weathering of the plasticizers, and many are in a pellet shape
about .25 to 0.5 centimsters in diameter. The particles are surfaces for the mﬂﬁ"
ment of dintoms and hydrolds. Incrensing production of plastics, combined witn pres
et woste-disposal practices, will undoubtedly lead 1o increases In the concentr
tion of these particles. Plastics conld be a source of some of the polych
biphenyls recently observed in oceante organisms,

Whils sampling the pelagic Sargas-
sumt commumity In the western Sargasso
Sen, we encountered plastic particles in
our peuston (surface) nets. The oceur-

rence of these particles on the sea suris®
has not yet been noted in the lierature
[we also collected petrofeam lums
which have received attention (. 2k
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nay § '
ned ;e plastics were collected with a news-
escnge 02t [3), 1 m In diameter with 0.33-
wes g meshes, towed at 2 knots (1 koot =
af |35 km/hour) on croise 62 of the A-
[ wgmis [ (27 September & 18 Oclober
g1 thg971). The particles of plastic were man-
ve gally sorted from the contents of the
i pmeusion tows; they were counted and
mpigheir Weights were defermined on shore
n dwith B Mettler H 13 balance. Plastics
jon were present in zll 11 neuston tows
thTable 1) Their occurrence was wide=
mageread, since the distance from the
rirgouthernmast to the northernmost fow
itj;was 1300 km.
as  There were, on the average, about
ug 390 plastic particles per sguare kilome-
lpter (the ranps was from 50 to 12,0000
re This density gives o mean of one parti-
o per 280 m? and a maximum of one
hepariicle per B0 md, The weight per
ri;square Kilometer was from 1 to 1800 g
and averaged about 290 g, The lowest
spooncenirations wers observed at sta-
tigns 10 and 11, a5 we began to enter
the Gulf Stream.
Most of the picces were hard, white
ceylindrical peliels, about 0.25 to 0.5 cm
in diameter, with rounded ends (Fig. 1L
. Chemical weathering and wave aclion
, may have produced the pellet shape.
1, Many picces were brittle, which suggesis
© that the plasticizers had been lost by
weathering, Some had sharp edges,
which indicates either recent introduc-
tion into the sea or the recent breaking
up of larger picces. A few particles (6
percent by number) were colored green,
blue, or red, and there were also a small
number, of clear shest plastics, Seweral
larger pieces could be identifled as a sy-
ringe meedle shield, & cigar holder, jew-
elry, and & bulton fnap. From the variety

E

miny types of plastics were present. Sol-
venl assays end burning properties of
some of the white pellets indicated that
they were not polysiyrenes, acrylies, or
palyvinyl chlorides.

Maost plastics had populations of hy-
draids and distoms attached to their sur-
Taces. We noted the hydroids Clria oy-
lindrica and Gonothyraca hyaling and
the diatoms Mastoploln angulara, M.
pusilla, M. hulburri, Cyclarella memeghi-
wiang, and Pleurcsdgmg sp, With the ex-
ceplion of the last, these species have
previously been observed on pelagic Sar-
passumn (), Hydroids and diatoms have
not been reported on petroleum lumps,
whereas goose barnacles (Lepas) and is-
opods (Tdotea) have (1.

The source of the particles may have
heen the dumping of wasie from cities or

S MLRCH T

of identifiable objects, it was evident that

Fip. 1. Typical plastic particles from tow 2, White peilets are on the left.

Tahle 1, Maxbon tow deta,

Tow I:E'HHE Towing ¥ ciciatioa Mirmber Wf:if_h[ Cnncfn.l—muun
“:;" et i;::fﬂ - h'::f;d leciod Mumbers -
1971) & {5} [
1 [x 225 0T 105 5 031 il kel |
607 05" )

2 12 66 30" 194 48 244 4877 1519
0 0097

3 12 4.08 30 556N rk ) 106 1,457 T2
59 51w

4 13 1.0 3 ST 4 0,22 1,041 E0.0
BT 37.8W

5 13 050 52 15N B 0713 43214 395.1
61° 14.6W

& 14 6,50 337 329 (] 248 2579 1033
B2 109y

7 14 0.8% 47 208N 33 557 1106 1,770.T
1T 530w

4 15 1.0 FITESA™ 17 108 4,505 254.9
E1® 45,537

] 14 085 3157 174N 21 164 6904 209
40 LB

10 16 100 57 020N 1 0z 200 4.9
B57 4107

11 16 515 377 LS 1 008 47 L&

B3 34 B e ——d

Ilean 1,537 2B6.3

by cargo and passenger ships. However,
no metropolitan dumping occurs in the
areas sampled, although some of he
souithernmost sample aress are within
major shipping lanes from Europa to
Central America and the Panama Canal.
The station clogast do land, station 6, was
240 km noriheast of Bermuda. Stations
10 and 11, the closest to the continent,
were abont 900 km southeast of Mew
York City.

Plastics have been produced in large
quantities only since the end of World
War II. The incressing produciion of
plastics, combined with presenl waste-
disposal practices, will probably lead to
greater eoncentrations on the sea sur-
face. At present, the onky known biclogi-
cal effect of these particles is that they act
as 4 surface for the growth of hydroids,
diatoms, and probably bacteria,

Many plastics contain considerable
concentrations of polychlorinated  bi-
phenyls (PCB%) as plesticizers. If the
plasticizers have heen losl forseawatar, a8

suggested above, the incorporation of
PCR's by manne organisms is possibla.
Polvehlorinated biphenyls have recenty
been observed in pelagic Sorgussam and
oceanic apimals (),

Eowarn J, CaRPENTER
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becoming entangled in ocean debris, sich os  starvation, TE‘I;H. bottle
g QEear. A turtle, .above; ded o5 o BT .Iﬂ; _M g

Plan to

Seals die from

3“% el tha Bersarimns-cf Bk
-and Recreation, 961-8311, f

- :ﬂtﬂn Ta‘ﬁﬂﬁ.'ﬂﬂ-ﬂ;.

Task Force, 7420142,

:

BgeEney beécomo aware of 1he b
ree seals liave been found mﬁﬁln
twor this ¥ear, KMore are seen
er geals ore necklaced with plastic
or muzded with plastic rings.
.“_n:lﬂlng‘:rm__d in a life mekei.
seals who ﬂﬂﬁﬂhﬁl& thelr five
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