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Sea turtles of all kinds are peculiarly prone to eal
plastic scraps and other buovant debris and 1o angle
themselves in lines and netting discarded by fishermen.
and records of such mishaps have increased markediy
in recent vears. Advances in our understanding of the
developmental ecology of sea wrtles shed new light on
the impact of buovani wasies on the juvenile stapes.
The initial developmental stages of all species are
passed in the open sen. In the case of the loggerhead
Carena this period of pelagic life is likely 10 include 3-5
vears of planktonic open-ocean travel. which may
involve multiple transatlantic crossings. During this
time both the young irtles and their buoyant food are
drawn by advection into fronts (convergences, rips,
driftlines) and the same process alse brings in and
aligns persistent plastics and lost fishing gear. This
effect exacerbates survival problems for sea turtles that
are dependent on drifilines for their food supply or
sheler.

e

Two recent advances in our understanding of sea turtle
ecology have made the survival prospects of the group
seem even less favourable than when the species were
first recognized as threatened and endangered (Car,
1986a), Ome is the dependence of the young stages on
convergences—fronts, rips. driftlines. into which they
and their food are drawn by downwelling. The other is
pew evidence that the juvenile pelagic stage may last for
a period of 3-5 vears, according 1o the species. During
this time of early development the young turtles are
passive migrants in driftlines in the surface water of the
open sea, Here they come into intimate contact with
buovant debris (Carr, 1984, 1986a), and there is massive
evidence that entrapment, entanglement, and impaction
of the alimentary canal by ingested plastics have
become major threats to sea turtle survival (Balazs,
1985},

For some vears a principal research goal of the sea
turtie programme of the Canbbean Conservation Cor-
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poraton of Tortuguero, Costa Bica has been o fill gaps
in knowiedge of the developmenial ecoiogy and migra-
ton of marine wrtles, Unul lately the earliest stages
were shrouded in mystery so deep that the penod was
spoken of ag the ost vear’ (Carr. 1984y, Eventually,
however, investizations showed that post-hatchlings
pass their inifial period of development as surface-
dwelling plankton. in the barders of currents and eddies
iny which they are drawn by advection. This same
force mobilizes and aligns buovant pollutants: and the
ecological implicanons of this have not been given the
attention they warrant,

The fluid dvnamics of advection and diffusion are
well understood by physical oceanographers: and the
roie of currents. gyres, and rings in mansporing debns
15 well documented (Galt, 1935); but the sathering
action of downwelling in worsening the effect of pol-
lutarnts on ammals in droftline habatats has had licle
attention from marine ecologizts. Meglect of this funda-
mental aspect of manne ecology can probably be aitn-
buted w the formidable arithmetic of advection and
diffusion. But differential equations are not needed to
understand thart the drifilines, slicks, rips. and windrows
that form along fronts. large and small. are an essential
fearure of the surface warer of the ocean (Fig, 1) They
ure the hedgerows of the epipelagic environment. The
importance of these zones 2z marine habiat is well
known to pelagic fishermen and te a scattering of
marine zowlogists (Ashmole, 1971% but the role of
downwelling in the ecologic organizotion of the surface
waters of the ocean has been generally overlooked,
With the presenst volume of biologically injurious
floam in the sea, and the probabilicy that the spread of
these materals will increase, it seems appropriate to
examing the ecological threar posed by persistent
plastic materials in driftlines along which biologc
ACTIvITY 15 af & maximum,

Role of Convergences in the Life History of
Sea Turtles

[n a relatively stable driftline. such as those that form
at the borders of majoer currents and gyces, the ecoiogie
contribution of flatsam is threefold. For one thing, it
increnses diversity by providing o substrate for the
pelagic larvae of sedentary animais. Bryozoa, barnacles.
pelagic crabs, and many other species of invertebrates
attach themselves to objects floating in the front,
including trees and drifteood, weed rafts, and increnas-
ingly today, tar clots and plastic objects. Besides the
passiveiv mobilized pelagic eggs and  planktonic
ammals, other specwes come o actively, The fArst of
these are the shelterseekers, which are auracted o any
solid floating object. These then become bait for pre-
daceous fishes and sea birds. Commercial fisheries for
tuna, billfish. and the other big cursorial species regu-
larly expioit the tendency of their quarry 10 aggregare at
fronts, where they are attracted by the schools of bait
species that form there, For cenfuries amisanal fisher-
men have known that flotsam attracts fish and that it
accumulares in dnftlines, Sport fishermen also regularly
o aut ta the rips to fish for cobia, dolphin, and vanious
other species,

Hatchlings of sea turtle populations in the range of
sargasso weed usually mowve directy imio an initial
habitat in which both food and shelter are provided by
the algal mars (Fig. 2). When the young turtles swim
seaward, as they always do, they eventually encounter a
convergence along the mner edge of either a border
current or a loneshore eddy, [F sargassum oceurs in the
region, rafis will be strung out in this convergence,
Because sargassum has a specialized invertebrate fauna
it provides both shelter and a food supply. OfF many
nesting shores, however, perhaps off most, sargassum is
not present. But even there. downwelling at the fronts

Fig. | Sargassum line off Tormueuems, Costa Hies, az the Erom bebween the Souh Egas-
roweal Cwrrent and Southwest Caribsbean Gvee, [ Lynn Fowier prang,)
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assermbles and aligns any orgamsms that float or are
able 1o comimol their buovancy at a given depih. includ-
g the macroplankton that hatchbhnes feed on,

In most cases the pelagic stage of sea turtle develop-
ment ends prior to maturity and a transition (o benthic
habitats occurs. Two of the eight nemed species, how-
ever, the leatherback and the olive ridley, appear o be
miainly epipelagic foragers even after reaching maturity.
When Atlantic leatherbacks leave therr main nestng
=hore in northern South America. they follow the edpe
of the Gull Stream northward along the LS codst
sometimes as far as Cape Cod and bevond. The attrac-
e i the seasonal abundunce of jellvfizh there,

The other species that charscteristically lives in the
open sed even after reaching sexual matunity is the olive
ridley { Lepidochehs afivaces), Observations at sea, and
recent tag-recoveries, indicate that olive ndlevs may
rugrate between their sites of muss nesting 1 Mexico
and Costa Rice. and feeding grounds as far south as
Ecuadaor, probably foraging on macroplankton in long-
shore convergencez along the way, Mature Adlantic
green turtles ( Chelonia nndas) and loggerheads ( Caretta
caretta) also feed along nps when jellyfish are abundant:
but more characieristically they. like the hawkshill

Fig- 2 Pelagic siage green martle in massive sargassam raf off the v of
Little Bakama Bamk, {Lss Bibko phmo, B Cape Florids

(Erermochehs imibrcarg) and  Remps ndley [ Lep-
dechiehs Lempiy, lotuee on the botiom.

Recent evidence indicates that the pelagic develop-
mesntal staee 15 MUCH WONEEE Than was onee supposed.
Pacific logperhemls are pol seen again for at least 4 v
after leaving the nesting shore in Natal {Hughes, 14975
I pow seems clear that the development of the Atlantic
lopgerhead may involve & comparable pernod. and that
durng this time the voung turtles may mike one or
more passive trans-Adlantic migrations o the Gull
Stream system | Carr, 1986a. b

The existence of this extended epipelagic period s
suppariad by new age-group data from the Azores, As
part of an effon o race the developmental migrations
ol Amenican sed wrtles, | graphed carapace-length dis-
tribution in the three developmental stages of Caretia
that occur in Amenicen wakers, In the histogram (Fig, 3)
o conspicusus pap separated the smallest wptles of the
henthic subadult class which is abundantly represented
along the coasts of northeast Flonids and CGeorgia. and
the bigeest pelagic post-hatchiings and early juventles
that occur in offshore US warers, A litde later. |
received a sel of measurements of hbitle loggerhends
from collubocators in the Deparmment of Ceeanography,
Universitv of the Arores, and the size-range in these
makes a rrans-Adantic developmental migration by
Wesl Aflaniic Carera seem g virtual certunty, The cara-
pace lengths of all 82 wrtles agped range within the
gap in the age-class histogram (Fiz. 3). That at least
some voung Amercan leggerheads go through part of
their development in the East Atlantic now seems
clearly indicated.

The little Azores loggerheads were taken on Prin-
cesse Alice Bank by tuna fishermen who say the turtles
regularly show up there in the summer months. To
bring them home within the size-range that would fill
the gap in the US dam. would require at least two years'
additional growth, By the most direct recirculation

Cruise ) route back o US waters in the Gulf Stream svstem they
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would return far too soon. To consume the time for the
necessary growth. either repeated crossings in the main
system must be made, or tme must be passed circling in
rings and minor eddies along the way.

Twenty vears ago the latter supposition might have
besn rejected on the grounds that fronts, nngs, and
small eddies were (oo few in the open sea to provide the
resources for profracied transoceanic travel by a.n_air—
reathing, surface-feeding migrant. Recent abservallons
made from the Space Shuttle shows that the ocean
teems with fronts of vanied ongin, size and configura-
tion {Scully-Power, 1986). A growing body of oceano-
graphic data from the Adantic (Kerr. 1985) indicates
that small eddies. recognizable by their salinity or
nxygen content, occur far more often. last longer, and
travel farther through the ocean than has been realized.
About 11 cold-core rings (enclosing shelf water) and
about three warme-core rings {surrounding Sargasso Sea
water) may OCCUr af any given time in the North
Atlantie—the former south and east of the Gulf Stream,
the latter to the northward of the Gulf Stream (Kerr.
1977). Some small eddies are being traced back to dis-
tant places of origin. According w McDowell (1986},
shallow eddies detected 800 km southeast of Cape Hat-
teras had originated 4500 km to the east toward Gib-
caltae, Others had come from far down to the southeast
in the md-Atlantic Gyre, or 500 km to the east in the
Gulf Stream. Sometimes one of these small eddies splits
and spawns two new rings that continue separate life
{Lindstrom er al, 1986). It is significant that these
newly discovered structures occur in precisely the
rerion where they are needed 1o account for the growth
of the Azores migrants to the size of the West Atlantic
subadulis,

When the gecgraphic distribution of size classes in
ather species of marine turtles is better known it seems
probable that panerns of long distance developmental
travel comparable to that of the Atlantic loggerhead will
be revealed, This new aspect of the developmental
ecology of the species increases the biclogical interest
of the animal, but it abviously adds gravity to the prob-
lem of marine pollution.

Effects of Debris on Sea Turtles

Besides providing useful resources, the convergences
may become, in a way, a trap for marine life. In addimon
to the food and shelter, the animals that come in find
themselves in close association with lethal floanng
ohjects and toxic substances. Persistent plastics are
aften the most conspicuous visible flotsam in a np, and
ghost gear and rar pellets are aiso often present. Juve-
nile sea turtles are peculiarly vulnerable 1o the hazords
uf this new breed of driftline because the froats are their
essential habitat and the only source of the resounces
thut make life possible during their period of pelagie
development.

The tendency of marine animals to investigate, pry
into, or eat foating debris is well known, Many years
ago. Dr. E. W, Gudger published a series of short
papers reporting cases in which fishes had been
teapped. entangled or otherwise hurttully involved with

human artifacts of various kinds (Gudger, 1922, 1928,
1929, 1937, 1938a, b). In those days plastics were
barely known, Fishing gear was made of degradable
vegetable fibre, and the agents of injury to marine life
were mostly rings or other objects made of perishable
metal or rubber, Nevertheless, the Gudger anecdotes
made it plain that fishes will cat medible objects, or
poke their heads info rings. tns and the like, It has
recently become disturbingly clear that turtles, sea
birds, and seals have the same hazardous tendencies.

When heavy seas wash the Flonda East Coast in the
fall, littde loggerheads, dead or mombund, are often
thrown ashore, sometimes in great numbers. The
stomachs of the dead ones often contain pellets of tar
and the wbiquitous plastic beads that are delivered 10
the sea by the millions in industrial waste water. Both
the tar pellets and the beads are suggpestively similar in
size and shape o sargassum floats, and this likeness
may account for the turties’ misguided feeding. Plastic
heads are ubiquitous in surface waters of the oceans. In
19H5-1986 they were particularly abundant in the West
Caribbean Gyre, littering the Tortuguero nesung beach
of the green turtle in Costa Rica like litle hailstones.
The southern arc of this gyre, which transports the Tor-
tuguern hatchlings into their pelagic habital. i increas-
ingly clumered with plastic debris of every conceivable
kind, and of untraceable origin.

The special susceptibility of sea turtles o njury by
ingesting such material, and by entanglement in ghost
nets and nondegradable cordage, was thoroughly docu-
mented by Balazs {1985). His list of such casualties was
compiled from a widely scattered literature, from exten-
sive interviews and correspondence, and from broad
personal experience. He documents 79 cases in which
the guss of turtles were loaded down with synthetic
scrap including fishing lines and nets. plastic bags,
beads, bottles, vinyl films, and tar balls. The gut of one
trtle found dead conmined a sheet of heavy plastic
measuring 3 %4 m. Balazs also recorded 60 cases of
entanglement involving monofilament  line. Tope,
netting, cloth debris, tar, and even such strange forms of
entrapment as that shown in Fig. 4. His paper leaves no
doubt that persistent plastics and discarded or lost
nylon fishing gear must be added to tar, liqud petro-
lewm, and toxic chemical wastes in any assessment of
the impact of pollution on marine vertebrates (Balazs,
1985), The marked tendency of leatherbacks to ingest

Flg. 4 Hawaisen green vare winh plostic collar, (Ueorge Balaes photo.)
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sheets and bags of plastic film has been anrbuted o
misidentification of the rranslucen: films as jellyfish.
That the species is a generally indiscnminate feeder,
however, is suggested by the ingestion of a 180 m length
of heavy monofilament line by a New York leatherback
[Sadove, 1980}

The vulnerability of voung ses turiles 1o these mate-
risls is particulacly sericus. During our early invesiga-
tions of the ‘lost-vear' puzzle, sargassum rafis were
ultimately shown 1o be an imponant habitat for the
hatchlings of turtle colonies nesting in certain areas.
However, there remained the problem of accounting for
the existence of populations breeding where no algal
rafts dnift by, From the begmmng it seemed clear that in
temperale and tropical regions pelagic macroplankton
was oo thinly distributed to provide adequate food for
an air breathing animal restricted 1o surface water znd
not able o filter food. Afier pondening oceanographic
publications for a while, | realized that this drawback is
removed by the processes of advection and down-
welling. which align huoyant material—sargassum mats
and anvrhing else that floats—along convergences, That
this has not been cried from the rooftops reflects a
curious compartmentahzation of the marine scienees,
with biclogists not taking stock of the ecologic mport-
ance of fronts, and with physical oceanographers
making lintle effort to spread the concepr. The sea
turtles of the world, already suffering from over-exploi-
tation. elimination of breeding ground, and incidental
trawler catch, are now seen to face a new threat in the
growing burden of nondegradable debris in the borders
af currents and eddies in their epipelagic habitat.

One reason for the scant attention the drifiline
habitats have received in marine ecology is the fact that
unfil lately most convergences have been conspicuous
only to the oceanographers or mna fishermen who run
transects to detect sudden changes in salinity, density.
oxyvaen, eic. To the casual observer it is only when there
is flotsam in the line or a fog-wall along it that a con-
vergence is recognized. or when an abrupt change in the
colour or clanty of the water occurs, or a band of lile
waves glitters in the sunlight—or when fish, porpaises,
sea snakes, sea birds, whales, whale sharks, or manta
rays string out along the front. Today, however, the con-
VEIgences are emerging into public view. When stvro-
foam trash gathers in one it can be seen by anybody
from the deck of a ship or window of an airplane.

The accumulation of floating refuse in the ocean has
been noted and deplored for several decades. For a
while it was seen as mainly an aesthetic violation, &
symptom of human untidiness. Today, however, non-
degradable debris is clearly a progressive disruption of
the ecologic orgamization of marine systems, With
growing frequency the fronts now emerpe as white lanes
of styrofoam (Carr, 1986a). The most conspicuous intru-
ston of the invasion is in the Langmuir bands, the fields
of roughly parallel jagged lanes that often simng out
ahead of a steady wind. But the borders of the major
currenis and their gyres are also ofien white with
plastic, On our last trp across the Gulf Stream
searching for little pelagic turtles, the fromt off Little
Bahama Bank was marked by & continuwous line of
plastic scraps of uniraceable provenance,
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In their paper on ocean fronts Cromwell & Reid
(1956) pave as the basic definition of 4 converpence, o
band along the sea surface across which the density of
the water changes abruptly’. To this [ would add,
and a1 lane afong which Littde turtles, their food supply,
and the busvant podlutano of the seas ane sl browght in

topether’,
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