Rips, FADS, and Little
Loggerheads

Years of research have told us much about the
behavioral ecology of sea turtles, but mysteries remain

ack in 1954, when | spoke

before another AIBS audience

at the University of Florida,
the title of my talk was “The Passing
of the Fleet,” The fleer was the repro-
duc;:'ve flotilla of the Carlﬁbem green
turtle; the passing was the degrada-
tion it had suffered, One of m]:E'I:Lms
was 1o share the excitement 1 was
feeling over things recently learned
about the natural history of Chelonia
—especially its long-range breeding
miirnr:inns and its evident talent for
high-seas path finding. Another was
to tell of its 400 years of troubles at
human hands and the outlook for its
survival in the future,

Those were days when in all the
world there was only a handful of sea
turtle peaple, and almost nothing had
been learned about the migrations
and reproductive ecology of any sea
turtle species. Today, hundreds of
able investigators are working with
this group, and more has been learned
than I could possibly inventory here,

But many fundamental questions
remain unanswered. A nagging one is
whether a female coming ashore 1o
nest is returning to her birthplace.
One mighe say, sure, it has to be thay

Aschie Carr is graduate research professar
in the Department of Zoology, Universiry
of Florida, Gainesville, FL 33611, Apthar
of several books, incdluding Handbook of
Turtles and So Excellent a Fishe, Carr has
been studying sea rurtles for mose of his
research career. This article is based on his
plenary lecture at the 1985 AIBS meeting
at the University of Florida, 12 Aupust
1285, © 1986 American Institure of Bio-
logical Sciences.
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Archie Carr

Fronts, or driftlines,
at sea play a vital role
in the “lost years” of

Atlantic and Pacific

sea turtle species

way, because once she has starred
nesting, a green turtle nearly always
comes to nest near the place
where she nested before. Those that
come up on our research beach at
Tortuguero, on the Caribbean coast
of Costa Rica, never go anywhere else
to breed. Among the 28,000 females
we have tagged there, we have record-
ed thousands of return wvisits, but
none has ever been seen on another
nesting beach anywhere in the world,
For anecdotal support of thar statis-
tic, there is old number 3438, a fe-
male we first saw on the beach in
1965, During the next 17 years she
returned 26 times, from feeding
grounds ar least 300 miles away and
very likely farther. The average dis-
tance between her nest sites on Tortu-
guero Beach was a few hundred me-
ters, and some of the nests were
almost on top of one another.
Despite that kind of site fidelity, the
question remains: Was she herself
hatched out there one day 50 or 100
years ago? Our ignorance of the an-
swer hides a lot of behavioral ecolo-
gy- It is an obstacle to the conserva-
tien of the declining populations of
marine turtles everywhere. The hold-

up in finding the answer is the lack
a tag which, if put on a 20-grg
i.'l'.lfaﬂ'r-. Wﬂ] b{ I'J'I'l:l'E Wh&ﬂ the |:-_
returns as a 100-kilogram adult, R
cent evidence that Chelomia takes ¢
t0 50 years to reach breeding age dg
nothing to relieve the difficulry.
The second intractable problem
to learn how, during the global repeg
ductive migrations that the populafh
tions of some speces make, the mj
grants are guided in their open-ocess
cruising. How does a female on hes
maiden trip to a nesting beach retur,
to the place where she was bom;
Having once nested on a given shore,
how do her later returns—from
tures up to a thousand miles away—
take her back to the same nesting
place? The guidance mechanism s
wholly unknown. To me, that seems 3
major flaw in biclogical science.
The third question will be the
theme of this discussion: Where do
little sea turtles go, and how do they
live after they leave the nesting beach?
In recent years that problem has re-
ceived a lot of atrention, and a litdde §
new light has been shed on the “mys-
tery of the lost vear,” as we used to
call it. We know enough now, for
example, to stop speaking of a “lost
year,” except ma}rﬁe metaphorically.
Young sea turtles leaving their natal
beach no longer head into toral im-
bo—and the time they remain out of }
sight is a lot longer tﬁan a year. leis
now clear that the developing young
are mot seen because they are pelagic,
passing the absent time as plankronic
migrants in the borders of currents in
the open ocean.
Back in 1934, one of the few things
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ﬁ!hﬂd turtles [Caretta caretta) in sargassum after experimental release nearby o test their affinity for the alge. Photo: Archie

]
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known about little sea rurtles was
that when they left the nest they were
able 1o n‘a\rﬁ? seraight to the water,

ether or not they could see it from
their nest site, Once they had passed

3 through the surf, they would not be

%en again in the waters of the conti-
Bental shelf until they reached sizes
n those of a saucer and a din-
Ber plate, It had also been observed,
everybody who had kept newly
turtles in a tank, that chey
tended 1o swim furiously against the
Walls, often for two or three days.
This frantic eravel urge—initial swim
tzy, we called i—was fueled by a
sidual store of yolk that made a
Comspicuous swelling on the hatch-
ling’s belly, All this seemed to prave
that they were destined to swim away
Somewhere, and to continue traveling
for days, Since we knew they were not
along any known shore, the
Only reasonable conclusion was thae
they were out of sight because they
out in the open ocean.
if 50, we used to wonder, what
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did they find to eat out there? Once
they ]:E.: the fertile water of the conti-
nental shelf, they would find the sea
too thinly set with the edible, easily
caught prey required to support the
growth of a planktonic, air-breathing
verichrate that lacks the equipment to
strain dispersed plankton and has a
foraging range restricred to the upper
few meters of the sea,

Down ar To ero, a million
green turtle harchlings or more go
each year into habitat so sparse in
plankeon that you would think a lirtle
turtle would wear itself out running
down a day's rations. There could be
no Tormuguero green turtle rookery,
we used o say, it its hatchlings had to
depend on the open Caribbean as
feeding ground—and yet out there
was surely where they were. We had
seen them disappear into the blue,
and had even Eulq:w:d them on out
for miles, still swimming straight
away from the land long alter it was
out of sight under their horizon.

It was a puzzle; and it was the same

at the loggerhead rockeries up on the
Atlantic Coast of peninsular Florida.
More loggerheads nest there than
anywhere else in America, maybe in
the world, If their young, too, were
pelagic plankton—and they surely
were because none were ever seen in
the coastal lagoons or crecks of their
home shores—what did they feed on
when they left the shelf?

t was the thinking back and forth

between the Florida loggerheads

and the Costa Rican green turtles
that finally suggested sargassum rafts
as the lost-year refuge, OfF both Tor-
tuguero and the Atlantic coast of
Florida, rafts of sargassum weed drift
by, often strung out in long lines at
the borders of the offshore currents.
In the restocking effort of Operation
Green Turtle of the Carbbean Con-
servation Corporation, we used to
make deliveries by sea plane of hatch-
ling green turtles out of Tortuguero.
Berween Panama and the Nicaraguan
cape, we sometimes flew for 100
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miles or more along lines of big
Brown algal mats in the edge of the
North Equatorial Current. These
were wsually lined wp northwest-
southeast, and out of our plane’s bub-
ble window, they were easily seen
from alttudes of several thousand
feet. We had no clear idea why the
rafts were arranged as they were, but
it was the same off the coast of Flori-
da. The walls of the Gulf Stream there
were also often marked by weedlines,
Fishermen recognized these as a good
place to catch dolphins. That meant
that forage fish were out there, toa,
and also the smaller creatures the
forage fish preyed on.

So finally, we seemed to have found
a theory to work with, Hatchling sea
turtles just swam out until they found
4 sargassum mat, crawled into it, and
went wherever the current took them.
It was well known thar sargassum
rafts harbored a diverse, specialized
fauna, including many kinds of litde
fishes, crustaceans, worms, molluscs,
tunicates, and coelenterates, that
seemed suitable forage for little tur-
tles. Besides that advantage and the
concealment the rafts offered, there
was the fundamentally impartant ten-
dency of the mats to be aligned off
high-energy beaches and thus to en-
hance the probability thar the sea-
ward eourse of little turtles leaving a
nesting shore would intercept them.

rom nearly every standpoine it

Was an attractive notion, It

made sense of the harchling's
innate drive to swim continuously
and of the retained yolk to support
protracted travel, Later on, the idea
was further reinforced when we
learned that hatchlings hold a course
normal to the shoreline and rravel
directly seaward for many miles.

50 the sargassum raft hypothesis
held promise. And when 1 started
talking about it with people at the
Florida marinas and with swordfish-
ermen on the Salerno longline boars,
it turned out that many of them knew
that lietle turtles lived in the “berry
grass driftlines.” Virtually every ha-
bitual weedline fisherman between
Cape Canaveral and Cape Florida
had seen hatchlings in sargassum or
in the stomachs of fish caught near
sargassum. It wasn't long before the
accumuolated word-of-mouth reports,

combined with a growing frequency

24

of published records, left little doubt
that hawchlings go into sargassum
rafts. Bur did they stay there? Soon
answers to this gquestion began to
COMME in, tod,

One day during a radio-tracking
cruise on the BV Alpha Helix, we
found postharchli een turtles in
the weedline off Cl:ﬁﬂﬂ, Panama, 100
miles downcurrent in the Southwes:
Caribbean Gyre from their probable
home ar Tormuguero. At that point, |
approached the World mldlni::;:uud
with a proposal to investigate the
sargassum refuge th:ar:.rﬁﬁ direc
searching and interviews with ocean-
oriented people around the West At-
lantic anE Caribbean coasts. A small
grant was awarded, and we quickly
spent it. More funds came from the
Narional Marine Fisheries Service
(NMFS), and we spent those too. The
scarch cruises were almost fruitless,
but a preat deal was learned by just
interviewing saltwater people, cspe-
cially the swordfish fishermen,

Like dolphins and many other
kinds of fish, swordfish often aggre-
gate where sargassum piles up slong
stable weedlines. The hillﬁsli: long-
liners whao set their 20-mile-long tack-
le beside sargassum lines at the noreth-
ern tip ol little Bahama Bank
consistently spoke of seeing well-
grown young turtles, “up to the size
of your hand,” in the heavy sargas-
sum off Matanilla Reef, Juvenile fog
gerheads, hawksbills, and green tur-
tles showing some growth sometimes
also washed up on Fast Coast beaches
in Movember storms, These often
came bundled in masses of sargassum
weed, and in the stomachs of the dead
ones examined, bits of the animals
that live in sargassum or the leaves or
tioats of the plant itself were consis-
tently found. It was becoming clear
thar the storm waifs had lived in the
sargassum before it was blown in
from the weedline bordering the long-
shore current. And it was nor just the
autumn storms that brought them,

They sometimes arrived in February
and March as well, and since no
North American sea turtles hatch at
that season, these advanced waifs,
like the ones in the Bahama Bank
sargassum, must have resided in the
rafts for months and have then been
brought to the coast by currents from
someplace far away or after circling
in nearby gyres.

Then, with the weed raft thegy
beginning to seem promising, g
flaws emerged. One was our )
knowing what happened to hatg
lings when their sargassum refy
went 1o pieces in bad weather, ag _
mats often do. The other, more fiy
damental weakness was that some g
turtle populations breed along shopk
where no masses of brown algae eyer
drift by, Where and how did
young of these populations pass theig.
pelagic stage? X

T]Ez effort to reconcile these inggy
gruities cost me a lot of strupglin,
with the arcane prose of phys
oceanography—a ﬁlrm of comm
cation that is fendishly hard for
outsider to read. In the end, howe
| came to realize that the fundameng
factor in the pelagic stage of sea ;
development is not a sargassum
but the gathering of resources thay
takes place ar a front, a converg Tice
where different bodies of water COmg
together. Apparently, horizontal frig
tion or collision there generates siks
ing, or downwelling, and this mihis
lizes and aligns anything bouyang in
the vicinity. This may not be intuitiv
ly evident, but it happens, and knowe
ing it does make other observat 15
casier to understand, For one thing, j
is what builds up most of the big
sargassum rafts and what reassemble
them after storms have wrecks
them. Some mat growth is obviong
by vegetative proliferation. But the
big rafts and lanes of rafts have ng
grown inwo those forms and &
they have been built by downwelling,
And since the same process draws in
all other floating objecrs within reachy
it creates conditions that txplﬂm
survival of little sea turtles whep
there is no sargassum weed. W
tronts occur, the debris and food p |}
sources of the surface waters will be
assembled, trophic levels will mulg-
ply, overt colonization will take
place, and life in the open sea will
feasible for an epipelagic, planktoni
air-breathing lile animal that fop
apes on smaller animals.

The importance of rips and d it
lines (siome the Japanese call them) a5
feeding habitar for billfish and sea
birds is widely known (e.g., Ashmole
and Ashmole 1967), The diversig
and prevalence of the frones
make them, however, and their p
found invelvement in the ecology of
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the acean have received surpris-
mgly lirtle atvention from marine
mﬁ:sistﬁ- .
Convergences range in magnitude
from trivial disruptions o the shears
and collislons of the big geostrophic
porrenfs and midocean gyres. To a
casnal observer, they may be conspic-
pous only when florsam is present
Anybody who has done a lot of look-
ing down at the sea from an airplane
st moderate altitude may have no-
ticed areas of the sea surface striated
with ragged, roughly parallel lines of
foating stuff. s¢ are known as
Langmuir bands. They are produced,
I am told, when wind blows steadily
at seven knots or more, This some-
how sets up a series of evenly spaced
counterrotating vortices, the axes of
which run—not across-wind, as you
would expect—but in the direction
the wind blows, Along the line where
each pair of these opposing eddies
collide, the water sinks, and anything
afloat is drawn in.
Langmuir circulation is probably
tally important in reassem-
bling sargassum rafts after heavy
weather and also in lining them up in
1 way that makes them more easily
located by the random travel of a
dislodged and totally dependent in-
habitant—such as a sargassum fish or
a lirtle turtle. (It is not a cheering
thought thar these days Dr. Lang-
muir's bands are made more conspic-
uous in the seas of the world by the
abundance of styrofoam scraps and
Pastic bags and other human garbage
that they hald.)
The most helpful explanation I
ve seen of the gathering acrion of a
t is a recent paper by Donald
Olson and Richard Backus (1985) of
Woods Hole. They described the re-
markable concentrating of a lictle
cold-warer fish, Benthosema glaciale,
In of a warm-core Gulf
Stream ring. When the Gulf Stream
Bets up around Cape Hatteras, it of-
0 goes into paroxysms of meander-
I0g, and from time to time its bends
Eet 50 narrow at the bases that they
"‘{'«'ﬂi off and move away, spinning
Wwith the old Gulf Stream momentum
and moving slowly southwestward,
€ rings range from a few hundred
0 2 few thousand meters across, and
ey sometimes last for months, keep-
Ing their inteprity because their densi-
t¥ differs from that of the surrounding
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cold slope water. The ones that pinch
off to the north surround warm water
from the Sargasso Sea. They are an
important ecological influence in the
shelf water and may be the vehicles by
which warm-warer species, including
little sea turtes, sometimes turn up in
Boston Harbor,

Over two months, Olson and
Backus observed a fivefold increase in
the concentration of benthosemas in
the edge of the ring, and they provide
an analydcal model to account for
this. | was stimulated by their idea
that if an animal or plant, by either
overt swimming or huﬂ}'EJ'.IC{ control,
15 able to keep to a particular depth
and is drawn into a front by down-
welling, it will hold its position there,
and its numbers are bound ro build
up despite the vertical movement,
How deep the gathering force of a
convergence extends is not clear o
me, but the point is that the advection
effect is by no means restricred to
pulling in stuff floating on the surface.

0 in one way, the sargassum

rafts were a red herring thar

distracted artention from a fac-
tor of more fundamental impoc-
tance—not just for young turtles, bur
for most other inhabitants of the sur-
face water of the sea. Where the weed
rafts are present, they are a blessing,
but the trontal sinking that builds
them is indispensable in the ecological
organization of the upper waters of
the ocean.

One of the most graphic accounts
in William Beebe’s writings about the
natural world is his description of a
big current rip in his book, The Arc-
trrus Adventure (1928), The rip was
an extraordinarily well-developed
convergence, encountered 200 miles
southeast of Cocos Island when the
Arcturus was cruising down to the
Galapagos Islands. For two days the
ship moved along in the rip, part of
the time with engines dead, held in by
the convergence, drifting with a teem-
ing band of life. “Here was a concen-
tration of organisms greater than any
[ have ever scen,” Beebe wrote. “We
had to give up trawling with the silk
nets . . . the amount of floating ani-
mals was so great that the bags would
fll immediately with a weight that
strained them to the utmaost,”

The following are notes from the
Arcturus log for 1 April 1925:

An extragrdinary sight greeted us
at dawn, As far as the eye could sec,
there stretched a clearly marked line
of foam, = ing o the horizon in
a NE and sﬁnﬂim. O the north
side of the line the water showed
dark and rough, while to the south it
was lighrer and smoother. ... This
liree, which wound across the sea like
a river meandering . . . marked the
meeting of rwo great cureents, and
within its narrow limits there swam
or drifted or flew an amazing quano-
ty of gﬁ Emhb::._infd::uha hala-

5, ic-birds and frigate
Eﬁ' diveduﬂr the ab undE:nr
food, . . . A schoof of five or six hun-
dred dolphins leaped and played
across the line . , . myriad flying fish
Hickered everywhere ... patches of
the sea were colored . . . purple by
millions of tiny salps, and every drop
held a copepod ... murtles drifed
past and . . , 8 sea snake was scooped
up. We put over small boas and
rowed about, carching pelagic anem-
ones, Porpits, Glancus, Halobates,
balls of moltuse eggs, fanthinas, and
hosts of crusraceans.

And that is only a ship’s log ralking,
In his book, Beebe described the rip in
still more colorful terms.

I was yvoung when | read The Arc-
turus Adventure, and the description
made a deep impression on my mind.
But because | came away not know-
ing what held the seething band of life
together, I was left unaware of a
major OFganizing process in marine
gystems. If Beebe had discussed the
rip with a physical oceanographer
and worked out a layman’s explana-
tion of its dynamics and put that in
The Arcturus Adventure, the pelagic
environment as a place for animal life
would be better understood than it is
today, Besbe identified the cause of
the rip as the coming together of “tweo
warm, westwardly flowing streams of
water," but he attributed the jubilee
there to "a wall of warer against
which all the ﬂnatinii::tsa.m for miles
... wag drifred and held." This made
no sense to me, and | judge to a lot of
other readers, too, because The Arc-
turus Advernture was widely read. The
wall idea did nothing to advance a
laymen's comprehension of a wide-

read phenomenon without which
m 5u waters of the seas would
be dismally unproductive,

It would be hard to overestimate
the ecological importance of conver-

gences. If there were none there
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would probably be no sea rurtles—
certainly none of the kind we know,
with the racial custom of sendi

their young away on dewhpﬂm:ﬁ
migrations as pelagic plankron. It has
taken me a long time to realize this,
and one reason has been thar untl
lately, most of the nontechnical litera-
ure that | read has scressed the eco-
logic importance of wpwelling, to the
virtual exclusion of downwelling,
Obviously, without upwellings phos-
phates and nitrates would stay locked
away below the photic zone, and the
ocean would be far less productive,
But upwellings do not assemble orga-
nisms; neither do organisms cmwﬁn
to feed on anything thar wells up.
What comes up is just the stuff of
primary production, and even this is
not concentrated locally because the
vertical movement is brought about
by the divergence of water regimes,
and the nutrients that come up are

Figure 1. Loggerheads of the Indian Riv-
er-Maosquitn Lagoon size class in Lew
E|:||rhar|r's laboratary for tagging and
release.

scon washed away from their place of
origin, Maybe a few spry diatoms
multiply at upwellings. Olson and
Backus {1985) pointed out that depth
keepers are able to resist vertical dis-
placement cither upward or down-
ward. But food chains lack the time to
develop there, and sardines or tuna or
seabirds do not congregate to forage
at a zone of divergence. They gather
when the water has spread 1o other
places where convergence and sinking
ocour, where resources are concen-
trated, and where higher trophic lev-
els can develop,

Once the effects and whiquity of
fronts are realized, it is not hard to see
how sargassum animals regain their
refuge after storms have demolished a
driftline or raft and how young sea
turtles find food in pelagic habitats
devoid of drifting algae. But as soon
as it became clear thar the wrtles were
pelagic, other questions arose. For
instance, most benthic animals of the
continental shelf—invertebrates and
inshore fishes—also have pelagic lar-
vae, but they produce them by the
millions, swamping with their num-
bers the factors opposing sarvival.
This makes you wonder how sea tur-
tles get by with the few hundred eggs
per season a female lays, And those
that do survive: where, and by whar
guidance process are they eventually
restored 1o the breeding populations
they came from? Do they return when
the current they are riding just hap-
pens to dump dinner-plate-sized tur-
tles into inshore habitar appropriate
for their age group? or when, at a
given ecological signal and stage of
development, a map sense, homing
urge, and navigational ability appear,
and the animal, no longer a pE‘mk
tont, actively seeks out and rejoins ies
population Er onented ravel?

It occurred to me lately that a way
to approach these questions would be
to take stock of what we know of the
developmental ecology of the Atlantic
loggerhead, Caretta caretta along the
eastern coast of peninsular Florida.
The biggest nesting grounds in the
Arlantic are ]::ur_'atﬁ there, and tag-
ging has been in progress for many
years. Besides the mature turiles that
nest in great numbers on East Coast
beaches, colonies of subadult logger-
heads are being tagged by Lew Ehr-
hart in the Indian River and Mosqui-
to Lagoon (Figure 1). For the past five

years, NMFS research trawlens B
also been tagging this age group ja,

miissile submarine channel at Poog et
naveral where, for no kKnown regess’
it aggregates in preat numbers,
two subadule colonies are by fa
largest assemblages of immature
gerheads ever recorded anywhe

the western Atlantic range of the
cies. When shrimp trawlers of
Georgia and Florida coasts catch g
gerheads incidentally in their
animals are mainly from this g
group.

Thus, Caretta occurs in Florids
four distiner stages: sexually mg
breeders and foragers, new h
lings, pelagic lost-year juw
brought back weeks or months afie
hatching by gyres and storm
and the nearly marure aggregatio
Canaveral Channel and the In
River la 5. When size rangefy
these different age classes is -
there is a conspicucus gapfa b
the biggest American pelagic juvenile
and the smallest of the subadulee
the lagoons and channel, i@

As tar as [ have learned, this mise
ing size class occurs nowhere in I8
waters. Very recently, however, &
place in the bar diagram has besg
filled by measurements of an itinerag
seasondl colony of linle logperhesd
that occurs regularly on the other gids
of the Atlantic, at a place on the Mid-
Atlannic Ridge that is swept by
main axis of the Gulf Stream system,

The occurrence of little sea e
tles—ridleys and green rurtles as well
as loggerheads—in European water
is nothing new. For a long time, zogk
ogists have taken note of them and
wondered where they came from and
what their ultimate fare would be,
They have usually been viewed as
terminal expatriates, out of the geo-
graphic range of their species and
with no prospects of rejoining it In
his book, European Sea Turtles,
Brongersma (1972) compiled the East
Atlantic records and also sightings
made ar sea. Like others who have
pondered the matter, he concluded
that the European arrivals probably
came from America, but he, too, was
dubious about their future.

The reason the lost waif idea arose
was that most of the amention given
European sea turtles has been om
more northerly shores—the United
Kingdom, Holland, France, and Scag-
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danavia—and in those regions, a sea
wrtle obviously faces a dim future.
The Gulf Stream splits as it approach-
=5 Enrope and continues past England
s the North Atlantc Drift; the water
wmperature, once around 25° G,
chills down to near zero. There thus
seems no way that the northern asriv-
als, already feeble if not dead on
shoee, could ever get back to wherey-
er they came from, Because the British
mrdles were those most often her-
alded by scientists and the popular
press, the idea that they had lirde
chance of survival arcse, and linde
serious artention was paid 1o the pos-
sibility that some East Adantic turtles
might be involved in a regular trans-
atlantic migration.

All this ime, a lot more lite log-
gerheads have been drifting into
S&anish and Portuguese waters, but
Iberians get less worked up over natu-
ral history than the English do, and
oot much has been said or written
about the strandings there, MNow,
however, it seems probable that at

one seasonal European colony,
which turns up regularly in the
Azores, is not made up of waifs but of
American on a regular
passive developmental migration in

obal current system.

e data that brought this out were
sent by Helen Martins, an oceanogra-
pher at the University of the Azores
and a collaborator in our tagging
program. Twe vyears ago Martins
wrote me that the tuna boats fishing
on Princesse Alice Bank were catchin
little | .hﬂdsm:hdipumanﬁ
‘B-km{ﬁn home to eat. They eat
them less often now. Instead, Martins
buys all they bring in, puts tags on
them, and lets them go again (Figure
1}, She recently sent me the measure-
ments of her 40, They neatly £l
the gap in the West Atlantic series, fill
it um£ data from healthy two- or
three-year-old turtles taken in a pe-
lagic habitat that is downcurrent
from Cape Canaveral, out of reach of
the cold Morth Atlantic Drift and in
the full flow of the Gulf Stream, en-
route to West Africa, South America,
and Cape Canaveral (Figure 3).

As to what brings about the eventu-
al departure of the Princesse Alice
migrants, nothing is known beyond
the fishermen’s statement that they
are there only in summer, Unless they

already acquired a homing urge
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Figure 2. Young loggerheads of the Azores size class, tagged on Princesse Alice Bank.
Phowo: Helen Martins,

and a guidance sense, they must just
move away in the flow of the Gulf
Stream system; there are downcurrent
records of the size g to support
the view. Long ago, Richard Backus
wrote me that during a cruise of the
RV Yamacraw, about 40 lirtle logger-
heads, 15 or 20 of them in one group,
were sighted along a course from the
Azores to Gibraltar. Beyond Gibral-
tar the main current veers southwest-
ward as the Canaries Current and
moves past Madeira, the Canary ls-
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lands, the Cape Verde Islands, and
across the equatorial Atlantic to
;"'|.1:|:|l.-|.'i-|:af {Figire 4). That a:nﬂl;aat
some of the young Azores er-
heads leave by thar drift borde roure
seems confirmed by the records for
the islands off West Africa,

While the juveniles are on the
Azores bank they are still clearly in
their pelagic s feeding exclusive-
ly at or near the surface. Where the
tuna boats catch them, the water is
too deep for bottom feeding. The
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Figure 3. Shell-lengeh distribution in three size groups of American loggerheads and one

East Ardantic group.
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Figure 4. Major currents of the North Atlantic Ocean,

presence of the tuna indicates thae
CONVErgences are concentrating food
resources in the surface warter. Evi-
dence that the Azores migrants con-
tinue their surface feeding afrer mov-
ing southwestward in the Canaries
Current is indicated by van Nierop
and den Hartog (1984), who exam-
ined the stomach contents of pre-
served specimens from the cur-
rent islands off Africa, They found
abundant nematoeysts, indicating
that 2 number of different coclenter-
ates were the predominant items in a
diet that included pelagic runicates,
pelagic snails, gooseneck barnacles,
and other high-seas nisms.

But meantime, it is frustrating not
0 know where the Azores migrants
are spending the years it takes them to
grow from the sizes of saucers and
dinner plates to the heft of the Florida
Subadu]]:’m., which average 43 kg in
weight and 65 cm in shell length.
Nobody knows what the growth rare
of turtles surface-fesding on pelagic
forage would be, But if they traveled
at an average speed of half a knot, in
the axes of the Canaries and North
Equatorial Currents, through the An-
tilles and directly up to Florida's east-
ern coast, the journey would take no
lo than about 280 days. If they
pﬂr;f:rngnd the trip by staying in the
current through ]Eﬂ Yucatan Channel
and into the Gulf of Mexico, moved
into the Loop Current, out through
the Florida Straits and up the coast to
Canaveral, they would get home in
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about 470 days, which is still several
years too soon (Figure 5).

S0 the question is, where do they
kill the time it takes them ro grow
from the Azores size class to the Ca-
naveral and Indian River sizlng:‘s? There
15 a bare possibility that they
over in snmlzul:iddm place in the sm
waters of northern Africa or northern
South America, but for various rea-
sons this seems virtwally out of the

uestion. A more probable answer is

at they while away the time in the
gyres and eddies uF the main Gulf
Stream system, At an average speed of
half a knot, one circuit of the mid-
ocean North Atlantic Gyre would
take only around 440 days, but -
be the migrants switl on in it indefi-
nitely or prolong their stay by detours
in minor eddies within the Sargasso
5ea

At least we now know there are
plenty of fronts and convergences to
assemble the food the travelers re-
quire. And we know that lintle eels are
all out there, Perhaps the itinerant
loggerheads are out there too, possi-
bly even eating little eels,

n any case, the lost year of the
Atlantic loggerhead is more like
four or five years—and this bears
directly on the even longer absence of
the young of sea turtles from nests out
on the Pacific Coast. Some of the
biggest breeding colonies on Earth are
those of the olive ridley in the Fast
Pacific. It nests arribada style, with up

‘small fishes and the young stages of

to fifty thousand females or m
crowding ashore ther on o §
short beaches from Mexico dowy

Costa Rica, Along the same sh

the big leatherback comes in to nag.

not dghely gated like the rd

but in tr s numbers. Nok

ever sees the young of either of g

species until they come back alp,
¥ mature,

It is the same old Jost-year
only even more mysterious, W _
you stand on a Pacific beach g
watch a swarm of newl harched 44
leys scurry down to :IL swash gp
into the big Pacific surf, get throngh
somehow, and then reappear bevoms
the breakers as a scattering of |j
black heads that soon move seqpe J
out of sight, it is strange to think th
will not be scen again until il
back fully grown, It is the same g
the 1-::|tl'|uel'IE:mvr_Ir:r.cr these two cases hay
always scemed the epitome of g
mystery. Mow, the new evidence gha
a transatlantic developmental sigp,
may be standard procedure in the jjs,
cycle of Atantic Caretta makes ghe
lost Pacific ridleys and leatherbacks
litle easier to live with, Out
just as in Florida and Torm
there are north-south currents to
up hatchlings and carry them into the
big east-west system that trayels P
quarter of the way across the
All along the way there are shears and|
driftlines where other crearures are
likewise housed and fed. So evey
withour sargassum rafts to bodge in,
life is possible in the Pacific, even for
planktonic wanderers that eat
micronekton and breathe only air,

In the places where mats of drifting
algae are lacking, their role is to an
extent duplicated by other kinds of
flotsam gathered in by the front, One
ecologically influential kind of fos
sam, which turns up even out in the
mid-Pacific, is drifting timber. ¥
dead tree washes our 1o sea from a
river in Colombia or New Guinea and
Bets into a major current, it will
promptly be colonized by barnacks,
woodl-:b-:rﬁng molluscs, and teredo
worms; their work makes it habitable
by many other species thar have not
totally lost nostalgia for solid ances-
tral hahirats. Eesiﬂs the animals that
lodge in or on the log, many kinds of

Pl
b=

others arrive from who-knows-where
and school beneath the log; graduat-
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of sizes of predators come in after

dem—and after one another.
The tendency of open-sea animals
w seek shelter under floating debns,
not well understond, is a Flun-
damental behavioral factor in epipe-
bgic ecology. It is common knowi-
that to catch a cobia you cast
gver to a channel marker; if it is
mordfish or dolphin you are after,
the place to fish is along the lanes of
heavy sargassum. | once watched a
half-beak repearedly hurdling a float-
ing two-by-four 20 miles at sea, and
near the same place, three little moon-
fishes huddled under a drifring

SOCONUE.

Some kinds of fish are artracted by
anything solid ar the surface of the
liquid ocean, and not long ago, com-

mercial fishermen and fis agen-
et came to realize the ntial of
this trait for exploitation by the una

imdustry, During four months in 1963
(Hunter and Mitchell 1967, two bi-
ologists of the Narional Marine Fish-
eries Service collected data on the
association of fishes with logs in drift-
lines off the Pacific coast of Central

e

P

) QE;“-E.—E Aoy
]
\'-.\_- = = -IE-E".\E-_'{'I

America, Although it was not so stat-
ed, I judge this was not just a venture
in pure natural history but mission-
orjented research of possible use 10
the tuna industry. Some of the logs
observed were anchored; others drift-
ed naturally, The sampling was done
with small purse seines. Altogether 32
different species of fish were collected.
Ar logs that had been newly set out,
divers recorded recruitment rates and
found thar afier about four days,
there were always too many fish to
count, Sea snakes gathered around
the logs, evidently attracted by the
schools of lirtle fish; a sign of the

rowin nization was a parasice
Elﬂning D';Eﬁd, with three pclnancr
fishes “nipping at the neck and legs of
a green rurthe.”

The people who probably know the
most abour Pacific tuna and billfish
are the Japanese, They pained their
lore in avid pursuit of the big cursori-
al species, which they catch with
poles and lines, longlines, and purse
seines. They do much of their fishing
out in the vast spread of the open
Pacific. Needless to say, it is simple-
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minded to drop a hook or set a purse
seine just any old place out there. You
go where the fish are, and the Japa-
nese tuna fishermen know how to
find them. Regions of upwelling are
propitious; fronts and driftlines nar-
row the search, and wherever chunks
of big flotsam are held in the fp,
schools of tuna are almost always
nt

When a fioating log is pulled into a
frone, the line of heightened biologi-
cal acrivity 15 focused at a point;
diversity and abundance rise dramari-
ﬂ around ity and even the big,

ide-ranging Em’es gather there.
The idea of anchoring artificial float-
ing objects such as rafts of palm
fronds or bamboo poles has come
independently into the minds of wide-
ly scparated oceanic people, and to-
day, the log-fishing technique with
both natural trees and elaborate hu-
man-made versions is spreading fast.

A few years ago the Inver-American
Tropical Tuna Commission (IATTC)
was threatening to excdude the US
fleet from the rich tuna grounds off
Central America. This was when the
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Figure 5, Three rransatlantic rautes that turtles {or drift bottles) might follow in the main Adantic currents, with calculated travel

Hmeg,
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industry’s public relations were al-
ready strained because of its bizarre
custom of setting nets around por-
poise schools that had tuna onder
them. The industry decided to seck
less troubled waters in the western
Pacific, and a research vessel was sent
out to explore.

When the exploratory vessel came
back, the captain was enthusiastic
over what he called log-fishing as the
best possible way o catch runa. “Find
the right log,” he said, “and you're in
business.” Thar meant an old log, he
said, “with bamacles, crawling with
litle crabs, with a lot of bait breezing
around, and usually with some little
turtles there.” He reported seeing logs
attended by groups made up of sever-
al species and different age groups of
tuna, The collective weight of one of
these he estimated at 500 or 600 tons.
The fishing technique he described
was to search the fronts until a lcrlg
was found and then to let it drift
freely, with a floar carrying a blinker
and radio beacon attached by a short
line. When a set was made around the
log, a small fast boar tended it and
made sure it didn't tangle in the net or
Bet too close to the vessel when the
net was being pulled in.

Today the procedure has been re-
fined. Searching for drift logs in the
wilderness of the western Pacific—
even when positions of the main con-
vergences are known—can try a fish-
erman's patience. In 1978 the NMFS
Honolul laboratory embarked on a
project to devise “structured flot-
sam," as they call human-made sub-
stitutes for drift logs. Beginning with
rafts of steel drums filled with plastic
foam, the devices gradually evolved
into buoy-type floats hung beneath
with various kinds of drapes, which
markedly enhance their appeal. These
buoys have been am:lm-res around the
Hawaiian Islands in water up to 1250

fathoms deep. They have been a dra-
matic success, attracting many differ-
ent kinds of pelagic fishes and bring-
irE happiness and profit o sport
fishermen and commercial runa boats
alike,

These high-tech driftlogs have been
christened FADS, for fish aggregating
devices, According to Shomura and
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Marsumoto (1982), commercial pole-
and-line fishermen visited FADS 247
times in 1978 and caughe $23 metric
tons of tuna. The biggest aggregation
observed at a FAD was a school of
55-70-kg yellowfin muna, estimated
by R. E. Block of the University of
Hawaii at 1600 tons. Twenty-three
countries have deployed FADS in the
western Pacific, and the IATTC has
put them out in the eastern equatorial
Pacific for use by both pole-and-line
fishermen and purse seiners. 5o the
FADS are here to stay—for as long as
the big ocean fishes can stay out of
the Star-Kist cans and sushi bars.

nd as long as the driftlines are
not wrecked by the accumu-
lating waste of our civilization,

A man | know is master of the MV
Freadom, a tanker thar makes fre-
quent trips across the Gulf of Mexico
from Corpus Christi to Jacksonville,
His course takes him straight through
the wild midsection of the gulf, a
place where you can feel very far
away from the human race. But you
are not, really. In one crossing last
year, the Freedom croised for 30
miles in a crowded lane of garbage.

The next trip, the garbage had
moved on, and at almost the same
position there was a dense field of
immature Portugese men-of-war. The

rotesgue clutter of human waste and
the little Physalias were no doubt
both held in by the same front, very
likely the eastern wall of the West
Gulf Gyre, Their coming together out
there, drawn in by the same force, in
that remote place, makes one wonder
how long it will take for the wastes of
our race to ruin the driftlines of the
world,

In recent repornts on marine pollu-
tiom, | seem to have noticed a tenden-
cy toward optimism, Maybe it isn’t as
bad as Heyerdal and Cousteau say, 1
read the other day. The spread and
depth of the sea should keep our
soluble exudates harmless indefinite-
ly, and the heavy stuff will do no
harm for centuries, down on the abys-
sal plains.

I doubt the sense of that, but n
or wrong, it ignores the growing
threat to the fronts, where life is

arranged in lanes. In a way, dr

are like English hedgerows or i
zones along which terreserial ha
meet. The comparisons ars -

cial, though, because the rips drl‘w-h
not just organisms and their food h.
everything else thar floats as well
And of all the driftline inhabi
little sea turtles seem the most wy
able wo the pollution the fronts they
Along the coasts bordered by dﬁ&“
Stream, young turtles choked with g,
or with impacted digestive tracts [y
quently wash ashore. And lately,
Nierop and den Hartog (1984} tell
finding tar, plastic scraps, and iyl
in the stomachs of young Inﬁhﬁ
of the East Atlantic size ¢ from
Santa Maria and the islands off W,
Africa,
So the satisfaction of finding vigh,
American eads on the othy
side of the Atlantic is made a little Jg
by the thought of the additional yeyy
they face gerting home in waste-byy.

dened driftlines. But for the

their home colonies back in r]Ee Uiz
ed States show no sign of decline, ang
before many years go by, | am look.
ing for the wrtles Helen Marting jg
tagging on Princesse Alice Bank g
turn up in Lew Ehrhart’s nets in Mgg.

wite Lagoon—or out in Canavers]
hannel, dodging the dredges ang
nuclear submarines, i
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