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PREFACE

The 20" Annual Symposium on Sea Turtle Biology and Conservation washel d between 29 February
and4March 2000in Orlando, Florida, USA, and was hosted by the SeaTurtle Protection Program of the
FloridaFishand Wildlife Conservation Commission. The Symposiumwas, inaword... humbling. Itwas
thelargest of theannual seaturtle symposiato dateand it wasal so thelargest and most diverse gathering
of “seaturtlefolks’ ever; 960 peopl e attended and 67 countrieswere represented by active participants.

Thisproceedingsrecordsthe essence of themany excellent oral and poster presentationsmadeat the
symposium, but agreat deal moretranspired that cannot be adequately capturedinthisvolume. Thislist
of specific eventsservesto congratul ate the sponsorsand vol unteerswho madethe eventshappen and to
help the reader in identifying organizerswho could provide additional event information.

» The Seventh Annual Meeting of Latin American Sea Turtle Specialists was held at Camp
Challenge, Florida, 25-28 February, and was organized by Hedel vy Guada, L esbiaMontero, and Hector
Horta

» There was a one-day special session on the biology of the loggerhead sea turtle. The session
brought together invited experts on loggerhead biology and status and will result in a book entitled
“Biology and Conservation of theL oggerhead SeaTurtle,” edited by session organi zers, Alan Boltenand
Blair Witherington, and published by Smithsonian I nstitution Press.

» There were workshops held on the physical monitoring of beach nourishment sites, sea turtle
anatomy, nest predation mitigation, light management on nesting beaches, Floridaseaturtle permit-hol der
issues, and population modeling (both beginning and advanced), in addition to a colloquium on the
taxonomic status of the black turtle. Reportsfrom many of these events were presented in the Marine
Turtle Newdletter.

» Thesymposium banquet featured aretrospective on seaturtl e biol ogy and conservation and onthe
ontogeny of the Symposium. Peter Pritchard reminisced insightfully on the early years when pivotal
eventswere occurring and when only ahandful of peopleworked to understand and conserve seaturtles,
and Lew Ehrhart presented adelightful and detailed 20-year walk down Workshop/Symposium memory
lane. Also at the banquet, Anders Rhodin presented the Archie Carr Best Student Presentation Awards,
co-sponsored jointly by the Sea Turtle Symposium and

Chelonian Research Foundation. Winnerschosen by the Student Awards Committeefrom afield of
90 student presentationswere: Best Biology Paper, Jeffrey Semonoff (Wildlife and Fisheries Science,
University of Arizona); Runner Up Biology Paper, Melissa Snover (Duke University Marine
Laboratory); Runner Up Biology Paper, Barbara Bell (Dept. of Bioscience, Drexel University); Best
Biology Poster, Patricia Sposata (Dept. of Biology, Florida Atlantic University); Runner Up Biology
Poster, Dana L. Drake (Dept. of Bioscience, Drexel University); Best Conservation Paper, Lori Lucas
(Floridalnstitute of Technology); Best Conservation Poster, William Irwin (Dept. of Biology, University
of North Carolina); and Runner Up Conservation Poster, John Wang (Dept. of Biology, University of
North Carolina).

» Asinother years, therewereproductive meetingsof WIDECAST (organized by Karen Eckert) and
of the [IUCN Marine Turtle Specialists Group (organized by Alberto Abreu Grobois and Marydele
Donnélly).

» AfieldtriptotheArchieCarr National Wildlife Refuge allowed morethan 100 peopleto visit the
nesting beach, tour themaritimehammock, and observethetangl e-netting techniquesof Lew Ehrhart (who
caught fiveturtlesthe morning after delivering alate-night banquet addressthreehoursaway). Thetrip
was organized by Paul Tritaik and Blair Witherington.

» The Symposium plenary session waswell attended. At the session, 10 resolutions, dealing with
issuesof seaturtle conservation and that had benefitted from thefacilitating prowessof Jack Frazier, each
passed by amajority vote of the Symposiumbody. Theresolutionsweretransated for submissiontothe
appropriateinternational officesand organizationsand were publishedintheMarine Turtle Newsl etter.
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* A Saturday-night social event washeld at the Chel onian Research I nstitute and washosted by Peter
Pritchard. Socializers experienced an outstanding display of chelonian diversity and bibliography
presented in an eclectic old-world style.

As is past years, the Symposium ran amazingly well on generous grants, borrowed equipment,
volunteers, and an overall spirit of altruism that issurely uncommon to endeavors of thiskind. Asmany
may know, the cost to Symposium attendees is kept as low as possible in order to attract a broad and
diverse attendance. Hereishow wedo it:

 Travel tothe symposium for 123 participants, representing 51 countries, was funded by generous
grantsfrom the David and L ucile Packard Foundation and from the National Marine Fisheries Service,
Officeof Protected Resources. Special thanksgoto Jack Frazier and BarbaraSchroeder for fund-raising
effortsandto J. Nicholsand thetravel committeefor strategically disbursingthefunding. Detailscanbe
found in J sreport in the Marine Turtle Newsl etter.

» Simultaneous trandation (English-Spanish, and for three presentations, French to English &
Spanish) wasanimportant, and expensive, facet of the Symposium. Trand ation expensewasoffsetinpart
by grantsfrom the Disney Wildlife Conservation Fund and from Boeing Corporation.

» Symposium sustenance was subsidized as well by a generous poster-lunch donation from the
Brevard County Sea Turtle Preservation Society and by coffee-break donations from Service Argos,
Ripley Entertainment, Florida Power and Light Company, Ecologica Associates, D.B. Ecological
Services, Caribbean Conservation Corporation, Turtle Time, and Disney’ sLiving Seas Aquarium.

» The audio/visual and computer requirements for the Symposium were heavily subsidized by
equipment procured by begging, totaling approximately $16,380in rental value.

* USFWS provided some additional funding for compilation of the published Symposium
proceedings.

» And perhapsthegreatest support for the Symposiumwasall the peoplewho focused their expertise
and hard work on the task.

It wasagreatly rewarding experienceto preside over this Symposium. My hopeisthat therest of the
Executive Committee, the Board of Directors, elected officers, and all Symposium participants are as
delighted as| am with the quality of presentations and the productivity of communication, and that they
sharemy pridein the heroic effortsthat brought the Symposiumto fruition.

Blair Witherington , 2000 Symposium President

AndreaMosier, Allen Foley, and Beth Brost, 2000 Symposium Proceedings Compilers
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Oral Presentations. Keynote

A Century of Sea Turtles

ARCHIE CARR, |1

Good evening. My name is Archie Carr. More
precisely, | am ArchieCarr, I11. | amtheeldest son of Archie
Carr, Jr., the famous sea turtle biologist and conservation-
ist. Being among you tonight isagreat honor, and | find it
impressiveindeed, and very encouraging, to seesuchalarge
and diverse gathering of seaturtle specialists. But, hastily,
| want to confessto you that | myself am not aturtle person.
At least not in any exclusive or remarkable way. Most of
you arefar moreinvolved with seaturtles, professionally or
academically, than| am; and so it iswith humility, and great
respect, that | stand before you tonight.

Of course, by inheritance, | have always respected
turtle people. It comesasan unbidden emotion. My father,
and the early heroes of my childhood, were turtle people.
Some were biologists. But some were coastal dwellers.
Fishermen. Turtle hunters- or poachers, as we would say
today. Unsophisticated people of the shore; simple, yet
able to convey such intimate insights about turtles and the
natural world that today, at the age of 54, | am never certain
that what | may know about a given subject in turtle biology
is science or ancient lore. | garnered a lot of folklore
hunched before kerosenelampsonrainy nightsin thatched
shacks near the beaches of Tortuguero, Costa Rica.

| am a turtle man by association. I'm glad to be
associated with you tonight.

The theme of this Twentieth Annual Sea Turtle
Symposium has been declared to be “Generation.” In a
brochure announcing this gathering, Blair Witherington,
appropriately notes and applaudsthelongevity of the event,
the symposium, itself. After two decades of gatherings, it
isindeed possible to talk about generations and transitions
and originsand destinations. | think that iswhy | was asked
to take some your time this evening. To do some
reflecting... onmy father, inevitably, | suppose, but moreto
the point, on the progress of sea turtle science and
conservation.

Although | dare not claim to be a sea turtle specialist,
| can say this: | wasthere at the beginning. In 1956, when
| was 11 years old, | accompanied my father on his second
visit ever to the now fabled Tortuguero Beachin CostaRica.
My family was living in the country then, while my father
taught biology at the University of Costa Rica.

My father was trying to improve the logistics for the
brand new research program on the beach. He had been to
Tortuguero once before, and had convinced himself that the
beach was, in fact, the motherlode of green turtle nesting.
The story of his Caribbean-wide search for this beach, was
written in his book, The Windward Road, published for the
firsttimein January, 1956. It waslater inthat sameyear that
| went with him, back to Tortuguero. Hewasdoing advance
work for the second turtle tagging season, checking into
housing, food and the availability of field assistants.

To launch the first turtle tagging season, in1955,
Archie had asked aremarkable man by the name of L eonard
Giovanolli to go to Tortuguero. He was the pioneer on the
beach. | knew Leonard well. Hetaught me how to play the
guitar inthe key of “C.” My brothers and sister called him
“Uncle Jo.” Hewas an old acquaintance of my parents, and
taught biology for awhile at the University of Florida.

The research technique envisioned for the nesting
turtles at Tortuguero wasto catch the femal es on the beach,
take certain measurements from them, affix numbered tags
to the specimens, and release them. The basic procedureis
called“mark and recapture.” Thehopewasthat if turtlersin
far away waters captured the marked turtles, the tags would
be returned to the scientists with information about the
location of capture. In this way, migratory patterns of the
nesting colony would gradually come to light.

I’m sure that most of you are familiar with these basic
procedures, and, by now, 45 years after it all began, you are
aware of theresults. Y ou have seen the maps of migratory
routes of marineturtlesin the Caribbean, and elsewhere. In
fact, there being generations of turtle people here tonight-
many of you have employed these same methods
yourselves on beaches all over the world.

Inthosedays, thetagsthat L eonard Giovanolli used, the
first generation of turtle tags, were oval discs. They were
made of asalt-tolerant metal alloy, of course, and they were
secured to theterminal scutes of the carapace with stainless
steel wire. It was necessary to turn the turtle over, drill
holes through the edge of the carapace, pass the wire
through the holes and firmly bind the tag to the shell. The
tag was inscribed with the now customary numbers and
return addresses.

Fortunately, within a year, my father came upon the
monel metal cow ear tag, and made a breakthrough in turtle
mark and recapturetechniquesat Tortuguero. Thecow’ sear
and theturtl€’ sfin are sufficiently similar appendages, both
being flat and rel atively un-enervated, that the conventional
cow ear tag was pre-adapted for use on theturtle. The cow
ear tag remains in use today, although numerous other
marking devices are available to modern sea turtle
biologists. Perhaps there will be further discussion of the
relative merits of these tags during the course of this
symposium.

But, withall thestepsinvolvedintheoriginal technique
used by Leonard Giovanolli, the manipulating of the turtle
inthe dark, often hampered by rain; the drilling of the shell;
the threading of springy wire through sand-clogged holes;
the measuring of the carapaceinthelight of adimflashlight;
and of course the careful taking of notes-all of that is made
amost improbable when you realize that Giovanolli had
only one leg! Yes, it's true. He walked for miles with
crutches that plunged into soft, yielding volcanic sand of
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Tortuguero. And then he confronted the big green turtles
and flipped them over. And then he proceeded to drill the
shell and secure the metal oval tags.

Leonard wasapioneer. Thefirst of theturtletaggersat
Tortuguero. And, owingto hisdisability, | can’timaginethat
anyone has had a tougher time of it in all the years since
1955. So, | say to those of the modern generation, when the
beach seems long, and the rain unrelenting; when the
rewards of turtle study seem remote and of little
consequence as compared to the misery of the moment,
remember the strength, grace and determination of Leonard
Giovanolli, the first of the turtle taggers, and be
encouraged.

Almost every detail of the natural history of seaturtles
interested my father. He once explained to me that he
became captivated by sea turtle biology during the
demanding preparation of his manual, The Handbook of
Turtles, a taxonomy of the turtles of the New World,
published in 1952. It occurred to him that, of all the
chelonians, the sea turtles were possibly the most
mysterious and intellectually challenging, if only by virtue
of the fact that they were out of sight on the high seasfor so
much of their life histories. Large vertebrates, often
abundant, about which science knew very, very littlein the
early 1950's. So, from that point onward, Archie dedicated
the majority of his scientific and literary energies to the
marine turtles.

Oneof thegreat challengeswaswhat he called the“ | ost
year” mystery. | am going to tell you astory related to the
lost year in amoment. The mystery was that after a baby
turtle hatched from its sandy nest and left the natal beach, it
was not seen again by coastal observersuntil it had grownto
considerable size; until it had become “dinner-plate size,”
as my father was fond of saying.

Dinner-plate sizeis aremarkably accurate measure for
the smallest green turtles you might encounter on a grass
flat. Turtlesof thisdimension are assumed to be the newest
recruitsto the grazing schools. Prior to their appearance on
the grassflats, they have spent some period of time-asmuch
asthree or four or more years, we now believe-in apelagic
habitat, the sargassum weed lines, adrift in the world's
oceans. They are carnivorous during this period, becoming
herbivorous by thetimethey aredinner plate sized, and join
the adult turtles on the pastures of sea grass, like Thalassia
testudinum. Perhaps some of you will be able to join Dr.
Lew Ehrhart for afield trip on the Indian River Lagoon after
this symposium. Lew can show you dinner-plate sized
turtles in abundance.

“Dinner plate” isaquaint, if accurate, unit of measure,
I’ve always thought. But, knowing my father, | aways
worried about the possibility of adouble entendre. Y ou see,
in the early days, he loved to eat green turtles. He learned
to make clear turtle soup, laced with sherry wine in the
classic British way, that would have made Winston
Churchill salivate. He would commission cooks in
Caribbean townsto prepare gelatinousturtle finsfor himin
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various exatic, and tasty, stews. And so, | was aways
suspicious that the sight of adinner-plate sized green turtle
evoked in him aculinary appraisal of the young, gleaming,
succulent looking reptile.

Thelost year beginswith aheroic night. The hatchling
turtles hurtle down the beach toward the sea, almost always
in the dark of night, and enter the boundless ocean. They
paddle into the darkness, and in doing so, pose another
guestion in animal behavior: Istheir progress through the
searandom, or are they navigating, following a discernable
course? Do they encounter the distant, floating rafts of
sargassum by accident, or do they follow courses that lead
them positively out to sea, out to where flotsam and jetsam
of suitable make-up are likely to be found?

Open sea havigation by seaturtles intrigued my father
perhaps more than any other aspect of the biology of these
ancient animals. He designed several experiments to
investigate the seamanship of adult turtles, and | will
mention some of them in awhile. To examine the
capabilities of the hatchling turtles at the beginning of the
lost year, Archie gave encouragement to a young woman
named Jane Frick. Janewould be with ustonight, I’m sure,
had she not died at far too young an age. | think those of us
who knew her would agree that it is good and proper to
remember her tonight, this evening of “generation” at the
sea turtle symposium.

Y ou may haveread of Jane Frick’ swork. She had what
my father called an “athletic” research technique. Off the
island of Bermuda, where she would take tiny hatchling
green turtles from Costa Rica, Jane would swim with fins
and a snorkel for hours, for miles, behind aturtle, tracking
it. A skiff would follow her, taking periodic bearings from
theretreating island. Of course, the plots of the bearings of
the swimming turtles turned out to be straight lines,
confirming the capability to navigate. But if you follow a
straight line for three to four hours away from Bermuda,
even at the not-too-slow pace of a hatchling turtle, you find
yourself on the way to Europe or South Carolina. Jane said
she knew the ways of sharks and the deep blue sea, and was
unperturbed. She swam on and on.

One season at Tortuguero | had the opportunity to join
forces with this bold and energetic woman. It was in
September, a time when the notorious rainy season of the
Caribbean coast has passed, atime when some adult turtles
are still nesting, but late enough for thefirst of the season’s
hatchlings to be emerging as well.

What Jane Frick and | wanted to do was to repeat her
Bermudaobservations, and try to replicate her findingshere
on the natal beach of the turtles, Tortuguero. The first
challenge wasto persuade Jane not to go swimming after the
hatchlings. Not at Tortuguero. The placeis shark infested.
It seems to me that the sharks concentrate off the nesting
beach during the season. Hammerheadsand bull sharks, and
perhaps other species. During the course of a season at
Tortuguero, you will encounter numerous wounded green
turtles, their flipperless stubs testimony to the toothy



predators out there, beyond the tumultuous surf.

We modified Jane’ s procedures. We decided to follow
hatchling turtlesin asmall a uminum skiff with an outboard
motor, and just hope that our observation platform would
not be too great a disturbance to the turtle. We had to try!
The weather was perfect. The hatchlings were available.
And we were there. Wejust had to try.

During the night, wewal ked the beach and encountered
aclutch of hatchling turtles. Asyou probably know, there
are about 100 eggs in a green turtle nest. The hatchlings
emerge from the sand in afrenzied cluster, and race to the
sea. What with the machine-like determination of thelittle
animals, and the great flying flippers, to witness such an
emergence is to enjoy one of nature’s most delightful
moments. At Tortuguero, the new turtles emerge only at
night; only inthedark. Tohatch by daylightistoruntherisk
of getting cooked to death on the black, volcanic sand, or,
even more likely, to get eaten by birds or fish...aswe were
soon to confirm.

We collected about 20 hatchling turtlesand put themin
abucket with alittle sand.

Dawn found the weather still clear. The sunwasrising
over the sea, making illuminated castles of the cloudson the
horizon. The calm weather was crucial to usin our 12 foot
skiff as we left the dock of the Green Turtle Station, the
research facility of the Caribbean Conservation Corpora-
tion-the CCC. The CCC was formed back in the 50's to
support the research at Tortuguero, and it is still there. We
will here numerous reports sponsored by the CCC during
this symposium.

Togettosea, Janeand | hadto negotiatethenearby river
mouth, a dangerous, tormented place during the stormy
rainy season, just passed. But, we glided through without
mishap; in fact enjoying the sweet air of morning
immensely. Passing through the river mouth, we cruised a
half mile back up the beach until we were directly in front
of the Station. There, our assistant for the morning, Sheftun
Martinez, waited on the beach with the bucket of hatchling
turtles. He was to release them on a signal from us.

Therewasamost no surf at all. Only aregular lapping
at the sand at Sheftun’ sfeet. Becauseit wasquiet, thewater
was aso very clear. We would be able to see the
experimental turtleswith ease. We shouted to Sheftun, and
he turned all 20 hatchlings out onto the sand, a meter or so
fromthe water. We could see them right themselves, pause
and glance about, orienting themselves, we supposed, and
then flapping rapidly the short distance to the water.

Theturtlesfanned out from their point of departure. As
they came through the low swell of the surf line, they
became distributed along a front, perhaps 60 or 70 meters
across. We could see their little black bodies plainly, even
at adistance. They stood out vividly inthe otherwise glassy
water.

But we were not the only observers on that beautiful
morning.

Somewhere, very, very high in the sky there were
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frigate birds. We did not see them upon our arrival off the
beach. Therewasnothingtherebut Sheftun, the quiet water,
the bucket of turtlesand ourselves. Thefrigates came from
nowhere. From theionosphere, perhaps. They tumbled out
of the sky like black and broken kites, and they descended
upon the phalanx of swimming turtles.

Therewere about six of thelong-winged, elegant birds,
some with handsome white bibs. Avidly, they plucked the
little turtles out of the sea.

Shocked as | was, | was nonetheless able to perceive
that the actual kill was an incongruously delicate act. The
bird careens down from the heights, zigging and zagging in
avertical plane, and then, just asthe it reaches the surface,
the plunge is arrested, the head dips, the long beak, with its
terminal hook, probes downward like a surgeon with apair
of forceps, and the baby turtle is snatched up...flapping
wildly, of course.

Jane and | were speechless for a short while. Sheftun,
on the beach, raised his hands in mute horror. The frigates
caught all of the baby turtles. Pluck, pluck, pluck, pluck,
they did their graceful and deadly ballet over the quiet sea.

Finally, in an explosion of pent up emotion, Jane and |
begantoyell, wave our handsand paddl es, and beat the metal
boat. Thefrigatesretreated upward. We looked about. All
wasquiet. No turtlesto the south. | glanced the other way.
A motion caught my eye right near the boat. A hatchling!
Theonly survivor. Perhaps because he had been so closeto
us, thefrigateshad shied away from snatching thislast of the
20 turtles.

| called out to Jane, and we quickly collected ourselves,
and tried to reorganize our scientific expedition.

But my tale of turtle terror is not over.

Withthe motor running, wefell in behind the hatchling,
perhaps 10 meters astern. Even at idle speed, there was a
chance of over running the little animal, so | had to keep it
in sight and switch the engine into and out of gear
continuously. Jane held a small magnetic compass, a stop
watch and her note book. She wore a big straw hat,
anticipating a glaring sun as the morning wore on.

The immediate course set by the turtle was one
perfectly perpendicular to the shore. Easterly, into the new
morning. Assisting usin our own unfolding challenge in
coastal piloting was Turtle Mountain. Y ou may have heard
about it. The fortunate among you have even seen it,
climbed to the top and gazed over the turtle beach and the
closed-canopy forest of the Tortuguero National Park. The
100 m highknobisavolcanicrelic. Itisvery distinctiveon
that coast, the only such protrusion near the beach between
southern Costa Rica and El Bluff in Nicaragua. The hill is
domed and dark with rainforest trees, and often resonates
with the calls of howler monkeys. The saying goes on the
beach that Turtle Mountain serves as a navigational aid to
migrating sea turtles.

| hesitate to concur, but | think all navigators,
regardless of their phylogeny, are inclined to exploit every
iota of environmental information that might give direction
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and purposeto their current endeavors. Wheream1? Where
should | go? These questions follow us wherever we may
navigate on the sea of life, and we need all the help we can
get.

Turtle Mountain was high enough to help me pilot the
little boat. It was reassuring to glance back and collect an
informal bearing off the mountain, and know we were not
wandering in the Caribbean Sea.

Jane and | settled into a routine. We grumbled and
marveled at the sudden and complete efficiency of the
frigate bird attack on the hatchling turtles. And Jane
collected data.

The little turtle would dive about a meter beneath the
surface and swim for about a minute, as best | recall. The
water was so clear that we could see him level off at depth
and swim ahead. Upon surfacing, there was a dlight
hesitation, a glancing about, the little black head with its
white chin rotating, evidently checking the sky. Then
another dive, and off the turtle would go.

This pattern continued without much variation for
about 60 minutes. | would guess the little animal was
swimming at about 4 mi/hour. A brisk walking speed. Sixty
minutesdirectly seaward at 4 mph. | anxiously checked the
horizon for squalls, rechecked the fuel tanks, listened for
hiccupsinthetune of thelittle motor, and was happy we had
two paddlesin the boat. To be adrift at seain asmall craft
is one of the nightmares of my existence.

Back toward land, the beach had now vanished from
sight. The top of Turtle Mountain was still there, but
shrinking rapidly. The turtle maintained a beeline
navigational track. Was the turtle using the mountain as a
cue, a guidepost? We saw no indication of it; no looking
toward shore. Theturtlewasnot “coastal piloting” insofar
aswe could tell. But then it occurred to me that the matter
of collecting visual cues from the mainland was aready
dispelled. Standingintheboat, | could seethemountaintop
easily, but the turtle couldn’t. | asked Jane to think of her
eyeball at the height of the turtle’'s head. What would she
see of the mainland? Nothing. The turtle had lost this
potential cue beneath the horizon sometimebefore. Hewas
navigating by some other means.

It was quiteamazing. Itisonethingto beimpressed by
the abstraction of conquering open sea navigation by birds,
fish, marine mammals and reptiles-and even the Navy. But
to gaze down on the tiny, brave turtle rushing so resolutely
across the glistening bosom of the seais to be reminded of
powers and forces that are, and perhaps, out of awe, should
remain... mysterious...spiritual.

The hatchling turtle surfaced dead ahead and made his
routine scan of the sky. We were gazing downward, but,
somehow-perhaps there was a reflection, perhaps a
shadow-just astheturtle violently upended to dive deep, we
became aware of ancther frigate bird careening down upon
thelittlereptile. Instinctively, we shrieked and waved at the
bird. He pulled up, and the turtle descended safely. The
frigate had dived down from far a oft, in the same way that
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the other early morning attacks had occurred. He had been
watching us with uncanny vision from incredible heights.

Inthe next five minuteswe learned several fascinating,
if unexpected, bits of animal behavior. It became a crash
course in the comparative intellects of turtles and birds.
First, we noted that the turtle had scanned the sky and had
perceived an avian predator. Hehad taken explosiveevasive
action. Next, we noticed that the turtle had dived deeper
than before and did not resurface for a period of about two
minutes. Surveyingthesky, hesubmerged again for another
prolonged swim. As | recall the turtle doubled his down
timefollowing theattack. After afew such prolonged dives,
heresumed hisoriginal 1 minutediving frequency. Janeand
| chattered about all this, analyzing dataa most asfast aswe
collected it.

But, thefrigate was not finished. Aswe stared after the
turtlelikeinfatuated scientists, thebird wasrevisingitsown
hunting methods, changing its entire strategy to one that
exploited the rote behavior of the sky-gazing turtle. |
happened to glance behind the boat just as the turtle had
made another ascent to the surface. Asthelittlebeast gazed
aloft, the black bird-rapidly becoming adiabolical fiend to
Jane and me-had descended to sea level 200 meters astern,
and was streaking toward the turtle from his rear, from his
blind side.

| confess| almost tipped over the boat. Jane screamed.
Again, we both flapped arms and paddl es, and we disrupted
the attack. The big bird hesitated just enough for the turtle
to escapeto the depths yet again. But, clearly, the bird, the
feathered dinosaur, had out-smarted the turtle.

Shortly thereafter, | announced that the mountain was
amost out of sight, and, compass or no compass, | was not
taking thetin dinghy further out to sea. Wewereinthedeep,
dark blue Caribbean. The frigate bird had disappeared,
frustrated by the hatchling turtle's hysterical escort. The
turtle was surging on, certain of his mission and course,
sure of his quest, having survived the first morning of the
lost year.

Jane Frick and | turned about and began our cruise for
shore.

One of my father’s distinguished graduate studentsin
the final years of his life was Karen Bjorndal. Karen and
Allen Bolten have studied the “lost year” of the young sea
turtles in great detail. Adrift on the sargassum rafts, the
juvenilesfind shelter from predatory fish and birds, thereis
food available in the form of small vertebrate and
invertebrate sargassum dwellers, and thereistransport. The
entire mat of algaeisalwaysin motion, and, even if it takes
years, likeagalaxy in space, theraftisgoing at ameasurable
speed toward a predictable place. Theturtleshave evolved
to exploit this ephemeral, and unexpected habitat for the
first several “lost” years of their lives.

The navigation capabilities of the adult turtles
particularly intrigued my father. Investigating the
phenomenon inevitably led to al sorts of unheard of
challenges in the use of sensitive equipment in arduous



nautical conditions. However, difficult as instrumenting
turtleswasto proveto be, biologists of 30 and 40 years ago
were encouraged by the broad backs of the turtles, and the
potential payload they might carry. Consider the frail
delicacy of a homing pigeon, another great long distance
navigator, and it's plain to see that the turtle might be the
preferable alternative when it came to the heavy hauling of
primitive radio gear.

My father himself gained the first opportunity to
exploit these powerful, open-sea swimmers for a scientific
test. A couple of years ago, | wrote about this unusual
mission in aletter to Conservation Biology. I'd liketo read
some of that account to you now. It is about trials and
tribulations in the history of science. It goes like this:

“One evening 35 years ago, [Archie] came home to
announce that he had been granted an electronic “address’
on the Nimbus I satellite. Now it would become feasible
to track with great accuracy the route of a seaturtle on the
high seas.

Nature had set up a perfect experiment with which to
distinguish true navigation from random movement for the
green turtle, Chelonia mydas. Ascension Island to Brazil.
Ascension Island, in the South Atlantic, is, in essence, a
point on aplane. Thebeachesof theisland are used for egg-
laying by turtles who, by then, through tag-and-recapture
studies, were known to reside during the inter-nesting
period on feeding grounds along the coast of Brazil. The
distance from Brazil to Ascension is approximately 1000
miles, and there are no landmarks between the two
locations. The navigational challenge is formidable.

Archiewasgivenaccessto NimbusIl by NASA, noless,
and, as you might imagine, the stature of this man rose to
even greater heights among hisfive offspring. And getting
to Ascension Island required mysterious interactions with
the Pentagon and the United States Air Force. He arranged
for passage on an Air Force cargo plane to make the day-
long flight over most of the length of the Atlantic. These
preparations caused considerable stir and enthusiasm
around the household.

In the meanwhile, consultants began designing aradio
transmitter, capable of being hauled behind a seaturtle, and
sending signals to the Nimbus satellite. A wonderful
machinewaseventually deliveredto Archie. Itwasmetallic
and tubular, equipped with an antennaabove and alead keel
below. It was even armed with alittle propeller that could
record speed through the water. Tremendous amounts of
data, including the vital location of thetest animal, could be
streamed to the satellite, and down-loaded to an earth
stationin the United States. Our daddy had gone hi-tech...

Archie went off to Ascension Island, and after two
weeks, returned to home. Theisland itself wasremarkable,
he said, and the turtles were gigantic. Many of them
weighed 500 pounds; a much larger body size than those of
thefamous Tortuguero, CostaRica, population, with which
the entire family was familiar.

But, Daddy, Daddy, what about the transmitter? we
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cried. What about Nimbus 11? Mother gazed at him with
alarm growing in her knowing eyes. The radio flooded,
Daddy confessed in disgust. We wired it to the turtle. She
walked off the beach, into the sea, and the radio filled with
water. It crackled and popped. The radio was not water
proof. They forgot to make it waterproof!

Daddy’s first round with technology had not gone
well.”

It would be interesting to hear all your opinions on the
contributions of technology to sea turtle research. It was
difficult going in the beginning, of course, but it is my
impression that biotelemetry, for example, notably the use
of satellite transmitters, has developed well, and has led to
rather fabulous insights into the routes and speeds of adult
turtles on the high seas. With partial support from my own
organization, the Wildlife Conservation Society, Anne
Meylan has recently been able to use satellite transmitters
to track adult male green turtles during the nesting season
in Central America. The plotted tracks have led to new
inferences about the determined, aggressive reproductive
behavior of the turtles.

Other high-tech advances for turtle research came in
thelatter part of the last century with DNA analysis, and the
capability it gave usto distinguish between (or lump, asthe
case may be) various groups or colonies of seaturtles. As
you may recall, thiswas not only helpful to comprehending
the basic biology of theturtles, but vital to the issues raised
under the umbrella of the CITES convention, the treaty that
governs trade in endangered species. With DNA analysis,
monitoring of wildlife and wildlife parts, in trade, can be
made more precise than the authors ever imagined when the
treaty was drafted in 1973.

This new century will see further advances in
technological assistance to data collection for sea turtles,
| am sure, but | think we can agree that significant, very
helpful, breakthroughs were accomplished before the close
of the last. Representing a part-time donor agency, | am
almost duty-bound to declare that there is plenty of room
for improvement in the costs of this hardware. The price of
one satellite transmitter is still equivalent to a round-trip
airfare and room-and-board for afield season on almost any
turtle beach in the world.

As exciting as the potential may be for advanced
technologies to boost turtle work, and most other branches
of field biology, there's a lot still to recommend the old
ways. There is recent news about sea turtle conservation
that is positive, at least guardedly so, and it is based on old
fashioned, simple techniques: counting turtle tracks on the
beach.

My father initiated regular surveying for tracks and
nests along the 20 mile-long Tortuguero beach in 1971.
Karen Bjorndal and her colleagues reported on 26 years of
data obtained from these surveys in a paper appearing in
February, 1999, in Conservation Biology. With carefully
worded qualifications, these authors conclude that the
number of green turtles nesting at Tortuguero hasincreased
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dlightly but measurably over the decades. Bearingin mind
that these areinsightsinto thelargest breeding colony inthe
Atlantic, itisvery good news. Intheworld of seaturtles, it
wasawonderful way to end the century, and my father would
have been very happy to have heard about it.

| have some questions about that paper that | would like
you to think about. Bjorndal et al. generously comment as
follows. “The upward trend of the population gives
encouragement that the stewardship of the Tortuguero
green turtle nesting population by the people of Costa Rica
has been successful.” That's true. The beach was made a
national park, and the killing of adults and taking of eggs
from that beach has been extremely low for many, many
years. Off shore, harpooners persistently killed turtles,
presumably of both sexes, throughout this time. (By the
way, that practice, too, has been brought to a halt thanks to
a court ruling in Costa Rica in 1999). The point is, the
mortality at Costa Ricawas not negligible, yet the numbers
of nesting turtles increased.

Meanwhile, another of the participants at this
symposium, Dr. Cynthia Lagueux, began monitoring the
off-take of green turtles from the feeding grounds in
Nicaragua. I'll ask you to recall that the majority of turtles
nesting at Tortuguero spend the years between nesting trips
on the grass flats of northeastern Nicaragua. Mortality in
Nicaragua is in excess of 10,000 animals per year. It is
possible that it has never been greater. Lagueux’s data
suggest the mortality rate has already madeinroadsinto the
Nicaragua stocks, as seen by, for example, decreasing
average sizes of captured turtles, and increasing difficulty
in capturing the turtles in the first place.

The killing at Nicaragua may be at historical heights,
yet the arrivals at Tortuguero haveincreased slightly. How
isthis explained?

Accepting that it is perilous indeed to specul ate about
the population dynamics of the slow growing, amost
invisible creatures, isit possible that the data at Tortuguero
are beginning to reflect the conservation commitments of
other Caribbean countries aside from Costa Rica — and
certainly not Nicaragua? In the absence of international
tradein green turtle products, hasthetaking of green turtles
become reduced in what were minor, depleted grazing
colonies? Are these colonies beginning to offset the
mortality at Nicaragua?

Given that it takes years to see a response to a given
management technique for green turtles, is the apparent
increase in arrivals at Tortuguero testimony to the success
of CITES?Y ou see, inmy father’ searly daysof turtle study,
it was the trade, the European and American demand for
soup, that plagued the green turtle. Not local consumption.
What ishappening in Nicaraguaisthat the overseas markets
have been replaced by enormous markets in coastal cities.
| do not believe that has been the case elsewhere in the
Caribbean. Conservation in the greater Caribbean Basin
may be yielding important benefits for green turtle stocks
in spite of the mortality in Nicaragua.
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It would be useful to continue to analyze the apparent
Tortuguero success story. In our world of conservation
biology, good news is rare, and it is vital to identify and
commend those responsible for it.

In the same paper by Bjorndal and colleagues where
improved trends in green turtle arrivals at Tortuguero are
reported, the authors mention that hawksbill turtle nesting
has declined over the same period.

Same beach, same time, same management scenario.
The green turtle thrives; the hawksbill declines. Just as
Costa Rica is commended for the healthier green turtle
stocks, should Costa Rica be condemned for the lower
hawksbill arrivals? No, | don’t think so, and for the same
reasons. This species, like the green turtle, is being
subjected to “management,” in this case, killing, out there
among what CITES callsthe“range states.” The hawkshill
isamigratory species whose survival requires cooperation
among the states with sovereignty over waters making up
the range of the species. Costa Rica, and the Tortuguero
National Park, can only do so much. If the Caribbean
neighbors do not participate in the recuperation efforts for
this species, then it can become extinct —at Tortuguero, and
elsewhere.

If CITES was helpful to the green turtle by curtailing
trade in that species, then why did the same not happen for
the hawkshill, a species that was highly endangered at the
time of formulation of the CITES treaty? Well, in fact, the
trade was altered, reduced in volume and scope, perhaps,
but it never ceased. Some of the trade went underground, as
they say. It continued illegaly. Non-CITES states
continued to buy and sell the tortoiseshell product. The
most insatiable of all markets, Japan, continued to buy shell
until 1992. At that time, Japan agreed to a moratorium on
importation. A moratorium means apause. It carries with
it the presumption of resumption of the commerce.

Because the trade did not cease, as was the case for the
green turtle, the hawkshill in the Caribbean is worse off
now, at the beginning of a new century than when my
narrative began, almost a half-century ago.

Meanwhile, among the tortoiseshell *“producing”
nations here in the New World, after years of reluctance,
and with a few aggravating exceptions still lingering, we
have seen the range states gradually closing ranks against
the Japanese demand. When | was a graduate student, the
quantity of shell leaving Panamawas measured in tons, for
example. That has stopped. Haiti remained for years a
favorite interpot for transshipment of shell derived from
numerous locationsin the Caribbean. | don’t hear so much
about that anymore. If it hasn't stopped, the trade has
become more furtive. Yet hawksbill populations remain
depressed. There has been no bounce back.

When Japan opted to accept a moratorium on shell
buying in 1992, instead of shutting down the tortoiseshell
industry altogether, a window was left open. A hope. A
chance that the market might one day resume. One statein
particular in the Caribbean acted on that possihility.



Hawksbill turtles in Cuba have been daughtered
consistently throughout the years since the moratorium,
and the tortoiseshell hoarded, warehoused, until a small
mountain of hawksbill scutes has arisen outside of Havana.

We may conclude unhappily that as a measure to
restore the abundance of a species, the CITES moratorium
on hawksbill trade failed to help. The turtles are dead.
Whether the shell is sold or not is another matter. The
turtles are already dead. The moratorium failed.

But things could get even worse for the hawkshill. As
of this hour, there is a proposa before CITES, to be
reviewed in Kenya at the next CITES meeting in April, to
allow Cuba to sell this stockpile of tortoiseshell. The
proposed recipient is, of course, Japan. There is concern
that such action by CITES might lead to resumption of
exploitation of hawksbill throughout the Pacific and
Atlantic. It is particularly distressing that the Cuban
proposal is a odds with the strongest possible
recommendations of biologists from throughout the
region, who, like my own organization, the Wildlife
Conservation Society, are anxiousto find waysto assist the
Cuban scientific community resolve problems in
biological conservation. This becomes difficult in an
atmosphere where the principles of conservation biology
are flaunted.

| went to Cuba once. It wasin 1955. As you might
imagine, | was with my father and the rest of the family,
looking for turtles. Wedroveinanew red and white Dodge
station wagon. Therewere atotal of six childreninthe car-
five Carr kids and one friend. We crossed from Key West
to Havanaon theferry boat, and then drove down one coast
to Santiago, and back onthe other coast. My father indulged
himself in his favorite research technique: Roaming
through the central markets of coastal towns and villages,
looking for turtles for sale, and all manner of other biota
fromlandand sea. Andinterviewingfishermen. Asyoumay
know, his adventures with this style of inquiry in the nooks
and crannies of the Caribbean and other placesin theworld
were the stuff of several books during the course of hislife.

Withinashort while, suchatripto Cubaby an American
scientist and his car load of kids would not be possible. A
door wasslammed. A neighbor isolated. Archiemaintained
a meager correspondence with some increasingly
lonesome scientists, but the chance to start a robust sea
turtle program on that large island vanished in 1959.

| reflect onthoseyears, and those palitics, because, had
the regional scientific community been able to maintain
cohesive, collegial, mutually supportive relations with
Cuba, | doubt that the tortoiseshell proposal would be
threatening the CITES treaty today. The proposal defies
science and reason. There are scientists here tonight,
friends to Cuba, who have, during the past few weeks run
DNA testson hawkshill turtles nesting at Tortuguero, Costa
Rica. The haplotypes of some of these were the same asfor
samples taken from Cuban waters. Cuban turtles are Costa
Rican turtles. Costa Rican turtles are Cuban turtles. It'sa
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migratory species, a shared species. No one state has
exclusive sovereignty over Eretmochelys imbricata, nor
the right to impair its survival in our common waters.

| hope the Cubans will set aside their dangerous
proposal to CITES. | hope that the entire hemisphere can
unite on the mission of saving the hawkshill, allowing it to
recover its unique role on the coral reefs of the Caribbean.
For the sake of turtles, and for numerous other reasons, |
hope that very early in this century the doors to Cuba will
reopen, and that scientistsfrom all over will be ableto work
together freely to address the plight of the hawkshill, and
the panoply of other environmental perturbationsthat cloud
our shared horizon.

| would like to close with words written by my father a
long time ago. | found some remarks in his first book, A
Handbook of Turtles, that haveto do with turtles, of course,
and with time, and change, and its opposite, evolutionary
conservatism. They arewords about generations-the theme
of this convention.

Before | start, let me be sure the younger generations
know a certain famous name. Man o’ war. | will use the
name, Man 0’ war inthispassage, and itisimportant for you
to know that Man o' war was possibly the fastest, most
successful American race horse bred in the 20" Century.

Here Archie muses over the origins of turtles, and their
destinations. Where they might be going. They are words
we might want to carry with usinto the new, 21% Century.

“The Cenozoic came, and with it progressive drought,
and the turtles joined the great hegira of swamp and forest
animals to steppe and prairie, and watched again as the
mammals rose to heights of evolutionary frenzy
reminiscent of the dinosaursin their day, and swept across
the grasslands in an endless cavalcade of restless, warm-
blooded types. Turtles went with them, as tortoises now,
with high shells and columnar, elephantine feet, but aways
making as few compromises as possible with the new
environment, for by now their architecture and their
philosophy had been proved by the eons; and there is no
wonder that they just kept on watching as Eohippus begat
Man o' War and a mob of irresponsible and shifty-eyed
little shrews swarmed down out of the trees to chip at
stones, and fidget around fires, and build atom bombs.”

Ladies and gentlemen, we are those irresponsible,
shifty-eyed little shrews in contemporary form. We built
the atom bomb. But, before the century was over, we set it
aside...almost. We entered a cold war, galvanized by the
horror of a global, nuclear holocaust, and we, as a
civilization, did not cross that line into devastation, as
Archie hintsthat we might do in hiswords of 1952. Wedid
that, we saved ourselves, and yet | say to you that wearein
asmuch peril now asweever werein the 20" Century. This
will be the century of the environment. In these next few
years, we, the participantsinthe 20" Sea Turtle Symposium,
and conservation biologists like us, will hold the fate of
civilization, in our hands...and in our minds. Unlike the
Cold War, it is not awrong decision, or an aggressive act,
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that will spell our doom. Itisour inaction that will spell our
doom. Theagentsof destructionareinmotion now. Wecan
see that in our turtles, in the appearance of mysterious
cancers, or fibropapillomas, on their bodies, derived from
what was the benign sea; the very crucible of life. The
turtles provide us with windows into the health of the
oceans, and we aready know the view through those
windows is murky with biospheric danger.

Orlando, Florida, USA

This is our century. We are the conservation
biologists, and this is our time, our unique opportunity to
serve mankind and the natural worldwelove. Itisatimefor
anew, very forceful generation of turtle people, and their
aliesin related fields, to use their knowledge and passion
to alter the status quo of world environmental degradation.
Otherwise, this will become our last century. Otherwise
there will not be another chance to save our place to live.
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Green Sea Turtles (Chelonia mydas) in a South Texas (USA) Developmental Habitat

DoNNA J. SHAVER
U.S Geological Survey, Biological Resources Division, Columbia Environmental Research Center, Padre Island Field
Sation, Padre Island National Seashore, Post Office Box 181300, Corpus Christi, Texas 78480-1300, USA
(donna_shaver @usgs.gov)

Green sea turtles (Chelonia mydas) were commer-
cially exploited in Texas waters during the mid-to-late
1800's. Today, south Texas waters serve as important
developmental habitat for this species. Relatively few
studies have been undertaken of green turtles in Texas
waters. Furthermore, knowledge of green turtles in
developmental habitats is limited, but has been growing
through the use of directed capture studies. Entanglement
netting was used to capture green turtles at the Mansfield
Channel jetties, located in south Texas, on at least one day
per month, year-round, from June 1989 to December 1997.
Two hundred fifty-eight juvenile green turtles (n = 383

captures) were netted during 1,149 hours of netting effort.
The overall catch-per-unit-effort of 3.63 turtles’/lkm-hour
was higher than recorded during other similar green turtle
studies conducted elsewhere during recent years. To date,
this has been the only long-term, directed capture study of
green turtles in Texas. Final results of this study will be
presented. Resultswill be compared to data collected by the
Sea Turtle Stranding and Salvage Network for 471 green
turtles found stranded in Texas from 1989 to 1997.
Information on the sizes, sex ratios, seasonal trends, and
yearly trends of green turtles sampled using the two
methods will be presented and compared.

M orocco and Wester n Sahar a: Sitesof an Early Neritic Stagein the
LifeHistory of L ogger heads?
ManJuLA Tiwari?, KAREN A. BJorNDAL?L, ALAN B. BoLTENY, AND AMINA M OUMNI?
*Archie Carr Center for Sea Turtle Research, 223 Bartram Hall, Deptartment of Zoology, University of Florida, Gainesville,

Florida 32611, USA (mtiwari@zoo.ufl.edu)
?Institut National de Recherche Halieutique, 2 Rue de Tiznit, Casablanca 01, Morocco

The coastline of Morocco and Western Sahara was
surveyed in July 1999 to determine the status of seaturtles
in this region. Turtles encountered were measured and
tissue samples were collected for mtDNA analyses. No
evidence of nesting was found; only carcasses stranded on
the beach and carapaces with fishermen and at museums
were seen during the survey. The size distribution of the
turtles suggests that they were juveniles in transition
between the oceanic and the neritic stages. Preliminary
genetic analyses indicate that the predominant haplotypes
in the Atlantic are well represented in the region. The
findings of this study, the presence of a large fishing

industry, and the absence of laws protecting sea turtles in
this region emphasize the need to formulate a conservation
plan for seaturtles in Morocco and Western Sahara.
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Origin of Juvenile L ogger head Turtles (Caretta caretta) in Developmental
Habitat in Caribbean Panaméa
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INTRODUCTION

The migratory lifestyle and temporally protracted life
history of marine turtles present difficulties for the
effective conservation and management of these species
(Carr et al., 1978; Bowen and Avise, 1995). All seaturtles

examined to date show a pattern of strong population
subdivision in mitochondrial DNA (mtDNA), indicating
that genetic exchange among nesting populations is rare
(reviewed in Bowen and Karl, 1997). Despite subdivision
of populations on the nesting beaches, extensive migration
of post-hatchling, juvenile and adult turtles provides
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opportunity for these reproductively isolated genetic
stocksto mix in foraging habitats (Carr et al., 1978; Bowen
and Karl, 1997). This mixing makes it difficult to assess
how exploitation of turtles on feeding grounds will affect
reproductive populations.

Differences in mtDNA haplotype frequencies among
nesting populations provide genetic markers that have
proven to be powerful tools for the identification of the
natal origin of turtles captured away from the nesting beach
(reviewed by Bowen and Karl, 1997). Maximum
likelihood-based techniques of mixed stock analysis
(MSA) (Pellaand Milner, 1987) are now widely appliedin
the estimation of nesting beach contributions in marine
turtlefeeding grounds (reviewed in Bowen and Karl, 1997).
Such information has provided vauable insights into
migration, dispersal, and recruitment of juvenile turtles,
and isof particular conservation interest because incidental
and direct take on feeding grounds have the potential to
affect many widespread reproductive populations (Bowen
and Karl, 1997).

In the present study we sequenced the mtDNA control
region from 45 immature loggerhead turtles (Caretta
caretta) captured in developmental habitat in Chiriqui
Lagoon, Panama, and use these data to estimate the
contribution of Atlantic Ocean stocks identified by
Encalada et al. (1998) to this feeding aggregation. The
guestions of migration and settlement patterns of immature
loggerhead turtles are relevant to their conservation
because the ongoing subsistence fishery for marine turtles
in Chiriqui Lagoon has the potential to reduce nesting
populations elsewhere in the Atlantic. If recruitment is
biased toward small, local populations, then even a small
fishery such as the one in Chiriqui Lagoon may
disproportionately affect demographically vulnerable,
nesting populations.

METHODS

Chiriqui Lagoon is located on the Caribbean coast of
Panamain Bocasdel Toro Province, at 09°00’ N, 81°50'W.
The Lagoon provides developmental habitat for logger-
heads, green turtles (Chelonia mydas), and hawksbill
turtles (Eretmochelys imbricata) (Meylan and Meylan,
1997). During May-June of 1993 and 1994, 45 immature
loggerhead turtles were captured in Chiriqui Lagoon using
tangle nets. Blood samples for genetic analysis were
collected from the cervical sinus as described by Owens
and Ruiz (1980), and preserved in alysis buffer. Genomic
DNA was isolated from blood samples using standard
phenol:chloroform extraction techniques (Hillis et al.,
1990), and stored at -20°C.

A ~390 base pair (bp) segment of mtDNA control
region was amplified by the polymerase chain reaction
(PCR) using the primer pair TCR5, TCR6 (Norman et al.,
1994). Standard precautions, including the use of positive
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and negative controls, were taken to avoid contamination.
PCR products were sequenced at the DNA Sequencing
Core Lab at the University of Florida or at the DNA
sequencing facility at the University of California, Davis.
Sequences were aligned with previously published
loggerhead mtDNA CR sequences (Encalada et al., 1998;
Bolten et al., 1998). For all sequences showing ambiguity,
and for al sequences that did not match a previously
published sequence, both forward and reverse strands were
sequenced.

Contributions of nesting beaches to the Chiriqui
Lagoon feeding population were obtained using three
different Mixed Stock Analysis programs, CONSQRT,
UCON (Masudaet al., 1991) and SHADRACQ (Xu et al.,
1994). Expected nesting beach contributions were
calculated from numbers of nesting turtles or nests
recorded at each colony (Turtle Expert Working Group,
1999). These expected contributions were compared with
estimated contributions using Monte Carlo simulation as
implemented in the program Monte Carlo RxC (W. Engles,
University of Wisconsin).

REesuLTsAND DiscussioN

Weidentified seven mtDNA CR haplotypes among the
45 turtles examined. Five of these match haplotypes found
on Atlantic nesting beaches (Encalada et al., 1998). A sixth
haplotype, L, has not been found on any nesting beach, but
was described by Bolten et al. (1998) in pelagic habitat in
the Northeastern Atlantic Ocean. One additional haplotype,
R, which has not been described in any previous study, was
found in one individual in Chiriqui Lagoon. Haplotype R
differs from the common haplotype B by a G-A transition
at nucleotide position 259.

Haplotype frequencies in Chiriqui Lagoon differ
significantly from the Atlantic nesting beaches surveyed by
Encalada et al. (1998), indicating that the Chiriqui Lagoon
feeding aggregation is likely to represent a mixture of
individuals from at least two different nesting beaches.
Estimated nesting population contributions are very similar
for the three maximum likelihood programs. Results
indicate that approximately 70% of the turtles in Chiriqui
Lagoon are from South Florida beaches, and 30% are from
Mexico; no other nesting beaches make significant
contributions.

In order to test whether factors other than the size of
the nesting population are important in determining its
contribution to the Chiriqui Lagoon feeding population, we
calculated expected nesting beach contributions based on
numbers of nests recorded at all major Atlantic nesting
beaches (Turtle Expert Working Group, 1998). Contribu-
tions estimated by each of the three programs differ
significantly from expected values due to the large
contribution of Mexican nesting beaches to the Chiriqui
Lagoon feeding ground. This pattern of non-random



settlement into developmental habitats seems to be a
general phenomenon in loggerhead turtles (Sears et al.,
1995).

Demographic models for loggerhead turtles indicate
that harvest of just afew hundred large sub-adultindividuals
from a small population can lead to population decline
(Heppell et al., 1996). There is a small but unquantified
subsistence turtle fishery in Chiriqui Lagoon. The
persistence of small nesting populations in Mexico could
be threatened if turtles from this small demographically
vulnerable population are concentrated in this and other
developmental habitats in the Caribbean where they are
subject to harvest in small-scale fisheries. It is possible that
other small nesting populations from the Caribbean region
(Amorrocho et al., 1999; Carr et al., 1982) for which no
genetic dataareavail ableareal so contributing to Caribbean
feeding grounds and would be similarly adversely affected.
Animportant area of future research isthe quantification of
thelevel of harvest in Chiriqui Lagoon and other Caribbean
developmental habitats and the estimate of the contribu-
tions of other poorly known populations to these habitats.
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Current Statusof Marine Turtle Conservation Programmesin Sarawak, Malaysia

OswaLD BRAKEN TISEN AND JAMES BALI
Sarawak Forest Department, Sarawak, Malaysia (oswald@pd.jaring.my)

The marine turtle management and conservation
programme at the Talang-Satang Islands in Sarawak is
among the oldest in the world and very complex. Various
government agencies are involved and five laws are
relevant to turtle conservation in Sarawak. However, the
number of marine turtles nesting in Sarawak has declined
by 90% in the past 50 years. V arious reasons have been put
forward for such decline. In view of this, and to ensure that
the population of turtles does not decline further, the
Sarawak Government has undertaken several major steps
such as forming the Talang-Satang Turtle Research
Working Group and the Sarawak Reef Balls Project,
conducting the extensive scientific studies, gazettement of
the turtle nesting beach as Totally Protected Areas and
strengthening of existing laws.

ExTENDED ABSTRACT

Four species of sea turtles, the leatherback
(Dermochelys coriacea), green (Chelonia mydas),
hawksbill (Eretmochelys imbricata) and olive ridley
(Lepidochelys olivacea), nest along the sandy beaches of
both East and West Malaysia. Threats to the survival of
marine turtles in Malaysia include commercial exploita-
tion, habitat destruction and alteration, accidental catch by
fishers, marine debris, and pollution, while protection is
often ineffective (Chan, 1991). Asaresult, leatherback and
olive ridley populations in Terengganu are criticaly
depleted and in imminent danger of extinction (Rahman,
1996; Chan and Liew, 1996). Over the last few decades,
dramatic declines in population have occurred for all the
turtle species found in Malaysia (Chan and Liew, 1995);
according to Sharma and Salam (1999), due to the various
threats, marine turtle nesting populationsin Malaysia have
declined by 60 to 99% since the 1950s.

In Sarawak, Leh (1989) noted that the history of turtle
egg collection dates probably to the Sixteenth century
when eggswereabarter tradeitem with China. Inthe 1950s,
the annual number of green turtle eggs collected and sold
in the local market was around two million. He also stated
that the local residents did not eat turtles, but only their
eggs. Banks (1986) wrote that the mean number of eggs
exported from 1900-1927 was 300,000 per year. He also
summarised the annual take of green turtle eggs from
1927-1985, showing that 1-3 million eggs were collected
per year until 1960, roughly 500,000 eggs per year during
the 1960s, and less than 300,000 eggs have been collected
per year since. He quoted Sarawak M useum data showing
that in 1989 and 1990, 185,461 and 117, 701 eggs,
respectively, were collected, lessthan 5% of peak yieldsin
the mid-1930s. Chin (1975) showed that 1,194,391 eggs
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were collected from the three Turtle Islands from 1971 to
1975.

Six laws are relevant to the turtle conservation in
Sarawak. The Turtle Trust Ordinance 1957, Land Code
1958, Turtle Protection Rules 1962, Fisheries Prohibited
Areas under section 61 of the Fisheries Act 1985 and Wild
Life Protection Ordinance 1958 superceded and improved
asthe Wild Life Protection Ordinance 1998. Green turtles,
hawksbill turtles and leatherback turtlesare fully protected
by law since 1958.

Four agencies are responsible for marine turtles in
Sarawak. The Turtles’ Board formed under the Turtle Trust
Ordinance 1957 is in charge of the three Turtle Islands
(Talang Talang Besar I1sland, Talang Talang K echil Island and
Satang Besar Island). Itsjurisdiction only extendsfor half a
nautical milefrom each of theisland. The Sarawak Museum
has traditionally been responsible for turtle research on the
three Turtle Islands as the Director of Sarawak Museum is
the Executive Officer of the Turtles Board. The Marine
Fisheries Department is responsible for turtles when they
areswimminginthesea, but not ontheland aslead out under
the Marine Fisheries Act.

Under the Wild Life Protection Ordinance 1998, all
marine turtles are totally protected. Section 29(1) stated
that any person who hunts, kills, captures, sells, offers for
sale, imports, exports, or is in possession of, any totally
protected animal or any recognizable parts or derivative
thereof, or any nest thereof, except in accordance with the
permission in writing of the Controller of Wild Life for
scientific or educational purposes or for the protection and
conservation of such totally protected animal, isguilty of an
offence. The penalty is imprisonment for two years and a
fine of twenty five thousand ringgit (US $6579).

The Sarawak Museum has recorded the number of
green turtles landing on each of the three Turtle Islands
every year since 1946. Long term research and hatchery
management has been conducted by the Sarawak Museum
since 1951 yet, the number of marine turtle nesting on the
Sarawak Turtle Islands has declined by 90% in the past 50
years. Various reasons have been put forward for such a
decline such as: trawling, over harvesting of eggs; coastal
devel opment; natural predation; and various environmental
causes. However, no detailed long-term scientific studies
have been carried out to investigate this problem.

The State Government has long agonized over the
problem of Sarawak’ sdwindling marineturtle population. It
recognizes the need for a detailed and extensive scientific
and conservation study with comprehensive management
applications. In 1995, therefore, the Sarawak Forest
Department started its rookery management programme by
opening a hatchery at Tanjong Datu National Park.
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The various agencies responsible for marine turtle
working together on aresearch programme for the Sarawak
Turtle Islands, thus forming the Talang-Satang Turtle
Research Working Group (TSTRWG). TSTRWG com-
prises Sarawak Turtles' Board, Sarawak Museum, Marine
Fisheries Department Sarawak and Sarawak Forest
Department as the leading agency. This group meets
monthly to review research and make management
recommendations for marine turtles at the Sarawak Turtle
Islands. In addition, the group monitors enforcement of the
various laws concerning marine turtles. This is effective
because most members are actively in the field conducting
research so are able to be the eyes and ears of enforcement.

Since 1996, many research projects started. Collabo-
rativestudieswith SEATRU Universiti College Terengganu-
Universiti Putra Malaysia, were started in 1998. The
objective is to determine the population dynamics, and
ranging and behaviour of the nesting population of marine
turtlesin Sarawak, and to identify appropriate conservation
measures necessary to enable the natural population to
increase back toward former level. Studiesare till ongoing
and preliminary results are available in our journa
“Hornbill”.

IN SiTuAND HATCHERY SuB-ProOJECT

The aim is to obtain the baseline data necessary to
design a rookery management plan. The technique used
includes double tagging, carapace measurements, incuba-
tion temperature measurements, hatchling measurements,
timed ecological observations, DNA analysis, computer
analysis and recording of nesting locations.

Rabio/ ULTRASONIC SuB-PROJECT

The study aim isto determine the diving patterns and
behavior of green turtles during inter-nesting periods.
Results will be used to protect marine turtleswhen they are
offshore during nesting seasons.

SATELLITE TRACKING SuB-PROJECT

The study aim is to determine the migratory paths and
destination (feeding grounds) of green turtles after nesting
seasons. The information will be used as a basis for
protection and development of a regional ASEAN marine
turtle conservation plan.

Thereef balls project was initiated to conserve marine
turtles in Sarawak: significant numbers of adult marine
turtles were found dead because of trawler nets. The reef
ballshave sharp textured surfacewhichiscapable of ripping
trawlers nets. Clusters of reef bals have proven very
effectivein damaging trawlers nets. Five hundred reef balls
have been seeded around the marine turtles nesting season

resting areas. Through radio/ultrasonic study, it was found
that the inter-nesting resting areas lies within a kilometer
from the mainland. These areas are aso the favorite sites
for illegal trawling. A number of dead turtles were found
washed on the beach, which were suspected to have been
caught in trawlers nets. Reef ballswere seeded in the inter-
nesting site and publicized. Trawlers have avoided these
areas and since deployment of the reef balls no dead turtle
from these areas have been recorded.

CoNCLUSION

Turtle management in Sarawak is complex for
historical and legal reasons. Sarawak is tackling this on
many fronts, including protection of reserves, improve-
ment of hatcheries management, use of in-situ protection
and research on ranging of animals. The Sarawak Turtle
Islands were gazetted as Talang-Satang National Park in
September 1999. Together, thiswill allow the turtles to be
conserved both around the nesting beaches and also at all
other areas within their range.
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Brothers-in-Arms. Working Towar dsthe Survival of the Sipadan Sea Turtles(Sabah, M alaysia)
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Sipadan Island (04°05'N, 118°35'E) is an open-
oceanic island which originated from a volcanic atoll.
L ocated on the east coast of North Borneo, it hasaland area
of approximately 123,000 m? (Universiti Kebangsaan
Malaysia, 1990). Sipadan supports a large density of
nesting seaturtles, second only to the Turtle Islands Park in
Sandakan, inthe Malaysian State of Sabah, whichislocated
on the island of Borneo. Turtles are abound in the clear
waters around the island and have been reported to nest on
the beach of this island all year round with peak months
believed to be between July and December for green turtles,
and January through June for hawksbills (Mortimer, 1991).
Thisisland islocated in a designated Security Zone and is
being monitored by the National Security Council of
Malaysia.

Sipadan was designated as a bird sanctuary in 1933
under the Land Ordinance of 1930 and aturtle eggs’ native
reserve in 1964. It is now a world renowned tourist
destination mainly for its diving activitieswhere divers are
able to observe the relatively tame turtles in their natural
habitat. Apart from seaturtles, other underwater attractions
include the magnificent hard and soft corals, colorful fish
of various shapes and size as well as amazing crustaceans
and molluscs. The minute organisms in the water, when
carefully observed are just as spectacular.

Seaturtle eggs being deposited on Sipadan shore were
collected for many generations by a Bajau family living
there. The Sultan of Sulu gave customary rightsto the sole
resident of theisland by virtue of histraditional right asthe
original occupant of Sipadan since the 1930s to collect
these eggs (Universiti Kebangsaan Malaysia, 1990). In
recent years, efforts were made by the Game Branch of the
Sabah Forestry Department which waslater upgraded to the
Sabah Wildlife Department in 1988 to monitor and
conserve the sea turtle resources of Sipadan.

Records from the department show that from 15
January 1990 aminimum of one nest per night wastakenfor
conservation. If the number of nests exceeded six, then two
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nests were left in situ and if more than 10 nests were
deposited in any one night, the number of nests taken for
conservation purposes was three. This system was
revamped on 4 November 1993 where all eggs depositedin
Sipadan were incubated in natural nests. By this time, the
total number of both green and hawksbill turtle nests had
reached 642 (Sabah Wildlife Department, unpublished
data).

Financial aid to purchase the turtle eggs was provided
by three of the five dive resorts operating in Sipadan,
namely Borneo Divers & Sea Sports (Sabah) Sdn. Bhd.,
Pulau Sipadan Resort and Sipadan Dive Centre. A total of
RM 50,000.00 (US $13,200.00) was given each year to the
family of the egg collector in lieu of the eggs. Presence of
the resorts also helped decrease fish bombing incidents, a
widespread destructive fishing method practiced in the
vicinity of Semporna.

A total of 4612 nests were incubated in natural nests
until March 1997 when it was found that poaching was too
serious a problem (Sabah Wildlife Department, unpub-
lished data).

Using funds from the private sector, the Wildlife
Department constructed a beach hatchery on the southern
tip of the island to transfer al the eggs deposited on the
island. Thedepartment’ stagging program for femaleturtles
coming ashore to nest commenced in 1995, was briefly
stopped due to technical reasons and has since resumed to
saturate tag all the turtles nesting in Sipadan.

Other agencies that were involved with sea turtle
conservation in Sipadan include Universiti Kebangsaan
Malaysia(UKM) and World Wildlife Fund Malaysia, or as
it is now known, World Wide Fund for Nature Malaysia
(WWFM). Several recommendations given by Jeanne
Mortimer, during her term as WWFM's sea turtle
consultant, in her report (Mortimer, 1991) to the Sabah's
Ministry of Tourism and Environmental Development have
been adhered to over the years. They include ceasing the
harvest of eggs; stopping further development of theisland
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and decreasing the number of chalets and visitors to the
island; proper disposal of rubbish; and minimizing the
amount of artificial light from the resorts. Other measures
taken by the Sabah Wildlife Department include limiting
the hours the tourists are allowed to wak on the beach,
carefully monitoring turtle watching activitiesand ensuring
that theturtlesare not disturbed by thediversintheir natural
habitat. The Sabah Fisheries Department and Marine
Police, a section of the Roya Malaysian Police, aso
provide assistance to prevent destructive fishing methods
such as fish bombing and cyanide fishing in the vicinity of
Sipadan.

Universiti Malaysia Sabah isnow working closely with
the Sabah Wildlife Department to keep an accurate record
of nesting activities as well as to design a management
program that will benefit both turtles and human inhabitants
of Sipadan. It is hoped that through the concerted efforts of
all theagenciesinvolved in preserving the natural resources
of this island, the sea turtle population of Sipadan will
continue to survive and multiply.
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In 1996, WWF-Philippines, forged an agreement with
the Department of Environment & Natural Resources
(DENR) through the Pawikan Conservation Project (PCP)
to implement a program through an integrated approach.
Since then, WWF-Philippines in collaboration with the
PCP has implemented a number of activities towards the
realization of this task. An environmental & ecological
study was completed. The studies were basis for the
formulation of a management plan for protected area
declaration and an ecotourism development plan to
anticipate effects of future developments. These activities
contributed to the enactment of policies for conservation.
In August 1999, the Turtle Islands Wildlife Sanctuary was
established through Presidential Proclamation No. 171 and
DENR Administrative Order 99-31 implementing the
Turtle Idlands Ecological Destination Development
Guidelineswas promulgated last July 30, 1999. In the same
manner, an intensive social research was undertaken to
understand the dynamics of the community for a more
active role in conservation. The results of these activities
were presented to the community as an imperative process
for the formulation of a program for an integrated

conservation and development initiative with emphasis on
the active participation of all stakeholders. The framework
developed identified four major components for imple-
mentation namely: enforcement; livelihood; education and
health. Initial activities regarding these components are
underway with the support of local authorities. Conserva-
tion efforts in the area evolved from a species approach to
an integrated and a multi-stakeholder approach. This is
regarded as the only alternative to address the long-term
conservation needs of the Turtle Islands.

INTRODUCTION

The Turtle Islands have a high conservation value for
seaturtlesand have been subject to Government control and
management since 1948. In 1979, the Government
identified the need to establish a specific agency, The
Pawikan Conservation Project of the Department of
Environment and Natural Resources (DENR), to oversee
the conservation of sea turtles in the Philippines. Since
1984, the PCP has been implementing the Government’s
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efforts to conserve turtles in the Turtle Islands, through
regulation of egg collection as well as the management of
Baguan Island as a strict sanctuary. Substantial work on sea
turtle research has been undertaken by the PCP since its
creation. In 1991, the GEF Funded Integrated Protected
Area System (IPAS) was initiated. The Turtle Islands was
chosen as one of the ten priority sites that would benefit
from the project, and the project‘sfinal aim is to establish
the area as protected area. This project is implemented by
the DENR through its established Conservation of Priority
Protected Area Project (CPPAP) and its NGO counter-
part, the NGOs for Integrated Protected Area Inc (NIPA),
mainly mandated to facilitate the establishment of the
Turtle Islands under the NIPAS. The first transfrontier
protected areas for sea turtles was al so established through
the Turtle Islands Heritage Protected Area between the
Governments of the Philippines and Malaysia.

WWEF-Philippines started to get directly involved in
1996, in collaboration with the DENR, the management
authority through the PCP. An agreement was forged by
WWEF-Philippines and DENR for the implementation of
the Turtle Islands Integrated Conservation and Develop-
ment Project. This report focuses on the activities
undertaken by WWF-Philippines in collaboration with the
DENR, and highlights the two-pronged approach to
conservation, in which biological assessment and
community and social assessment are used to formulate a
long term integrated conservation plan in collaboration
with the stakeholders.

MANAGEMENT PLANNING PROCESSES

Due toits high conservation value as an important sea
turtle nesting area, a comprehensive management plan has
to be developed to address the conservation needs of the
area. As an initial activity baseline data on the resource
undertaken to understand what needs to be conserved.
Through this, extensive research on the resources was
undertaken focusing on seaturtlesand its habitat. Work was
done on three primary components, the marine benthic
communities, terrestrial flora and fauna and physical
characterization of the island. Upon completion of data
gathering, an environmental ecological characterization
was devel oped to define the Turtle | slands asamanagement
unit. Another important component of this process is the
continuous monitoring of the above mentioned habitats to
detect changes over time and provide the management
timely information for appropriate response. This is made
possible through the establishment of a monitoring scheme
along side with the training of concerned personnel
involved in the management of the area.

To facilitate and assist in the planning process, a GIS
database for the islands is currently being developed
starting with the acquisition of a satellite spot map of the
area. The development of this data base will ensure that all
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the information gathered over time through the monitoring
scheme can be easily accessed and safeguarded thereby
facilitating planning.

Theabove mentioned activitiesserved asavital inputin
the declaring of the Turtle Islands as Wildlife Sanctuary
under the National Integrated Protected Areas System
(NIPAS) through Presidential Proclamation 171 in August
1999 and the promul gation of the Turtle Islands Ecol ogical
Destination Development Guidelines through Department
Administrative Order 31-99.

CoMMUNITY DEVELOPMENT INITIATIVES

The social analysis and implementation of Integrated
Conservation and Development Projects (ICDP) in the
Turtle Islands Heritage Protected Area was an effort to
understand the socio-economic and political dynamics in
island communities. The ICDP has been adopted as an
approach to conservation because unless the root causes of
poverty are addressed, which are the focal problem of the
island communities, unsustainable utilization of marine
resources and pressure on the green and hawkshill turtle
population will remain high.

The Social and Institutional Assessment of the Turtle
Islands is considered the most crucial phase, since this
activity is to set the direction towards the implementation
of ICDP. Aside from the initial inputs documented by
previousKKPinvolvement inthearea, the study isdesigned
to understand the dynamics of the community, aswell asto
provide inputs on how to effect ICDP in the present social
setting. This activity istaken in the context of a systematic
view of a situation by specifying the cause and effect
relationship for the purpose of explaining and predicting. A
goal defined in thisICDP framework isto make a protected
ecosystem an essential component of the local peoples
economic, cultural and social survival and growth.

The socia and institutional analysis has three major
components namely: the social analysis, gender analysis;
and stakeholders anaysis. This analysis was undertaken
with the following goals (Cola, 1998): to pinpoint
development beneficiaries being the users of critica
resources, to characterize their needs and absorptive
capacity; and to assist in design and implementation of
activities responsive to their needs and absorptive capacity
in the context of conservation goals,

As aresult of the activity, a program with four major
components (livelihood, enforcement, health and educa-
tion) wasidentified through along process of consultations
and planning with the community and its leaders. The
consultations also become a venue to impart to the
communities the results of the ecological studies. The
social analysis will become the basis for developing the
specific plans for livelihood, information and education,
health and protected area management through enforce-
ment activities. The most notable highlight of thisinitiative



Oral Presentations. Conservation and Management: Progams and Reports |

is the process of consultation and processing of
information that was gathered as basis for community
planning in setting the conservation agenda.

INTEGRATED APPROACH TO CONSERVATION

The initiative was able to evolve from the species-
focused program into a multi-disciplinary activity. Key to
the implementation of ICDP in the area was the relevance
and contribution of each of the different activities and
initiatives under the program. The integration of
undertaking parallel activities on the biological/ecol ogical
and social and development concernswill play animportant
role towards the attainment of ICDP in the area. Of chief
importance to the process was the constant feedback of the
results to the communities, for the purpose of information
aswell asvalidation as a continuing cycle for planning and
implementing |CDP. Inthisparticul ar case, werealized that
an integrated approach to conservation was not just a
singular event, but rather along-term process that will take
15-20 years before the overall goals can be achieved. The
realization of addressing the root causes of these issues
confronting the sea turtles and not just focused on sea
turtlesanditshabitat isseen asamilestonein the addressing
the conservation needs in the area.

CONCLUSIONS

It is an acknowledged fact there is an urgent need to
address conservation issues in the Turtle Islands. Over the
past few decades most, if not all, initiativeswerefocused on
a single species, specifically the sea turtles, and their

habitats. However, in recent years it has also been realized
that, to be effective, conservation need to go beyond the
mere protection of a species and its habitat. The
participation of peopleand communitiesisasimportant and
critical in determining the fate of the resources one triesto
conserve and manage and, ultimately, the only way to
sustain conservation over thelong term. At thisjuncture, we
have witnessed the evolution of a conservation program
from a speciesfocused to a multi-stakeholder, multi-
disciplinary initiative. Conservation is not merely ascience
but an art that requires striking a creative balance between
species and habitats and the different stakeholders that
regard the species as their resource.
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Conservation and M anagement of Sea Turtlesin the Southeast Asian Region

Svep ABDULLAH SyeDp AsbuL KADIR
Marine Fishery Resources Development and Management Department, Kuala Terengganu, Malaysia (seafdec@po.jaring.my)

INTRODUCTION

Sea turtles are one of the important protected marine
animals under the CITES agreement in the southeast Asian
region. Thisregion has been recognised as one of the major
landing and nesting locations for sea turtles in the world.
Most of the SEAFDEC/ASEAN Member Countries have
established national programmes on the conservation and
management of sea turtles. Six of seven living sea turtle
species recognised in the world were confirmed to nest in
this region. These are leatherback turtles (Dermochelys
coriacea), green turtles (Chelonia mydas), olive ridley
turtles (Lepidochelys olivacea), hawkshill turtles
(Eretmochelys imbricata), loggerheads (Caretta caretta)
and flatback turtles (Natator depressus). All these species
are commonly found in Southeast Asian region except the

flathback, which isrestricted primarily to Eastern Indonesia.

The ASEAN Ministers on Agriculture and Forestry
(AMAF) signed a memorandum of understanding (MOU)
on ASEAN Sea Turtle Conservation and Protection on 12
September 1999. In conjunction of this matter, the
Southeast Asia Fisheries Development Center (SEAFDEC)
has been recognized as a competent technical regional
organization on marine issues in the region by the ASEAN
member countries. Marine Fishery Resources Develop-
ment and Management Department (MFRDMD) Kuala
Terengganu has been appointed by SEAFDEC to gear upthe
regional research and technical activities on the sea turtle
conservation and protection program. In line with this
recognition, SEAFDEC's MFRDMD has prepared the
ASEAN Sea Turtle Conservation and Protection Program
and Work Plan. While Malaysia has been designated as the
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Regional Coordinator to lead a Technical Experts Working
Group, SEAFDEC/MFRDMD KualaTerengganuwasgiven
responsibility to play a key role in the implementation of
the MOU. In this regard, SEAFDEC will seek close
cooperation and collaboration with the ASEAN Member
Countries. AsaRegional Technical body, ASEAN Member
Countrieshavegivenamandateto SEAFDEC/MFRDMD to
stimulate Conservation and Protection Program of sea
turtles in future.

SpeciEs DISTRIBUTION

The occurrence of seaturtle nesting in Southeast Asia
is shown in Table 1. Indonesia has the most species of
marine turtles compared with other countries in the region.
Due to uncontrolled exploitation during past decades, all
species of seaturtlesin thisregion are now threatened with
extinction. In response to the rapidly declining (and
realizing the importance of) sea turtle populations to the
marine environment in the region, steps have been taken to
obtain closer cooperation amongst the nations. Subse-
quently, the First ASEAN Symposium on Marine Turtle
Conservation was held in 1993 at Manilaand was followed
by aworkshop that was conducted in January 1996 at Kuala
Terengganu, Malaysia.

RecioNnAL SymposiA, WORKsSHOPS, MEETINGS AND
TRAINING

* The First ASEAN Symposium-Workshop on Marine
Turtle Conservation was held from December 6-10, 1993
in Manila, Philippines.

* The First SEAFDEC Workshop on Marine Turtle
Research and Conservation was held from January 15-18,
1996 in Kuala Terengganu, Malaysia.

* The First Meeting on the Regional Tagging Program
and Data Collection On SeaTurtlewasheld from December
21-23, 1997 in Kuala Terengganu, Malaysia.

* The First ASEAN Workshop on Sea Turtle Conserva-
tion and Management was held from December 21-24,
1997 in Jakarta, Indonesia.

* Regional Training Course on Sea Turtle Research and
Conservation was conducted from August 24-30, 1998 in
KualaTerengganu, Malaysia

* The First SEAFDEC-ASEAN Regiona Workshop on
Sea Turtle Conservation and Management was held from
July 26-28, 1999 in Kuala Terengganu Malaysia.

ReclioNAL RESEARCH ACTIVITIES

MFRDMD/SEAFDEC started a three year regional
research program on seaturtle conservation management in
1998. The Government of Japan, through SEAFDEC,

18

Orlando, Florida, USA

funded these research programs. The research programs are
listed below:

Population Genetics of Sea Turtles in Southeast Asia
The objective is to identified stock or management
unit(s) of sea turtles population in Southeast Asia.

Sea Turtle Satistics in Southeast Asia

The objectives are to compile all available sea turtle
population statisticsin the region and to collate, update and
disseminate the information to countries inside and outside
the region. Format on the population census and statistics
was distributed to the turtle researchers of ASEAN member
countries for their action to obtain the current status of
marine turtlesin the region. Thelist of the format is shown
in Table 2.

Regional Sea Turtle Tagging Program

A tagging program hasbeenimplementedintensively in
Malaysia as well as the Philippines and had been already
started in Thailand and Indonesia. The objectives are to
understand the migration, growth, mortality and reproduc-
tion of seaturtlesintheregion. Startingin 1998, SEAFDEC
member countries had agreed to implement a standard
tagging code for sea turtle tagging program in the region.
The details of tagging code are described in Table 3.
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Table 1. The occurrence of sea turtles in the southeast Asian
countries,

Country Leatherback Green Hawksbill Loggerhead Olive ridey Hatback
Brunei X X X

Indonesia X X X X X X
Mdaysia X X X X

Myanmar X X X X

Philippines X X X X X

Singapore

Thaland X X X X X

Vietnam X X X X X
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Table 2. The data format of the population statistics collected in
the Southeast AsiaRegion.

Table3. Thestandard tagging code for seaturtletagging programs
in the southeast Asian region.

Format code Descriptions

Statistics 01 Turtle nesting site

Statistics 02 Annual landing
Statistics 02A Annual nesting
Statistics 03 Monthly landing
Statistics 03A Monthly nesting
Statistics 04 Nurrber of in-situ and artificial hacheries
Statistics 05 Total of annua production, egg incubation, hatchlings and emergence success
Statistics 06 Total annual egg incubation, hatchling and emergence success by in-situ hatcheries
Statistics 07 Total annual eggincubation, hatchling and emergence success by artificial hatcheries
Statistics 08 Monthly statistics on egg production at every nesting site
Statistics 09 Monthly statistics on egg production, egg incubation, hatchling and emergence success.

Statistics 10 Monthly record on mortality for every species

Country code Ingtitution Serial number

MY: Malaysia DOF MY0001-MY 1000
Sabah Park MY(S)0001-M Y(S)1000
Swak F. Dept. MY (Sa)0001-M Y (Sa)0500

TH: Thailand Queen Project THO001-THO500
PMBC TH(P)0001- TH(P)0500

PH: Phillipines DOE PH 0001-PH1000

VN: Vietnam North Vietnam VN(N)0001-VN(N)0100
South Vietnam VN(S)0001-VN(S)0100
Central Vietnam (RIMP) VN(C)0001-VN(C)0100

ID: Indonesia PHPA 1D0001-1D1000

BN: Brunei DOF BN0001-BN0200

New Directionsfor Sea Turtle Conservation in the Republic of Palau, Micronesia

MicHAEL GUILBEAUX
Community Conservation Network, 2440 Campus Road, #561, Honolulu, Hawaii 96822, USA (guilbeau@hawaii.edu)

In 1994, the Republic of Palau, located in western
Micronesia, became an independent nation, freely
associated with the United States through what is know as
the Palau-US Compact of Free Association. Through this
process, Palau terminated its Trust Territory tiesto the US,
its agencies, and programs, and is now relying on it own
internal processes for decision making, policy setting, and
program implementation. Some of these processes still
involve some level of US-based assistance; however,
responsibility for national-level natural resource manage-
ment, including endangered species protection, has now
turned completely to the Palau government. Over recent
decades, the national government has faced challenges to
protecting the viability of turtle populations from threats
ranging from local exploitation for traditional, subsistence,
and commercial use to increasing impacts related to
tourism and infrastructure development. The recent

evolution and involvement of locally-based conservation
NGO’ s create new opportunities for seaturtle management
and conservation efforts. Similarly, the enhancement of
government programs to improve resource management
and environmental protection may prove beneficial.
Existing opportunities will be described to illustrate how
progress may be made in the conservation of Palau’s
threatened sea turtle populations. These include policy
revisions governing turtle harvesting; the design and
implementation of state level or community based
conservation initiatives, and educational and awareness
programs. Local experiences with these approaches will be
described. This summary will also summarize current
threatsto seaturtle population recovery in Palau, aswell as
possible alternatives for national conservation strategies,
local initiatives for sea turtle protection, and cooperation
with local communities.
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Familial Relationshipsamong Nesting Female L eather backs Examined with GeneticMarkers

PeTer H. Dutton?, DonNa L. DutTton?, anD AMY N. FrRey?
!National Marine Fisheries Service, Southwest Fisheries Science Center, Post Office Box 271, San Diego, California 92038,
USA (peterd@caliban.ucsd.edu)
2Ocean Planet Research, 12368 Rue Fountainbleau, San Diego, California 92131, USA

Genetic data from nine microsatellite loci and control
region mtDNA sequences were used to construct profiles
of female leatherbacks, Dermochelys coriacea, that have
nested over a 17-year period between 1981 and 1998 at
Sandy Point, St. CroixintheU.S. Virginlslands. PIT tagging
and photo-identification have enabled us to identify
potential new recruits and long-term remigrants and
compile their reproductive histories. This nesting
population has grown significantly in thelast six years, and
theoretically the new ‘recruits’ may be the offspring of the
older remigrants. Pairwise relatedness (R) was calculated
across al nine loci among the 172 female leatherbacks
analyzed to date using methods described in Queller and
Goodnight (1989), and UPGMA trees constructed to
visualize potential family groupings. First-order relations
(R > 05) were common and groupings based on
microsatellite data were consistent with mtDNA haplotype

data, suggesting that individuals were related maternally,
either as mother-daughter, or sisters. By examining
reproductive histories and allele distributions it was
possible to identify the mother of a group of siblings that
came from the same clutch, or clutches produced during the
same season. This approach provides direct evidence for
natal homing in leatherbacks. Further analysis will be
carried out to identify mother-daughter relations. By
examining reproductive histories of mothers and their
daughters, it should be possible to gain insightsinto age of
maturity for this species.
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Useof SingleL ocusPolymor phic Markersto Elucidate M ultiple Pater nity in the
Endangered L eatherback Sea Turtle
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When genetic diversity is depleted, alleles become
fixed and a population becomes highly susceptible to
extinction (Frankham, 1995). Paternity studies provide an
excellent means of analyzing the genetic diversity of
populations because they serve as a tool to assess the
number of fathers contributing to the gene pool.
Leatherback turtles are an endangered species and
worldwide population declines have been tirelessly
documented. We collected blood samples (50-100 L)
from 36 adult femal es nesting on Playa Grande, CostaRica
during the 1998/1999 nesting season. For 20 of these 36
females, we collected at least four successive clutches and
relocated them into ahatchery. For each nest examined, we
took blood samples of approximately 20 [l from the dorsal
cervical sinus of up to 28 hatchlings. We rejected the null
hypothesis of single paternity in four out of the 48 clutches
examined. All families examined exhibited the same
paternal aleles in successive clutches indicating the
presence of sperm storage. Both polygyny and polyandry,
to a lesser extent, appear to coexist in this leatherback
mating system. Multiple paternity isindeed present in this
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leatherback population, however it is infrequent. Because
of its low occurrence we infer that multiple paternity does
not contribute significantly to the genetic variation of this
population. We identified 26 mutational events in both
maternal and paternal lineages and 50% of these mutations
were greater than single step changes. Excessive mutations
rates substantiate the need to use severa loci to identify
multipaternal patterns.
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L eather back and L ogger head Turtlesin Nova Scotia (Canada) Waters: Preliminary Work on
Genetic Structureand Relatednessto Nesting Populations
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Prior to 1996 very little data was available on the
abundance of seaturtlesin Nova Scotia (NS). Nova Scotia
is located on the eastern coast of Canada-northeast of the
state of Maine. With the formation of the NS Leatherback
Turtle Working Group (NSLTWG), a conglomeration of
fishermen and their families, community volunteers and
scientists, spearheaded by my colleague Michael James,
leatherbacks (Dermochelys coriacea) and loggerheads
(Caretta caretta) have been documented to occur
predictably in these waters.

To expand on these sighting data, we have decided to
include genetic analysis of individualsfound in NS waters.
| will be sampling leatherback and loggerhead turtles at sea
as well as collecting samples from strandings. Other
leatherback turtle samples will come from James
concurrent study of movement.

The objectives of my thesiswork includeinvestigating
mitochondrial DNA (mtDNA) sequences and nuclear DNA
(nDNA) fingerprinting of leatherback and loggerhead
turtles to assess relatedness among individuals and to
assign beach of origin. To accomplish this, | will establish
and refine methods for collection at sea, analyse samples
and compare these data to nesting populations. The details
of my study include pelagic sampling of individual
leatherback and loggerhead turtles in NS, sequencing
mtDNA and doing microsatellite analysis on nDNA to
investigate relatedness among the NS turtles. Then | will
compare data with nesting beach population data to assign

likelihood that an individual came from a certain nesting
beach or region. Results from this study may lend more
information to what is known about pathways of migratory
marine animals and may hopefully result in effective
management strategies to decrease mortality at sea.

To date four samples have been collected from the
carapaces of pelagic leatherbacks. Sincein this study we do
not share the luxury of sampling nesting females in their
‘trance-like’ egg-laying state nor do we have warm tropical
waters in which to snorkel, we have sampled from the
carapace-the most easily accessible region of a swimming
|eatherback.

| used Chelex/liquid nitrogen extraction methods
described by Glenn for museum specimensto recover DNA
from the leatherback carapace. | then amplified the
supernatant in a Polymerase Chain Reaction testing
Caretta caretta primers Cc7 and Ccll7 from Nancy
FitzSimmons. Results were obtained using Cc7. When
primers were initially developed, it was not expected they
would be useful across species, however thisfinding allows
for increased efficiency in the laboratory. This is a
significant accomplishment pertinent to my research. The
capability of extracting DNA from the leatherback
cartilaginous carapace decreases some of the logistical
difficulties of sampling at sea.

Concentrated sampling efforts will begin during the
summer of 2000. Further analysis will continue.

Conservation Genetics of the Olive Ridley Sea Turtle (Lepidochelys olivacea) on the
East Coast of India
KARTIK SHANKERY, RaMESH K. AGGARWALZ, B.C. CHOUDHURY?, AND LALJI SINGH?

Wildlife Institute of India, P.O. Box 18, Chandrabani, Dehradun 248001, India (kartik69@usa.net)
“Centre for Cellular and Molecular Biology, Uppal Road, Hyderabad 500007, India

INTRODUCTION

The conservation of olive ridley sea turtles
(Lepidochelys olivacea) on the east coast of India,
particularly Orissa, has been a matter of concern due to
large scale trawling mortality over the past five years

(Pandav et al., 1998). In recent years, the development of
molecular techniques has offered a new range of tools to
answer questions of ecological interest (Bowen, 1996).
One of the few remaining olive ridley mass nesting sitesin
the world is found in Orissa on the east coast of India. The
arribada nesting sites of the olive ridley in Orissa at
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Gahirmatha, Rushikulya and Devi River mouth have
received considerable attention over the past few years.
Much of this attention has been centered around the threat
to the nesting population, believed to be largely due to
drowning in illegal trawl nets. The olive ridley nests
sporadically along the entire east coast of India, and other
nesting populations though smaller have been equally
threatened by drowning of adult turtles and poaching of
€ggs.

In recent years mol ecul ar genetic techniques have been
used successfully to answer questions relating to
population structure and migration ecology in sea turtles
which could not be addressed using conventional
techniques (Norman et al., 1994; Bowen 1996). The
evidence for population structure in this species, asin other
seaturtlestheworld over, isextremely poor, dueto avariety
of factors. The money and effort required in tracking adult
seaturtles using radio or satellite telemetry is prohibitively
high and results are frequently inconclusive for a pelagic
species. However, these questions can be addressed easily
and can be adequately answered with even ashort term study
using molecular genetic techniques. Various nesting
aggregations of oliveridleys on the east coast of Indiawere
studied to enable the formulation of conservation
strategies.

METHODS

Muscle and skin tissue was collected from nesting sea
turtles and mating pairs was stored in 90% ethanol (Dutton,
1996). DNA was extracted from tissue by proteinase K
digestion, and contaminating proteins were removed by
chloroform-isoamyl alcohol (24:1) extraction, and
precipitated using sodium perchlorate and 90% ethanal.
The DNA was quantitated both using visual quantification
on 1% agarose gels and spectrophotometry. Many samples
could not be used for DNA fingerprinting because of the
low quantity of DNA, while others contained ahigh level of
impurities. Samples were diluted to a standard concentra-
tion of 500 ng/ml for multilocus fingerprinting and 50 ng/
ml for PCR based analysis. Following preliminary analysis
and standardisation, a subset of 38 samples, equally
representing the four populations, was chosen for further
analysis.

MoLECULAR ANALYSISAND RESULTS

RAPD (Random Amplified Polymorphic DNA) Thirty
six RAPD primers (Operon Inc. USA) were used for PCR
(Polymerase Chain Reaction) on two test samples. PCR
components included DNA template, PCR buffer, 2.0 mM
Magnesium Chloride, PCR nucleotide mix, RAPD primer
and DNA tag polymerase. The cycling conditions were
denaturation at 94°C for 0.5 minutes, annealing at 35°C for
one minute, and extension at 71°C for 2 minutes, for atotal
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of 35 cycles, followed by extension at 71°C for seven
minutes. The amplified bands were visualised on 1.5%
agarose gels. Four primers (OPAD-01, OPC-03, OPC-05,
OPC- 07: Operon Inc. USA) showed variation and werethen
used for PCR amplification on 38 samples. Though each
primer amplified several bands, the level of variation
between individuals was very low using this technique.

Mitochondrial DNA Sequencing

A 350 base-pair sequence of the mitochodrial d-loop
region was amplified using the turtle specific primers
LDCM1 (Allard, 1994) and TCR5 (Norman et al., 1994) for
15 samples. Standard protocols were used for amplifying
the sequences and purifying the PCR products. Purified
samples were then dissolved in loading dye and
electrophoresed in 5% long ranger using ABM prism 377
automated DNA sequencer. Sequencing anaysis and
autoassembler software were used for further analysis.
Three haplotypes were found, of which two have been
reported from Sri Lanka (Bowen et al., 1998) and one is
new.

Multilocus Minisatellite Fingerprinting

Standard procedures were followed for restriction
digestion, southern blotting and hybridisation (Lang et al.,
1993). Following test digestions with several enzymes, 38
samples were digested using three enzymes (Hae I 11, Hinfl,
BstNI). The digested samples were run on 1% agarose gels
and transferred to a Hybond N+ membrane using capillary
transfer. The blots were then hybridised with 3P labelled
Bkm 2(8) probe and visualised using aPhosphor |mager and
Autoradiography. There was a high level of polymorphism
and variation between individuals.

Microsatellite Analysis

Seven turtle specific microsatellite primers
(Fitzsimmons et al., 1995) were synthesized. The PCR
amplification of the samples using these primers was
standardized using two samples. Five primers (Cc 7, Cm 3,
Cm 72, Cm 84, and Ei 8) were used for PCR amplifications
of 34 samples. Standard PCR conditions were followed
(Fitzsimmons, 1995). Following amplification, polymor-
phism was studied by running the PCR products on 4%
polyacrilamide gels. Two alleles (Ei 8 and Cm 84) showed
high polymorphism with 11 and 12 alleles.

Discussion

Preliminary results suggest that the population
structure along the coast is weak. This supports field data
that turtles in Orissa use more than one nesting beach, and
demands a very different conservation strategy. The
experiments conducted so far indicate that the above
techniques can be used to derive much valuableinformation
about the population biology of the sea turtles on Indian
coasts. While multilocus fingerprinting and microsatellite



analysis can revea intra and interpopulation variation,
mitochondrial DNA sequencing may reveal regional
haplotypes which can then be used to trace the feeding
grounds of these populations.

The elucidation of the population structure of olive
ridleys on the coasts of India would facilitate the
devel opment of a management strategy for this endangered
species. Conservation priorities need to be assigned on the
basis of genetic diversity and population size. The
migration routes and origin of these popul ationswould help
in the identification of agencies, both national and
international which would have to collaborate to ensure the
survival of this species. Identifying molecular markers for
various species would help in the molecular resolution of
marine turtle stock composition in fishery bycatch and in
the forensic identification of meat, shell and other
products. The first phase of this project has amply
demonstrated the usefulness of these techniques in
providing answers to conservation related questions. The
preliminary results suggest that a comprehensive study is
required to provide guidelines for the conservation of olive
ridleys in India. Preliminary results also suggest that
guestions related to behavior and mating systems can be
answered using these techniques.
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tUniversidad Nacional Autonoma de Mexico, Antigua Carretera a Patzcuaro No 8701, Col. Ex-Hacienda de San Jose de la
Huerta , Morelia, Michoacan Mexico 58190 (ochassin@miranda.ecolgia.unam.mx)

NOAA-NMFS Southwest Fisheries Science Center Post Office Box 271, La Jolla, California 92038, USA
SInstituto de Investigaciones sobre Recursos Naturales, UMSNH, Santiago Tapia No. 517, Morelia, Michoacan, Mexico, C.P.
58000
4Laboratorio de Conservacion y Manegjo de Recursos Bioticos, Estacion Mazatlan, Instituto de Ciencias del Mar y
Limnologia UNAM, Apdo. Postal 811 Mazatlan, Snaloa Mexico C.P. 82000

During the last decade, research on the genetics of sea
turtles has increased considerably, but there are still few
fine resolution studies. This type of research is necessary

to enhance conservation efforts at a regional scale.
Genetical studies, along with demographic assessments,
are important to determine conservation priorities for
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marine turtle populations. We present results of the
analyses of 135 DNA sequences (400 bp) of the control
region of mitochondrial DNA, obtained from females
observed in the main continental nesting beaches for the
eastern Pacific green turtle (Chelonia agassizii) in the
state of Michoacan, Mexico. From these anayses we
present the levels of genetic variability (gene diversity H
and nucleotide diversity p) found in two nesting seasons
(1996-1997 and 1997-1998). We also report the values of
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the popul ation genetic structure obtained with an Analysis
of Molecular Variance (AMOVA), in order to evaluate the
temporal and spatial differentiation between four nesting
beaches in Michoacan. Finaly, to contribute to the
discussion on the molecular systematics of the genus
Chelonia, we present a phylogenetic analysis using the
haplotypes found in the present study, together with
published haplotypes from other populations of the genus
in the Atlantic and Pecific oceans.
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Raising Fundsand Public Awarenessin Sea Turtle Conservationin Malaysia

EnG-HenG CHAN AND Hock-CHARK LiEw
Sea Turtle Research Unit (SEATRU), Universiti College Terengganu - UPM, Mengabang Telipot, 21030 Kuala Terengganu,
Terengganu, Malaysia (ehchan@uct.edu.my)

Sea turtle conservation programs in Peninsular
Malaysia are cost intensive because of the necessity of
purchasing nests from licensed egg collectors for
incubation. Government conservation programs dependent
on government budget allocation frequently conserve less
thanthecritical level srequired for popul ation sustainability.
In order to augment egg protection programs undertaken
by the government, the Sea Turtle Research Unit
(SEATRU) of University College Terengganu-UPM initi-
ated an in situ egg incubation program at Chagar Hutang
beach, Redang Island in 1993. The program is now carried
out yearly on a long-term basis. This contribution is
considered to be significant since Chagar Hutang is the
major nesting beach for green turtles in Peninsular
Malaysia. SEATRU is responsible for raising all funding
requirements. We describe in this paper the Sea Turtle
Outreach Program (S.T.0.P.) which has been devel oped to
help raise funds as well as increase public awareness in
turtle conservation and biology. Nest and turtle adoption
schemes, a volunteer program, turtle camps for village
kids, aturtle encounter and awareness (TEA) project, as
well as SEATRU products are highlighted.

NEsT ADOPTION SCHEME

The scheme enables members of the public to help
SEATRU purchase nests for incubation. Cost for one nest
adoption is RM200.00 (or US$70.00 for foreign
adoptions). Sponsors receive an adoption certificate, a
SEATRU gift and relevant information about the nest
adopted, such as date deposited, number of eggs in nest,
date of hatchling emergence, number of healthy hatchlings
produced and hatching success.

Our nest adoption scheme has been quite well
received, with 240 and 495 nests adopted in 1998 and 1999
respectively. The names of all nest sponsors with their
nests are listed in the SEATRU website.

TURTLE ADOPTION SCHEME

In our turtle adoption scheme, a donation of
RM100.00 (or US$35.00 for foreign adoptions) is
collected for the adoption of one turtle. Sponsors receive
an adoption certificate, and information about the turtle
adopted (i.e.,, her 1D, tag numbers, nesting history in
previous seasons, current nesting activities and the fate of
her nestsfor theseason). Anexclusivegiftisprovided, with
the option of naming the turtles adopted.

When we started this scheme in 1998, al the turtles
monitored for the season were adopted. Last year, 113 of

the 120 turtles monitored were adopted. The names of all
sponsors along with their turtles are also listed in the
SEATRU website.

THE VOLUNTEER PROGRAM

As in other similar programs, members of the public
are provided an opportunity to learn about sea turtles and
interact with them in a non-intrusive manner. They
experience hands-on conservation work, fall in love with
turtles and learn to appreciate nature and care for the
environment. Many of them also develop friendship with
our workers who are island villagers.

Each volunteer slot accepts up to six volunteers only
and lasts for a week. We charge RM450.00 for working
professionals and RM300.00 for students. Foreigners are
charged US$150.00. This cost includes a complimentary
nest adoption, and all meals, accommodations, and round-
trip ferry transfer to the island. We have maintained these
low chargesto encourage local Malaysiansto participatein
the program.

Over 100 Malaysians and a few foreigners have
participated in the program over the last two years. Most
were in the 18-35 age group, with over 60% of them being
students. The others were from a wide spetrum of
professions. We can conclude that the volunteer program,
tested for the first time in Malaysia, has been reasonably
successful.

CHILDREN'S TURTLE CAMPS

These are called Kem SiPenyu in the Maaysian
language. Penyu isthe Malay name for turtle. Thecamp is
open to children from the Redang Island village only. Two
to three camps per year are conducted for 11-12 year-olds.
Inthelong run, it is hoped that every child from the village
would have participated at least oncein the camps. Thekids
learn about turtles in a fun way, through story-telling,
games, play acting, singing, and art. They are allowed to
watch one nesting turtle, see hatchling emergences and
natural release to the sea, as well as the excavation of
hatched nests. They also do a beach cleanup and learn
about the dangers of debristo marine animals.

TurTLE ENCOUNTER AND AWARENESS (TEA) PROJECT

This one-night camp is conducted for hotel guests at
Berjaya Beach resort who have adopted nests at the
SEATRU booth in the hotel. Participants are given a
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briefing and shown around the project site. They also get to
choosethe nest they would adopt. They areallowedtowatch
one nesting turtle and hatchling emergence if any. They
spend the night at Chagar Hutang and return to their hotel
early next morning.

SEATRU ProbucTs

A variety of products ranging from batik sarongs to
pouch bags, sling bags, keychains, postcards, turtle
pendantshave been devel oped to hel p raiseadditional funds.

Orlando, Florida, USA

These products are marketed mostly during exhibitions and
appear to be quite popular among tourists.

Funp RaisiNG THRouGH THE NET

All the schemes and programs outlined above are
prominently featured in the SEATRU website at http://
www.uct.edu.my/seatru. We hope to be able to use this
mediato further publicise our efforts and improve our fund
raising capabilities.

Project Dublar Char: Sea TurtlesConservation and the Dubla Fishermen Group, Bangladesh

SairuL ALAM PaikeR! AND Z 1A UDDIN?
1Executive Director, SEA-NJ, &. Martin's Island, P/S Teknaf, Dist. Cox’s Bazar, Bangladesh (seanj@bdmail.net)
2Chairman, Dubla Fishermen Group, 205, New Elephant Road, Hatirpool, Dhaka-1205, Bangladesh

Dublar Char is located in the Sundarbons forest [the
largest mangroves forest in the world, Lat: 19°52 N Long:
86°07E (Fig. 1)] and is the coastal central point of the
forest. This place is about 228 nm away from the major
nesting site of oliveridley at Urrissa, Indiaand 155 nm from
the identified nesting sites in Bangladesh (i.e., Narikel
Jinjira and Innani-Cox’s Bazar beaches). There is no
systematically monitored data on the nesting of seaturtles
inSundarbonsarea. It wasrevealed fromtheinterviewswith
the fishermen of the Sundarbons and associated coastal
areathat an appreciable number of seaturtlesare nesting on
the sandy beaches. It appeared fromtheinterviewsthat most
of theturtle eggs are eaten up by thelizards and wild bores.
It was also reported that turtles are al so caught in the set bag
nets placed around the nesting beaches.

Dubla Fishermen Group, the largest fishing commu-
nity of Bangladesh, a group of about 50,000 members
active on 20 beaches in the Sundarbons for post harvesting
activities. They remain on the beaches from the late
September to early March every year. This huge group was
discussed for the first time about sea turtles conservation
and they were encouraged in the conservation activities.

INTRODUCTION

Dubla Fishermen Groups are involved mainly in
seasonal fishing in adjoining seas of the Sundarbons forest
area. Set bag nets is their mgjor fishing gear, placed at sea
with long logs. They place their nets starting from 5 m
depths to 20 m depths. For fishing and post harvesting
activities about 50,000 people are coming in that area and
making temporary huts.

Around Dublar Char there are nine nesting beaches.
Themost important oneis Dimer Char (eggsisland), Tigher
Point, Kotka, Sapra Khali, Nilbariar Char, Hiron Point,
Putney Island, Alor Pole and NilKomol Char. Whileturtles
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coming to these nesting sites are caught in the set bag nets
and mostly they die.

In 1999 during the fishing season fishermenin that area
were informed about sea turtles conservation for the first
time. They could not be assi sted with proper technology and
gears.

Dubla Fishermen Groups Activities in Sea Turtles Con-
servation

The groups fishing around Dimer Char and Alor Pole
area were requested to rescue sea turtles from their nets if
caught and carry those to the Dublar Char by boat. Thereis
apond in Dublar Char, which has a canal linking with sea.
These rescued turtles were kept in the pond for two to three
daysand then thesereleased in the sea. Thefishermen found
quite enthusiastic inthese activities. They have rescued 597
turtles alive and 203 turtles were found dead in the nets.

Discussion

Theactivitieswere carried out their did not have any set
time. The fish landing boats, which are slow, carried
rescued turtles, and movements were restricted with tide.
Especially it wasdifficult when theturtlescameat night. On
the other hand turtles in the pond were surfing in very short
interval. This might have happened due to the murky water
of the pond.

Dubla fishermen group needs training in conservation
of seaturtlesand TED isan essential item to fix the set bag
nets. Nesting beach monitoring training and necessary back
up to set hatchery is also a basic need for them. Turtle
species could not be monitored since Dubla Fishermen
Group did not haveany biologist. In general thewholegroup
is conservation minded may be since they livein the forest
area and very close to the nature.



RECOMMENDATION

Technology for sea turtle conservation needs to be
transferred. Input required improving the life standards for
the fishing community like health care sanitation and water
supply etc. Education in conservation and motivation
programmes needs to be implemented.

CONCLUSION

The largest and best organised groups in Bangladesh,
Dubla Fishermen Group may easily adapt an action
conservation programme of sea turtles.
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TheUseof Non-releasable Turtlesin Public Education

ALLEN R. JAcksAND TRACEY L. MUELLER
Mote Marine Laboratory, 1600 Ken Thompson Parkway Sarasota, Florida 34236, USA (ajacks@mote.org)

The term non-releasable can be generally used to
indicate seaturtles that would be unable to survive outside
of captivity because of adebilitating condition. Thistermis
applied on a case-by-case basis as to whether or not an
individual turtle would be releasable after coming into
captivity. In most cases non-releasable status results from
an injury, but others may be born with a condition that
reduces survivability inthewild.

Non-releasable turtles can be used by facilities as an
important tool in the educating the public about all aspects
of seaturtle biology and ecology. These turtles can be used
to show the differences in sea turtle characteristics.
Concepts such as the differences between sea turtle
species, sea turtle life stages and size classes, sea turtle
morphology, and sea turtle anatomy can al be best
portrayed with living examples. Non-releasabl e turtles are
also valuable in displaying the importance of sea turtle
rehabilitation. Types and causes of injuries, diseases, and
treatment are facets of sea turtle rehabilitation that are
enhanced by the use of non-releasable turtles. Dangers
facing sea turtles such as habitat loss, predation, fishing
gear, boats, and marine debris can be witnessed first hand
by the public when injured turtles can be viewed. Non-
rel easabl e turtles also allow for the promotion of seaturtle
conservation by describing local monitoring, tagging, and

beach lighting programs.

Once a sea turtle is classified as non-releasable, it
becomes and important resource for an educational
facility. Theseturtlesare away of obtaining live specimens
that can be used for educational displays without removing
viable turtles from wild breeding populations. Non-
releasable turtles allow facilities to have specimens of
various species, which may otherwise not be an option
because of prohibitive laws. Because non-rel easable turtles
result from a debilitative condition, keeping these turtlesin
captivity for educational exhibits prolongs the life of an
animal that would not survive in the wild. Each case also
allows veterinary staff to learn valuable information about
sea turtle medicine and treatment.

However, holding non-releasable turtles in captivity
has certain disadvantages. Such turtles require constant
feeding, medical treatment, and water quality that istimeand
[abor intensive. Oncethe commitment ismadeto keep anon-
releasable turtlein captivity, it must remain in captivity for
the remainder of its life and can not be released into the
wild-even if a facility can no longer care for the animal.
Another concernistheamount of spacewithin afacility that
non-releasable turtles occupy. As more and more non-
releasable turtles accumulate, space becomes limited,
possibly hindering future rehabilitation efforts.
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Sea Turtle Conservation: A Case Study of Conservation L earning at the Center for Coastal
Studies, Puerto San Carlos, Baja Califor nia Sur, Mexico

MarY MIDERY, WALLACE J. NicHoL<?, AND Pam KyLsTRA®
Wirginia Polytechnic Institute and State University, Blacksburg, Virginia, USA (mamider @vt.edu)
2University of Arizona, Tuscon, Arizona, USA
3Xhool for Field Sudies, Center for Coastal Studies, Puerto San Carlos, Baja California Sur, Mexico

The Center for Coastal Studiesislocated on the Pacific
coast of Bagja California Sur in the small town of Puerto San
Carlos. Puerto San Carlos is a fishing community whose
economy is dependent on the adjacent waters of Bahia
Magdalena. This bay is home to many marine species
including five of the seven species of theworld’ s seaturtles
during critical points of their life cycle. It isbiologically a
highly productive bay that isin danger of losing much of its
biodiversity dueto over harvesting and poor management of
its natural resources.

At the Center, students learn about aspects of natural
resource management, ecology, and the regional environ-
mental concerns of a natural resource-dependant human
communities, by using the real-life problems of thisareaas
acase study. During the summer sessions, the studies focus
primarily on the conservation of sea turtles. The students
divide themselves into different directed research groups
and choosean areaof study withintheproject. Intheend, the
research groups bring all of their resultstogether and invite
the community to a presentation of their findings.

This case study approach used at the center can be an
effective way of providing education for students and
influencing conservation efforts and awareness within the
community. An example of one directed research project
that currently takes place at the center istitled, “ Assessing
the Effect of Environmental Education on Environmental
Knowledge Levels and Attitudes Toward Resource Use”.
The goa of this study is to create an elementary level
environmental education curriculum that uses seaturtles as
the mechanism to engage students. For this DR and the
others, the students from the center are not only required to
understand biology of the sea turtles and different aspects
of their conservation, but they also must bring their

enthusiasm into thetown in order to involve the community
and make a lasting impression on sea turtle conservation.

For the Center for Coastal Studies students, this
approach introduces information about ecology, poalitics,
economics, community values, biology, and conservation,
and also teaches how to deal with sensitive cultural issues
by interacting with the community in a way that benefits
both themselves and the people of Puerto San Carlos. This
often resultsin the need for the students to reeval uate their
own culturally-based ideasand valuesin order to understand
alternative worldviews.

Perhaps the most essential aspect of this case study
approach to conservation learning istherelationship that is
created between the students, teachers, and the community
during the project. This process requires the students to
work with the community resulting in the opportunity for a
learning experience for both. Exchange of knowledge,
ideas, and cultural values is an important component of
working together towards solutions to environmental
problems.
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“Adopt aSeaTurtle” Environmental Education Program for the Protection of
the Sea Turtle of L os Cabos, Baja Califor nia Sur, M exico

REeNE PiNAL, M ANUEL ORANTES, DaviD PEREZ, Rosa M A. EscoBaAR, ELi1zaBETH GoNzALEZ, AND LAURA DE LA Rosa
Asociacién Sudcaliforniana de Proteccion al Medio Ambiente y a la Tortuga Marina, A.C., ASUPMATOMA (South Califor-
nian Association for the Protection and Conservation of the Environment and the Sea Turtle of Los Cabos, Civil Associa-
tion), Post Office Box 68, Cabo San Lucas, Baja California Sur, México 23410 (asupmatoma@cabotel.com.mx)

| NTRODUCTION

The discontinuance of the Environmental Education
Programs applied to the conservation and integral
management of the sea turtle populations that nest in Baja
California Sur, promotes the lack of interest of the society
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towards the efforts dedicated for the preservation of this
resource. The absence of comprehension and interest from
the coast communities related to the conservation of the
sea turtles, is due in part to the inadequacy of well-
coordinated and efficient environmental education pro-
grams.



In order to promote the participation of the community
in the application of solutions to the ecological problems,
it isimportant that the community knows and understands
the sources of such problems, their magnitude, conse-
guences and the actions that individuals may take to
attenuate, stop or even resolve some of the damage caused
to the environment, especially to the seaturtles. Dueto this,
ASUPMATOMA has been carrying out an Environmental
Education Program addressed mainly to medium level
schoolsand the community in general, aswell as supporting
the conservation and protection of the environment in
general in the region of Los Cabos, Baja California Sur.

REsEARCH AREA

The State of Bgja California Sur is located in the
northeast portion of the country and occupies the south half
of the Bgja California Peninsula. Itslocation is established
within parallels 22 grades 52 minutes 17 seconds in Cabo
Falso and 28 grades 00 minutes 00 seconds of north
latitude, and between 109 grades 24 minutes 47 seconds to
the east part of the Los Frailes Hill and 115 grades 04
minutes 53 secondslongitude of Punta Eugenia. The area of
LosCabosislocated in the south part of the state peninsula.
Its population is 120,000 inhabitants approximately
distributed intwo mainregions, San José del Cabo and Cabo
San Lucas.

Baja California Sur has experienced an extraordinary
demographic growth, in relation to the rest of the Country,
due mainly to the boom of the tourist industry of Los Cabos
area, based principally on foreign visitors. Such region is
currently one of the most populated of the State with an
approximate 75% of the State's total population in
combination with La Paz and Ciudad Constitucion. Thisis
why it is so important to operate coordinated Integral
Environmental Education Programs, at local, regiona and
state levels, to promote the participation and incorporation
of the communities and the society in general towards the
conservation of the sea turtles and the environment.

METHODS

ASUPMATOMA rendersthreekindsof Environmental
Education Programs directed to different levels:

1. Environmental Education (schools-elementary,
junior high, and high schools; community in general; and
tourists - This program is called “Adopt a Sea Turtle”).

2. Traning based on rendered Environmental
Education (thesis level students; social workers; voluntar-
ies, and hotel executives or employees).

3. Incorporation of massive meansof communication
(e.g., radio, newspapers, magazines).

The first one consists basically of providing general
information on the sea turtles to the students, including
subjects such as morphological aspects, distribution and
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biology of the species, as well as an introduction on the
turtle camps operation. Didactic support material such as
posters, drawings, slides and videos is used during the
seminar and part of this is elaborated in an interactive
manner where the participant provides solutions to the
problems presented and exposed by them. Once the
interactive part is over, the participants are invited to adopt
ababy seaturtle to which they give aname and liberate on
the beach afterwards. During the process of liberation, each
adoptive father is responsible for their daughters to arrive
safe and sound to the ocean. With this we are fulfilling our
commitment of creating good conscience towards the
conservation of the sea turtles and the environment in
general. As soon as the education activities are over, the
participants receive a Certificate of Adoption that includes
the name of the adopter, the name of the adopted baby turtle
and the liberation date. They also receive at that moment a
Credential that, in a symbolic way, turns them into
Ecological Inspector, and makes an oath where they
commit themselves to protect the environment and to
transmit what they just learned to others.

The second program consists of providing training on
the handling of nesting female turtles, eggs and hatchlings
to the people who decide to participate in the association’s
activities (volunteers, thesis level students and social
workers). It is aso given to the people that work or are
involved in the hotels located on the beaches where
occasional nesting occurs and they request it to us; in this
particular case, ASUPMATOMA staff goes to the hotel
facilities to provide training on in situ nest protection.

Massive means of communication, such as the radio
and newspapers, are incorporated to these programs by
presenting information through these means on sea turtles,
problems, solutions and reports on results achieved by
ASUPMATOMA.

REesuLTs

A total of 19 schools have collaborated with this
program with a participation of 1,613 students (Table 1).

In cooperation with Dr. Scott Eckert, Senior Biologist
of the Hubbs Research Institute at SeaWorld in San Diego,
California, and Biologist Laura Sarti (National Institute of
Fishing, Mexican Autonomous National University), a
satellite tracking transmitter was placed on a leatherback
turtle at the beaches of AguaBlancain BajaCalifornia Sur.
Such transmitter was placed on January 19, 2000 at 4:00
a.m. and thisturtleis currently migrating towards the south
at adistance of 370 kmfromwhereit wasoriginally marked.

Between the community in general and the tourists as
well we have registered atotal of 90 visitors per season to
our Turtle Camp. Each visitor usually comesal ong with two
tofive peopleresulting in atotal average of 270 visitors per
season.

In regards to the people that have participated with
ASUPMATOMA, there has been atotal of ninethesislevel
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students and 18 social workers that have basically worked
on research studies on comparatives of in situ versus
hatchery nesting and surviving percentage.

Each season we receive 45 volunteers, national and
foreign, who participated and stay with usin theturtle camp
for aperiod of one week to two months, resulting in atotal
of approximately 225 people.

Regarding the training provided to maintenance and
security personnel of the hotels located on the beach, ten
hotels of the area have participated during the last five
season. Of these ten hotels, five requested this program to
be provided on an annual basis, resulting in atotal of four to
five training sessions provided per season.

Participation of the means of communication is very
important to us since it represents a significant support to
present, information, results and invitations to our turtle
camps. The newspapers that supported us are: Gringo
Gazette, Cabo Life, Los Cabos News, Heraldo de Los
Cabos, Tribuna de Los Cabos, El Sudcaliforniano, Diario
Peninsular, El Forjador, aswell asthe Los Caboslocal radio
station Cabo Mil.

RECOMMENDATIONS

To carry out permanent Environmental Education
programs containing elementsthat will improve the quality
and application of educational actions directed to promote

Orlando, Florida, USA

the participation of the society in the conservation
activitiesthrough; (1) permanent Environmental Education
Programs for all schools; (2) diffusion of basic
information on the sea turtles;, (3) promotion for the
incorporation of the sea turtles situation to the contents of
the educational projects of schools located in the nearby
communities; (4) promoting visits of people from the
community (especialy children and young people) to the
Centers for the Research and Protection of the Sea Turtles
located in Punta San Cristobal; and (5) incorporating the
participation of the massive means of communication.
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Table 1. Studentswho havereceived Environmental Education at
the Turtle Camp located in San Cristobal, BajaCalifornia Sur.

Location School Groups Students
Cabo San Lucas 12 41 1165
San Josedel Cabo 5 7 306
La Paz 4 5 142
Total 19 52 1613

Turtlesin Cyber space: the Successful Melding of Science, Education and thelnter net

DanNIEL R. Evans, AND DaviD GODFREY
Caribbean Conservation Corporation, 4424 NW 13" &, Ste A-1, Gainesville, Florida 32609, USA (stsl@cccturtle.org)

INTRODUCTION

Caribbean Conservation Corporation (CCC) is a
Gainesville, Florida based non-profit organization dedi-
cated to the study and protection of sea turtles and their
habitats throughout the Caribbean. CCC was founded in
1959 to support the pioneering work Dr. Archie Carr.

In 1993, CCC established the Sea Turtle Survival
League (STSL) programto begindirectly engaginginissues
affecting marine turtles in the U.S. The program
complements CCC’'s four decades of experience in
research and conservation. STSL’s mission is to improve
the survival outlook for seaturtlesin the US, especially in
Florida, through education and advocacy.

Discussion

In 1996, STSL decided that the most efficient way to
reach numerous students at once would be through a web
site on the very new and interesting Internet. The site could
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be utilized by the ever increasing number of teachers and
students gaining access to the World Wide Web as schools
began to realize the possibilities of the WWW as an
educational tool.

The web site cccturtle.org went online in March of
1996. Thisgraphicsoriented web siteisfilled with all types
of information that students and teachers might want to
know about sea turtles and their conservation. And even
though the Internet was young and every site was attracting
some kind of attention just because it was there, STSL
wanted to encourage teachers and students to begin using
the site as a fun and interesting resource.

TheSeaTurtleMigration-Tracking Education Program
was created to become an educational program using
cutting edge research, easy to understand information and
the Internet to raise awareness about sea turtles and the
threatstotheir survival. The Sea Turtle Migration-Tracking
Education Program, one of the most successful educational
tools, continuesto grow both in content and popularity. The
program uses the research of the migration routes of sea
turtles by satellite-tracking as a Ahook@ for getting



students and others interested in learning about seaturtles.

In the first year of the web based education program,
CCC partnered with Barbara Schroeder and Dr. Llew
Ehrhart who were continuing their effort to track the
migration of green turtles after nesting in the Archie Carr
Refuge on Florida s east coast. Schroeder and Ehrhart were
very generousin letting STSL use the location data to plot
the movements of four green turtles on digital maps,
created by Andrea Mosier, that could be accessed by
visitors to the STSL web site.

Along with the information and maps on the web site,
educators were able to request a free 40 page Educator’s
Resource Guide. The Guide helped teachers incorporate
the program into their classroom with activities and
handouts that could be used to help teach their students
about sea turtle research, biology and conservation. In the
last year, the Guide was expanded to includeinformation on
coastal habitats, full lesson plans and new activities.

The class room activitiesin the Guide include drawing
the outline of the different seaturtle speciesto comparethe
length of the turtle with the height of the students, seeing
how many students it took to weigh the same as a
leatherback and how many students could fit into the
outlined shape of a leatherback. The sea turtle outlines
could then be colored close to their natural color. Other
activitiesinclude writing stories about turtles, using datato
determine distance traveled by the turtle, dividing into user
groups and having debates on different controversial topics
related to sea turtles, a cooperative learning lesson, sea
turtle pictionary as well as worksheets that could be
photocopied.

The program hel ps educators incorporate the web site
and activitiesinto their classroom. Students can follow the
movements of the turtles during the course of a project.
Student can plot the movements themselves using a set of
data points and downloadable maps. There are interactive
games and puzzles for students to have fun while learning.
Teachers can have their students test their knowledge with
STSL'sonline quizzes.

In addition to the tracking maps and educational
material, the web site provide electronic bulletin boards so
that students and teaches could post questions about the
program for either the researchers or STSL staff to answer.
Between both boards, several thousand questions and
comments with responses have been posted.

Since that first year, the program has grown in
popularity and complexity. The success of the program can
be seen in the number of visitors and the number of
educator’ susing the program. To date, web sitehasreceived
nearly two and a half million hits and currently averages
over 3,000 hits aday. The education program has reached
more than 8,000 educators from over 30 countries,
representing about 240,000 students.

Because the program takes pure scientific research,
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that isgenerally not availableto or isunknownto the public,
melds it with eye-catching graphics, maps and educational
materials, and provides the information to people
worldwide through the inexpensive medium of the Internet
the STSL education program has become a model for
similar web sitesworld wide. The program isagreat model
because it can reach avery large and diverse audience, web
sites can be very inexpensive to set up, maintain and
promote, uses the Internet, which continues to become
more and more popular and accessible, it is an interactive
way to get students interested in sea turtles and
conservation, activities cross curriculums for both level of
study and subject, and it accomplishes the goal of creating
turtle advocates who are more aware of the issues.

As the program finishes its fourth year, the education
program has worked with 12 different projects following
the movement of 52 sea turtles representing four species.
The website has received much recognition from groups
such as the 21% Century Teachers Network, CNN, Y ahoo,
and the National Science Teachers Association. But in
addition to teachers, the program has received the greatest
recognition from other sea turtle groups worldwide. In the
past couple of years the Sea Turtle Migration-Tracking
Education Program has been used as a model by seaturtle
groups who are adding a satellite tracking education
program to their websites and making sea turtle research
moreavailable, interesting and understandable to the public
while increasing support for sea turtle conservation.
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Captured at Sea off Nova Scotia, Canada
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L eatherback turtles (Dermochelys coriacea) nest on
beaches in tropical and subtropical areas, however these
turtles migrate seasonally to northern latitudes, including
the temperate waters off eastern Canada. While
leatherbacksrangefurther than any other marineturtle, very
little is known about the basic biology of this species
beyond the nesting beach. In recent years, there has been
increased effort to learn more about the behaviour and
movements of free-ranging leatherbacks. Studies of live
leatherbacks in temperate waters have largely been limited
to aerial and shipboard surveys, asitislogistically difficult
to both locate and capture leatherbacks at sea. In Atlantic
Canada, the Nova Scotia Leatherback Turtle Working
Group, a fishermen-centred marine turtle research group,

has been instrumental in monitoring the presence of
leatherback and cheloniid seaturtlesin coastal and offshore
waters. In 1999, we engaged several members of the
Working Group to assist usin the design and application of
asafe method for capturing and tagging | eatherbacks at sea.
In August and September 1999, three leatherbacks were
successfully captured and PIT tagged, and one turtle, an
adult male, was equipped with a satellite tag. This event
represents the first successful satellite tagging of a
leatherback at sea and the first time an adult male
leatherback has been tracked via satellite. Clearly,
techniques to safely sample free-ranging |eatherbacks will
provide val uable opportunitiesto investigate the habitat use
and movements of these turtles.

LongDistanceMigration of Green Turtlesfrom the Sarawak Turtlelslands, Malaysia

James BaLit, Hock-CHARK Liew?, ENG-HENG CHANZ, AND OswALD BrRAKEN TiseN?
1Sarawak Forest Department, Wisma Sumber Alam, Jalan Sadium, Petra Jaya, 93660 Kuching, Sarawak, Malaysia
(jamesa@pd.jaring.my)
2Sea Turtle Research Unit, Faculty of Science and Technology, University College Terengganu-Universiti Putra Malaysia,
21030 Kuala Terengganu, Terengganu, Malaysia

Since 1947, the Sarawak Museum has embarked on a
long-term management and conservation research effort
with green turtles, studying their breeding; copulation; egg
hatching; rearing of hatchlings; predation; ectoparasites;
temperature related sex phenomena in young hatchlings;
and population dynamics, including a tagging programme
(Leh, 1989). Morerecently, major steps have been taken by
the Sarawak Forest Department to conserve Sarawak’s
marine turtles. Collaborative studies between the Sarawak
Forest Department and Sea T urtle Research Unit, Faculty of
Science and Technology, University College Terengganu-
University Putra Malaysia on hatching success, turtle
nesting behaviour, tagging and nesting data collection at
Talang-Talang Kecil Island were conducted every year
since 1997 (Bali, 1998). Current conservation practicesin
Sarawak focuson protecting theturtleswhilethey areonthe
beach and within Malaysian waters. It is becoming
increasingly apparent that turtle protection confined to the
territory of one state is insufficient, as they may be killed
elsewhere. Apart from scanty tag return data, little
information is available on the extent of the movements of
green turtles nesting in Sarawak. Thus, female turtles were
tracked by satellites to determine their return migratory
routes to their feeding grounds after completion of their
nesting activities on Sarawak Turtle Islands.
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The study was conducted on female green turtles
nesting on Talang-Talang Besar Island (1°55’' N, 109°46.4’ E)
and Talang-Talang Kecil I1sland (1°53.8'N 109°45.8'E). A
long-term tagging and nesting program started in 1996 by
the Sarawak Forest Department provides detailed
information on the nesting chronology of each individual
turtle nesting there. Telonics ST-14 Platform Transmitter
Terminals (PTTs) were deployed on atotal of four females
turtlesfrom each of Talang-Talang Kecil Island and Talang-
Talang Besar Island in September and October 1999. The
turtles chosen for the study were identified as those about
to leave for their foraging grounds, based on their nesting
records for the season. The locations as the turtles migrated
were obtained through the Argos satellite system based on
the signals received by their satellites from each of the
coded PTT when the turtles surfaced for air.

Turtles1to 4 (TTB1, TTB2, TTB3 and TTB4) were
tracked from Talang-Talang Besar Island and Turtles5to 8
(TTK1, TTK2, TTK3and TTK4) from Talang-Talang K ecil
Island.

For Turtle TTB1 (named Puteri Limbang), the PTT was
deployed on 30 September 1999 and the turtle started
migration on 31 October 1999. TTB1 took 45 daysto swim
adistance of 1506 km, or at an average speed 33.5 km per
day heading north-east from the Sarawak Turtle Islands to
Philippine waters.



PTT deployment for Turtle TTB2 (Puteri Talang) was
on 30 September 1999 with migration commencing on 30
October 1999. TTB2 took 22 daysto swim adistance of 975
km, or at an average speed 44.3 km per day. Also heading
north-east before ending her journey at Bangi Island, near
the northern tip of Sabah.

PTT deployment for Turtle TTB3 (Puteri Miri) was
made on the 6 October 1999 with migration commencing
on the same day. She also headed north-east from Sarawak
Turtlelslandsand continued her journey to the Sulu sea. She
passed Sabah Turtle Islands off Sandakan, Sabah, and
completed her journey at apatch of reef near Pulau Sibutu,
south-west of Tawi-Tawi | slandsin Philippines. Shetook 49
daysto complete her journey with adistance of 1354 km or
at an average speed 27.6 km per day.

PTT deployment for Turtle TTB4 (Puteri Bintulu) was
on 6 October 1999 and she started to migrate, heading
north-east on the same day. She then headed towards the
Sabah Turtle Islands off Sandakan, Sabah. She did not stop
there but continued on towards the Celebes Sea. She
continued beyond Sipadan Island into the waters of
Indonesia and reached some coral islands in the Celebes
Sea near Padjang Island, Indonesia. TTB4 took 38 daysto
swim adistance of 1864 before ending her journey, or at an
average speed 49.1 km per day.

For Turtle TTK 1 (Puteri Kapit), the depl oyment wason
8 October 1999, and she started migration on 4 November
1999. TTK1 took 30 days to swim a distance 1469 km, or
at an average speed 49.0 km per day to Indonesian waters,
passing beyond Sipadan |sland.

PTT deployment for Turtle TTK2 (Puteri Sibu) wason
1 October 1999, but she only started her migration on 5
November 1999. She travelled very close to the shore;
indeed, she appeared to travel inland, due to errors in the
fixes for this turtle. She reached her feeding ground near
Bangi Island, Sabah in 35 days with a distance of 1089 km
or at an average speed 31.1 km per day.

A PTT was deployed for of Turtle TTK3 (Puteri
Sarikei) on 7 October 1999, but no signals were received
from this unit.

PTT deployment for Turtle TTK4 (Puteri Simanggang)
was on 19 October 1999, with migration commencing on
21 October 1999. She seemed to follow the others by
heading towards north-east, then to the Sulu Sea before
ending her journey to the east towards the Philippines. She
took 36 days to swim a distance with 1345 km or at an
average speed 37.4 km per day.

Results obtained in this study reinforced the notion
that green turtles were travelling long distances between
feeding and nesting grounds. All the seven turtles tracked
took the sameroute: north-east from Sarawak Turtle Islands
along the Sarawak coast to the northern tip of Borneo, then
radiating out to various destinations. The green turtles
nesting at Sarawak Turtles Islands migrated across
international boundaries into waters within South East
Asian countries. This study has shown that the breeding
population of green turtles in Sarawak Turtle Islands,
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Malaysia, were recruited from feeding grounds within
territorial waters of different nations bordering South
ChinaSea, Sulu Seaand Celebes Sea. Whilein Malaysia, the
green turtles populations in Sarawak Turtle Islands nest on
protected beaches and are provided adequate refugein their
inter-nesting habitats through the enforcement of the
Turtles Trust Ordinance 1957, Turtles Protection Rules
1962, Land Code 1958, Marine Park Fishing Regulations,
National Parks and Nature Reserves Ordinance 1998, and
the Wild Life Protection Ordinance 1998. However, the
extent and effectiveness of protection during their
migration and in the feeding grounds which have been
identified inthisstudy isnot known. Itisclear that Malaysia
has to develop and enter into bilateral agreements with
these countries to ensure that the turtles and their feeding
habitats are protected. It is also timely that Malaysian,
Indonesian, Bruneian and Filipino scientists initiate
relevant collaborative research and management strategies
in turtle conservation. The present study has provided the
necessary information to serve as the impetus for regional
cooperation in the conservation of seaturtlesin South East
Asia through the SEAFDEC-Asean Regional Sea Turtle
Conservation and Management group.
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Recent studies using satellite telemetry have
demonstrated the at-sea movements of sea turtles,
including those of turtles that are resident in nearshore
habitats and those undertaking long-distance migrations.
However, only afew of these studies have made use of the
dive data that are also frequently included in the
transmissions from the satellites. This study examined the
submergence and surfacing behavior of six green turtles
(Chelonia mydas): three subadults from developmental
habitat in Bermuda, and three adult males from Bocas del
Toro, Panama. Platform Transmission Terminals (PTT’s)
used in the study were configurations ST-6 and ST-14.
Submergence and surfacing data parameters examined
were number of submergences/12-hour period, mean
submergence time/12-hour period, mean surface interval/
12-hour period, and total time at the surface/12-hour
period. Turtles with transmitters were monitored between
1995 and 1999.

The submergence and surfacing behavior of these
turtles during their tracking periods appeared to be affected
by migratory versusnon-migratory movement, aswell asby
temperature. During migration, the number of
submergences/12-hour period increased significantly for

an individual turtle compared to non-migratory periods.
mean submergence time/12-hour period and mean surface
interval/12-hour period decreased significantly during
migration compared to non-migratory periods. Total time
at the surface did not change significantly between
migration and non-migratory periods for individual turtles.
Submergence behavior correlated significantly with
temperature for the two subadult green turtles that
remained resident on the Bermuda Platform. As
temperature increased, number of submergences/12-hour
period increased significantly, and mean submergence
time/12-hour period and mean surface interval/12-hour
period decreased significantly for both turtles. For one of
the turtles, total time at the surface/12-hour period also
increased significantly with increasing temperature.

Satellite telemetry is an effective tool for monitoring
sea turtle submergence and surfacing behavior over
extended periods of time and away from the nearshore
habitat. More studies of this kind are needed to further
understanding of submergence and surfacing behavior
during migration, in response to annual temperature change
in areas of residency, and for comparisons among seaturtle
species.

Thingsto Do, Placesto Be: I nternesting Diving Behavior of Caribbean Hawksbill Turtles
Elucidated Through Archival Tags

SANDRA STORCH?Y, ZANDY-MARIE HiLLIS-STARR?, AND RORY P. WiLson?
Institut fuer Meereskunde, Abt. Meereszoologie, Duesternbrooker Weg 20, D-24105 Kiel, Germany
(sstorch@ifm.uni-kiel .de)
2National Park Service, Buck Island Reef National Monument, Christiansted, . Croix, U.S. Virgin Islands 00820

We used data-storing devices (DK 600 series, Driesen
& Kern, D-24576 Bad Bamstedt, Germany) to elucidate
aspects of the underwater ecology of hawkshill turtles
(Eretmochelys imbricata) during inter-nesting intervals.
Between mid-July and mid-September 1999, six female
hawkshill turtles, nesting at Buck Island Reef National
Monument (17.7°N, 64.4°W), U.S. Virgin Islands, were
successfully equipped with devices attached to the upper
anterior carapace of the turtles (second central scute) using
a combination of two different types of epoxy (see
attachment protocol in Mitchell, 1998). By using a new,
specialy-designed base plate that worked as a quick-
release, we were able to exchange devices on previously-
equipped turtles without additional epoxy-attachment
procedures. Thus, devices could be exchanged during
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nesting as well as during emergences where egg laying did
not occur. This base plate system proved particularly
beneficial for animals such asthe hawksbill turtlewhich re-
nest multiple times per season. At the end of the nesting
season, the platewas easily removed from the carapace. The
devices recorded data on dive duration, dive depth, surface
interval, water temperature, swim speed, swim direction
and body inclination at user-defined intervals. Direction
and inclination was measured by three Hall-sensors
detecting the position of amagnet in anintegrated miniature
ship’s compass. Vectorial analysis of the data, recorded at
8 sintervals, reveaed the three-dimensional movements of
the turtles (Fig. 1) and thus enablesidentification of visited
reef spots and specific routes taken by the turtle. Based on



changes of turtle orientation (derived from the compass)
we could distinguish between resting behavior (no angular
velocity) and active phases (variation in compass signal)
(Jeschke et al., This volume). Thus, we could classify
different dive types using both the dive profile and actual
underwater movement (Fig. 2). For example, during V-
shaped dives (Fig. 2a), turtles spent asimilar amount of time
in each depth-class, moving continuously down and up the
water column. In contrast to this, U-shaped dives had
extended bottom-phases between the descent and the
ascent with peaks in time spent per depth-class at the
bottom of the dive (Fig. 2b). Resting status during the
bottom phase was clearly identified through compass data
and typically restricted the peak to asingle depth class (Fig.
2b), whereas an active bottom phase with abroader range of
depths was primarily interpreted as swimming behavior
(Fig. 2c). Someintermediate dive types were also observed
(Fig. 2d), however, the resting U-shaped dives predomi-
nated in internesting females. In contrast to the routine
dives described above with turtles diving to between 8 and
12 m, oneindividual in our study performed 11 sequential
dives between 30 and 70 m. During these exceptional dives
theturtle repeatedly spent about 15 minutes at around 50 m
with the compass data revealing that the animal was active
all thetime. Consideration of the features of these divesled
us to conclude that the turtle was feeding at the reef, a
behavior that is exceptional for an adult female hawksbill
turtle during the inter-nesting interval off Buck Island. We
classified adive as‘active’ when 80 % or more of the total
number of data points of the dive showed activity. Based on
this classification we calculated the percentage of active
dives relative to the total number of submergence events
during specified periods over the diel cycle (Fig. 3). In the
case considered, the turtle showed a generally increased
percentage of activedivesduring dawn and dusk. However,
due to the extremely short duration of twilight at low
latitudes the number of dives considered in the 4 phases are
very unbalanced. Looking at the pattern of daily activity
over the whole 16 day inter-nesting interval, animal QQD
401 had an intermediate level of activity directly after
nesting and then a phase of very low activity (Fig. 4)
followed by a marked increase, (found in al individuals
within this study) after the thirteenth day, when the
percentage of active divesreached levels of up to 87%. The
level of activity remained high until the next nesting event.
The results of the 1999 nesting season again underline that
the use of compasses in loggers enormously enhances our
understanding of behavioral patterns in turtles that would
otherwise be inaccessible.
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Fig. 1. Three dimensional route of QQD 384, plotted for one day.
The device was exchanged during an emergence without success-
ful nesting activity. The start (left) was 9 August 1999 at 1:45 am
and the end (right) was on the same day at 4:35 am.
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Fig. 2. Different dive-types classified by the shape of thedive pro-
files (solid line), time spent at depth (horizontal bars) and activity
(shading of horizontal bars). Width of depth class was 1 m. Data
recorded at 8 second intervals.
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Fig. 3. Diel activity patternin turtle QQD 401 over a16 day inter-
nesting interval with respect dawn (0501-0600 hour), daylight (0601-
1800 hour), dusk (1801-1900 hour), and night (1901-05:00 hour).
Thetotal number of divesconsideredis 1048.
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Fig. 4. Activity pattern of QQD 401 during a 16 day inter-nesting
interval, showing periodsof higher and lower levelsof daily activity.
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Movement and Home Range of the East-Pacific Green Turtle at a Gulf of
California(Mexico) Feeding Area
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MWildlife and Fisheries Science, School of Renewable Natural Resources, University of Arizona, Tucson, Arizona 85721,
USA (seminoff@u.arizona.edu)
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INTRODUCTION

Our greatest understanding of the movements of sea
turtles is based on adult females in the inter-nesting
environment and post-nesting migrations. Little is known
of the movement ecology of sea turtles upon settling in
nearshore foraging habitats. In studies of Chelonia mydas,
Mendonca (1983) tracked movements in a Florida lagoon
and Ogden et al. (1980) examined diurnal foraging patters
in Bermuda. Arms et al. (unpublished) studied home range
of C. mydasin the Gulf of Mexico. However, the only study
of local movements of C. mydas in non-seagrass habitats
was carried out by Balazs (1987) in Hawaii.

The east Pacific green sea turtle (ak.a. black sea
turtle), C. mydas, occurs throughout the eastern Pacific
ocean (Alvarado and Figueroa, 1992; Cliffton et al., 1982).
Migratory links between nesting areas in Michoacan,
Mexico, and feeding grounds in the Gulf of California,
Mexico, have been established through tag returns
(Alvarado and Figueroa, 1992; Nichols and Seminoff,
unpublished), mtDNA analysis (Nichols et al., 1999) and
satellite telemetry (Nichols et al., 1999). In this migratory
cycle few data are available on near-shore movements.
Alvarado and Figueroa (1992) studied local movements of
C. mydasintheinter-nesting habitat, however, dataonlocal
movements in feeding areas are lacking.
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Knowledge of the location and spatial use of foraging
grounds is important because sea turtles assembled there
for feeding activities are extremely vulnerable to
exploitation. Development of effective conservation
measures for C. mydas in these areas requires an
understanding of its habitat requirements and movement
patterns. Data on these life history components are
important when eval uating the effects of local fisheriesand
commercial algae harvest. The objectives of thisstudy were
to acquire information on the critical habitats of C. mydas
within this nearshore feeding area, its movements and
spatial requirements, and habitat affinities.

METHODS

Fieldwork was conducted from May 1996 to
September 1999 at the Bahia de los Angeles foraging area
of the central Gulf of California, Mexico (28°58'N,
113°33'W). We captured a total of 25 C. mydas (18
immature, four adult female, three adult male) along
nearshore margins of the feeding area using large-mesh
entanglement nets (100 m x 8 m, mesh size = 60 cm
stretched). Distance from shore and water depth of netting
sites ranged from 50 to 750 m, and 2 to 27 m, respectively.
Nets were set during both day and night periods and



monitored at 0.5 hour to 12 hour intervals. Entangled turtles
were removed upon encounter and transferred to the Centro
Regional de Investigacion Pesguera Sea Turtle Research
Station (CRIP-STRS) in Bahia de los Angeles, Baja
California, Mexico.

Turtles were fitted with a transmitter package
consisting of avery high frequency (VHF) radio transmitter
andasonic ‘pinger’ tag. All turtleswereequipped with VHF
transmitters (17-MOD 400, 7-MOD 600 MOD, and 1-
MOD 050, Telonics, Inc. Mesa, Arizona). Starting in 1997
turtles (n = 22) were additionally equipped with sonic
transmitters (5-V16-6H, 10-V32P-8H, Vemco Ltd., Nova
Scotia, Canada, and 2-CHP-87, 5-DT-96, Sonitronics,
Tucson, Arizona).

Home range areas were estimated using the minimum
convex polygon (Mohr, 1947), and Kernel estimator
(Worton, 1989) methods. Linear home range size was
caculated as the direct distance between the two most
distant biotelemetry fixes. Home range areas were plotted
with ArcView 3.1

ResuLTs

Of the 25 tracked turtles, the mean SCL of immatures
was 69.23 cm (SE = 1.26, range = 50.9 to 76.2 cm, n = 18);
that for adult males was 83.6 cm (SE = 3.09, range = 77.5
to 87.3 cm, n = 3) and for adult femaleswas 78.8 cm (SE =
2.68,range="77.4t082.5cm, n=4). Intotal, 283 turtledays
werelogged (daysinwhich at least oneturtl€’ sposition was
recorded) and 1101 relocations were made.

We define home range as the total area used by an
animal in normal daily activities, excluding migrations or
unusual erratic wanderings. Dueto alack of sufficient data
from periods outside of the May-September time period,
home range estimates are provided for summer periods
only. Fourteen (11 immature, two females, one male)
turtles relocated at least 15 times (mean = 74.6 relocation
events, range = 16 to 139) over an interval >30 days were
used to estimate home range areas and lengths. Five
telemetered turtles were relocated at intervals >1 year;
final position for each turtle was determined through net
recapture.

Mean minimum convex polygon (MCP) home range
size was 1607 ha (SE = 275.27, range = 584 to 3908 ha, n
= 14). Kernel home range estimates had a mean of 3367.33
ha (SE = 738.94, range = 409 to 4000 ha, n = 14). Range
length averaged 6937 m (SE = 738.94, range = 3189 to
1191 m, n = 14). Of the 14 home ranges, al showed >1
activity center.

Movement of eight (six immature, one adult male, one
adult female) turtles was monitored for 24-hour blocks to
determine daily distance traveled and daily home range.
Twenty-four hour tracking occasions occurred during 1998
and 1999 between 13 July and 3 September. Mean distance
traveled was 9535 m (SE = 1322.69, range 5118 to 15,340
m). Sleeping behavior was apparent in 87% of turtles. This
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behavior was evidenced by longer dive intervals and an
absence of lateral movement within the study area. The
behavior wasevident during both day and night hours. Depth
of sleeping sites ranged from 1.8 m to 13.5 m.

Movements of turtles in deep water areas appears to
have strong directionality. This apparent shuttling behavior
often resulted in turtles moving to off shoreisland regions.
While in nearshore areas, particularly in areas of high
marine algae abundance, turtles exhibited a less distinct
directional movement. Turtles moved during both day and
night periods.

Discussion

Home range has been defined as the area that is
traversed by an animal during its normal daily activities
excluding long distance migrations or erratic movements.
All turtles in this study had affinities to multiple activity
centers that overlapped at least two distinct habitat types.
The fact that these habitats have different floral and faunal
assemblages suggests that the turtles may have a
dichotomous foraging strategy utilizing both soft bottom
marine algae pastures and rocky, benthic invertebrate rich
habitats.

C. mydas in Bahia de los Angeles move expansive
distancesduring both day and night periods. Thisbehavioris
contradictory to anumber of studies on C. mydasthat noted
turtles return to specific sleeping sites. The primary
feeding pastures are near shore and in regions of heavy boat
traffic. The nocturnal foraging in these habitats may be an
avoidance response to this temporally limited human
presence.

Our study did not demonstrate the presence of grazing
crops at specific microsites within the feeding pasture as
noted by Bjorndal et al. (1980) and Ogren et al. (1980). The
reason for the observed differences in grazing strategy are
unknown, but it is possible that the lack of philopatry to
observed grazing micrositesis due to the physical nature of
the target food items. Bjorndal (1980) indicated that
mature Thalassia blades were commonly fouled with
epibionts and that the cropping and revisiting to specific
blades was a strategy which benefitted green turtles by
providing a constant source of fresh, non-encrusted food
matter. Though all turtles demonstrated fidelity to
Gracilariopsis lemaneiformis algae pastures in our study,
their lack return to a specific site may be due to the fact that
G. lemaneiformis is apparently not as susceptible to
encrustation, thus strategies to return to specific
microsites for feeding would not be as beneficial.
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INTRODUCTION

East Pacific green turtles (Chelonia mydas), also
known as black turtles, are known to inhabit the coastal
waters of the Bgja California peninsula. The origins of
turtles foraging in Baja California waters have been
proposed by several authors (Carr, 1961; Caldwell, 1962;
O'Donnéll, 1974; Olguin, 1990; Nichols et al., 2000). The
recovery of flipper tags from Michoacan nesting beaches
(Alvarado and Figueroa, 1992) on Bgja California feeding
grounds suggests that these waters are important for
foraging adult turtles as well as developing juveniles
(Seminoff et al., Thisvolume). Molecular genetic analyses
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suggest that the majority of turtles foraging in Baja
California waters originate on Michoacan (Nichols et al.,
2000). Due to its proximity, the Islas Revillagigedos
rookery is aso likely to be a source population. Baja
California’s Pacific lagoons and Bahia de los Angeles and
Loreto on the Gulf of California, were once important
centers of turtle fishing (Caldwell 1962; Cliffton et al.,
1982). Research based at the Sea Turtle Research Station,
Instituto Nacional delaPesca, in Bahiadelos Angeles, BC
has produced new information on the occurrence and
origins of adult turtles on Baja Californiafeeding areas and
the migratory pathways between foraging areas and their
main rookeries in Michoacan, Mexico emphasizing the



importance of the Bgja California feeding grounds to the
recovery of the East Pacific green turtle (Nichols et al.,
1998). These combined data allow us to propose a general
life history model for the Baja California population of this
vulnerable green turtle population.

METHODS

Turtleswere captured with entanglement nets (100 m x
8 m, mesh size = 60 cm stretched) placed along the near-
shore coastline of Bahia de los Angeles, BC and Loreto,
BCS between May 1995 and October 1999. Turtles were
also captured along Pacific coast feeding areas in Bahia
Magdalena, Laguna San Ignacio and LagunaOjo de Liebre,
BCS Size measurements and other physical data were
recorded, flipper tags applied and tissue samples collected
for genetic analyses. To a subset of animals, we attached
satellite transmitters (Telonics ST-6 and  Wildlife
Computers) using a modified version of the attachment
technique described by Balazs et al. (1995). We utilized a
thin layer of Marine-Tex two-part epoxy in place of
Silicone Elastomer. Turtles were generally released at the
site of capture.

Lack of procedures such as radioimmunoassay or
laparoscopy required the use of external morphological
data in order to assess maturity and sex. The mean size of
nesting females at the Michoacan, Mexico, rookery (82 cm
CCL/77.3 cm SCL; Figueroa et al., 1993) was used to
distinguish maturity status. Turtles with SCL < 77.3 cm
were classified asimmature and those with SCL > 77.3 cm,
adult. Any turtle with an elongated tail (TLC > 10 cm),
measured from the trailing edge of the carapace to thetip of
the extended, straightened tail was identified as male.
Because the accuracy of sex assessment based on tail size
is greatest in the large size classes, sex ratios were
determined only for adult-sized turtles.

REesuLTsAND DiscussioN

Results for three homing green turtles tracked with
satellite telemetry from Gulf of Californiafeeding grounds
to nesting beaches in Michoacan, Mexico are reported here
Table 2). Two turtles departed feeding grounds during the
months of September and November 1998. The third turtle
had been captured locally and captive-raised prior to being
released in January 1997. Thisturtleimmediately departed
the Bahia de los Angeles area. Reported results utilize
positions with location classes (LC) > 1 (error factor <
1000 m).

Green Turtle 03850

This 74.3 cm (SCL) turtle was equipped with a
transmitter on 23 November 1998 and released in Bahia de
los Angeles. This turtle crossed the Gulf of Californiaand
followed the mainland Mexico coast south, arriving in the
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vicinity of green turtle nesting beachesin Michoacan on 13
January 1999. Mean swim speed for the entire track was
39.7 km/day and minimum distance traveled was
approximately 2,011 km.

Green Turtle 05523

This 89.9 cm (SCL) turtle was equipped with a
transmitter on 11 August 1997 after being captured in Bahia
Juncalito, BCS. After crossing to the east side of the Gulf
of California, this turtle also remained relatively close to
the mainland coast. The turtle was confirmed nesting in
Michoacan on 10 October 1997. Mean swim speed for the
entire track was 45 km/day and minimum distance traveled
was approximately 1620 km.

Green Turtle 01084

This 75.6 cm (SCL) turtle was equipped with a
transmitter on 25 January 1997 after being raised in
captivity. Theturtle had been initially captured on Bahiade
los Angeles feeding grounds. The turtle traveled along the
mainland coast for 90 days prior to reaching the vicinity of
Colola, Michoacan where it remained until transmission
ceased. Mean swim speed for the entire track was 18.5 km/
day while the mean swim speed for the migratory portion
(not including movements near the nesting beach) of the
track was 22.5 km/day.

The overall mean swim speed for homing adult green
turtleswas 32 km/day (n = 3). The mean swim speed for the
non-captive turtles was 42 km/day (n = 2).

A total of 152 green turtles were captured in Bahia de
los Angeles from 1994-1999. The mean SCL of the 152
turtleswas 75.1 cm (SE = 0.79, range 46.0 to 96.6 cm) and
there was no evidence of variation in mean SCL between
years. Both juvenile and adult-sized green turtles occur in
Bahia de los Angeles. Juveniles were dlightly more
abundant (n = 83, 55%) than adults (n = 69, 45%), and the
juvenile:adult ratio did not differ significantly from an
expected 1:1 ratio. Thisissignificantly larger than the mean
SCL of Pacific coast green turtles where 87% of the turtles
had SCL > 77.3 cm (mean SCL = 61.6 cm, range = 35.6-
94.2,n=284). A total of 19 BahiadelosAngelesturtleshad
TLC >= 10 cm and were thus assumed mature males. All
wereintheadult sizerange (SCL > 77.3 cm) and had amean
SCL of 83.9 cm (SE = 0.89, range = 77.3t0 89.2 cm). The
sex ratio (undetermined: male) of the 69 adult-sized turtles
was 2.6:1, differing significantly from a 1:1 ratio (P <
0.0005).

These results indicate that Gulf of California coasta
waters provide both juvenile devel opmental habitat for post
pelagic turtles greater than 46 cm (SCL) and adult foraging
habitat for turtles as large as 96 cm (SCL). They aso
indicate that Pacific coast foraging grounds provide habitat
for arelatively higher percentage of juvenile turtles and a
sizeclass(35t0 45 cm SCL) not yet encountered in the Gulf
of California. Size class data suggest that juvenile turtles
may move directly from pelagic to neritic foraging grounds
on Baja California’s Pacific coast, whereas recruitment to
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Gulf of Cdlifornia foraging grounds may occur several
years after the shift to benthic foraging. Recaptures and
radio tracking data on both Gulf of California and Pacific
foraging areas suggest high seasona site fidelity among
juveniles (Seminoff, This volume). However, several tag
returns suggest possible southward movement associated
with cooling waters.

The mean swim speeds for satellite tracked green
turtles (22 km/day to 45 km/day) are similar to the highest
swim speeds reported by (Alvarado and Figueroa 1992) for
post nesting movement based on flipper tag recovery. The
lower mean swim speed for turtle 01084 may have been due
to lower winter water temperatures. Notably, higher swim
speeds were recorded for turtle 05523 the largest turtle and
the one migrating during the warmest season.

Migratory routes of homing adult-sized turtles follow
the mainland Mexico coastline and approximate the
straight-line path between feeding and nesting areas with
accommodation for land masses. Turtles migrating from
feeding grounds on the Pacific coast of Baja California or
from southern California likely migrate near the coast,
crossing the mouth of the Gulf of Californiato themainland
and continuing south to Michoacan. The approximate
straight-line distances from major green turtle feeding
grounds to nesting beaches in Michoacan and the Islas
Revillagigedos are compared in Table 1. The remote
Revillagigedos archipelago lies nearer to most Bagja
Cdlifornia green turtle foraging areas.

Based on these mean swim speeds, in order to arrivein
Michoacan waters prior to the nesting season which lasts
from September through January and peaks in November
(Alvarado and Figueroa, 1991), turtles must depart BLA
feeding grounds during the late summer months (August
and September). A post-nesting return to feeding grounds
would not be expected until spring (March or April).
Seasonal currents and swimming speeds will effect the
timing, however these dataallow usto create arudimentary
life history model.

Juvenile green turtles recruit to the coast of Baja
Cdlifornia at sizes between 35 and 45 cm (SCL). Juvenile
turtles demonstrate seasonal site fidelity but may move to
the north and south as water temperatures fluctuate,
particularly in more temperate areas such as Bahia de los
Angeles. Juvenile turtles spend at least 16 year at foraging
areas prior to reaching maturity (Seminoff, unpublished
data). Mature turtles must depart northern feeding grounds
in late summer (August) and southern feeding grounds in
early fall (September) to arrive at the rookeries for the
reproductive season. After the nesting season, green turtles
return to foraging grounds as water temperatures are
increasing. Migrations between major rookeries and
important adult feeding areas typically require movements
in excess of 1000 km and more than a month of sustained
swimming. The energetic expenditure required to
undertake this migration combined with the temperate
waters of the main Californian green turtle feeding areas,
where during winter months water temperatures regularly
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drop to 11°C, may partially explain the three year
remigration period, slow growth rates and delayed maturity
described for this population (Alvarado and Figueroa,
1991). This scenario should be kept in mind as managers
work towards the recovery of East Pacific green turtles
over the next several decades. Further, fisheries
interactionswith turtlesin Baja Californiawatersand along
the migratory routes, which occur primarily on the
continental shelf and pass through areas of intense fishing
activities, will clearly impact both juvenile and adult green
turtles. The timing of such migrations should be taken into
account when managing these fisheries.
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Table 2. Size, duration of track, distance traveled and speed of
three east Pacific green turtles satellite tracked migrating from feed-
ing groundsto nesting beach during 1997-1999. Thisturtle remained
inthevicinity of the nesting beach for more than two weeks prior to
thefinal transmission, average speed traveled isgiven for thetransit
period.

Durétion of track Minimum distance

Average speed

PTT ID Code SCL (cm) (days) traveled (km) traveled (km/d)

Californian feeding areas 03850 743 51 2,011 397

Pacific Coast Gulf of Californa 05523 899 36 1,620 450

Rookery SD LOL BMA BLA Loreto 01084 756 113* 2,027 225
Islas 1648 km/ 1043 km/ 672 km/ 1210 km/ 805 km/
Revillagigedos 51.5 days 326days 2ldays 37.8days 25.2days
Colola, 2108 km/ 1518 km/ 1150 km/ 1584 km/ 1173 km/
Michoacan 65.9 days 47.4days 359days 49.5days 36.7 days
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TheValueof SeaTurtles: Choicesin Contingent Valuation and Sustainability

NAT B. FRAZER
University of Florida, Institute of Food and Agricultural Sciences, Department of Wildlife Ecology and Conservation, Post
Office Box 110430, Gainesville, Florida 32611-0430, USA (frazern@wec.ufl.edu)

Sea turtle conservation and management programs
eventually must addressthe questions of ‘ How many turtles
do we need? and ‘ Are their populations sustainable? The
various answers to these questions depend upon many
factors, including the purpose of the conservation or
management program and the economic value placed upon
sea turtles. There has been much interest lately in
Contingent Valuation to determine the economic value of
various aspects of the earth’s environment. Earlier interest
centered on evaluating economic impact for purposes of
awarding financial damages or assessing fines in
environmental litigation following events such as the
Exxon Valdez disaster. More recently, economists are
considering how to determine the economic value of

biodiversity and natural resources outside of court cases.
Among theissuesbeing considered are both ‘ usevalue’ and
‘non-use value.” Use value includes consideration of
consumptive value, non-consumptive value, and option
(potential future use) value. The determination of non-use
value includes issues related to existence value (i.e., the
perceived value of living in a world with sea turtles as
opposedtolivinginaworld without them) and bequest value
(i.e., the perceived value of leaving to our children aworld
that has seaturtlesin it). Additional questionsasto whether
seaturtlesare sustainable asanatural resource depend upon
how we choose to define sustainability-whether in an
economic, ecological, biological, cultural, or spiritua
context.

OliveRidley Sea Turtle Egg Decimation by Coastal Erosion and Human Appropriatenessat an
Estuarine Area at the Chococente Wildlife Refuge, Nicaragua

WALTER VAUGHAN?, SiLvio ECHAVERRY?, LEONIDAS GRIJALVAZ, AND JOSE A. M ARTINEZ®
Vowel NGO Nicambiental, Managua, Nicaragua (nicam@sdnnic.org.ni)
2Ministerio del Ambiente y Recursos Naturales (MARENA), Banco del Café, Diriamba, Nicaragua
SAlcaldi Municipal de Santa Teresa, Carazo, Nicaragua

INTRODUCTION

Chococente, located in the SW Pacific of Nicaragua,
isone of the few preferred nesting site for the olive ridley
sea turtle (Lepidochelys olivacea) the most common
migrating sea turtle in the country. A series of natural and
human-born factors substantialy reduce the population
threatening the survival of the species.

NATURE OF THE PROBLEM

Egg clusters laid in the estuarine seashore of the
Chococente creek are swept asaresult of high sand erosion
processes associated with temporary overflows normally
occurring during the heavy rains of October-November
each year. Sand erosion reaches down at near 2 m deep and
up to 200 m wide, dragging the nests and exposing the eggs
to scavenger animals, mainly vultures, leaving behind the
empty shells only. The intensity of river flows has been
caculated for the three tributaries of the Chococente
creek. Considering the unavoidable and repetitive nature of
that destruction as well as the socia importance of sea
turtle eggs as a highly demanded source of food and
communal trade, the Ministry of the Environment and
Natural Resources, has permitted the extraction of up to 8-
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10% of egg clusters during the whole critical period of
September-October each year. The control of this
permission, informal in nature, is not only difficult but
socialy conflictive in an area where poverty, education
facilities, and work sources are scarce in the communities
surrounding the Chococente Wildlife Refuge.

Prorosep REMEDIAL ACTIONS

1. ldentify, create and promote agri-silvo-pastoral
activities among rural communities close to Chococente.

2. Study the possibilities for the establishment of
permanent or temporary drainage structures to avoid the
rupture of the estuarine sand banks.

3. Collect recently laid egg clusters and transfer them
to controlled egg hatching areas.
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Commercialization Routesof the Sea Turtleson Margaritalsland,
Nueva Esparta State, Venezuela
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In spite of being legally protected, the sea turtles on
Nueva Esparta State have been exposed to commercial
exploitation by local fishermen for subsistence purposes.
They have donethisfor many years. Thisisthe reason why
the Nueva Esparta State and mainly the Margarita Coche
and Cubagua islands are considered as the principal black
market on anational level. However, this situation has not
been carefully studied, and that iswhy we decided to carry

out adetailed study. For therealization of the study, amodel
of survey was utilized and applied in four levels that were
involved within the chain of commercialization. The first
level was the fishermen. The second level was the
middlemen. The third level was the restaurants and small
food stands. The fourth level was the artisans and sales of
crafts. For the present report, the results of 300 surveys
were evaluated and divided among the first three levels.

Ban and Benefits: Tortuguer o at 2000

SeBasTIAN TROENGY, EDUARDO CHAMORRO?, AND ROXANA SiLMAN?
!Caribbean Conservation Corporation (CCC), Apdo. Postal 246-2050, San Pedro, Costa Rica (basse@hotmail.com)
2Area de Conservation Tortuguero (ACTo), Finca Los Diamantes, Guépiles, Costa Rica

The objective of this presentation is to report on the
progress on two recent challenges for sea turtle
conservation at Tortuguero National Park, Costa Rica: 1)
illegal harvest of nesting females; and 2) developing
alternative livelihoods for former turtle consumers.

Tortuguero Conservation Area increased protection
activities during the green turtle nesting seasons of 1998
and 1999. Enforcement efforts included more beach
patrols by park rangers and by staff borrowed from police
and coast guard. Weekly track surveys show that theillegal
harvest decreased substantially over 1997 levels, indicating
that the presence of more personnel on the nesting beach
has been effective in deterring poaching. Enforcement was
made considerably easier by unambiguous legislation that
completely prohibits the harvest of green turtles.

Since 1993, Tortuguero villagers are no longer
allowed to harvest any green turtles for subsistence use.
Efforts to develop an aternative income source for former
turtle consumerswereinitiated by CCC and the CostaRican
National Park Service in 1990 with the establishment of a
tour guidetraining program. Touristswishing to see nesting

turtles at night must now be accompanied by alicensed tour
guide. The number of visitors paying to go on turtle walks
has increased dramatically since 1990, reaching 20,885
touristsin 1999. Therevenue from theturtlewalksamounts
to a minimum of US$104,425 for 150 licensed guides.

Expanded cooperation between the Tortuguero
community, conservation NGOs including CCC, and
government agencies (MINAE) is suggested in order to
ensure continued success for sea turtle conservation in
Tortuguero.
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Ban on Green TurtleFishing Resultsin Increased Cooper ation Between
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The cooperation between conservationists and turtle
fishermen in Limén, Costa Rica has traditionally been
limited due to opposing views on turtle exploitation. In
1989, an effort was made to increase the communication
between the sides but these activities were temporary and
the dialog stopped. In 1998, a multi-institutional
commission comprising NGOs, local and national
government agencies was set up to review the use and
protection of sea turtles in Limoén. After visits to the
licensed turtle daughterhouse and discussions with
fishermen, the commission concluded that enforcement of
the quota for green turtle harvest was insufficient.
Fishermen could sell turtle products openly, with or
without permits. Hence there was no incentive for them to
seek cooperation. In February 1999, the Constitutional
Court of Costa Rica ruled to ban the green turtle fishery.
Increased communication began after the court ruling. Two
fishermen participated in aregional seaturtle conservation
workshop in April 1999. Additional meetings between
conservationists and fishermen followed. A joint proposal
to seek government compensation for the turtle fishermen
was developed and other cooperative projects were

identified. To date, the Ministry of Environment has
approved the proposal and funds are expected to be made
availableto the affected fishermeninthenear future. A joint
awareness campaign with posters and TV advertisements
has been implemented. Possible future activities include
the construction of a cooperative run processing plant for
sea food produce, turtle watching by boat, a nationa
awareness campaign, a nesting beach project, construction
of a museum/visitors center, sale of legally harvested
turtle eggs from Ostional, education for fishermen with
regards to sea turtles and sustainable fishing techniques.
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Population Dynamicsof Hawksbill Turtlesat M onaand Monito Idands, Puerto Rico

RoserT P. van Dam? aND CaARLOS E. Diez?
IChelonia, Inc. and Scripps Institution of Oceanography, USA (rvandam@compuserve.com)
2Departamento de Recursos Naturales y Ambientales de Puerto Rico

A large aggregation of hawkshill turtles inhabits the
waters surrounding Monaand Monito Islands, Puerto Rico.
In-water studies conducted by us since 1992 have yielded
detailedinformation onindividual juvenileand adult turtles.

An assessment of capture-recapture data, annual abundance
of recruitment size turtles, and measured somatic growth
rates, form the basis for the present analysis of hawkshill
population dynamics.

Conver gence of Green Turtles (Chelonia mydas) on the Cuban Shelf

FeLix Moncapal, GEORGINA EspiNnosa?, AND GonzaLo NobARse?
1Centro de Investigaciones Pesqueras, Ministerio de la Industria Pesquera, Cuba (cubacip@ceniai.inf.cu)
2Facultad de Biologia, Universidad de La Habana, Cuba

INTRODUCTION

The Cuban platform constitutes an area of reproduc-
tion, feeding and migratory path for different species of sea
turtles, in which populations from Cuba and other regions
converge, as is the case for the green turtle Chelonia
mydas. This can be found in this work, from tag-recapture
data and results from DNA studies.

METHODS

Information was obtained from 36 green turtles
recaptured from the tagging activities in Cuba between
1989 and 1997, and from 129 green turtles tagged in other
regions, that were recaptured in the Cuban platform
between 1959 and 1998. The information was based in the
datagiven by Cuban fishermen andin dataobtained fromthe
ingtitutions that tagged the animals (Table 1). For the
genetic work 15 green turtle embryos were analyzed from
nests collected between June and August of 1998, by the
Biology School from Universidad de La Habana, in Playa
Antonio, Peninsula de Guanahacabibes. Each embryo was
fixed in 70% ethanol and transported to the laboratory in
which the total DNA was extracted. A fragment of the
control region in the mitochondrial DNA was amplified
using the primers TCR-5 and TCR-6 from Norman et al.
(1994). From this fragment 385 bp were sequenced, the
sequences were compared with those obtained from
numerous green turtle colonies of the Atlantic and Pacific
by Encalada et al. (1996). Since the sequenced fragment
does not coincide exactly with those obtained by the
referred authors, only the common segment was analyzed.
Therefore, the haplotypesl, I11 and XV111 from Encalada et
al. (1996) areincluded in the haplotype Cuball, sinceinthe
fragment flanked by TCR-5and TCR-6, all 385 bp arealike
(Espinosa et al., 1999).

REesuLTsAND DiscussioN

From 36 recaptures (22 females, two males and 11
unknown), 21 were recovered within the Cuban platform
and 15in other areas, in U.S., Honduran, Nicaraguan, Costa
Rican and Panamanian waters. From the 129 recapturesin
Cuba of turtles tagged in other places, individuals were
found tagged in Costa Rica (71), Grand Cayman (18),
United States (13), Mexico (11), Bahamas (4), Bermuda
(3), Virgin Islands (1) and Venezuela (1). They werefound
distributed mainly in the southern coast. From the seven
remaining tags, the origina tag site is unknown.
Considering the stage of the life cycle of the individuals
recaptured in Cuba (both from the national tagging program
and international ones), it can be said that the Cuban
platform gathers green turtles in feeding and growing
stages, green turtles that nest and feed in the Cuban
archipelago and turtles that feed in Cuba and nest in other
regions. Thisisconfirmed by recaptures of turtlestaggedin
Cuba as subadults and found later in Florida, adult
individuals tagged in beaches Isla de la Juventud and
reported 4.6 yearslater in Puntade Ganado, Cuba, and adult
turtlestagged in Cuba, reported nesting later in Costa Rica.
Itisalso confirmed by green turtlesfound in Cubataggedin
other regions: 71 individuals (60%) were nesting females
from Costa Rica and the rest (40%) were juveniles and
subadults from other countries. It is known that green
turtlestagged in Tortuguero, CostaRica, migrate mainly to
CayosMiskitos, Nicaragua, whichistheir principal feeding
area, and to other minor sites such as the Cuban platform.
Considering that these turtles migrate to feeding grounds
after the reproductive season and do not return to
Tortuguero for two, three or four years (Carr et al., 1978),
it seems that some of them stay for that time feeding in the
Cuban platform. This is demonstrated by 60% of the
individual stagged in Tortuguero wererecapturedin Cubain
months out of the reproductive season, and that 25% were
found in reproductive monthsbut in Cuban feeding grounds.
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Itisvery likely that these animals were not ready to nest in
that year. The remaining 15% of the recaptures were found
in months that coincide with the start of the reproduction,
and in areas far from the feeding sites, therefore it islikely
that they were heading towardsthereproductive areas. With
respect to the rest of the recaptures recorded in Cuba, the
ones from Grand Cayman, released being one year old
(Wood and Wood, 1993), were recaptured in juvenile
stages between 30 and 40 cm in length. These animals
probably headed to the Cuban platform in order to feed and
grow to sizes close to sexual maturity, since individuals
coming from that area were found as large as 70 cm. Since
in Cuba exist areas with optimal conditionsfor feeding and
nesting for the green turtle, such as Canarreos Archipelago
and CayeriaDoce Leguas, it is possible that overlap occurs
with those populations coming from other regions to feed
and nest. According to Carr (1980) feeding and nesting may
be possible in an area with optimal conditions (water
temperature above 15°C) and therefore there may be no
ecological obligation for this species to abandon the area.
It seemsthat some individuals stay in Cuban waters, which
contributeto overlapping. Results obtained by Meylan et al.
(1990) with genetic studies also confirm overlapping of
populations in different areas of the Caribbean. In relation
to DNA results, the only nesting population in Cuba
characterized by a genetic marker was Playa Antonio,
Peninsula de Guanahacabibes (Espinosa et al., 1999).
While comparing three haplotypes obtained with those
reported by Encalada et al. (1996), it was found that two of
them were new for the species. These haplotypes are Cuba
| [different from haplotypes|, Il and XV Il from Encalada
et al. (1996) in the addition of 6 bp in position 540. Cuball:
Identical to haplotypes I, 11 and XVIII for the sequences
fragment]; Cuba Il ( different from haplotypes I, Il and
XVIII by a transition of C for T in position 321). This
hapl oty pe corresponds to the hypothetical haplotype Hyp |
suggested by Encalada et al. (1996) in their parsimony
analysis. Table 2 shows the frequencies for these
hapl oty pes and compares to those obtained by Encaladafor
regions close to the Guanahacabibes Peninsula, in which
tag-recapture studies indicate interchange. The table shows
that the haplotype Cuba Il is the same one found in Costa
Rica, Floridaand Mexico, nevertheless, the haplotype with
highest frequency was Cuba I, which could be originated
from the former one or vice versa, since the difference is
one mutational step. The haplotype Cuballll is aso a new
haplotype, that also satisfies the conditions of the
hypothetical one suggested by Encalada et al. (1996), and
compl etes the scheme for the Caribbean region. The values
for haplotypic and nucleotide diversity for the Cuban
population are 0.65 and 0.0011 respectively, valuesthat are
in between those referred by Encalada et al. (1996) for the
nesting colonies in Florida (0.56) and Mexico (0.82). This
result could indicate that the Cuban colony isaproduct of a
“mixture” from the immigration of animals from diverse
sources, due to the geographical position of theisland. The
analysis of the results suggests that at the Cuban waters, an
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interchange exists of individuals from different popula
tions from Central America and the Great Caribbean, both
adult and subadults. Some individuals may feed at the
platform and later migrate to nest to other areas, others
migrate to the platform to feed in other locations and others
come to nest to the Cuban platform, maybe by chance, and
then establish and give place to a new colony. An example
can be found in the sdituation of Peninsula de
Guanahacabibes. Therefore, studies should be coordinated
with the countries that share such populations.

CONCLUSIONS

In the Cuban platform there is an interchange or
overlapping of green turtles from different populations
from Central America and the Great Caribbean, both from
adult individuals and subadults; some of them feed in the
platform and later migrate to nest to other areas, others
migrate to the platform to feed in other places and others
come to nest to Cuban beaches. There is a high degree of
endemism in the haplotypes found. The nesting population
at Peninsula de Guanahacabibes (or in other areas of the
Cuban platform) plays an important role in the
understanding of the phylogenetic relationships between
different populations of the Western Caribbean, therefore
it should be important to characterize the genetics of other
nesting areas in the Cuban platform.
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Table 1. Place of origin of the tags and life stages of the green turtlestagged in other regions and recaptured in Cuba.

Origin Life stages Researchers
Tortuguero, Costa Rica 71- nesting females A. Carr, K. Bjorndal and J.
Otterwal der

Florida, E. U.
and subadults

Grand Cayman

Y ucatan, Mexico

Inaguas, Bahamas 4- subadults
Bermuda 3- unknown
Aveslsland, Venezuela 1- unknown
Virgin Islands 1- nesting female
Unknown 7- unknown

13- juveniles released from captivity

18- juveniles released from captivity
11- juveniles and subadults

J.Otterwalder, K. Bjorndal
and C. Lagueux

J. Wood

R. Marquez

J. Otterwalder and K.
Bjorndal

A. Meyland

C. Lagueux

J. Otterwal der

Table 2. Distribution of the haplotypes found in nests of the areas connected to the cuban popul ation (M exico, Costa Ricaand Florida)
according to capture and recapture data (M oncada, 1998). The hapl otypes marked with supraindex 2and ® include haplotypes (1, 11, XVI11)
and (I, V, XV, XVI, XVII) respectively from Encalada et al. (1996). The frequency datafrom Mexico, Costa Ricaand Florida are also
from Encaladaet al. (1996), adjusted for the region flanked by primers TCR-5 and TCR-6.

Populations
Hapl otypes Cuba Florida M exico CostaRica
Cuball 8(0.53)
Cuballl? 4(0.27) 23(0.96) 15(0.75) 15(1.00)
Cuba Il 3(0.20)
e 1(0.04)
& 1(0.05)
XVve 1(0.05)
XVIP 1(0.05)
XVIIb 2(0.10)

Sea Turtle Populationsof the Chagos Archipelago, British Indian Ocean Territory

JeEANNE A. MoRTIMERY?, MARK DAY3, AND DAMIEN BRODERICK*
IMarine Conservation Society of Seychelles, Post Office Box 445, Victoria, Mahe Republic of Seychelles
(jmort@ner sp.nerdc.ufl.edu)
2Department of Zoology, University of Florida, Gainesville, Florida, USA
SFauna & Flora International, Cambridge, UK
“‘Department of Zoology & Entomology, University of Queensland, Queensland, Australia

INTRODUCTION

The Chagos Archipelago, located approximately mid-
way between Africa and Indonesia and 1000 km east of
Seychelles, is one of the most isolated island groupsin the
world. Chagos comprises fiveislanded atolls and a number

of submerged banksin an area of about 60,000 km? (Fig. 1).
TheislandsareaBritish Territory with an unusual history of
human settlement that began in 1780. During most of the
past two centuries they were intensely exploited for
production of coconuts. Undoubtedly human impact on the
turtle populations was intense due to consumption of meat,
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export of tortoise shell (Frazier, 1977), and the impact of
feral animals such as dogs, cats, pigs and rats on the turtle
rookeries (Mortimer and Day, 1999). In 1970-71, the
British Government evacuated all the local people to
Mauritiusin order to establish an Anglo-American military
base on Diego Garcia. Today, only Diego Garcia is
inhabited. Prior to 1996, the most comprehensive study of
Chagos turtles was made in 1970 during afive-day visit by
Frazier (1977). R. Dutton (1980) also made some valuable
observations over several weeks in 1978-79. During six
weeks in 1996, JAM was able to visit al five atolls as a
member of a multi-disciplinary international yacht-based
scientific expedition. She surveyed the turtle nesting
populations and habitats on 49 of the 67 islands (Mortimer
and Day, 1999), collected genetic samples (Mortimer and
Broderick, 1999), and plasma samples to evaluate sex
steroid concentrations (Mortimer and Crain, 1999). JAM
and MD returned to Diego Garcia in 1999.

REesuLTsAND DiscussioN

Nesting Populations

Both green turtles (Chelonia mydas) and hawkshills
(Eretmochelysimbricata) nest on all five atolls. During the
1995-96 season, we estimated that roughly 300-700
hawksbills and 400-800 green turtles nested in Chagos
(Mortimer and Day, 1999). The relative proportion and
numbers of each species varied from atoll to atoll. While
hawksbills were relatively more abundant at Peros Banhos
and Diego Garcia, green turtles nested in greatest numbers
at Egmont Islands, Chagos Bank and Diego Garcia
(Mortimer and Day, 1999). Particularly significant green
turtle rookeries were discovered at Danger and Sea Cow
islands on the Chagos Bank. Growth Rates and Migrations
of Foraging Hawksbills Themilitary base occupiesonly the
north west quadrant of Diego Garcia; most of therest of the
atoll ismanaged asaNature Reserve. At thefar south end of
theinner lagoonisatidal creek called ‘ Turtle Cove' (Fig. 1)
which provides foraging habitat to significant numbers of
immature hawksbill turtles (Mortimer and Day, 1999). On
rising and fallingtides, water flowsin and out of Turtle Cove
carrying bony fish, rays, sharks, and hawkshillsalongwitha
few juvenile green turtles. Larger seaturtles are found near
the mouth of the creek and smaller ones move into its
shallower reaches. A mark and recapture study of the
foraging hawkshillsat Turtle Cove wasinitiated by JAM in
February 1996, and continued in collaboration with MD in
February 1999. All turtleswere captured by hand at low tide.
During both the 1996 and the 1999 sampling periods, 41
immature hawksbills were captured, tagged, weighed,
measured, and sampled for DNA and plasma. The size
distribution of the turtles ranged from 32 to 71 cm straight-
line carapace length (SLCL). Of the 41 hawksbills captured
in 1996, 27 (66%) were recaptured exactly three years later
in 1999. Therate of recapture was highest among the largest
animals. When first encountered in 1996, the 27 hawksbills
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recaptured in 1999 had carapace lengths between 36 and 69
cm (SLCL). Threeyearslater, in 1999, they had grown by an
average of 1.4 cm/year. Increases in carapace length were
highest in the smallest size classes. Average annual growth
rates for individual turtles ranged from 0.3 to 2.7 cm/year.
Theseare similar to growth rates reported for hawkshillson
the southern Great Barrier Reef of Australia (Chaloupka
and Limpus, 1997).

Genetic Analyses of the Hawksbill Populations
Patterns of mitochondrial DNA variation were used to
determine genetic relationships between hawkshill
populations in the Chagos Archipelago and those in three
adjacent localities: the Republic of Seychelles, the Arabian
Peninsula, and western Australia(Mortimer and Broderick,
1999). Damien Broderick (DB) conducted the mtDNA
analysesin thelaboratory of Craig Moritz at the University
of Queensland, Australia. Genetic samples from nesting
hawkshills were collected in: Chagos (n = 9, by JAM);
Arabian Peninsula (n = 14, by Jeff Miller); Seychelles (n =
73, by JAM); and western Australia (n = 31, Broderick et
al., 1994). Foraging hawksbill popul ationswere sampled by
JAM in Chagos (n = 50) and in Seychelles (n= 191). The
analysesrevealed that nesting hawksbills of Seychellesand
Chagos have high frequency mtDNA variants not recorded
elsewhereintheworld, and also that slight frequency shifts
separate the two populations. The foraging populations of
Seychelles and Chagos, however, did not differ signifi-
cantly from each other. Rookeries in Seychelles appear to
be a major source of juveniles for both the Seychelles and
Chagos foraging populations. Notably hawksbills from
western Australian rookeries were not represented in either
foraging population. The possibility that Arabian Peninsu-
lar or other yet unsampled stocks in the region make
significant contributions to these foraging populations
cannot be ruled out (Mortimer and Broderick, 1999;
Broderick, Doctoral Thesis, In preparation). To better
understand hawkshill migrations in the region, more
genetic samples need to be collected and analyzed from
hawkshill rookeries in Chagos, Madagascar, Mayotte, and
aong the east African coast from Tanzania to Eritrea.
Awareness Campaigns for and Collaboration with Base
Personnel During their 1999 visit, JAM and MD formed a
‘Turtle Conservation Team’ (TCT) led by the NSF
Environmental Office and consisting of volunteers from
base personnel. The TCT continues to collect data on
seasonal nesting patterns at index beaches at Diego Garcia.
Interpretive signboards explaining the significance of the
turtlesand other wildlifein Turtle Coveare being produced.
Incoming base personnel receive briefings on the
importance of turtles on arrival at Diego Garcia.
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Fig. 1. Map of Chagos Archipelago.
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Studiesof MarineTurtle Fibropapillomatosisin M exico: An Inter national Collabor ation of
Research and Training
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Wildlife Preservation Trust International/Center for Conservation Medicine, Tufts University School of Veterinary Medicine,
Wildlife Clinic, 200 Westboro Road, North Grafton, Massachusetts 01536, USA (aguirre@wpti.org)
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The international agreement of Mexus Pacifico has
been for several yearsavehiclefor cooperation between the
U.S. and Mexico Pacific coasts to manage and conserve
fisheries stocks that cross international boundaries. Sea
turtles are under the jurisdiction of Nationa Marine
Fisheries Servicein U.S. and Instituto Nacional de la Pesca
(INP) inMexico. TheINP' s Centro Mexicano delaTortuga
(CMT) requested the support for cooperative work
regarding methodology, training of scientists and research
tools available to initiate the study of fibropapillomatosis
(MTFP) in nesting oliveridley and other turtle populations.
La Escobilla beach is located in the central region of the
State of Oaxaca, Mexico. Itisconsidered the most important
nesting sanctuary of olive ridley turtlesin Mexico and one
of the three most important nesting beaches presenting the
largest ‘arribadas’ in the world.

Fibropapillomatosis is a neoplastic disease that
primarily affects green turtles in epidemic proportions.
Although several infectious agents (herpesvirus, retrovirus
and papillomavirus) have been associated with the
condition, the etiologic agent has not been isolated or
characterized. Causes of disease or natural mortality are
mostly unknown for oliveridley turtles. The first report of
fleshy tumors on the head, neck and front fli ppers of nesting
oliveridley females occurred in Costa Ricain 1982. During
the ‘arribada’ of October 1987, a nesting female was
photographed demonstrating grossly multiple cutaneous
tumorswith the largest measuring 30 mm in diameter. Since
that time, and based on field observations, both the
prevalence and the size of skintumorsinindividual animals
have increased in Costa Rica and Mexico.

Surveys performed by personnel of CMT demonstrated
an average M TFP preval ence of 3% by gross examination of
many thousands of nesting females. A total of 88 biopsies of
48 nesting turtles were histopathologically analyzed. From
these, 45% were classified as fibropapillomas, 47% as
normal skin and 6% were focal areas of dermatitis. Sixteen
(40%) of the tumors presented a cell-mediated immune
response similar to regression. Theseresultsare comparable
to the histopathology previously reported for MTFP of
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olive ridleys in Costa Rica in which 42 of 50 biopsies
collected were diagnosed as MTFP and eight were
classified as chronic active dermatitis and not tumors.
Twenty of 42 fibropapillomas were in stages of regression
and nine of the remaining 22 tumors had histological
changesthat suggested early degeneration within the tumor
(Aguirre et al., 1999).

For the past three years this collaboration has
permitted scientistsin Mexico to submit their specimensfor
histopathologic evaluation. Tumors have been analyzed
from other species including white turtles, Kemp's ridley
turtles, and leatherback turtles. The first confirmed case of
MTFP was reported in leatherbacks (see Sarti et al. This
volume).

Thisinternational collaboration has permitted training
of Mexican biologists and veterinarians. Visits on site and
to NMFS Honolulu Laboratory have permitted close
collaboration and extensive training in necropsy tech-
niques, sample collection and handling, and processing.
Likewise, several training courses have been given on site
to train filed personnel in biology, management, diseases
and conservation of sea turtles. Mexus Pacifico has also
been effective in developing field research of MTFP.
Seasona sampling of nesting females and males captured
while snorkeling, have provided a detailed data base which
includes hematology information, natural history data, and
documentation of MTFP. Future efforts will emphasize
pathology training of Mexican veterinarians and the
development of anational data base and tissue bank for sea
turtles in the country.
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Immunology of Green TurtleFibropapillomatosisin Hawaii

THIERRY M. WoRK 1, RoBERT A. RAMEYER !, GEORGE H. BaLAazs 2, CAROLYN CRAY?3, AND SANDRA P. CHANG 4
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SDepartment of Comparative Pathology, University of Miami, Post Office Box 016960, Miami, Florida 33101, USA
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Fibropapillomatosisis a neoplastic disease with global
distribution that poses significant threat to marine turtles
like greens, loggerheads and olive ridleys. In endemic
areas, prevalence of FPin green turtlesin Hawaii can reach
up to 80%. Previous work in Hawaii revealed hematologic
changes in green turtles afflicted with FP that were
suggestive of immunosuppression. A trial with captive
green turtles in Hawaii evaluated tools to assess immune

response in this species and found that both cell mediated
and humoral immune response can be measured. Cell
mediated immune response of free-ranging green turtles
with and without FPwasmeasured on Oahu and Hawaii. Cell
proliferation assays (CPA) indicate that turtles moderately
to severely afflicted with FP are immunosuppressed;
however, immunosuppression does not appear to be a pre-
requisite for manifestation of FP in green turtles.

Epizootiology of Green Turtle Fibropapillomatosison the Florida Atlantic Coast

SHIGETOMO HIRAMA AND L LEWELLYN M. EHRHART
Department of Biology, University of Central Florida, Orlando, Florida, USA (sh75529@pegasus.cc.ucf.edu)

Since 1982, the juvenile green turtles of the Indian
River Lagoon (IRL), Indian River County, Florida, have
exhibited a high prevalence of fibropapillomatosis.
Between January 1998 and October 1999, we captured 289
green turtles in the IRL and 255 green turtles over worm
rock reefs, near shore in the Atlantic at the same latitude.
The prevalence of green turtle fibropapillomatosis (GTFP)
in the IRL and near shore reef populations are 63% and
14.5%.

Subjective FP severity scores were given to all green
turtles (score O, non-diseased; score 1, mildly afflicted;
score 2, moderately afflicted; score 3, severely afflicted).
The frequencies of GTFP severity scores0, 1, 2, and 3, are
35%, 33%, 23%, and 9% respectively in the IRL
population. Among GTFP turtles, 29% showed regression

of FP tumors (over 88% of turtles showing regression are
score 1; none of them is score 3). The mean carapace
lengths of IRL green turtles by severity score are: score 0
=50.4 cm, score 1 = 40.9 cm, score 2 = 40.3 cm, Score 3
=40.3 cm, and regressed = 44.6 cm. One of our significant
findingsisthat asthe carapace length increases the number
of diseased turtle's decrease. This relationship between
sizeand severity of GTFPisthe opposite seeninIndonesian
and Hawaiian green turtles.

Health indices such aspacked cell volume, hemoglobin
concentration, and total protein values were examined as
indicators of general health of individuals. All of the index
values decrease significantly as the severity of GTFP
increases; the diseased turtles are chronically anemic.

Helminth Parasitesof thelL oggerhead in Florida

ELLisC. GREINER, BRuce L. HOMER, QI-Y UN ZENG, ELLIOTT JACOBSON, AND ANDREA KILLIAN
College of Veterinary Medicine, University of Florida, Gainesville, Florida 32611, USA (greinere@mail.vetmed.ufl.edu)

Fourteen loggerheads (Caretta caretta) that had died
prior to or during rehabilitation efforts were necropsied at
the University of Florida, College of Veterinary Medicine
during 1998 and 1999. These wereturtleswhich stranded in
Floridaand their carapace lengthsvaried from 49 to 103 cm
in length. One species of aspidogastrid fluke, 19 species of
digenetic flukes, four species of nematode and one species
of trypanorhynch tapeworm (larva) were recovered from
these turtles. The majority of the helminths were recovered
from the gastrointestinal tract, but two species of blood
flukes were found in the blood vessels or heart and one
other fluke was from the urinary bladder. The average

number of helminths recovered from a loggerhead was
2581(69-9475). The 19 digenetic flukes ranged from 1/14
to 12/14 turtles infected with each species. The intensities
of infection for these species ranged from two to1405
flukes/infected turtle. The four nematode species were
recovered from six to nine turtles. Only 3/14 harbored the
aspidogastrid fluke (Lophotaspis vallie) and the mean
intensity of infection was 42 flukes/infected turtle.
Orchidasma amphiorchis was the most common helminth
detected and it was the most numerous as well. The larger
the turtle the more diverse the helminth fauna.
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Habitat Char acterization of the Feeding Groundsof JuvenileHawksbill Turtles
in Rio Lagartos, Yucatan, M exico

ADRIAN M ALDONADO AND MAURICIO GARDURO
Centro Regional Investigacion Pesquera de Yucalpeten (CRIPY-INP), AP. 73, CP. 97320, Progreso, Yucatan, México
(amg12@hotmail.com)

Coasts of the Rio Lagartos Biosphere Reserve are
feeding grounds of an important population of juvenile
hawksbill turtles. In order to characterize the benthic
habitat of these turtles, we carried out three video transects
of five minutes in 12 georegistered sites in which we had
observed or captured juvenile hawksbill turtles. In the
laboratory, we analyzed visualy 20 frames of each video
transect covering a2.5 m? area. In each frame, weidentified
to the finest possible level the observed organisms and we
registered their percent of cover with the random points
method. Using resulting data, we cal cul ated the ecol ogical
indexes of each site and we carried out a multivariate

statistical analysis. In a general view, we observed that
juvenilehawksbill turtlesgrow infive habitats: Coordilleras,
characterized by great amount of rocky substrate and
scabby sponges, as well as macroalgae and gorgonias;
Pastizales, where the sea grasses are the dominants
elements and the genera diversity is low; Pedrerios;
Ramales, where we registered high covering of gorgonias,
macroalgae and rocks; and MUcaros, where the dominants
elements were the sponges. Thefirst oneisthe preferential
habitat of thejuvenile hawkshill turtles, theseresultsagreed
with other studies.

Evaluation of Green TurtleHabitat, Population Sizeand Distribution
Using Remote Sensing and GI STechniques

M aRrJO VIERROS!, ANNE MEYLAN?, PETER MEYLANS, JENNIFER GRAY#, AND JACK WARD #
IRosenstiel School of Marine and Atmospheric Science, University of Miami, Division of Marine Geology and Geophysics,
4600 Rickenbacker Causeway, Miami, Florida 33149-1098, USA (marjo@cwjamaica.com)
2Florida Fish and Wildlife Commission, Florida Marine Research Institute, 100 8" Avenue SE, . Petersburg, Florida
33701-5059, USA
SEckerd College, Natural Sciences Collegium, Post Office Box 12560, . Petersburg, Florida 33733, USA
‘Bermuda Aquarium, Museum and Zoo. Post Office Box FI 145, Flatts FL BX, Bermuda

INTRODUCTION

The Bermuda platform includes a group of more than
100 closely linked islands covering about 50 km? on the
southeastern rim of a seamount in the western North
Atlantic. The remainder of the seamount is several hundred
square kilometers of coral reefs and shallow lagoons.
Although green turtles no longer nest in Bermuda, they use
the island’ s seagrass meadows as feeding grounds. These
green turtles are immature and arrive from nesting beaches
in Florida, Suriname, Costa Rica, Aves Island and possibly
Ascencion Island. Studiesindicate that Bermudalacksvery
small size classes as well as sexually mature adults. This
supports the hypothesis that Bermuda is a developmental
habitat for green turtles (Meylan, Meylan and Gray, 1999;
Meylan and Meylan, 1999; Meylan et al., 1994).

The size of Bermuda s resident green turtle population
has not been previously estimated. Because of the steady
turnover in population, traditional mark and recapture
methods are difficult to use, and the adoption of new
methods for population estimates became necessary. This
study explores the use of GIS and remote sensing as tools
for producing an estimate of population size and carrying
capacity.

In order to assess a given biological resource, it is
essential to estimate its habitat area (Bour et al., 1986). To
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accomplish this, a quantitative relationship must be
established between the density of the target species and
habitat type. An estimate of abundance is then made by
multiplying the density of a species in a sampled area of
habitat by thetotal areaof that habitat. Thistechniqueisused
for estimating green turtle population size in Bermuda.

It might seem that it would be difficult to estimate the
density of a species, members of which are excellent
swimmers and have highly migratory life cycles. However,
the Bermuda turtles have been found through tag and
recapture studies to remain faithful to given feeding areas.
The green turtle is herbivorous once past its oceanic (post-
hatchling) stage, and throughout most parts of its range it
feeds mainly on seagrass pastures. Where segrasses are
lacking, algae form the bulk of the diet. Green turtles in
Bermuda also frequently maintain grazing plots similar to
those documented in the Caribbean by Bjorndal (1980) and
others.

Specifically, the present study aimed to answer the
following questions.

1. Can remote sensing and GI S technology be used to
help estimate the numbers of green turtles resident on the
Bermuda Platform?

2. Can the carrying capacity of Bermuda's seagrass
beds be estimated? Can more turtles be supported than are
currently present in the area, or has the carrying capacity
aready been reached?



Oral Presentations. Habitat Characterization and A ssessment

METHODS

A combination of SPOT dataand high-resolution aerial
photography were used to produce a map of the benthic
habitats of the Bermuda platform. A June 1987 SPOT
satellite image of Bermuda was obtained from the Florida
Department of Environmental Protection's Marine
Research Institute through a collaborative agreement, and
was augmented with a set of aerial photographs from 1988
and 1991. Aerial video from 1995 was also used during the
groundtuthing process. A digitized bathymetric chart and
coastline files were obtained from the Florida Marine
Research Institute and used for georeferencing

The image was stratified into approximate depth and
turbidity regions prior to classification. Because depth
related zonation in Bermudas marine areas is well
documented, bathymetric variation was emphasized during
the classification process. To this end, two depth-related
pseudochannels were created and used for classification
along with the X S1 and X S2 bandsin therapidly deepening
rim reef and central lagoon areas. These were the 1%
principal component of the XS1 and XS2 bands, and the
XS1 band radiances logarithmically transformed into an
index of water depth according to an equation described by
Stoffle and Halmo (1991). A texture pseudochannel was
also created and used to complement spectral classifica-
tion in the shallower inshore and nearshore areas. Final
classification was performed using a combination of
supervised (Maximum Likelihood) and unsupervised
techniques. After classification, the stratified regions were
mosaicked back together to produce the completed map.
GlSanalysiswasused to edit the classes produced by image
classification. The map was assessed for accuracy by using
a stratified random sampling strategy with a total of 222
points, the habitat type of which was checked in the field.

Through monthly sampling with nets, data on turtle
density have been gathered by the Bermuda Turtle Project.
Thesitesare shallow (lessthan 20 ft) seagrass beds or areas
of sand interspersed with seagrasses and/or algae. At the
start of sampling, the capture team scouts the location by
watching for turtles surfacing to breathe from asmall boat.
Once one or severa turtles are sighted, the capture boat
towing anet boat containing 2000 ft of 4inmesh net, circles
the area laying out the net in a circle around the location
where turtles were sighted. Snorkellers swim the perimeter
of the net to catch the turtles once they became entangled.
Theturtles are loaded on the boat for measuring, weighing,
and tagging. Blood samples are taken for hormone assays
and genetic analysis, and most turtles are released as soon
asthe measurements and tagging are compl eted. A portable
Global Positioning System (GPS) is used to record the
capture and release positions. Data on water temperature
and depth are also collected for most of the locations
(Meylan and Meylan, 1992).

In order to provideadirect link between the numbers of
turtles and the benthic characteristics of that area, data on
turtle numbers and habitat type were obtained simulta-

neously. Furthermore, the quantification of habitat
characteristics had to take place inside of the turtle net, so
that it could be ensured that the captured turtles were
feeding on the seagrasses documented in the benthic
studies. A diver, swimming a predetermined pattern
consisting of randomly selected combinations of compass
headings and kick cycles, photographed atotal of 10 to 15
0.5 m? quadrats at each site. Concurrently, notes about the
species of seagrasses and algae present, the length of the
shoots, epiphytic coverage and the presence of turtle
grazing marks and scars, were made for each quadrat.
Turbidity (secchi disk) was recorded at each site. The
method allowed for rapid sampling within the limited time
period available during turtle capture operations. The
photographs were later analyzed for percent cover of
seagrasses and macroalgae.

Next, the extent of suitable habitat areawas calculated
from the map produced from SPOT satellite data. Only the
habitats covered in seagrass and/or algae were considered
in the calculations. An estimate of turtle numbers was then
calculated by multiplying the mean number of turtles per
sample unit in each of the habitat classes by thetotal area of
that class. The areacovered by theturtle net, approximately
three hectares, was used as the sample unit in the
calculations. The maximum number of turtles present was
also calculated in the same manner using the maximum
catches in each habitat category. The maximum number of
turtles gives an upper limit to the turtle density estimates.
In order to estimate the size of error introduced during the
turtle capture operations, standard error was calculated for
the numbers of turtles captured in each of the habitat
categories during the total study period. The standard
deviations were weighted according to the size of the
sample in each category. These sample errors were then
used to estimate the 95% confidence limits for the
abundance estimates.

Carrying capacity was calculated using Bjorndal’s
(1985) estimate of 138 adult green turtles per hectare of
seagrass area, or one turtle per 72 m?. Bjorndal’ s estimate
was calculated based on the physiology of adult green
turtles and nutrient val ue of seagrassesin the Bahamas. For
the Bermuda carrying capacity estimates, all available area
covered by vegetation was considered in the calculation,
including those areas, where algae, not seagrass is
dominant. The carrying capacity of some seagrass
categories was adjusted according to their estimated
percent of the maximum possible carrying capacity.

REesuLTsAND DiscussioN

The benthic habitat map was assessed for a total
accuracy of 79.9%. The classification of seagrasses was
problematic because seagrass percent cover in Bermuda
fluctuates considerably on a seasonal and an annual basis.
Because of this, the use of a classification system based on
density was not possible. Instead, a new classification
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system was devised and based on the seagrass ared’'s
location. Four main areas of seagrass classes were
selected: the rim, the lagoonal, the nearshore, and the
inshore seagrasses. The nearshore and inshore classes were
further separated into two subcategories of “nearshore
seagrass’ and “nearshore seagrass and algae”. Similarly,
inshore seagrasses were separated into “inshore seagrass
and algae” and “inshore algae”. The map can be seen in
Figure 1.

The estimated number of turtles present using average
densitiesin the calculationsis 1880, and 7539 if maximum
densitiesare used. Thetotal 95% confidenceinterval is+61
turtles. However, it should be noted that the confidence
limits only relate to the error caused by turtle capture
operations, but not the portion of error caused by mapping
inaccuracies. The total combined error is likely to be
considerably higher.

Green turtle distribution in Bermuda appears to be
function of a combination of benthic habitat type (biotic)
and abiotic factors. Seagrasstypeand quality isasignificant
factor in turtle distribution, but other factors are aso
involved. More research is necessary to identify these
factors and their significance in determining turtle
distribution, as not enough data is available to do this
presently. There is also a need to apply multivariate
statistical analysis to discern the relative importance of
various biotic and abiotic environmental factors on green
turtle distribution.

The combined use of remote sensing, GIS and field
work presents a new method for estimating green turtle
abundance. Although the results from this study are only a
rough estimate of the number of green turtles in residence
in Bermuda, they indicate that the method was successful
and can form abasisfor further research. Future studieswill
document the extent of seasonal fluctuations and monitor
the percentage of macroalgae in seagrass meadows,
especially in the inshore waters, where an increase in
macroalgal coverage may be anindicator of eutrophication.
Although the current study found that turtles were present
in numberswell below their carrying capacity, thiscarrying
capacity may be reduced with fluctuations in seagrass
coverage and with increasing eutrophication in inshore
waters. Future research will aim towards monitoring the
health, distribution and fluctuation in the density and
composition of Bermuda' s seagrass meadows, and use this
data to better model the distribution and dynamics of the
area's green turtle population.
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Fig. 1. Simplified Bermuda marine habitat map with all seagrass
categoriesincluded. Turtle capture locations are overlayed. Inset
shows acloseup of the western seagrass flats.
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| NTRODUCTION

Adult female loggerhead turtles (Caretta caretta)
nesting in Japanese Archipelago have been supposed to
overwinter inthe East China Sea, whichisavast continental
shelf in the western North Pacific Ocean (Kamezaki, et al.,
1997; Sakamoto et al., 1997). However, more tagged
femal es have recently been recaptured in the coastal waters
of Japan during the post-nesting season (Bando, 1997,
Hatase, unpublished) and thus their feeding ground in the
season is not yet clear. In this study, carbon and nitrogen
stable isotope ratios (6C and 5*°*N) of the egg-yolk were
compared between two distant nesting grounds in Japan
considering the body size of nesting females, in order to
examine the feeding grounds after nesting.

In general, 6C and 3 ®N in animals increase at a
constant enrichment factor according to the trophic level in
marine ecosystem (Hobson and Welch, 1992) and thus the
isotope signatures of higher consumers, such as turtles,
reflect the values of the primary producers through their
feeding on intermediate consumers. Hence, the isotopic
temporal and spatial variations of the primary producers
giveriseto similar variations in the turtle’ s signatures. We
examined the signatures in the egg-yolk which would
provide the information on the feeding of adult female
turtles in winter, which was when their vitellogenesis was
suggested to occur mainly (Rostal et al., 1998).

METHODS

A total of 44 eggs (one egg per individual) were
collected from Minabe (33°46'N, 135°18'E) in 1998-1999
and 105 eggs from Yakushima (30°24'N, 130°26'E) in
1999. Also, oviposited females were identified by tagging
and their straight carapace lengths (SCL) were measured.
Eggswerekept at -20°C. Y olk wastaken and dried at 60°C,
then lipids were removed with a chloroform-methanol
(2:1) solution. Lipid-removed yolk was ground to a fine
powder. Approximately 0.5-1.0 mg of powdered sample
was used for 3°C and 5N measurements. |sotopic ratios
were determined using a Finnigan MAT Delta S mass
spectrometer interfaced with a Carlo Erba elemental

analyzer. Theanalytical precision waswithin 0.2%. for both
i sotopes.

REesuLTs

There were significant positive correlations between
d%C and &N in Minabe except for the turtles not less than
900 mm in SCL (Fig. 1a, Table 1). In Yakushima, on the
other hand, similar significant positive correlations were
found in the smaller turtles not more than 850 mmin SCL,
while a clear relationship was not observed in the larger
turtles over 850 mm in SCL (Fig. 1b, Table 1). Both the
averaged 5°C and 5N values increased with SCL in both
nesting grounds except for the turtles not less than 900 mm
that had nested in Y akushima.

Discussion

The clear-cut positive correlations between 3*C and
5N may reflect the nearshore-offshore local variations of
their feeding grounds. Nearshore-feeding animals have
relatively higher 8°C values than offshore-feeders (e.g.,
Burton and Koch, 1999), which is probably caused by
differences in the isotopic composition of the primary
producers at the base of the food web. Since both isotopic
values increased in larger turtles in both areas, it was also
suggested that there was a size-related difference in their
habitat areas. The differences of the results between thetwo
nesting grounds may berel ated to the distance between each
nesting ground and the East China Sea which has been
regarded asthe main feeding ground, since Minabeis about
600 km far away from Y akushima, whichisclosetothe East
China Sea. Hereafter, the isotopic characteristics must be
examined inthe East ChinaSea, and other estimated feeding
grounds.
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Fig. 1. The 5 *C - & N maps for adult female logger-
head turtles, Caretta caretta, nested at (a) Minabe and
(b) Yakushima. Individuals are shown as four symbols
which are divided by straight carapace length; (X) < 800
mm, (O) 800-850 mm, (+) 850-900 mm and (m) > 900
mm.
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Table 1. Stableisotope ratios of adult femaleloggerhead turtles, Caretta caretta, grouped by straight carapace lengths (SCL). Valuesare
given asthe means + SD. Spearman’srank correlation coefficients (r) and probability levels (p) between 3*°C and 8*°N are also shown

(ns=not significant).

Minabe Y akushima

SCL

(mm) N OBC (%0)  OBN (%o) r p N O18C (%) 0N (%) r p
<800 14 -18.4+0.8 -11.3+1.1 0.64 <0.05 11 -178+1.6 -11.8£10 094 <0.005
800-850 14 -18.0£09 -123+x15 0.93 <0.001 34 -17.2¢1.0 -13.1+x17 0.86 <0.0001
850-900 12 -17.1£0.7 -138+1.1 0.76 <0.01 36 -16.7¢1.1 -13.9+11 0.30 ns
900< 4 -17.0£1.2 -142+08 0.80 ns 24  -17.1+15 -135:t09 0.15 ns
Total 44 -17.8£1.0 -126+1.6 0.90 <0.0001 105 -17.0+1.2 -13.3t15 0.60 <0.0001
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Home Sweet Home: Aspectsof Green Turtleand Hawksbill Presencein Their Feeding, Resting
and Cleaning Areasoff Honokowai, West M aui, Hawaii (1989-1999)
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Turtle Trax, 24 Reid Drive Unit 3, Mississauga, Ontario Canada L5M 2A6 (www.turtles.org)

INTRODUCTION

By means of SCUBA, we havewatched, photographed,
and videotaped turtles at Honokowai, Maui, Hawaii since
1989. Using the images we've collected, we want to
introduce you to the Hawaiian green turtlesor *honu’ living
there, show you what their home is like, and provide some
ecological background

ONSHORE ASPECTS

Appropriately, George Balazs et al. (1987) wrote the
first description of Honokowai in sea turtle literature. As
they described, with the exception of a small park at the
south end, this part of the coast islined with seawalls built
by resort condominiums. Note that concrete storm sewers
mark both ends of our dive site. For years, these discharged
runoff from pineapple and sugar canefieldsdirectly intothe
ocean. Sediment catch basins were not added until 1995.
Also, to the south and within 600 m of the shore, a sewage
treatment plant pumps over 11 million liters per day of
effluent containing high loads of phosphates and nitrates
into injection wells (W. Wiltse, personal communication).
Although no one has shown a direct connection to these
onshore aspects, it is interesting that over the years, West
Maui has gotten considerabl e attention because of repeated
seaweed blooms. Studies commissioned in the mid-90’s by
the West Maui Watershed Management Project confirmed
that the Honokowai ocean is high in nutrients, and several
anthropogenic culprits were implicated, including both of
those just mentioned.

REecenT EcoLoaicaL HisToRry

Since 1989, Honokowai has had a series of Cladophora
sericeaal gae blooms - fivethat we' ve documented, with the
worst in 1991. The area is aso dominated by two new
arrivals-exotic seaweeds. One, Acanthophora spicifera,
was reported growing at Honokowai by Balazset al. (1987)
as early as 1985. We have documented that the other
import, Hypnea musciformis, had already established
itself by 1989. We have also recorded videotape showing
young honu feeding on both species.

Honokowai’s environment has also been degraded by
run-off events, the most seriousin July 1993, when red mud
from the West Maui Mountains turned the coastal waters
red. In some areas, silt collected in layers 10-15 cm deep.

It is within this setting that we have been observing
fibropapilloma disease, or FP. Distressingly, FP has

infested Honokowai throughout our observation period,
and almost certainly longer than that. Fifty-nine percent (N
= 268) of the turtles that we have sighted at Honokowai in
thelast decade had FP. If wecount turtlesseenin at | east two
different summers, the rate rises to 74% (N = 91). If we
stretch residency to four years, the FP prevalence increases
to 81% (N = 31).

UNDERWATER ASPECTS

Nearshore Honokowa consists of several well-
defined sections of underwater terrain, providing
permanent habitat for honuin all size classes. Inshorewater
isup to 150 m from shore and 8 m deep. Seaweeds cover a
large part of the bottom and provide forage for juvenile
turtles. A number of these algae, A. spicifera and Spyridia
filamentosa in particular, have been identified by
Landsberg et al. (1999) as being high in okadaic acid-
producing dinoflagellates called Prorocentrum. This is of
interest because okadaic acid is a known tumour promoter
in lab mice.

The Cavernisan exampleof turtle habitat inshore. Two
ledges face each other 5-6 m apart, both capable of
accommodating ajuvenile turtle. Polzbarney, a 35 cm new
arrival in 1995, spent the first year tucked under a cora
head, then occupied The Cavern in 1996. In 1999,
Polzbarney was still living in The Cavern, had grown to 50
cm, and was in histhird year of FP.

Thereefs are 150 m from shore and beyond and are up
to 20 m deep. At the 10 m depth, a50 m wide stretch of sand
separates the inshore habitat from the beginnings of the
reefs, which typically run perpendicular to shore. It is
around and on these reefs that we see most of the turtles.

THE TurRTLE HousE

Around Hawaii, sea turtles congregate at areas called
‘Turtle Houses.” In the early 90' s Honokowai had just one,
which we called the Turtle House. At first, this meant the
entire vicinity, but we later evolved names for the distinct
sub-areas. One sub-area is called The Rock. Some young
honu, such asHoahel e, have used theledgesunderneath The
Rock for rest and shelter. For most turtles, however, The
Rock issimply an outstanding way to satisfy acarapaceitch.
Next to The Rock was asmall reef of mixed corals. Turtles
often rested there, so we named thisthe Rest Site. Thisarea
has since been reduced to mostly cora rubble-our
Destruction poster (This volume) shows how-and by 1999
we seldom saw turtles resting there. Further seaward,
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across a 25 m sand channel, is the mound of corals that
forms the Turtle House proper. Here, we have always
observed a considerable amount of cleaning activity.
Originally, this area also offered several opportunities for
aturtle to scratch, but some have now collapsed.

In 1995, we began sighting more turtles. Some honu
began spending time on alarge reef that we called Reef 2.
It is at the south end of our dive site, and is primarily a
resting site. Reef 2 is made up of mostly finger corals, with
narrow channels and depressions that the honu like to settle
into. This became the second major congregation area at
Honokowai. There is not much cleaning at Reef 2, but it
does have some scratching posts. The most prominent of
them is a coral structure we call East House, which has
recently collapsed.

In 1998, shore observations revealed shells surfacing
to the north for the first time. Therefore, in 1999 we visited
thenew turtle-congregating area, whichwe' d already named
North House. The most prominent featurein the areaturned
out to be alarge coral head standing alone in the sand. We
immediately named this Mt. Balazs. A few meters away, a
crest of coral rose up 2-3 m. Atop this crest, we saw over a
dozen turtles of various sizes, many aready known to us.
They were doing what turtles do in such a promising area:
mostly lying around. Likethe Turtle House, North Houseis
a cleaning station, where turtles pose to attract cleaner
fishes. Also like the Turtle House, North House offers
opportunities to scratch. Like Reef 2, North House offers
numerous resting spots. North House has become the third
major Honokowai congregation area.

PersisTENCE

What do turtles do at Honokowai? Well, the most
notable thing they do is stay there. One example is Kaula,
known since 1989. Kaula matured into a male during our
observationtimeand still callsReef 2 home. Tiamat, known
since 1991, is another example of along-term resident. We
sighted her every summer until 1997, when she made her
first migration to the French Frigate Shoals. In the summers
of 1998 and 1999, we saw her daily at Honokowai. We
expect her to migrate during Summer 2000.

On an average day, we sight over two dozen different
honu at Honokowai. On lucky days, a Hawaiian hawksbill
shows up. Since 1989, Honokowai has attracted a lot of
turtles, with most of the increase happening since 1995.
With these honu comes change.

ENVIRONMENTAL CHANGES

This is the Turtle House in 1989. Note the healthy
corals, suggesting that honu were not yet established in
large numbers. Certainly our pictures show that the coral
destruction at Honokowai is recent, occurring in the last
decade. Thisisthe same areajust threeyearslater. Note the
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coral head has been fractured. Finally, here it is in 1999.
Clearly, honu are hard on corals. Although honu destroy a
lot of coral through scratching and foraging, most damage
resultsfrom the simple act of resting. Honu, year after year,
are faithful not just to the same reef, as we show in our
poster onfixity (Bennett et al., Thisvolume), but also to the
same precise resting spots. This inevitably means the
demise of corals. Finger corals snap easily and litter
individual rest sites. Such sitesare easy to spot even without
aturtle present. We call these Turtle Tramples for obvious
reasons.

EFFecTsoN FisH

It'slikely that the most significant effect involves fish
cleaning activity. We've always observed shell cleaners
like goldring surgeonfish (Ctenochaetus strigosus) and
skin pickerslike Hawaiian spotted pufferfish (Canthigaster
jactator) working on turtles. Saddleback wrasses
(Thalossoma duperrey) target only tumoured turtles,
something we've noted since 1990. We've also
documented species that have learned cleaning behaviour.
For example, between 1994 and 1995 both milletseed
butterflies (Chaetodon miliaris) and long-nosed butter-
flies (Forcipiger flavissimus) took up cleaning tumoured
turtles. In 1999, for the first time we observed yellow tangs
(Zebrasoma flavescens) cleaning turtles. Fish also use
honu for shelter, as cover from which to surprise prey, and
will show up when aturtleisactively scratching or foraging
for sponges. By disturbing the corals, the turtle is
unintentionally making food accessible. The incidental
destruction of corals also has a detrimental effect on reef
fish and other animals, however, since habitat isbeing lost.

ErFecTsoN OTHER TURTLE SPECIES

Certainly one of the most fascinating events at
Honokowai in the last decade was the 1998 appearance of
a young hawkshill (Eretmochelys imbricata). We sighted
Keoki again in 1999 and also that year, we began seeing
another larger hawkshill-Ake. This is remarkable because
Hawaiian hawksbills are extremely rare and Honokowai
managed to attract two! We now believe it is possible,
perhaps even likely, that the presence of honu are an
attraction for hawkshills-an advantage. Every day, the honu
change the nature of the reefs of Honokowai. This
uprooting and trampling of coras gives the hawksbills
access to previously unreachable sponges.

Still, hawkshills can write their own meal ticket. They
dig distinctive holes anywhere they sense sponges might be
hidden-leaving some coral fingers snapped cleanly in two!
These holes are the hawkshill’s ‘calling cards' aong
Honokowai’s reefs.

Observations confirm that the hawksbills are cleaned
by many of the same fish species as the honu, share honu



resting sites, and sometimes even eat the same type of
seaweed, H. musciformis, as shown here. On rare
occasions, they even rest next to honu. There seems little
doubt they're exposed to the same FP environment.
Needless to say, we're monitoring these hawksbills
closely.

SUMMARY

To summarize, we know that turtles of all size classes
have settled at Honokowai and stayed for years, some at
least a decade, despite high nutrient loads and sporadic
runoff events. Since 1989, Honokowai has seen an
encouraging increase in the number of turtles. During our
observation time, these animal s have spread out, occupying
two new congregation areas. Judging by the effectswe have
seen them have on the corals, recovery and colonization
have been recent-in the last decade-and in spite of a high
prevalence of fibropapilloma. We believe there's a strong
possibility that a youngster settling into Honokowai will
mature there, migrate to the French Frigate Shoal sand back
during its reproductive years, age, and ultimately die at
Honokowai. We're confident that one day the remarkable
bond of the honu to their underwater home will be recorded
in decades, not just years.

TheHonokowai honu areatrue‘ ohana’ -Hawaiian for a
group that has shared experience-with individuals that live
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together and interact over decades. Given the number of
years that sea turtles live at the same site, it is therefore
important to remember to keep the ocean clean!
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Environmental Pressureson Sea Turtle Nesting Habitatsin the Gulf of Kachchh (Kutch) India

E.K. NARESHWAR
Sundarvan Nature Discovery Centre, Jodhpur Tekra, SM. Road, Ahmedabad-380 05, India (arjl@hotmail.com)

INTRODUCTION

Besides Gahirmathaon eastern coast of Orissain India,
a number of nesting habitats in the western coast namely,
the Gulf of Kachchh, arethe*lesser known nesting habitats”
which needs attention. This paper attempts to focus the
importance of these nesting habitats and associated
environmental issues.

Gujarat State, India has a 1600 km coastline with rich
biodiversity of more then 900 species. The Gulf of
Kachchh has a protected area (PA) called Kachchh Marine
National Park. The PA encompasses 457 km? including 42
islands.

The Gulf is arecognized habitat for at |east two major
populations of sea turtles which are (1) green sea turtle
(Chelonia mydas) and (2) olive ridley (Lepidochelys
olivacea) (Bhaskar, 1982, Daniel, 1983; Nareshwar,
1997). Besides there are unconfirmed reports of
leatherbacks (Dermochelys coriacea) and the hawksbill
(Eretmochelys imbricata).

METHODS

The study site is located just outside the PA on the
island of Beyt Dwarka. The site is a facility where Nature
Education Campsand trai ning programme are conducted by
Centre for Environment Education (CEE) and Sundarvan
specifically with reference to marine environment.

The period between 1996 to 2000, in the months of
January, 1999, 2000; February, 1998; September, 1999;
October, 1996, 1999; and November, 1996, 1997 and
1998, nesting habitats were monitored. Beach surveyswere
conducted at Beyt Dwarka during the night hours of high
tide. Day surveys were also conducted. Fisher folks,
personnel of Gujarat Maritime Board and Coast Guard were
interviewed. Off shore surveys were also carried out.
Islands such as Baidar, Chusnaand Manmardi werevisited.
Baidar, Nora and Chank are confirmed nesting grounds.
These idands are devoid of human presence. Visual
documentation of environmental issues in relation to
nesting habitats was made possible.

REesuLTsAND DiscussioN

The outcome of surveys conducted during this period
indicate:

1. Wanton poaching of sea turtles or eggs by
communities is not a practice. Though turtle eggs are
occasionaly removed to feed cart horses.

2. Fisherfolks admitted to incidental capture, and
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drowning of sea turtles. When found alive they were
rescued and let free. Trawlers operate without TEDS. Off
shore drift nets contribute to turtle and common dolphin
(Délphinus delphis) mortalities.

3. Pollution isathreat to nesting beaches. Marine debris
such as thermocol, plastics, plastic laminated cardboards,
discarded nylon nets, tin cans, rubber and glass were some
of the constituents. Tankers and trawlers being cleaned up
at midsea contributed to oil pollution. Slick was seen
washed up onto prime nesting beaches. Dwarka and Beyt
being a Hindu pilgrimage site, a numbers of hotels and
guesthouses have proliferated to make situation grave. A
number of industries have come up and more are ready to
move in. Near one such industry Tata Chemicals cloudy
“liquor” or bittern was seen discoloring the water.

4. Natural impact on sea turtle nesting beaches include
cyclones and storms. This has contributed to erosion of
nesting beaches. More than 90% of eggsfall prey to jackals
(Canislupus) and wild boar (Sus scrofa). Jackal count was
done and guesstimates of 300 plus jackals inhabit Beyt
Dwarka. The situation is similar on the mainland nesting
beaches. Predatory pressures on other islands, such as
Baidar, Chusna, Noraand Chank isminimal.

5. Some of the nesting beaches are being changed
permanently due to extensive sand mining. Sand is
excavated and carted away for construction purpose.

6. Gujarat Forest Department at Jamnagar hasundertaken
hatchery rearing. In 1999 the Gujarat Agricultural
University, Fisheries Research Centre at Okha took up an
experimental hatchery. In both cases it was observed a
scientific approach was lacking.

The findings of surveys between 1996-1997 was
utilised during the Biodiversity Conservation Prioritisation
Project (BCPP) India Endangered Species Project,
Conservation Assessment and Management Plan (CAMP)
Workshop (1997) to up date Red Data List on Indian
Reptiles as per IUCN norms. Four species of seaturtlesare
listed as-Threatened and one species-Lower Risk-(Near
Threatened).

If hatchery rearing needs to be promoted, then location
of hatcheriesis crucial. A shore based structure should be
advocated. Local building materials such as euphorbea or
thorn fencing would suffice. This approach could bein-situ
simulation, accounting for TDS factor.

It issuggested herethat during breeding season all drift
nets near nesting beaches should be banned to minimize sea
turtle mortalities. Sand mining on Beyt and nesting beaches
on mainland should be discouraged. Since sand is an
important building material, the concept of sand depot
should be promoted. This needsto be worked out with local
authorities and town planners. A number of annual rivers
could provide with a substitute. This may generate
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opportunities for local employment.

Seaturtle conservation training programmes for forest
department personnel, GMB and coast guard could be
initiated. Local public awareness campaign is a must.
During Nature Education Camps between December to
March, “Turtle Walks” were initiated with aview to patrol
and protect the nesting beaches. Beach clean ups were
organised through camp participants.

Recently in December 1999 there happened to be a
major oil spill. Approximately 15,000 tons of crude oil
spilt into the Gulf of Kachchh. There were reports of sea
turtles and dolphins being affected. Similarly oil slick may
have also damaged the fragile coral ecosystem. The overall
impact of this spill has yet to be assessed.
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TheNesting Frequenciesof Marine Turtlesin Rekawa, Southern Sri Lanka

THusHAN K APURUSINGHE AND LALITH EKANAYAKE
Turtle Conservation Project (TCP), 73, Hambantota Road, Tangalle, Si Lanka. (turtle@pan.lk)

Five of the world's seven species of marine turtles
comeashoreto nestin Sri Lanka. Thosearethegreenturtle
(Chelonia mydas), leatherback turtle (Dermochelys
coriacea), loggerhead turtle (Caretta caretta), hawkshill
turtle (Eretmochelys imbricata) and the olive ridley turtle
(Lepidochelys olivacea). Despite government legislative
protection, marine turtles are still being exploited in Sri
Lankafor their eggs and their meat. Asaresult of thisand
threats to habitats, all marine turtles are considered under
threat and the hawkshill turtleiscritically endangeredin Sri
Lanka (Hewavisenthi, 1993).

The Turtle Conservation Project (TCP) isa Sri Lankan
NGO, established in 1993, with the aim of devising and

facilitating the implementation of sustainable marineturtle
conservation strategies through education, protection,
research and community participation. Rekawa beach, on
the southern coast, is Sri Lanka's most important marine
turtle nesting rookery, but was under serious threat from
100% turtle egg collection since the 1970's by local
people. In 1996 the TCP established a pioneering
community based in situ marine turtle nest protection and
research programin Rekawa. Thisprogramwasdesigned to
employ former turtle egg poachers as turtle ‘Nest
Protectors’. The main aims of the program were: (1) to
protect al nests using the in situ method and allow for the
immediate natural release of al hatchlings to the sea on
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emergence; (2) to provide new data on the biology of the
nesting marine turtle populations of Sri Lanka; and (3) to
provide an alternative sustainable income for the turtle egg
collectors in Rekawa.

So far TCP researches have tagged 600 turtles
including all five species. Out of 600 nesting females, 541
were green turtles, 28 were olive ridleys, 23 were
leatherbacks, three were hawksbills, and five were
loggerheads. Two thousand six hundred and sixty nestswere
laid on Rekawa beach during the period September 1996 to
September 1999. There were 2572 green turtle nests
(96.7%), 39 leatherback nests (1.47%), 36 olive ridley
nests (1.35%), seven loggerhead nests (0.26%) and six
hawksbill nests (0.22%).

INTRODUCTION

TCP surveys reveded that Rekawa is the location of
one of the most important green turtle rookeries in Sri
Lanka (TCP internal reports-unpublished). Leatherback
turtles, loggerhead turtles, hawkshill and oliveridley turtles
also nest at Rekawa. All of these species are listed as either
endangered or vulnerable by theWorld Conservation Union
(ITUCN).

For more than 20 years up until 1996, local people
from the impoverished Rekawavillage had collected all the
turtle eggs laid on Rekawa beach for sale or local
consumption. This resulted in zero recruitment into the
local marineturtle population. Egg collectors from Rekawa
interviewed during TCP surveyshavesaidthat inthe 1970's
it was not uncommon to take eggs from as many as 40 nests
per night. But today the number of the nests per night rarely
exceeds 10. These egg collectors are either dependent or
semi-dependent on the sale of marine turtle eggs for
income generation. Some nesting female turtles are also
occasionally killed for their flesh, which is also sold at
local markets (TCP interna reports 1994/95-unpub-
lished).

Marine turtles are believed to reach sexual maturity at
about 30 years of age (Mrosovsky, 1983); research hasalso
found that female turtle’ sreturn to nest at their natal beach.
Therefore, as there’ d been no recruitment into the Rekawa
populations for more than 20 years-due to egg collection,
therewould only beafurther 10 year period when first-time
nesting turtles would arrive at Rekawa (i.e., up to the year
2006). After this time there would be no first time nesters
and the nesting population would begin to dwindle due to
mortality from natural and human factors (e.g. fishing by-
catch, pollution). If egg collection had continued there
would have been no further recruitment into the nesting
population. The TCPthereforebelievedthat if no actionwas
taken to prevent egg collection, the nesting population of
marineturtlesat Rekawawould have been so over-exploited
as to have been unable to recover, leading to the extinction
of this population within 20 years (Richardson, 1996).
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Rekawa: THE PRoJECT STE

The TCP selected Rekawa, a small village near
Tangalle, in the district of Hambantota in southern Sri
Lanka, for the implementation of the TCP' s in situ marine
turtle nest protection and research program. Rekawa is
located on the border of the intermediate and dry climatic
zones of Sri Lanka, and borders a large saline lagoon
surrounded by extensive mangrove forests. There are no
electricity or telephone linesin the village and the majority
of households do not have running water.

Thevillageisdivided into two divisions, Rekawa East
and Rekawa West, and the numbers of families in these
divisionsare 121 and 144 respectively (Foerderer, 1996, in
press). Income generating activities for the familiesin the
Rekawa area include agriculture (47%), lagoon fishing
(10%), sea fishing (18%), cora mining (9%) and others
(17%) such as masonry, carpentry, government services
and labor (Banda et al., 1994).

The community of Rekawavillage has suffered several
setbacksinthelast decade. Duringthelate 1980’ sand early
1990s, Rekawa was the location of political violence,
which bereaved many familiesof their skilled men-folk. An
irrigation system designed by the government to improve
the quality of the agricultural land surrounding nearby
Tangalle, drained Rekawa of its groundwater. The
groundwater was eventually replenished by saline water
from the sea and Rekawa lagoon, which rendered the land
unsuitable for agriculture unless there are heavy rains.
These events have resulted in low incomes for most of the
familiesin Rekawawith approximately 57% of thefamilies
dependent to some degree on government welfare
(Foerderer, 1996).

Rekawa’sNATURAL RESOURCES

Because Rekawa is located on the border of two
climatic zonesthereisahigh local biodiversity. Aswell as
the mangrove forests, the local vegetation consists of scrub
jungles, medicinal plants, fruit trees and a wide variety of
wildlife including 150 resident and migratory birds, 29
species of mammals, 23 species of reptiles, many
arthropods and diverse aquatic life (Kapurusinghe,1995).

ProJect OBJECTIVES

The objectives of the TCP Rekawa community in situ
marine turtle conservation and research project can be
listed as follows: (1) to protect in situ, all marine turtle
nests located within the project boundaries and ensure that
al resulting hatchling turtles reach the sea immediately
after emerging from the nest; (2) to incubate the eggs
collected from as many nests as possible laid on adjacent
beaches outside the project boundaries in a small,
scientifically managed hatchery and immediately release
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the resulting hatchlings; (3) to collect biological data from
the nesting female populations of marine turtles of each
species present at the Rekawa turtle rookery. Research
topics will include determining number of nests per season
(individual and population totals), size of nesting female
populations, growth rates of individuals, longevity of
individuals beyond tagging, mean breeding frequency,
migratory paths and geographical range, nest incubation
periods, nest temperatures, and hatching success rates (in
situ and hatchery comparative studies); (4) toinvolvelocal
stakeholders in the planning and implementation of the in
situ nest protection and research program; (5) to provide an
aternative and sustainable income to those Rekawa
community members currently financially dependent on
marine turtle egg gathering by employing them in a system
of non-consumptive and sustainable utilisation of local
nesting marine turtle populations; (6) to set up a ‘Turtle
Watch’ program for paying touriststo help contributeto the
future sustainability of the project; (7) to provide a field
study and training site for interested parties, such as
university students, government department research
officers, and NGO members, to learn about marine turtle
conservation and research methodology.

METHODS

Involvement of Former Egg Collectors

A series of meetings were held with the egg collectors.
During these meetings the regular egg collectors were
identified by TCP. Thoseindividualswererequested to stop
collecting eggs once the program began. As an alternative
they would be provided with the opportunity to take up
employment as assistants to the Research Officers (ROs)
(see “Research Methodology”) of the research program
and as in situ protectors of marine turtle nests. The
transformation of the local egg collectors to ‘Nest
Protectors’ provided the research team with an invaluable
local understanding of turtle behavior in Rekawa.

Twenty four egg collectors were organized into a
formally recognized group of ‘Nest Protectors’ (NPs).
Discussions were held on the methodology of the in situ
nest protection and research program and appropriate
aterationsmade. The TCP also carried out basic training in
in situ nest protection methods and data collection skills.
The project began on 2 September 1996.

Research Methodol ogy

Data sheets were designed to collect biometric data
from each turtle and from each nest laid. Key data
collection involved an initial mapping of the beach; the
weighing, measuring and tagging of nesting female turtles;
monitoring nesting behavior; and collecting data on
incubation periods, hatchling biometrics, and hatching
success rates. Each hind flipper of each turtle was tagged
with aDalton plastic tag, using first aleather punch to make
ahole in the flipper and then an applicator for affixing the

tags. Flexible measuring tapes were used to turtle curved
carapace length and width.

The2 km stretch of beach within the project boundaries
were patrolled 24 hours aday by the NPsin order to prevent
poaching of marine turtle eggs. At least two ROs and six
NPs were present on the beach from 19:00 hours to 3:00
hours every night. The ROs organized rotation patrols for
themselves and the NP's, originating from a centra
position on the beach. Therefore, each half of the 2 km
stretch of beach was patrolled every half hour at night by 2
personnel. The purpose of the patrols was to locate landed
turtles and protect nests already laid.

Once atrack has been located by a patrol unit of NPs,
one of the personnel carefully ascends the track and
ascertains the stage of the nesting procedure of the turtle.
They then issue a recognized torch signal to the central
position to indicate to the rest of the patrolling team that a
turtle has been located. A RO based at the central position
then returns a recognition torch signal and then makes his
way to the nesting site with the necessary research
equipment. Meanwhile the NPs observe the turtle's
behavior, recording the time at the beginning of each stage
of the nesting process. On arrival at the site, the RO
manages the patrol unit in the collection of biometric data.

The RO and NPs on daytime duty measure the exact
location of the previous night's nests and place a ‘nest
screen’ over the nest. The nest screenisal m sguare piece
of steel cable mesh, the mesh size is small enough to
prevent animal predatorsfrom excavating the nest, yet large
enough to enable emerging hatchlings to escape.

ROs and NPs occasionally patrol the beach outside of
the project boundaries. Any recently laid nests found in
these areas are relocated and incubated within TCP
boundaries, to prevent poaching. Similarly any neststhat the
TCPstaff decidesmay bethreatened within TCP boundaries
for various reasons (eg. some nests are laid in areas subject
to high tides), are relocated to a safe place. All the data
collected by ROswas fed into a database (Microsoft Excel)
on aregular basis.

Five full-time ROs were trained in data collection,
research methods and nest protection, and were
responsible for the coordination and supervision of the
beach research and conservation. The posts were occupied
asfollows: one TCP Senior Research Officer and program
co-ordinator; onel TCP Research Officer; one Post-
graduate student, registered with the Department of
Zoology at the University of Peradeniya; one Officer from
the Department of Wildlife Conservation; one National
Aquatics Resources Agency (NARA) officer; and one Post-
graduate student registered with the Department of
Zoology at the University of Ruhuna.

Discussion

Setting up and operating the participatory in situ nest
protection and research program at Rekawa was an
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enormous challenge for the TCP. It was Sri Lanka's first
genuine marine turtle conservation and research program
and one of only afew marineturtle conservation projectsin
the world operating as either in situ, or community
participatory.

The program has not been without its problems and the
TCP has had to continually review the program and address
problems as they arise, working in cooperation with the
NPs. It has been alearning processin both in in situ turtle
conservation, and community participation in conservation
and development. The TCP staff is now confident in being
able to deal with any future difficulties.

During the research period TCP staff observed dogs,
crows, water and land monitors, ants and ghost crabs
attacking and consuming hatchlings. Ghost crabs are the
main night-time predator, while the remainder are daytime
predators. One of the most destructive predatorson Rekawa
beach was a species of red ant attacking a small number of
nests, killing and consuming hatchlingsstill inthe sand after
hatching.

The hatching success rate has improved through the
project’ sduration asthe TCP has adopted better methodsin
nest protection and nest relocation. Nests and their
emergent hatchlings have been successfully protected
from predators and environmental threatsand it is believed
that the nest success rate is significantly higher than it
would beinthewild. The TCP expected considerabl e thefts
on nests considering the radical change over from egg
collection to egg protection as villagers were depending on
eggsfor over twenty years. The TCP managed to catch seven
nest thieves who were reported to the police and given
severe reprimands. Disappointingly, five of these people
were ‘Nest Protectors working for the TCP and were
subsequently sacked in the early stages of the project, a
decision taken by the NPs and TCP management.

The predominance of the green turtle species was
expected. We were however pleasantly surprised by the
three hawkshill turtles that nested, as these have not been
seen nesting in Rekawafor fiveyears! Theresearch hasalso
been extremely successful with ROs and NPsworking well
asateam to produce acomprehensive and detail ed database
on nesting turtles and nests hatched. This information will
be extremely important in ensuring an improved
understanding of the biology and behavior of Sri Lanka's
marine turtles and hence provide for more effective future
marine turtle conservation strategies. The research
information collected by the TCP will also be an important
contribution to the world data base on marineturtlesto help
produce more effectual regional strategies to protect this
long distance migratory species.

The Rekawa project has also been very successful asa
site for in-situ training for marine turtle research and
conservation methodology: (1) NARA and the DWLC now
have atrained officer in in situ marine turtle conservation;
(2) ROs are currently undertaking their M Sc dissertations
based on the in situ conservation program, with positive
implications for future marine turtle research in the
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Zoology departments of their respective universities; (3)
two hatchery managers have been trained in in situ
methodol ogy and good hatchery management procedure. It
is hoped that hatchery management practice will become
more scientific and conservation orientated as aresult; and
that hatchery managers and interested conservationists may
be inspired to set up similar in situ programs; (4) marine
turtle conservationists from around the world have aso
visited the project.

Theproject hasprovided aval uable source of education
and promotion of marine turtle conservation and the
principle of conservation as awhole, with visits from local
people, Sri Lankans, foreign tourists and schools. A group
of studentsfrom an International school in Colombo stayed
in Rekawa for aweek and undertook scientific research on
beach geography and chemistry to eval uate impacts on nest
success rates.

The project has provided a valuable alternative source
of income for community members previously dependent
on the destructive exploitation of marine turtles and their
eggs at Rekawa. NPs now receive higher and more stable
earnings than as egg collectors, thus aiding local
development. Local people can now see there is an
aternative to destructive exploitation of natural resources.
Some NPs have seen hatchlings for the first time and now
say they would not collect or eat turtle eggs again.

CONCLUSIONS

According to the results the authors would like to
conclude that: (1) all five species nesting in Sri Lanka nest
at the Rekawa marine turtle rookery; (2) the most common
nesting marine turtle species in Rekawa is the green turtle
(Chelonia mydas) ; (3) the 2 km stretch of beach at Rekawa
can be considered the most important green turtle nesting
rookery in Sri Lanka, according to theavail abledata; (4) the
least common nesting species at Rekawa is the hawkshill
turtle (Eretmochelys imbricata); (5) the nesting female
population in Rekawa is so far estimated to be 600 and it
includes all five speciesfound in Sri Lanka; (6) on average
more than 800 nests per year are laid by the nesting turtles
in Rekawa; (7) almost a 100,000 eggs are laid annually by
thenesting turtlesin Rekawa (8) dogs, crows, water and land
monitors, ants, and ghost crabs are the main land predators
for eggs and hatchlings on Rekawa beach; and (9) aviable
aternative has been provided to the previous marine turtle
egg collectors of Rekawa who were unsustainably
exploiting the local marine turtle population.

RECOMMENDATIONS

Marine turtles have over 180 million years of
evolutionary history. Despite increasing intensity in
international marine turtle research, researchers still know
very little about marine turtle biology. Therefore, the best
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method to conserve marineturtleswould be by adopting the
in situ conservation method, which allows turtles to
continue to interact with their natural environment and
reproduce naturally asthey would inthewild. Wherein situ
conservation is not possible or economically unfeasible,
then ex situ conservation can play an important role in
marine turtle conservation, as long as it is carefully
managed according to the best scientific protocol available.

Considering the TCP' s experience during the Rekawa
marine turtle nest protection and research program, the
authors would like to make the following recommenda-
tions: (1) the Rekawain situ marineturtle conservation and
research program should be continued for at least another
ten years to ensure a reasonable recovery of the exploited
marine turtle population in Rekawa; (2) the strength of the
research and management including the administration
should be increased by receiving more support from both
government and non-government agencies including
foreign donor and research agencies; (3) aspects of marine
turtle research in the program should be expanded and
improved by increasing the areas of research, incorporating
more modern research techniques and increasing research
staff training; (4) The community should be continuously
involved with the program development and participate
fully in program activities and benefits, asthey do now; and
(5) further activities for self-sustainability need to be
developed and implemented.
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Ten Yearsof MarineTurtle Conservation in the M editer ranean (1989-1999)

L.VENIZELOS
MEDASSET: The Mediterranean Association to Save Sea Turtles, c/o 24 Park Towers, 2 Brick Sr., London W1Y 7DF, UK
(medasset@hol .gr)

INTRODUCTION

From the seven species of marine turtles that occur in
theworld, three are frequently found in the Mediterranean:
the loggerhead (Caretta caretta) and green turtle
(Chelonia mydas) that have nesting beaches and the
visitingleatherback (Dermochelyscoriacea). MEDASSET,
the Mediterranean Association to Save Sea Turtles, was set

up in 1988 to protect the remaining populations of marine
turtles in the Mediterranean.

Since 1989, ten areas have been assessed from Sardinia
totheN.E. Aegean Seaand from the lonian Seato the shores
of Egypt and Libya, covering 7,300 km. Financial support
came from various sources, including the EC and
international intergovernmental and non-governmental
organizations. After ten years of conservation work, it is
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seen that the main problems are the non-implementation of
legislation protecting marine turtles, tourism development
and fisheries interactions. Public awareness campaigns,
environmental education programs and lobbying of
involved parties are thus vital to keep this subject in the
limelight to instigate positive action by the appropriate
authorities.

METHODS

In the period 1990-1999, MEDASSET has surveyed
coastal areas with previously unknown or unconfirmed
levelsof marineturtle nesting. Thisisto target areasthat are
in need of specific protection with regard to marine turtles,
whether it is for nesting or offshore populations (Fig. 1).

Nesting surveys have been carried out in Sardinia
(Whitmore et al., 1991), N. Aegean Greek waters
(Kasparek, 1991), Syria (Kasparek & Baumgart, 1991),
Libya (Laurent et al., 1995, 1999) and Egypt (Kasparek,
1993). Surveys were also carried out for Trionyx triunguis
in Turkey in 1998 and 1999 (Kasparek, 1999) to determine
the status of this highly endangered species, which uses a
complex of marine, brackish and riverine habitats. During
each survey adetailed inventory of al the beachesis made
(including descriptions of fauna, floraand geomorphology)
and on the level of development. Where required,
interviews with the locals and fishermen were also carried
out. Recommendations for protective legislation and for
implementation of existing legisation and protective
measures were made to the statesinvolved where important
ecosystems of turtle nesting sites were found. Follow-up
efforts for the implementation of the above and
conservation efforts were instigated.

Conservation assessments have been carried out to
determine the factors affecting turtle nesting, such as
tourism and coastal development. The impact of tourism
and other development on loggerhead nesting was
investigated in SW. Peloponese, Greece (Whitmore,
1989). In 1999, a study of the ecology and the impact of
tourism on the sand dunes bordering the main nesting beach
of Kefalonialsland, Greece (Roche, 1999) and afollow-up
assessment of the status of three key green turtle nesting
beaches in Turkey (Demirayak, 1999) were made.
MEDASSET has supported satellite-tracking programs
(1997-1999) in collaboration with the Stazione Zoologica-
“Anton Dohrn” (Naples, Italy) and with Glasgow University
and Swansea University (UK) in Cyprus. Also supported
was a long-term study from 1989-1995 on incidental
captures in the lonian Sea, Greek waters, in collaboration
with captains of eight vessels, investigating the impact of
the swordfish long line fishery on marine turtles (Panou et
al., 1999).

The organisation is also an Observer at the Council of
Europe Convention of European Wildlife and Natural
Habitats (Bern Convention) and the Convention for the
Protection of the Mediterranean Sea against Pollution and
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its Related Protocols (Barcelona Convention) Meetings.
Since 1988, it has presented yearly updates and technical
reports with recommendations to various governments,
exerting pressure for change, mainly regarding five
Mediterranean nesting areas. Zakynthos and Kefaloniain
Greece, Pataraand Dalyanin Turkey and Akamasin Cyprus.

Public awareness and environmental education
projects have made a huge impact, ranging from media
coverage, tourist surveys to talks at schools. The “Euro-
Turtle” Website, created with Exeter University and King's
College, is an educational and research database for the
conservation of Mediterranean marine turtles. The website
has received 42,000 visitors in 1998-1999 and won an
award as one of the six best environmental education
websites in Europe.

REesuLTsAND DiscussioN

The surveys carried out were important in determining
which areas in the Mediterranean are host to the most
significant nesting populations and require most conserva-
tion efforts. The surveysrevea ed that |oggerhead nesting to
different degrees occurs in Egypt, Libya and Syria, while
offshore popul ations were confirmed for the North Aegean
and Sardinian waters. Follow-up surveys are recommended
to determine more accurately the size of these nesting
populations, particularly for Libya. The Libyan coastlineis
still relatively undeveloped and a management plan with
legislation is recommended for this area. Whether nesting
of the green turtle occursin Syriahas still to be ascertained.
Levelsof loggerhead nesting in these areaswerenot ashigh
as those found in Greece and Turkey. The surveys also
confirm that nesting levels of green turtles are very low in
the Mediterranean and seem to be limited to Turkey and
Cyprus. Considering the highly endangered status of the
green turtle, priority should be given to its protection. In
1998-1999, new populations of Trionyx triunguis were
found in Turkey (Kasparek, 1999). MEDASSET has been
instrumental in creating a legal framework for the
protection of marine turtles in the Mediterranean. One of
the main projects is in Zakynthos, which hosts one of the
largest nesting populations of loggerheads in the
Mediterranean. The uphill struggle of ensuring the
enforcement of these laws has been an ongoing priority
since 1983 (before MEDASSET was officially founded).
An official complaint by MEDASSET to the European
Commission in 1994 resulted in a European Court of
Justice casein 1999. Thiswasinstrumental in hastening the
signing of the Presidential Decree in December 1999, that
declared the National Marine Park of Zakynthos after 17
years of campaigning.

Up until now most conservation efforts concerned with
marine turtles have focused on the protection of nesting
beaches. Difficulties in implementing conservation
measures have been faced, in particular where there are
conflicting interests with coastal and tourist development.
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Inrelatively undevel oped areas, collaboration withthelocal
authorities in creating a sustainable management plan will
hopefully prevent such clashes. Although it is difficult to
study the marine turtle at sea, such studies provide
invaluable information on population size and distribution,
feeding grounds, over wintering areasand migratory routes.
The satellite tracking programmes carried out provided
information on the movements of female turtles after
nesting (including green turtles) and that of a juvenile
rehabilitated turtle. Knowledge on the main threats facing
theturtlesinthe seaisrather limited. A mainthreat is posed
by interaction with fisheries, which includes incidental
captures in drift nets, trawls and long lines. Drift nets have
now largely been prohibited by EC regulations, (drift
netting with more than 2.5 km nets was banned by EC
regulation 345/92) but has not been fully enforced. In the
study on incidental captures (1989-1999) in the lonian Sea
(Panou et al., 1999), 157 loggerheads (mainly juveniles)
were caught in 142 out of atotal of 758 swordfish long line
fishing trips (18.1%); an average of 7.7 turtles per year and
vessel. The collaboration of the fishermen in the project
yielded significant results-all turtles caught by incidental
capture were released alive. A decline in the frequency of
incidental captures over the total period of investigation
was observed. There was also sensitization of the local
public throughout the study area. Incidental captures may
also result in unintentional or deliberate harm to turtles by
fishermen or the exploitation of turtles, including
consumption of eggs (as seen in Syria), the sale of sea
turtles and their parts and consumption of their meat and
blood, aswasobserved in Egypt. Also animportant ongoing
campaign in collaboration with the Ministry of Environ-
ment in Egypt was started in 1999 to reduce the exploitation
of turtles in the fish markets of Alexandria

In recent years, there have been increasing efforts to
bring the non-implementation of the legislation protecting
turtlesto the attention of the various governmentsinvolved
by intergovernmental, environmental and scientific
institutions. It has to be ensured that the legislation covers
all fishery interactions as well as the protection of nesting
areas, foraging and wintering grounds. M easures haveto be
taken to ensure that the existing legislation, which protects
marine turtles, is enforced at a local level. Within this
respect, authorities should be designated and penalties
introduced to ensure protection of the turtles. There hasto
be responsibility for the management of the fishery
industry. Non-governmental organizations have an impor-
tant role in turtle conservation. They continue to lobby
governments and other involved authorities to ensure that
the conservation of marine turtles remains a priority. The
education and public awareness programsrun by NGOsal so
ensure that the plight of the marine turtle is kept in high
profile. These are not only targeted towards certain groups
(landowners, fishermen, legislators and tourists) but to a
broad segment of society. This will helpfully promote the
understanding that protecting marine turtles is part of an
overall aim to maintain the biodiversity on this planet.

CONCLUSIONS

MEDASSET seesvariousareasasrequiringimmediate
attention. In spite of conservation measures, recommenda-
tions and protective legislation, there has been little
progress for the effective protection of sea turtles.
Governments and other authorities involved should be set
clear targets for necessary conservation actions in the
Mediterranean. These should be given priority over
research expenditure with the latter reserved only for
applied conservation projects. All conservation matters
concerning the highly endangered Chelonia mydas to be
given the absolute priority. All pragmatic opportunities
should be recognized and pursued in ensuring the
conservation of nesting beaches and offshore feeding areas
on the northern shores of Cyprus, particularly for Chelonia
mydas. A follow-up assessment of the Libyan coast to
investigate further potential nesting areas and to implement
a management plan. Legislation to control fisheries
interactions. Consideration given to resolving the plight of
Trionyx triunguis.
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Habitat Utilization of Hawksbill Sea Turtlesat Buck |land Reef National M onument:
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Roy A. PemBerToN, Jr.}, MicHEAL CoyNE?, J.A. Musick?!, BRENDALEE PHILLIPS?, AND ZANDY HiLLIS-STARR?
Mrginia Ingtitute of Marine Science, Post Office Box 1346, Gloucester Point, Virginia 23062-1346, USA (rap@vims.edu)
2National Ocean Service, NCCOS, CCMA, Biogeography Team, USA
3U.S.G.S Biological Resource Division, Danish Customs House, King's Wharf, Christiansted, US Virgin Islands 00820
“Resource Management, Buck Island Reef National Monument, Danish Customs House, King's Wharf, Christiansted, US
Virgin Islands 00820

The National Park Service has conducted research on
the nesting biology of the hawksbill sea turtle
(Eretmochelys imbricata) at Buck Island Reef National
Monument (BIRNM), St. Croix, Virgin Islands since 1988.
In 1994 the program was expanded to include study of the
juvenile hawksbill sea turtles resident and foraging in the
coral reef habitat surrounding the Monument. Little is
known about the residence time, foraging behavior, and
habitat utilization of hawksbill sea turtles in their
developmental habitat. At BIRNM over 80 individual
juvenile hawkshill turtles have been tagged and recaptures
are beginning to provide information on residency, growth,
and habitat utilization. Research elsewhere has suggested
that hawksbill turtles eat sponge after leaving the pelagic
phase of their life cycle. In 1996 and 1998 two esophageal
lavage studies were done. The results showed that juvenile
hawkshill turtles at BIRNM were foraging primarily on
Zoanthus sociatus (zoanthid) and red algae. This prompted
another study to investigate the distribution of zoanthid
around BIRNM. Thisinformation coupled with survey and
sighting observations of juvenile hawksbills in the park is
beginning to provide a picture of concentrated activity for
this endangered species around BIRNM.

| NTRODUCTION

Hawkshill sea turtles are listed as endangered in U.S.
waters under the Endangered Species Act of 1973. It is
listed as endangered by the International Union for the
Conservation of Nature and Natural Resources (IUCN) and
listed in Appendix 1 of CITES (The Convention on
International Trade in Endangered Species of Wild Fauna
and Flora). Theseturtlesare small to mediuminsizeand are
found in tropical and subtropical seas of the Atlantic,
Pacific and Indian Oceans.

Since 1988, the National Park Service has been
studying the biology of nesting Hawkshill sea turtles at
Buck Island Reef National Monument USVI Buck Island
sits 1.5 mi off the northeast coast of St. Croix. It is 6000 ft
long and two mileswide and is 340 ft high. Theisland isnot
volcanic in origin. Its sedimentary rocks were uplifted due
to tectonic pressures. The park encompasses about 880
acres with 704 acres of it is water and coral reef and 176
acresis land. Theisland issurrounded by abank barrier reef
that is comprised of mostly dead Acropora palamata. This
island ishometo nesting brown pelicans, least terns, aswell
as nesting leatherbacks and green turtles. The island is a

popular tourist destination.

In 1994, the hawksbill nesting study was expanded to
include aforaging study on juvenile hawkshillsfoundinthe
reefsaround Buck Island. In 1997 ahabitat utilization study
wasinitiated by a cooperative agreement between National
Park Service and the Virginia Institute of Marine Science.
The on-going objectives of these two studies wereto assess
the distribution of juvenile hawksbills in the park,
determine habitat utilization and range, to identify food
sources, to investigate the benthic habitat in the monument,
to investigate size age class distribution, and determine
genetic lineage.

Studies done on hawkshills in the past have described
them as omnivorous scavengers (Ingle and Smith, 1949;
Witzell, 1983). However, more recent studies in the
Caribbean have described hawksbills as preferring adiet of
sponges (Meylan, 1988; Bjorndal, 1997). At Buck Island
coral reef monitoring has been ongoing since the late 80's
and the results have shown that there is little to no sponge
present in the monument (Bythell et al., 1989 and 1993).
This prompted astudy in the monument to find out what the
juveniles were feeding on. In the summer of 1996 an
esophageal lavage study was done on 24 juvenile and one
adult malehawksbill at Buck |sland. Thedominant fooditem
found in these lavages was Zoanthus sociatus, a small
anemone-like organism found in dense mats at Buck Island
(Colin, 1978; Mayor, 1996). Another lavage study wasdone
in the winter of 1998 with 17 juvenile hawkshills and the
results were similar, suggesting that zoanthid was the
dominant food of the juveniles hawkshills lavaged (Allen,
1998).

OBJECTIVES

In the spring of 1999, a zoanthid distribution study was
initiated at Buck Island. Our objectives were to quantify
zoanthid where it was found. The second objective was to
relate the sightings of hawkshillswith zoanthid abundance.

METHODS

Thepark wasdividedinto 18 blocksat roughly 0.25 km?
labeled A through R. Each block was surveyed for turtlesin
the summer of 1998 and the winter of 1999 with the use of
snorkel swims and/or snorkel tows. Benthic cover was
recorded during the surveys and it revealed that the

69



20th Annual Sea Turtle Symposium, 2000

concentrations of zoanthid was found in the eastern side of
the park. As aresult, Blocks F through O were focused on
for the zoanthid study. In each block, three, one square
meter quadrats were done in each habitat zoneto record the
percent cover of zoanthid. The habitat zones sampled were
Shoreline, Lagoon, Backreef, Reefcrest, and Forereef. The
sampling was done along a transect line in each block
extending from the shore to the Forereef.

ResuLTs

The sea turtle distribution surveys showed the main
concentration of juvenile hawksbills were in northeastern
section of the park in blocks J through N. The highest
percent cover of zoanthid was 35% and found in blocks K
through N. The seaturtle sightings were log transformed to
normalize it. The first graph compares the mean percent
cover of Zoanthus sociatus by block with the combined
juvenile hawkshill sightingsfrom theforaging study and the
habitat utilization study. R-squared of 50.2% and a P-value
of less than 0.0491. The second comparison was between
theturtles sighted for habitat utilization study and the mean
percent cover of Zoanthus sociatus by block. (R? = 68.9%;
P < 0.0107).

Discussion

The research done in other areas of the Caribbean
suggest that hawksbills pursue a diet of spongivory
(Meylan, 1988). The results from the two lavage studies
showed that the juvenile hawksbills at Buck Island are
focusing their feeding on Zoanthus sociatus. The survey
data showsthese animal s are distributed in the northeastern
section and their distribution is related to zoanthid cover.
Observations of these turtles during the surveys at Buck
Island have shown that they feed directly on zoanthids. One
adult male was even observed feeding on zoanthids.

Last year | presented some of the preliminary results of
thetracking work doneat Buck Island for juvenile hawkshill
habitat utilization study. The system had both aradio and a
sonic component and was designed by Lotek engineering.
Theradio tagsweighed 100 gm and were specially designed
with aflexible double spring antennato withstand therigors
of juvenile hawkshillsin a coral reef. The sonic tags were
small and weighed 16.6 gm. The radio tags were placed on
the second vertebral scute and the sonic tags were placed
along the number nine and ten marginal scute. There was a
manual component to allow tracking of turtlesin the field
and adatalogging station that logged theradio signalsfrom
transmitted turtles as they surfaced to breath. The data
logging system was comprised of an array of six Yagi
antennas and a Lotek SRX data logger located on top of
Buck Island. The antennas were on a 30-ft tower and set up
to provide full coverage of the entire monument. A total of
four juvenile hawksbillsweretracked with this system. The
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preliminary results showed that these animals utilized areas
around the park boundaries. All of the activity spaceswere
in areas of zoanthid concentration. There were no
concentrations of spongein the areas utilized. Three of the
animals tracked were observed feeding on zoanthids.

In conclusion, there is a strong correlation between
zoanthid abundance and juvenile hawksbill distribution.
Juvenile hawksbillstracked utilized areas of heavy zoanthid
abundance. Observations in the field suggest the juvenile
hawkshills focus their feeding on zoanthid.

A possible explanation for this type of feeding regime
by juvenile hawkshillsisthat theturtles' foraging is habitat
dependant. The turtles are opportunistically feeding on
zoanthid because it is mostly available. Although other
studies suggest spongivory as their feeding regime,
sponges are not common at Buck Island.
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INTRODUCTION

Several studies of the diet of hawksbill turtlesin the
Caribbean have established that they feed amost
exclusively on sponges (Meylan, 1988; Vicente, 1993;
Anderes and Uchida, 1994; van Dam and Diez, 1996).
Furthermore, these studies have shown that despite the fact
that over three hundred species of sponges occur in the
region, hawksbills select only afew, which vary somewhat
among localities. However, very little is known about the
abundance of the food item species in the hawksbill’s
environment.

To determine if hawksbills feed selectively, we
designed a study in which we quantified the abundance of
food items in their diet as well as in their habitat. Our
objectives were: 1) to determine if hawksbills feed
selectively, that is, if they are actively seeking food items
that may be rare in their environmen; and 2) to predict the
effects of diet selectivity on the reef ecosystem.

METHODS

Our study area is located in southwestern Dominican
Republic (17°55'N, 71°40'W). Within it, we selected two
sites where, from previous studies (Ledn and Diez, 1999),
we knew juvenile hawkshills were frequently found: Bahia
delasAguilasand Cabo Rojo. Both siteswere comprised of
continuous shallow, hard bottom communities with depths
from two to 20 m. Even though these two sites are only
approximately four km apart, we knew from previous mark
recapture studies that the turtles didn’t move outside either
of them (Ledn and Diez, 1999).

To sample the hawkshill diet components, we
performed esophageal lavages with a technique adapted
from Balazs (1980). We captured the turtles by hand
following the protocol developed by Diez and van Dam
(1994). The individuals sampled ranged in size from 18 to
50 cm (straight carapace length). Next, we measured the
abundance of thefood itemstheturtleswerefeeding on. For
this, we conducted a series of random, 10 m long transects
at the two study sites, which consisted in placing
sequentially a 1 m? quadrat on the substratum along the
transect line. Within each meter-squared quadrat, we
estimated the area occupied each food species, using a
smaller, grided quadrat. To quantify selectivity we used
Manly-Chesson’s selectivity index (Manly et al, 1972,
Chesson, 1978) which denotes a selection probability for
each item, if they were al equaly available in their
environment. Therefore, negative or no selectivity are

represented at values near zero, and high selectivity at
values near one.

REesuLTs AND Discussion

From the lavages, we found that the turtles were
feeding on a total of six benthic species. the sponges
Chondrilla nucula, Geodia neptuni, Myriastra kallitetilla,
Spirastrella coccinea, Thetya crypta, and the
corallimorpharian Ricordea florida. The lavages from
BahiadelasAguilasyielded five prey species, dominated by
Chondrilla (58% of volume) followed by Ricordea (32%).
In Cabo Rojo, only four prey species were found, but the
same pair of species predominated in the lavage samples.
However, in this site Ricordea had the highest proportion
of the total volume (81%) followed by Chondrilla (14%).
The remaining species represented less than 5% of thetotal
volume.

When we compared the lavage results with the area
coverage of the species at each site, we deternined that
Chondrilla doesn't seem to be actively selected for (B =
0.07 and 0.08 at Bahia de las Aguilas and Cabo Rojo,
respectively). Ricordea had intermediate values of
selectivity (0.30 and 0.12) which indicates some selection,
especially at Bahia (B = 0.30) where it was less frequent in
the environment than Chondrilla. However, the sponges
Myriastra and Spirastrella, seemed to be highly selected
for (B values ranging from 0.24 to 0.79), appearing in a
relatively high abundance in the lavages even though they
were rare in the environment.

The fact that the predominance in the diet of either
Chondrilla (at Cabo Rojo) or Ricordea (at Bahia de las
Aguilas) could be explained by their abundance in the
environment alone, suggests that hawksbills may be
somewhat flexible in choosing the main component of their
diet (even across such nearby sites). Certain species,
however, seemed to be actively selected for (ei.,
Myriastra and Spirastrella), indicating perhaps that they
represent critical resources to the turtles.

Our results aso indicate a possible crucial ecological
role for these turtles. Recently, Hill (1998) suggested that
fish spongivory releases corals from competition with
sponges in the Caribbean. The predominant diet species at
the two study sites are aggressive competitors for space
with hard corals. It has been documented in other studiesin
the Caribbean that Chondrilla frequently overgrows
several species of hard corals, causing death to the colonies
(Suchanek et al, 1983;Vicente, 1987), and can al so recover
quickly from lesions (Vicente, 1987; Swearingen and
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Pawlik, 1998). Less information is available on Ricordea,
however, Vicente (1987) documented that it can also be an
aggressive competitor for space. Therefore, it seems likely
that hawksbills, through an indirect effect, play a critical
role in maintaining reef health and structuring reef
communities, arolethat hasbeen lost perhapsin areaswere
hawksbills are have been decimated.
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Among the activities involved in foraging, the
processes of finding and identifying food and capturing and
consuming that food are fundamental (Mellgren, 1998).
Seaturtlestend to be somewhat specialized in their feeding
preferences, possibly having innate food preferences
leading to such specializations in their diet, although as
hatchlings they are opportunistic feeders. The role that
experience with different types of food plays in the
preferences of adult sea turtles has not been examined.
Dietary preferences in hatchling loggerhead turtles can be
influenced by as little as two weeks of continuous
experience with one prey type, but the experience-based
preference is also flexible and responsive to new prey
experiences (Grassman and Owen, 1982). Headstarted
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Kemp'sridley seaturtlesfed pelleted food from the time of
hatching showed no hesitation at approximately 9-10
months of age to feed on natural food when presented with
live items such as shrimps, crab, and fish (Klima and
McVey, 1995). Similarly, the stomach contents of pellet-
raised headstarted ridleys showed some differences from
that of wild-raised turtles but there were also some
similarities, suggesting that the headstarted turtles were
adapting to awild diet (Shaver, 1991).

In this experiment we tested adult Kemp's ridley
turtles (approximately 12 years of age) that had been raised
from the time of hatching on pelleted food for their
reaction to live shrimps and crabs. We also included tests
with thefamiliar pelleted food for comparison with thelive
items.



METHODS

Ten Kemp'sridley turtles (Lepidochelys kempii) were
maintained individually in tanks measuring approximately
1.63 mindiameter. Theturtleswere bornin captivity at the
Cayman Turtle Farmand brought to X caret, Mexicoin April
1999. (Marquez et al., This volume). Water was taken
directly from the Caribbean Sea and the tanks were cleaned
daily. Normal feeding of pelleted turtle food was done once
aday at approximately 1430 hours local time. The feeding
tests were conducted approximately 1-4 hours prior to the
normal feeding time. There were three types of feeding
tests in which food was presented to each turtle: (1) two
shrimps (Penneus vannamey), approximately 7.5-10 cmin
length; (2) a single crab (Graspsus graspsus), approxi-
mately 5.0-8.0 cm in body width; and (3) two regular food
pellets, approximately 1.8 cm in diameter. The time taken
for the turtle to approach and strike at the particular food
and the time taken to actually consume the food were
measured. Only one type of feeding test was given on a
single day, and each turtle experienced a different order of
testing. At least two testswith each type of food were given
to all turtles.

REesuLTsAND DiscussioN

On the test trial, all turtles ate the familiar pelleted
food relatively quickly (mean = 5.2 minutes) even though
the pelletshad been delivered at an earlier timeof day. Their
reactions to the two shrimps and single crab were much
more variable and unrelated to how quickly they ate the
pelleted food. Four of theturtlesdid not eat or attempt to eat
the shrimps. In fact, we left the two shrimps in the turtles’
tank for over 48 hoursto seeif they would eventually eat or
attempt to eat them, but no eating occurred. Of the six
remaining turtles, three of them ate the shrimps on the first
testin 0.2, 3.5, and 37.5 minutes. The other three turtlesdid
not eat the shrimps in two hours of direct observation. The
shrimps remained in the tank and sometime in the
subseguent 20 hours, they were consumed. For these three
turtles, when fresh shrimps were subsequently introduced
for asecond test, the turtles consumed themin 1, 2, and 6.2
minutes.

When the crab was presented for the first test trial,
seven of the 10 turtles attacked and ate it and latencies
ranged between 0.2 and 8.0 minutes. Of thethreethat did not
attack or eat within two hours of observation, two of the
turtles did consume the crab sometime during the following
20 hours. When tested a second time with alive crab, these
latter two turtles consumed the crab in 0.2 and 3.3 minutes.
The one remaining turtle failed to attack the crab, and
anthropomorphically speaking, appeared not to have
noticed the crab in its tank.

When aturtlewas quick to eat ashrimp, it was quick to
eat thecrab, and whenit wasslow to eat ashrimp, it wasslow
to eat the crab. For the three turtles that ate shrimps on the
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first test, al three consumed the crab in less than one
minute of the first test. Of the three turtles that ate the
shrimps sometime after the initial two hour test, they
consumed the crab in 8.0, 6.2, and 1.2 minutes. Of the four
turtlesthat never ate the shrimp, one never ate the crab; two
turtles consumed the crab in the 20-hour period after the
two-hour test. However, one turtle that failed to consume
shrimps did attack and eat the crab on thefirst test in avery
rapid fashion (0.3 minutes).

Generally, when a turtle attempted to consume the
shrimps, there were several unsuccessful attacks before a
shrimp was captured. Lively crabs could also elude the
turtle for a period, and some crabs had their legs removed
from inaccurate attacks until their bodies were finaly
consumed.

In conclusion, Kemp'sridley turtles raised on pelleted
food from the time of hatching to adulthood will feed on
live food that might be encountered in their natural habitat
but some will do so with difficulty. (Large between-
individual differences were apparent.) The difficulties the
turtles experienced appear to reflect both recognizing the
prey as food and the ability to capture the prey once
identified. As Caillouet, Fontaine, Williams and Klima
(1995) have suggested for younger, headstarted Kemp’'s
ridleys, any plan to release turtlesraised in captivity should
be preceded by a month or more of experience in a semi-
natural situation. The improvement in the time to capture
the prey on the second test compared to the first supports
theideathat the adult turtles’ foraging capacity canimprove
from having experience with prey.
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This study investigates the cal cium requirement of the
hatchling loggerhead seaturtle Caretta caretta. Calciumis
important in the diet of growing animals due to its many
functions. Calcium (Ca) isimportant in skeletal formation,
neuromuscular function, heart contraction, blood clotting,
membrane permeability, the activation of enzymes
(Fowler, 1986), and buffering of blood during diving in sea
turtles (Lutz and Musick, 1996).

The majority of the body’s calcium is stored in the
bones, but calcium is also present in plasma. The main
organs and tissues involved in calcium homeostasis
include the intestine, parathyroid and thyroid glands, and
bone. Calcium homeostasis is maintained by three
hormones. These include parathyroid hormone (PTH),
calcitonin (TCT) andthebiologically activeformof vitamin
D. The balance of these three hormones servesto maintain
serum calcium levelsin the body. Phosphorous (P) also has
a strong relationship with calcium. Body calcium and
phosphorous arein aratio of 2:1. An excess of P drivesthe
formation of an insoluble calcium phosphate, tying up the
body’s calcium in insoluble and inaccessible form.

Calcium deficiency may result in an animal
experiencing metabolic bone disease. Metabolic bone
disease is a generic term encompassing nutritional
deficiencies related to the interactions of calcium, vitamin
D, and an improper Ca:Pratio (Fowler, 1986). The disease
in turtles may result in malformed bones, decreased bone
density, softening of bones, weakness, anorexia, retarded
growth, and misshapen, soft, pliable shells (Fowler, 1986).
Fractured limbs are also common, and if conditions are
prolonged or severe enough death may occur (Bolvin,
1990). The seriousness of hypocalcemiais directly related
to the numerous roles of calcium in the body.

This study provides a first assessment of the calcium
requirement for hatchling sea turtles. Most previous
studies have focused on the herbivorous diet of the green
turtle Chelonia mydas (Bjorndal, 1979; 1980, 1982;
Thayer et al., 1985) and the amino acid requirements of
green turtles (Wood, 1974; 1977a; 1977b). Calcium
reguirements have only been described for the red eared
dlider (Trachemys spp.). A study by Kass et al. (1982)
determined the requirement of the slider to be 2.0% dietary
Caonadry basis.

This dietary information is important to educational,
conservation, and rehabilitation programs that raise and
rehabilitate seaturtlesin captivity. It isimportant for those
programs to feed the animals a properly formulated diet to
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ensure that the skeletons of young turtles grow properly.
Since the goals are often to release such animals, it is
important they be structurally and biochemically normal
and able to function normally upon release. Presumably,
larger animals with greater bone density and properly
formed shellswill be healthier and better equipped to resist
predation and have greater survivorship than smaller turtles
with below average bone density.

This study was experimental in design and addressed
the following questions:

* What is the range of bone densities found in wild
caught hatchling and post-hatchling loggerheads?

¢ Dohatchlingloggerheadsgrow faster and have better
bone and shell formation on a commercially balanced diet,
or the commonly fed diet of shrimp?

* Do hatchlings on diets with higher levels of calcium
grow faster and/or have better bone and shell formation than
those on diets with lower levels of calcium?

* Are signs of hypocalcemia evident in turtles on any
of the test diets?

* What is the calcium requirement of the loggerhead
hatchling?

METHODS

Recently hatched loggerhead sea turtles (n = 180, 15
nests) from local Florida beaches were divided among six
diets. Each treatment group was housed at the FAU
laboratory facilities in cleaned and disinfected 75 | glass
aquaria with 10 turtles per aquarium. Each aquarium was
filled 10 cm high with salt water and changed daily. The
room was lit 12 hours/day with full spectrum UVA-UVB
lighting. The temperature was approximately 26°C.

The test diets consisted of commercially formulated
and balanced trout chow diets containing 1%, 2%, 3%, or
4% Ca and 1.65% P. Since the Ca requirement of
loggerheads was hypothesized to be higher than that of the
slider (2%) because seaturtles grow faster than freshwater
turtles, 3 and 4% Cawere chosen. To identify alower limit
to the calcium requirement and to check for hypocal cemia,
1 and 2% were aso tested. Commercialy available
AquaMax 500 pelleted trout chow (2% Ca) as well as bait
shrimp Pennais spp. were also tested. All diets were
analyzed to confirm Caand P content. The previously unfed
turtleswere fed three to five hours/day starting on day four,
every day for four weeks.



M easurements of body size weretaken initially on day
one of thefeeding trialsand again at the end. M easurements
were taken to determine initial bone density before the
turtles began feeding and again at the end of the experiment.
A standard Aluminum reference scale was used in each x-
ray to calibrate for bone density.

REesuLTsAND DiscussioN

Thenutrient content of bait shrimpwasfoundtobehigh
in protein (~88% crude protein) and low in calcium (0.7%
Ca). This calcium level is lower than in any of the
experimental diets. Shrimp was also found to have 1.27% P
which means that feeding turtles a diet of shrimp provides
adiet which contains an inverted Ca:P ratio (0.55:1).

The average crude protein for the fabricated diets was
approximately 46% with P held constant at 1.65% and Ca:P
ratios ranging from 2.4:1 at 4% down to 0.6:1 at 1%. These
diets ranged from what were presumed to be good CaP
ratios to what we would expect to induce hypocalcemia.

The results for growth trials showed a significant
differencein all growth measurements of turtlesfed shrimp
versus those fed al other diets. Turtles fed shrimp grew
larger.

A significant correlation was found between the
calcium content of the turtles and the measured bone
density in AL equivalents. Thisindicatesthat themethod we
were using was a reliable method for assessing body Ca
content.

Average bone density for wild caught turtles was 1.75
Al equivalents and no significant differences were found
between the wild caught post-hatchling bone densities and
thefinal bone densitiesfor captive raised turtles. Novisible
signsof hypocal cemiawere present in any of thex-rays, and
no significant change was found in the bone densities of
turtles on any of the diets over the four-week period. An
analysis of the bodies of dead hatchlings found % Ca
ranged from 1.06-1.82% on a dry matter basis, with an
average of 1.52% Ca.

Growth in turtles fed diets as high as 4% calcium did
not differ significantly from those fed only 1% Ca. These
results support the hypothesis that mineral content is not
the limiting factor for growth. The greater growth of
shrimp-fed turtles (who were consuming <1% Ca) also
supports this. These results also suggest that other factors
were defining growth rates, with the most likely factor
being protein. Shrimp contained almost twice as much
protein asthetest diets. Turtleson test diets could not make
up for thisdifference in protein content by consuming more
of the feed, in this case because of the higher fiber content
of the commercial feeds. Fiber serves to make the turtles
full, and the same volume of food islessdigestible. Overall,
a diet of shrimp provided for better growth than the test
diets.

No signsof hypocal cemiawere evident. Bone and shell
formation appeared normal, and growth in turtles on test
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diets with lower Ca levels and CaP ratios had bone
densities similar to those fed higher levels of Ca and more
normal CaP ratios. Hence, it appears that loggerhead
turtlesare capable of thrivingin spite of inverted or atypical
ratios. Also, no signs of deficiency were observed,
therefore, no lower limit for Ca or insufficient Ca:P ratio
were identified in this study.

The hatchlings thrived on ratios of Ca:P which differ
greatly from the 1.5:1 to 2:1 ratios considered normal for
reptiles. Loggerhead hatchlings are capable of tolerating
levels of Ca and CaP ratios lower than other reptiles. If
reptiles such as iguanas and fresh water turtles were fed
such ratios they would exhibit signs of hypocalcemia.
Higher levels of Ca are not necessarily more beneficial to
the hatchling turtles. Thisis supported by the similarity in
bone densities between captive and wild caught turtles, and
the lack of difference among experimental turtles.

No significant change was found between initial and
final bone densities of any turtles on any diets. The lack of
change may haveresulted from areorganization of Cawithin
the shell and bones (suggested by the radiographic results).
Overall density appears greater in the initial x-rays, while
overal density remains the same, and specific areas of
greater and other areas of lesser mineral concentration are
visiblein the final x-rays (after four weeks of growth). The
absence of detectable change also suggests a maintenance
of an overall, average bone density during growth by the
turtle. Instead of simultaneously adding bone and building
density the turtles may simply be maintaining a certain
density.

This study serves as the first step towards
understanding the mineral requirements of the loggerhead
sea turtle
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Skeletochronology in JuvenileKemp’sRidleys. Validation, Settlement and Growth
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The analysis of humeri from known-age and wild
Kemp's ridleys (Lepidochelys kempii) have alowed for
calibration of the annular nature of the deposition of growth
layers, identification of settlement time, and age and
growth rate estimation. Morphometric measurements of
the humerus were correl ated to straight carapace length for
114 animals. The relations were linear with all r2 > 0.97
indicating that bone growth is proportional to somatic
growth. A comparison of the amount bone growth after the
last growth layer with the stranding date for a 40 animal
confirms the annual cyclic nature of growth mark
deposition and provides indirect evidence of the annular
deposition of growth marks. Skeletochronological analysis
of humeri from two headstart Kemp's that spent at least
three years in the wild concur with the actual ages of the
individuals, providing direct evidence of the annual nature
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of the growth layers in juvenile post-settlement Kemp's.
Results from a skeletochronological analysis of 140 small
Kemp's (<30 cm SCL) retrieved as stranded, previously
unknown animals, reveal the consistent presence of afirst
layer (settlement line). Thislayer was hypothesized to mark
settlement to the nearshore benthos, similar to what has
previously been seen in loggerheads (Snover et al., 1999).
We analyzed the stable isotope ratios of carbon and
nitrogen in 10 of these humeri, sampling both before and
after the settlement line. Results indicate that a diet shift
occurred between the two sampling sites, specifically there
is a shift to feeding at higher trophic levels after the
settlement line. To date 96 humeri from juvenile (<50 cm
SCL) Kemp's have been analyzed for age and growth rate
estimation.
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M easuring the Success of Sea Turtle Hatcheriesin Malaysia:
Using Emer gence Success, Sex Ratiosand Hatchling Performanceas|ndicators

M ARk HAMANN, KAMARRUDDIN | BRAHIM, AND JOAN WHITTIER
Department of Anatomy, University of Queensland, . Lucia, Queensland, Australia (m.hamann@mailbox.uq.edu.au)

Data obtained from legal egg harvests and tagging data
collated by Federal and State fisheries agencies from
Peninsula Malaysian beaches suggest that the green turtle
populations are under immense pressure. Since 1960 the
use of hatcheries to protect sea turtle clutches have been
employed on severa beaches along the Terengganu and
Pahang coasts. The success of these hatcheries has in
previous years only been measured using emergence
success and sex ratios as the key indicators. During the
1999 nesting season data was collected from hatcheries on
mainland beaches and Pulau Redang on sand temperatures,
emergence success, nest parameters and hatchling
performance. Data indicated that emergence success from
natural in situ nests and hatchery nests were above 80% and
on par with successful beaches worldwide. Sand

temperaturesin the hatcheries were above 29° C and within
the range of 90-100% female production. The incubation
period of eggswassignificantly longer at Pulau Redang than
onthe mainland beaches and the depth of neststo the bottom
of the egg mass was deeper. Hatchling running speed was
quicker at Pulau Redang than both of the mainland
rookeries, however there was no difference in hatchling
size and weight from the rookeries. Nor was there a
correlation between hatchling size/weight and running
speed. Hatchling performance appeared to be linked to the
incubation environment. In order to establish and maintain
a successful seaturtle hatchery, managers must look at the
combined approach of these factors so as not only to
produce quantity but quality.

Rationalefor Evaluatingthe Design and Function of Monitoring ProgramsUndertakenin
Association with the Nourishment of Florida’sM arine Turtle Nesting Beaches

Lori L. Lucas AND RANDALL W. PARKINSON
Florida Institute of Technology, Melbourne, Florida, USA (Ilucas@mpinet.net)

INTRODUCTION

It is fundamentally accepted that beach nourishment
impacts nesting and incubation habitat for marine turtles.
Monitoring programs have become a common aspect of
permit requirements for nourishment projects, largely
because of the acknowledgment of theseimpacts on critical
marine turtle habitat. These monitoring programs
characteristically contain both biological and physical
aspects to be quantified, with the ideal result being that
nourishment causes no impact to these beaches.
Realistically, however, nourishment impact does exist in
one form or another. The rea utility of the monitoring
program isits ability to look at specific impacts seen in the
biological data, and having the capability to trace the cause
of these impacts back through the physical components,
revealing where in the nourishment project adjustments
need to be made. Recommendations can then be made as
how to improve future nourishment projects in order to
minimize their impact on important marine turtle habitat. A
casual inspection of monitoring programs suggests
shortcomings exist in current monitoring programs. These
shortcomings result in alarge economic investment, which
gives way to the generation of large data sets, whereby no
clear conclusions have yet been made specific to the
impacts of beach nourishment on marine turtle nesting
beaches. Because of the difficulty in determining what, if
any, impacts are specifically made on marine turtle nesting

beaches, regul atory agencies cannot and have not made any
major advancements in nourishment project protocol
specific to these nesting beaches. Ultimately, as we are
unable to assess specific impacts from nourishment
projects, nourishment continues on these beaches, and will
continue to do so without regard to the impacts on marine
turtles. The long term cumulative effect of thisis currently
unknown, but must be determinately malign. This paper
describes: 1) a preliminary evaluation of the marine turtle
monitoring program undertaken at Sebastian Inlet, Florida,
and 2) recommendations for program improvements.

METHODS

Themonitoring program at Sebastian Inlet, Floridawas
initiated through permitting in 1989 by a regulatory
mandate (which was dropped severa years later), and has
run continuously through all nesting seasons until theend of
1999. Sebastian Inlet is located along the east coast of
Florida, in the center of the Archie Carr National Wildlife
Refuge, and the beaches about thisinlet are known for their
high densities of marine turtle nesting (National Research
Council, 1990). The program monitors physical and
biological characteristics of nesting beaches at two high
density nesting beaches. This paper will specifically
examine the physical portion of the monitoring program as
this component is arelatively new addition to nourishment
monitoring programs undertaken in association with
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marine turtle nesting. The north beach (which has never
been nourished) issituated north of theinlet whilethe south
beach (undergoes periodic nourishment in association with
inlet maintenance) islocated south of theinlet (Fig. 1). The
project is designed to assess whether beach nourishment
performed in association with inlet maintenance and
compliance with the Beach Management Act of 1988
impactsthese high density nesting beaches. Table 1 liststhe
parameters quantified in this program, whereupon each of
these parameters were collected monthly at cross-shore
locations consisting of the toe of dune, spring high water,
and mid-backshore. Each parameter was measured at 30 cm
and 60 cm to coincide with loggerhead nest depth. For afull
explanation detailing methods of collection, please refer to
Parkinson and Lucas (1999). In order to quantitatively
evaluate the monitoring program, a 5-Way ANOVA was
performed on data collected for each physical parameter
with thefactorsconsisting of year, month, beach, depth, and
station location. Use of this test allowed simultaneous
comparisons to be made within each data set, as well as
testing the data for interaction between factors. Data was
tested to ensure it met the necessary assumptions of the
ANOVA, and if it did not, transformation of the data
occurred. If the data still did not meet the assumptions of
the ANOVA, the Scheirer-Ray-Hare extension of the
ANOVA was employed (Sokal and Rohlf, 1995). If
significance was found to occur, the Bonferroni multiple
comparison was applied to determine where significant
differences existed (Sokal and Rohlif, 1995).

REesuLTsAND DiscussioN

Results obtained from the statistical analyses are
presented in Table 2. Individual factors were not
statistically testable when interactions were present (n/a),
so only trends will be discussed in these cases. Given the
limited amount of space for this paper, only select
examples will be discussed.

The monitoring program under review was found to
exhibit inappropriate experimental design, redundant data
collection, and a poor linkage between the physical and
biological parameters being quantified. The first example
to be discussed pertains to inappropriate experimental
design. Data collection occurred equally at three cross-
shore stations, however 95% of the overall nesting activity
wasfoundto occur inthe upper two-thirdsof the beach, with
only 5% of nesting occurring proximal to the spring high
water station. In light of this information, it has become
apparent that we are creating a disproportionate
representation of the nesting and incubation environment,
biasing the datatoward an area of the beach whichisscantly
nested. Therefore, the characterization we develop for this
environment may be very different from that which is
naturally occurring. Datacollection at the spring high water
station was also found to introduce a large amount of
variability into the data set, and in fact was responsible for
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59% of the overall variability in the moisture content data
set. Keep in mind that under ideal conditions, this station
would contribute approximately 33% of overall variability.
This large amount of variability makes statistical
comparisons difficult as the spring station creates so much
noise, detection of nourishment impacts become impaired.
As moisture content was the only parameter seen to vary
significantly with regard to cross-shore station location,
and due to the small proportion of nesting occurring
proximal to this station, the monitoring program would
benefit from a re-evaluation of cross-shore station
locations. The second example to be discussed deals with
redundant data collection. Data collection for each of the
physical parameters occurred monthly, however none of
the parameters varied significantly on a monthly basis.
Ambient beach temperature does follow monthly trends
which perhaps would be statically significant without the
presence of an interaction, however nourishment
monitoring programs are designed to determine whether
the placement of fill creates sub-optimal environments for
marine turtles. Speaking strictly in terms of quantifying
physical parameters, it would be feasible to sample beach
temperature on ascalelessrigorousthaniscurrently in use,
and still accurately determine whether or not significant
changes have been made to the beach environment. When
looking at biological implications however, it isunclear as
to the frequency of sampling necessary to characterize
impacts, more work clearly needs to be done in this area.
Parameters such as grain size and shear resistance,
however, which do not vary on a monthly basis, could be
monitored less frequently. This would alow for a more
cost-effective program, as well as improving overall
efficiency and allowing researchers to focus their effort on
areas currently lacking. The final example to be discussed
deals with a poor linkage between the physical and
biological parameters being quantified. Beach profile and
the presence of scarps has been shown to impact female
nest placement, as well as incubation of the nests (Ehrhart
and Herren, 1997, Crain et al., 1995). The presence of
scarps can contribute to a larger number of abandoned
nesting attempts, nesting in sub-optimal environments, and
may proveto belethal to incubating nestsasaresult of tidal
inundation. While scarping occurs on most nourished
beaches, it is rarely included in monitoring programs
associated with beach nourishment. Perhaps monitoring
parameters less frequently will allow for the addition of
new parameters to facilitate our understanding of these
nesting beaches. The evauation undertaken at Sebastian
Inlet, Florida suggests the current monitoring programs
associated with beach nourishment should be re-evaluated
in order to eliminate problems of inappropriate
experimental design, redundant data collection, and to
tighten the link between the physical and biological
parameters being monitored. In performing this evaluation,
it would alow for the development of a better
understanding in how the physical and biological aspects of
marineturtle nesting and incubation interact. Oncewe have
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a better grasp on these interactions, we can confidently
determine impacts of beach nourishment, and make
recommendations as how to improve the selection,
placement, and maintenance of fill material on these
nesting beaches. This concept is beginning to develop
among researchers, and in fact, during the symposium, a
workshop was held in order to better define which physical
parameters should be monitored in association with beach
nourishment (the results of this workshop are available
onlineat www.fit.edu/dmes/new-coastal/orlando2000.htm).
Beach nourishment projects are not going to disappear, and
in fact will be occurring more frequently and on larger
scales as time progresses. We must better define what
should be included in monitoring programs before we lose
our chance to preserve this critical marine turtle nesting
habitat.
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Fig. 1. Location map of study site at Sebastian Inlet, Sebastian,
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Table1. Physical parameters monitored at Sebastian Inlet, Florida.
All datawere acquired at the toe of the dune, mid-backshore, and
spring-high water at depths of 30 cm and 60 cm.

Physical attribute Units Technique Sampl e frequency
Ambient beach o monthly; every 3 hr over a
temperature c thermocouples 24-hr period
Meangainsize mm nestsieves monthly
Shear resi stance p.si. Ccone penetrometer monthly
Moisture content dry wt. % wet wt./dry wt. monthly

Table2. Resultsof statistical analyses performed onindividual fac-
tors. Results are described as follows: ns = not significant, * =
p<0.05, ** =p<0.01, and *** = p<0.001. Wheresignificant inter-
actions occurred between factors, those factors could not be spe-
cifically analyzed because of the interaction. In these cases, only
trendswill be qualitatively discussed.

Factor

Sgnificant
Parameter Year Month Beach Depth Station interactions
Ambient beach temperature na na ** 0 ns Year/Month
Meangainsize ns ns il ns ns none
Shear resistance ns ns rhk bk ns none
Moisture content na s na 1 i:ﬁmg;mﬂ
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Going Beyond TEDs: Protected Swimwaysfor Sea Turtles

TERI SHORE AND TODD STEINER
Sea Turtle Restoration Project of Turtle Island Restoration Network, Post Office Box 400, Forest Knolls, California 94933,
USA (turtlesafe@igc.org)

SUMMARY

Endangered and threatened sea turtles could benefit
from a network of protected and linked swimways that
would provide safe passage through migratory, nesting,
developmental and foraging habitat around the world.
International conservation groups are calling for 20% of
the world’s oceans to be protected in Marine Protected
Areas (MPAs) to preserve fisheries and marine
biodiversity (National Research Council, 1998). Creating
‘international parks' that are free from human pressures-
industrial fishing in particular-could help provide global
protection for sea turtles. Such parks or reserves would
benefit other marine life by offering undisturbed areas that
will help maintain our wild oceans.

Turtle Excluder Devices have not proven to be a
complete solution for protecting endangered sea turtles
from shrimp fishing. Ten years after TEDs were
implemented in the U.S,, sea turtle mortality continues
during shrimp fishing. Many shrimp fleets of the world still
do not use TEDs. And U.S. TEDslaws are being eroded by
global trade treaties. Longline fishing is clearly another
threat to sea turtle populations. Other types of commercial
fishing activities also cause sea turtle mortality.

Most of our important sea turtle nesting beaches now
possess ahigh level of protection and monitoring ,and trade
in seaturtle productsisillegal. Yet, seaturtles still remain
vulnerable to extinction. New approaches that go beyond
beach protection and fishing regulations are needed to
protect sea turtles in their ocean habitat and assure their
survival for the next thousand years and more. A global
network of protected swimways-closed to commercial
fishing-established through linked Marine Protected Areas
could achieve this while providing benefits to fisheries,
other marine life, coastal communities and future
generations.

L AND-BAseED PROTECTED AREAS

About four percent of U.S. land is protected in national
parkssuchasY osemite, Y ellowstone and the Grand Canyon
(Fujita, 1998). However, wildlife biologists have
recognized that the national parks have, in many cases,
created fragmented islands of habitat. Asaresult, anew call
to protect larger connected areas of habitat for far-ranging
mammals including grizzly bears, wolves and mountain
lionsis coming from groups such as The Wildlands Project.
The group’s Y ellowstone-to-Y ukon (Y 2Y) initiative is the
first effort to link large areas of protected habitat for large
mammals.

80

Other coordinated efforts to link protected terrestrial
habitat have beeninitiated by [UCN and WCPA through the
Circumpolar Protected Area Network, the Western
Hemisphere Shorebird Reserve Network and the Mountain
Area Protected Network.

These land-based efforts provide models for what
could beachievedin marine habitat. And the seaturtle could
become the flagship species for establishing linked
networks of marine protected areas.

WHAT | sA M ARINE PROTECTED AREA?

A Marine Protected Area is defined by the
International Union for the Conservation of Nature( IUCN)
as “any area of intertidal or subtidal terrain together with
overlying waters and associated flora and fauna, and
historical and cultural features that have been reserved by
law or other effective means to protect al or part of the
enclosed environment.”

The IUCN defines six different categories of MPAS,
depending on level of protection (International Union for
the Conservation of Nature, 1994). Currently, no standard
MPA definition exists. Hundreds of MPAs have been
established in many countries around the world using a
variety of terms such as marine reserve, marine sanctuary,
and ecological reserve (Marine Protected Area News,
2000). Some allow no human activity at all, while others
restrict fishing only, and still others permit all activities
except a very specific activity like oil exploration or
dumping.

For example, the U.S. National Marine Sanctuary
Program has established 12 marine sanctuaries. However,
these sanctuaries provide a low-level of protection for
marine life because al activities including commercial
fishing are allowed. Only oil exploration is prohibited.

In contrast, the 16 marine reserves established in New
Zedland during the past 35 years are all no-take zones
(Balantine, 1999). Swimming, boating and diving are
allowed, but no fishing or other extractive activity.

Marine protected areas have been created in many ways
by many different agencies.

At Channel Islands National Park in California, a
coalition of stakeholders including government agencies,
fishers, and environmentalists have collaborated on an
effort to create a 25,000-acre no-take zone to protect
abalone, sea otters and other marinelife. The National Park
Service took the lead in this effort.

In Florida, the Gulf of Mexico Fishery Council
approved a no-take marine reserve to protect gag grouper,
a long-lived sedentary fin-fish species. A large no-take
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marine reserve is currently being proposed for the Dry
Tortugas in the Florida Keys to protect a vibrant zone of
marine habitat.

A de-facto marine reserve closed to longline fishing
was established by court-order in a million square miles of
ocean north of Hawaii due toillegal killing of endangered
leatherback sea turtles by that fishery.

CaLLsTo PrROTECT OUR OCEANS

The concept of creating protected swimways for sea
turtlesinimportant migratory, foraging, developmental and
nesting habitat arose in response to increasing calls from
marine scientists to protect our wild oceans in marine
protected areas. Today, less than one-half of one percent of
the 4.4 million square miles of submerged lands under U.S.
jurisdiction is protected. The IUCN and the U.S. National
Research Council are calling for 20 percent of the world's
oceansto be set aside in marine protected areas by the year
2020 due to threats to marine biodiversity-overfishing,
habitat destruction, pollution, alien species and global
atmospheric change (National Research Council, 1998).

The Marine Conservation Biology Institute and The
Cousteau Society released a proposal in February 2000
pressing the Clinton Administration to set up a network of
linked marine protected areas in the U.S. (Marine
Conservation Biology Institute, 2000). The proposal asked
for two percent of U.S. watersto be protected by 2005 and
for 20 percent of each ecosystem type to be represented.
Unlike Canada with its Ocean Protection Act, the U.S.
currently has no policy to establish a network of marine
protected areas.

To date, most efforts to create marine protected areas
have been fishery focused on a case-by-case basis and
viewed primarily asatool to protect diminished fish stocks.
To benefit sea turtles, the discussion must be enlarged to
include endangered species and all marine biodiversity.

WHy SeA TURTLES NEED PROTECTED SWIMWAYS

Use of Turtle Excluder Devicesin shrimp netshave not
stopped large numbers of sea turtles from washing up dead
and dying along coastline when shrimping is underway.
Compliance with and enforcement of TEDs laws has been
inconsistent. Despite stepped up enforcement efforts by
federal and state officials during the past two years, sea
turtle strandings have risen in many areas.

Repeated capture and escape of sea turtles through
TEDs may be causing sea turtle mortality. And a recent
report from Nationa Marine Fishery Service provides
evidence that legally approved TEDs opening sizes are too
small for larger loggerhead and green sea turtles to escape
(National Marine Fisheries Service, 1999). This points to
the conclusion that TEDs have not turned out to bethe total
solution for alowing shrimp fishing to occur without

negatively affecting sea turtles.

The commercial longlinefishery isalso taking atoll on
sea turtle populations, primarily the endangered Pacific
|eatherback. The coastal drift gillnet fishery in Californiais
exceeding its allowable take of loggerheads. Other
fisheries certainly take a toll on sea turtles as well.

For these reasons, sea turtle protection in fisheries
must be enhanced by creating marine protected areas that
are closed to commercia fishing. Strategically placed
MPAs closed to commercial fishing would provide
immediate relief from incidental sea turtle capture and
mortality.

WHERE TO START?

Because the Kemp'sridley isthe most endangered sea
turtle in the world, establishing a Kemp’s Ridley Marine
Reserve along the South Texas coast could be the place to
start.

At the species’ primary nesting beach in Rancho
Nuevo, Mexico, a three-tiered conservation strategy has
achieved results in the form of slow recovery of a once
abundant population. The strategy includes beach protec-
tion, TEDs and a marine reserve that is off limitsto shrimp
fishing during the sea turtle nesting and mating season,
March to August.

TheKemp'sridley inthe U.S. has beach protection and
TEDs, but no marine reserve. As a result, more adult
Kemp's ridleys die along the South Texas coast than
anywherein theworld (Shaver, 1999). Thisisalso the only
regular nesting site for the Kemp's ridley in the United
States.

The South Texas coast also provides important
developmental habitat for juvenile green sea turtles.
L oggerheads and hawkshillsal so occasionally nest hereand
|leatherbacks are found stranded on these beaches every
year.

Other key areas in the U.S. to create protected
swimways off limits to shrimp fishing could include
sections of the coast of Florida, Georgia, North Carolina
and South Carolina where sea turtles regularly nest and
forage. Existing marine reserves and sanctuaries could
provide natural starting points for establishing sea turtle
swimways and increasing fishing restrictions. Sea turtle
biologists studying seaturtles in the U.S. and overseas are
best equipped to determine where other sea turtle
swimways should be established.

BENEFITSOF SEA TURTLE SWIMWAYS

Beyond protecting sea turtles in their ocean home,
protected swimways could also provide protection for
marine mammals, fin-fish species, other marine life, and
the seafloor. Benefits could extend to coastal communities
in the form of enhanced fisheries and eco-tourism, to
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scientists for research and for future generations of people.

STRP encourages the sea turtle community to begin
identifying locations for sea turtle swimways and become
active in coalitions working to create marine protected
areas. STRP is working to create a internet-based
communications network for sea turtle conservationists
striving to create marine reserves or swimways for sea
turtles.
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Sea Turtle Depredation by Jaguar sat Tortuguero National Park, CostaRica

SeBASTIAN TROENG, EDDY RANKIN, AND ALONSO RANKIN
Caribbean Conservation Corporation (CCC), Apdo. Postal 246-2050, San Pedro, Costa Rica (basse@hotmail.com)

Depredation of green turtles by jaguars in Tortuguero
National Park has previously been reported. The scarce
published and anecdotal information availableindicate that
depredation levels until recently have been low. In an effort
to quantify jaguar depredation, the number of sea turtles
killed by jaguarswererecorded during regular track surveys
along 30 km of nesting beach in Tortuguero National Park,
1997-1999. Jaguars killed both green turtles (Chelonia
mydas) and |leatherbacks (Dermochelys coriacea). Jaguars
ate only the neck muscle and a part of theinternal organs of
theturtle; the carapace wasawaysleft intact. The number of
jaguar-depredated green turtles increased from a minimum
of four in 1997 to 25 in 1998 and 22 in 1999. Two
leatherbacks killed by jaguars were encountered in 1999.
Several factors may be involved in causing the increase in
jaguars depredating nesting turtles. The jaguar population
may have increased in recent years as aresult of protective
measuresin Tortuguero National Park or by immigration of
jaguars from deforested areas in the proximity of the park.
The increase in depredation by jaguars might also be

attributable to a small number of jaguars developing the
habit of depredating turtles, possibly in response to
decreasing populations of other prey species. A more
detailed study to quantify the number of jaguars and to
determine their prey preference is needed to explain the
apparent increase in sea turtle depredation.
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Deter mination of the Per centage of Olive Ridley (Lepidochelys olivacea) In Situ Nests That
Are Affected by Beetles at Escobilla Beach (M exico)
ELPiDiIo MARCELINO L 6PEZ REYES AND M ARTHA HARFUSH

Inst. Nal Pesca, Centro Mexicano de la Tortuga, Domicilio Conocido, Mazunte Tonameca, Correo postal: Apartado Postal
16, Puerto Angel, Oaxaca Mexico 70902 (marcelino5@star media.com)

During the nesting season 1999-2000 it was possible
to review olive ridley nests in situ at Escobilla Beach, to
determine the percentage that were affected by the beetle
Omorgus suberosus fabricius. This predator prefers the
wet area on the beach, where it is more frequently found
thaninthe dry area.

On the beach it was possible to find places with fewer
beetles because the rivers clean the beach. During the first
arrival we found 38.66% destroyed by the beetle. During
the second arrival we found 26.06% destroyed. During the

third arrival we have results for three zones finding a total
of 16.90% destroyed, but in some wet areas the percentage
increase to 70%. In contrast, at the corral (the place were
the nest are relocated) 89.95% were destroyed, even the
shells were eaten by the beetle; just 2.83% hatched in this
area. |s important to mention that in some nests 250 adult
beetles were found. The results of the fourth arrival were
better, only 7.62% had the predator and 87.98% hatched.
The final results are given here.

Mortality Ratesof Sea Turtle Speciesin the Bahia M agdalena Region

SusaN C. GARDNER! AND WALLACE J. NicHoL
1Centro de Investigaciones Biologicas Noroeste, La Paz, B.C.S. C.P. 23000 México (sgardner @cibnor.mx)
2Department of Herpetology, California Academy of Sciences, San Francisco, California, USA

INTRODUCTION

Coastal lagoons of the Baja California peninsula,
Mexico, such as Bahia Magdalena provide important
feeding and developmental grounds for sea turtles. Five
different sea turtle species are known to occur in this
region: the Eastern Pacific green turtle (Chelonia mydas),
locally known as the black turtle (Chelonia agassizi), the

Pacific loggerhead (Caretta caretta), the olive ridley
(Lepidochelys olivacea), the hawkshill (Eretmochelys
imbricata) and the leatherback (Dermochelys coriacea).
Although sea turtle populations are affected by many
sources of natural mortality, human-related causes of death
are a continuous concern world-wide. While these factors
may include drowning in fishing nets, boat collisions, and
ingestion of plastics, consumption of turtle meat as aresult
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of incidental and deliberate catches of sea turtles may be
contributing substantially to the decline of many seaturtle
populations (Clifton et al., 1982).

In 1972 the Mexican government began to strictly
regulate the capture of sea turtles (Secrectaria de Pesca,
1990). Although laws now exist that forbid the capture or
consumption of turtles, they are often difficult to enforce.
Along the Bagja California Peninsula there are numerous
natural resource-dependent communities. In many of these
towns, such as those in the Bahia Magdalena region, the
majority of the inhabitants are employed as fishermen who
have limited economic alternatives. In towns such as these,
sea turtles have been historically considered a delicacy to
be served on special occasions (Felger and Moser, 1987).
In addition to being afood source, seaturtles were used by
coastal communitiesfor various purposesincluding games,
decorations, and gained traditional, even spiritua,
importance (Felger and Moser, 1987). Despite the fact that
it is illegal to deliberately catch a turtle anywhere in
Mexico, it has proven to be very difficult to manage the use
this resource which is so engrained as part of thisregion’s
cultural heritage (Clifton et. al., 1982).

Our study was conducted to assess the threats to sea
turtle populations in the region of Bahia Magdalena. The
specific objectives were to identify which species are
experiencing the highest mortality levelsin this region; to
determine the size classes that are most commonly
vulnerabl e and to estimate the magnitude of mortality of sea
turtles in this region.

METHODS

Bahia Magdalenais located on the Pacific coast of the
Baja California Peninsula between 24°15’ N and 25°20’ N,
and 111°30° W and 112°15" W. As a result of seasonal
upwelling, it isahighly productive lagoon that is sheltered
from Pacific waters by two barrier islands, Isla Magdalena
and IslaMargarita.

A search for sea turtle carapaces was conducted
throughout the Bahia Magdalena region from June to
December 1999. This search included the towns and dumps
of Puerto San Carlos, Puerto Magdalena, and Puerto
Alcatraz. Also surveyed were the Pacific coastal beaches of
theislands, IsaMagdalenaand IslaMargarita. The species
of each turtle carcass was identified and the location
determined using ahandheld Garmin 12 Global Positioning
System (GPS).

The straight carapace length (SCL) of each turtle was
recorded using calipers, taken from the anterior nuchal
notch to the longest posterior point of the carapace. After
each carcass was measured, the underside of the carapace
was marked with neon spray paint to avoid duplicate
counting. Initial surveyswere conducted in Juneto identify
and mark all turtle carapaces, and then these areas were
resurveyed repeatedly throughout the six month period in
order to estimate arate of mortality based on the new turtles
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found over time. The estimated mortality rate for the Bahia
Magdal enaregion was the sum of the new carapaces found
for each survey area divided by the amount of time that
lapsed between surveys.

REesuLTsAND DiscussioN

Over the 6-month study period, carapaces of four out
of the five species known to occur along the peninsulawere
found. A total of 514 turtle carapaces were measured. Two
species, the green and loggerhead turtles, experienced the
highest apparent mortality. Green turtle carapaces were the
most frequently observed (n = 267, 52%), with loggerhead
carcasses/carapaces ranking second (n = 180, 35%). Olive
ridley (n = 12, 2%) and hawkshill (n = 6, 1%) carapaces
made up a much smaller percentage of the totals (Table 1).
The speciesidentity of approximately 10% of the carapaces
found could not be determined.

Themean SCL of loggerhead turtleswas 58.5 cm (sd =
11.1, range = 26.6-83.4), all of which were smaller than the
average size of adults reported on nesting grounds (87 cm)
(Miller, 1996). The green turtle average SCL was 59.8 (sd
=13.7, range = 35.6-94.2) which is smaller than the mean
lengths reported for this species in the Gulf of California
(W.J. Nichols, personal communication). Over 87% of the
green turtles found in the Bahia Magdalena region were
smaller than the average size of adults reported on nesting
grounds (77 cm) (Figueroa et al., 1992).

The majority (78%) of the turtle carapaces found were
observed in the towns and dump sites of the region. Turtle
carapacesfrom thetown of Puerto Magdal enamade up 46%
of al findings and in Puerto San Carlos, 28% of the
carapaces were observed. The community of Puerto
Alcatraz contributed to the turtle mortality to amuch | esser
extent (3%). Only 22% of the carapaces found were located
inthe non-popul ated areas of theregion. During the surveys
of June and July, only 12 turtles were found on uninhabited
beaches and only four of the turtles showed signs of not
having been consumed (freshly dead whole carcass).

However, some regions were located in such isolation
that they were difficult to access and could not be surveyed
more than once. For instance, during the fal surveys
(September to November), 92 of the 255 new turtles found
were |located along the northern beaches of |slaMagdal ena.
Thisregion contained approximately 1.5 turtles’/km but was
surveyed only in September. Since these areas were not
previously or repeatedly surveyed, they could not be
included in the mortality rate estimates.

Also surveyed for the first and only time was the
western beach of Isla Margarita and the town of Puerto
Alcatraz. Only 17 turtles were found in this town and only
one carcass was found along the 20 km beach of thisisland.
This contrasts greatly with the high numbers of turtles
found on the surveyed beaches of Isla Magdalena. Two
hypotheses exist to explain this inconsistency: the
directions of ocean currents or reduced fishing off the



coast of IslaMargarita. Two of the surveyed beaches of Isla
Magdalena where the highest number of stranded turtles
were found face NW, while the beach on Isla Margarita
faces WSW. Furthermore, fishermen report higher fishing
effort in waters offshore Isla Magdalena, in Bahia Santa
Maria, than waters off Isla Margarita.

The minimum sea turtle mortality rate for the Bahia
Magdal enaregion was estimated to be 47 turtles per month,
or 564 turtles per year. Turtle carapaces were 3.5 times
more numerous in the towns and dump sites of the region
than on the uninhabited beaches. There were 2.5 times as
many green turtles as loggerheads found in the towns,
however, a stranded turtle found on one of the Pacific
beaches was 6 times more likely to be aloggerhead than a
green turtle (Table 1).

The overal goal of this study was to provide a general
gauge as to the magnitude of sea turtle mortality in this
region. Although this minimum estimate for Bahia
Magdalena may contain inaccuracies, this estimate is most
likely very conservative. Most loggerhead turtle mortality
in this region impacts juvenile animals that have not yet
reached reproductive maturity. Thisislikely areflection of
the population at large, rather than selective mortality
(Nichols et al., 2000). Mortality of green turtles seems to
be primarily related to domestic consumption and impacts
both juvenile and adult animals. It is difficult to discern
whether consumed animals were incidentally or purpose-
fully captured. However, local informants suggest that it is
a combination of both and an incomplete understanding of
the Mexican laws prohibiting turtle use. Sea turtles
originating on beaches as far away as Japan and southern
Mexico contribute to the populations found in the waters of
the Baja California Peninsula. Continuation of this rate of
mortality, particularly if BahiaMagdal enaisrepresentative
of the entire region, will drastically impede and confound
long term recovery efforts and research taking place on sea
turtle nesting beaches.
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Table 1. Thelocation of seaturtle carapaces/strandings during surveys conducted in the BahiaMagdalena, BCS, Mexico, region

during the summer and fall, 1999.

Communities Beaches
Species Pto. Pto. San Pto Isla Isla A

Magddena  Carlos  Alcaraz  Magddena  Margarita Unidentified Totd
Chelonia mydas 119 123 12 11 0 2 267
Caretta caretta 80 18 3 78 1 0 180
Eretmochelys 4 1 0 0 1 6
imbricata
Lepidochelys 5 2 0 0 0 12
olivacea
Unidentified 30 1 2 12 0 4 49
Totd 238 145 17 106 1 7 514
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TurtleMortality in Fisheriesoff the Coast of Peru

JOANNA ALFARO-SHIGUETO, M ARIE-FRANCOISE VAN BRESSEM, DAvID M oNTES, KARINA ONTON,
DiaNA VEGA, AND KOEN VAN WAEREBEEK
Centro Peruano de Estudios Cetologicos CEPEC and Asociacion Pro Delphinus,
Jorge Chavez 302, Pucusana, Lima 20, Peru (jas_26@yahoo.com)

| NTRODUCTION

The capture of leatherback turtles (Dermochelys
coriacea) and green turtles (Chelonia mydas agassizi)
less than 80 cm long, has been prohibited in Peru since
1976. In 1995, the Peruvian government enacted a new
decree (No. 25977) prohibiting the capture, trade and
consumption of marine turtles [green turtle, leatherback
turtle, olive ridley turtle (Lepidochelys olivacea) and
hawksbill turtle (Eretmochelys imbricata)]. However,
these measures were poorly or not at all enforced in many
ports of the Peruvian coast, and sea turtles were openly
caught for human consumption in Pisco (13%45'S,
76°13'W), Chincha (13°30'S, 76°11'W), Pucusana
(12°30'S, 76°45'W), Callao (12°02'S, 77°05'W) and
Chimbote (09°05'S, 78°36'W), among other fishing
towns, until recently (Hays, Brown, and Brown, 1982;
Aranda and Chandler, 1989; Van Bressem et al., 1998;
Alfaro-Shigueto et al., 1999; and Van Waerebeek et al.,
1999).

During their long-term monitoring of the mortality of
small cetaceans in fisheries off Peru, members of the
Peruvian Centre for Cetacean Research (CEPEC) regularly
observed and recorded captures of marineturtlesin several
ports. Herewe present dataon turtlemortality infisheriesin
1993 and 1994 in Cerro Azul (13°00'S, 76°30'W) and
Chimbote, as well as a compilation of the data on the
capture of leatherback turtles along the Peruvian coast for
theperiod 1984-1999.

METHODS

CEPEC has been monitoring dolphin mortality in
fisheriesin several portsof the 2500 kmlong Peruvian coast
since 1984. The ports visited, the survey periods and the
methodology used are described in detail in Read et al.
(1988) and Van Waerebeek et al. (1997). Data on the
capture of marine turtles were collected opportunistically
while monitoring cetacean mortality in fisheries, and
entered into field books, cetacean specimen data sheets
and diaries. They were aso gathered during dedicated
surveys geared toward turtles from 1999 onwards.
Numbers of landings of turtles should be considered as
minimum, as they were either collected opportunistically
or because fishermen were sometimes hiding their catch as
a consequence of the prohibition. Individuals were
measured and sexed when feasible. Carapace and plastron
measurements were taken in straight lines, following
standard methods (Pritchard et al., 1983). Skin samples
were collected in 20% DM SO and 70% ethanol.
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REesuLTs

The green turtle, olive ridley turtle (both 83.2%) and
leatherback turtle (16.18%) were the most commonly
landed species at the fishmarkets of Cerro Azul and
Chimbote in 1993 and 1994. In Cerro Azul, 23 turtleswere
observed in 128 days of monitoring from February to
December 1993. The stratified estimate of total capturein
11 months was 77 +12(ES) turtles. Fourteen individuals
were landed in 84 days monitored in the period January-
August 1994. The stratified estimate of the total capturein
eight months was 45 +8(ES) turtles. In Chimbote, 31
individual s were observed during 50 days of monitoring in
the periods January-April 1993 and June-August 1993. The
stratified estimate of the capture during these months was
133 +29(ES) turtles (Table 1.). Turtles were commonly
taken with ‘animaleros’ which set large mesh drift gillnets
to take large species such as sharks and rays but also
dolphins and these marine reptiles.

In the period 1985-1999, we observed at least 33
leatherback turtles, alive or dead, on beaches, in
fishmarkets or in dumps in Pisco, Cerro Azul, Pucusana,
Ancon (11°47'S, 77°11’' W), Chancay (11°37'S, 77°16'W),
Huacho (11°07'S, 77°37'W), Chimbote and Saaverry
(8°14'S, 78°59'W). Severa carcasses of leatherbacks
found at Cerro Azul in April 1985, were considered as one
specimen (Table 2.). Besides, in late 1984 the sunburnt
carapaces and skeletal remains of at | east two dozen, mostly
leatherback turtles were encountered in Pucusanafish offal
dumps. Most |leatherbacks were captured in gillnets and
landed with other species, mainly green turtles and small
cetaceans. Eighteen of 28 leatherbacks (64%) landed alive
or recently dead were observed during theaustral springand
summer (21 September-21 March). Standard length (SL) of
the carapaces was 111 to 165cm (N = 10). Of 10 animals
measured, six had a SL over 130 cm, the size at which
|eatherbacks from the Pacific were quoted to reach sexual
maturity. Two sexualy mature females, one of these 156
cm long, carried eggs in their oviducts.

Discussion

Updated information on the status of marine turtles
along the Peruvian coast is scarce (Van Bressem et al.,
1998; Van Waerebeek et al., 1999; Alfaro-Shigueto et al.,
1999). Results from these and current studies show that
turtles are till caught and utilized for human consumption,
despite the 1995 decree prohibiting their capture, trade and
consumption. The recent clandestine nature of this trade
makes monitoring of captures and sampling difficult.



Nonetheless, through sustained effort, valuable data and
biological samples can be obtained.

As most turtles are commercialized after being caught
alive, and are amost never released, their captures are
strictly directed and should therefore not be labelled ‘ by-
catch’. Recent data showed that green turtles have been
captured with longlines too and some reportsindicated that
this may also occur to leatherback turtles (Van Waerebeek
et al., 1999). Future work should address interactions with
fisheries, such as longlines and industrial purse-seines for
small schooling fish.

Interviews with fishermen and CEPEC' s observations
indicate that catches of leatherback turtles have been in
decline for a protracted period. Though many green and
olive ridley turtles appear to be still common aong the
Peruvian coast, the high level of capture may affect their
long-term survival. CEPEC’'s environmental education
program, directed to fisherman’s children and port
authorities, is intended to reduce the capture, trade and
consumption of endangered marinefauna. The environmen-
tal education and research programs should be continued
and expanded to other ports of the Peruvian coast.
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Table 1. Data on turtle mortalities in fisheries off the central and northern coast of Peru. OB, ES, and SE are the observed and
estimated numbers and the standard errors (respecitvely), stratified per month, of green and oliveridley turtleslanded at the ports of

Cerro Azul, 1994

CerroAzul.
Chimbote, 1993 Cerro Azul, 1993
Month Days OB ES SE Days OB
Jan 10 0 0 0 0 0
Feb 6 10 46 8 3 2
Mar 10 12 37 14 10 2
Apr 8 0 0 0 9 2
May 0 0 0 0 12 5
Jun 4 0 0 0 14 3
Jul 5 6 37 17 13 4
Aug 7 3 13 8 12 3
Sep - - - - 13 1
Oct - - - - 1 0
Nov - - - - 15 1
Dec - - - - 16 1
Total 50 31 133 29 128 23

ES SE Das OB ES SE
0 0 9 2 7 4
19 8 12 1 2 2
6 5 17 5 9 2
7 4 3 1 10 10
13 5 8 1 4 3
6 3 14 2 4 2
10 3 14 0 0 0
8 3 7 2 9 8
2 2
0 0
4 1
2 1
7 12 84 14 45 8
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Table 2. Data on the mortality of leatherback turtles (Dermochelys coriacea) in fisheries off the coast of Peru between 1985 and
1999. The portsare asfollows: HU = Huacho, CA = Cerro Azul, PU = Pucusana, CB = Chimbote, AN = Ancon, SV = Salaverry, CC
= Chancay, and Pl = Pisco. Sex iscoded asfollows: F=female, M = male, and U = undetermined. CL and CW are carapace length and
width, respectively, incm.

Date Port Sex CL cw Comments

3/18/85 HU u U Skull found at dump.

4/1/85 CA U U  Several carcasses found at dump.

11/20/85 CA U U  Withartisanal fishery.

12/8/85 PU U 175 U  Authorities prohibit its slaughter in market.

7/9/86 CB U U U  Freshly cut carapaceseen at fishmarket.

7/10/86 CB U 165 U  Alive, seenat the fishmarket.

5/26/87 PU U 115 63  Length including head= 185cm.

2/18/89 PU U 157 87  Landed atpier.

2/21/89 PU U U U Silladive.

3/2/89 PU U U 63 Releasedalive. Turtle onitsback.

2/26/91 AN U U U  Head cut off whiledive.

2/27/91 AN U U U With common dolphins and porpoises.

3/7/91 AN U U Landed wi th porpoises and turtles (probably
green turtles).

3/12/91 AN U U U  Landed with porpoises and common dol phirs.

12/7/92 AN F 129.5 U  Sold at fishmarket.

1/11/93 sv U U U  Fresh head at dump.

1/11/93 sV U U U  Fresh head at dump.

2/10/93 CcC M 146 83  Sillaive.

2/13/93 CB F 156 78  Alive. Carried eggs. Skin collected. Shot by
port authorities.

3/15/93 CB F Carried eggs. Alive. Caught near Santa River.

4/1/93 CA U Alive at departure of observer, mostlikely
killed.

6/3/93 CA U U U  Alive. Landed with a green turtle.

7/19/93 CA U 135 84  Dried remains found on the beach (Los Reyes).

7/31/93 CA U U 83.5 Dried remains found on the beach (Los Reyes).

8/24/93 CA U U U  Caughtalive.

Historical Data on the M ortality of Sea Turtlesat Various Siteson the Equatorial Coast
and Recent Observationsin Regardsto a Massive M ortality of
Lepidochelysolivacea (Reptilia, Cheloniidae)

Juan Jose ALaval?, DEBORAH CHIRIBOGAL, MAGALY PERAFIELY, NASTENKA CALLE, PEDRO JIMENEZ?, WINDSOR AGUIRRE?,
PaoLa AMADOR?, EDUARDO M oLINAZ, JavIER ALVARADOS®, AND CESAR SANTANAS
!Fundacion Natura Capitulo Guayaquil, Ecuador Casilla 11327 (naturgye@gu.natura.org.ec)
2Fundacion Ecuatoriana para el Estudio de Mamiferos Marinos (FEMM), Ecuador
SPrograma de Manejo de Recursos Costeros (PMRC), Ecuador

There are four species of sea turtles registered in the
marine waters of Ecuador: Lepidochelys olivacea,
Chelonia mydas, Eretmochelys imbricata and
Dermochelys coriacea. L. olivacea is migratory and there
isno evidence of it nesting in Ecuador. With data obtained
from the monitoring of marine vertebrates performed in
1994 by the Ecuador Foundation for the study of marine
mammals (Fundacion Ecuatoriana para €l estudio de
Mamiferos MarinossFEMM) and the data registered
recently in 1999 by the Natura Foundation (Fundacion
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Natura-FN), Management Program of Coastal Resources
(Programa de Manejo de Recursos Costeros-PMRC), and
the National Fisheries Institute (Instituto Nacional de la
Pesca-INP), we give data of the presence of dead turtlesin
these beaches and recent observations in regards to a
massive mortality of olive ridleys (L. olivacea). In 1994,
according to FEMM, 66 dead turtles were registered
(carcasses, decomposing specimens), in various locales in
the province of Guayas.

Recently in July, August, and September of 1999, there



has been an unusual massive mortality of olive ridleysin
various coastal points of the Equatorial coastline.
According to FN and PMRC, 99% of the dead specimens
correspond to the olivacea species. The average carapace
length oscillated between 57.8 and 63 cm. The zones with
the greatest concentration of dead turtles were the sectors
between Villamil-El Pelado-Engabao beaches, and the
Manabi province. The INP data indicate the presence of
more than 700 turtles in the province of Guayas aswell as
in the province of Manabi. The increase in mortality,
comparing to datafrom 1994 and 1999 is 82.31%. We also
give the possible causes of this mortality as related to
natural events (thermal stress due to cold temperatures
caused by the Humboldt current and epidemics), and as
related to interactions with fishing activities. The
microbiological and pathological analysis indicate the
presence of bacteria from the genera Vibrio, Aerominas,

Oral Presentations. Mortality

and Pseudomonas in the blood and some of the organs, as
well as inflammatory reactions or abscesses at the
descending level of the esophagus, the presence of
erythema or reddish-violet coloration on the plastron,
falling-off of corneal scutes in relation to bone plates
(desecdesis), and the presence of enteroparasites in the
feces (trematode eggs and coccidia cysts). Some
specimens presented lesions due to fishing interaction. The
number of dead turtles in the equatorial coastline is
estimated in the thousands.
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Reproductive Ecology of OliveRidleysin the Open Ocean in the Eastern Tropical Pacific
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INTRODUCTION

Although mating behaviors of marineturtles have been
observed in captivity (Ulrich and Parkes, 1978; Parkes,
1981; Wood, 1988), the most common observations have
come from the limited area directly offshore of the nesting
beaches, where most mating has been thought to take place
(Booth and Peters, 1972; Hughes and Richard, 1972;
Balazs, 1980; Ehrhart, 1982; Alvarado and Figueroa, 1989).
Almost nothing is known about the reproductive activities
of turtlesfar at seaalthough mating pairs have been sighted
on the open ocean, some as far as 1850 km from the nearest
mainland (Pitman, 1990; Kopitsky et al., 2000). To study
the distribution and mating behavior of olive ridley turtles
Lepidochelys olivacea, we conducted the first two years of
a planned three-year study in the eastern tropical Pacific
(ETP) in order to evaluate the biological significance of
mating pairs hundreds of kilometers offshore.

METHODS

We conducted sea turtle research during Southwest
Fisheries Science Center dolphin survey cruises from July
to December 1998 and 1999. The study site extends from
25°N to 15°S, from the coast of the Americas to 155°W.
When dolphin observers reported turtles, we deployed a
small boat to capture turtles, while the survey vessel
continued along the cruisetrack. At capturewerecorded the
turtles behavior (mating, basking, swimming, feeding, or
other), time, location and any associations. Turtles were
offloaded onto the main vessel while it continued
underway. Turtles were weighed, measured, and tagged, a
blood sample taken, and (as part of another study) females
were ultrasounded to determine reproductive status. In
order to monitor movements of mating turtles, we attached
Telonics SDR-T10 satellite transmitters to the carapaces
of selected individual s, a process taking approximately two
hours. All turtles were released unharmed.

ResuLTs

A total of 324 olive ridleys have been captured,
including 142 males and 103 females (62 juveniles and 20
other individuals will eventually be sexed from blood
samples). The SCLsranged insizefrom 14.9t0 70.3cm. At
capture, 255 turtles were basking, 50 were involved in
mating (including 12 intromittent pairs, and two females
each with two males mounted on them), 19 were observed
swimming, four were entangled in longline fishing gear,
two wereassociated withalog, onewasentangledinanylon,
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one was feeding, one was caught on afishing hook, and one
was dead. Mating pairs were observed from 120 to 851 km
offshore of the Americas. One mounted female was
observed with her tail tucked in and rear flippers clasped
together, making her cloaca inaccessible; this was an
apparent refusal to mate. Of the three mating femalesfitted
with satellite transmitters, two were tracked to the vicinity
of nesting beaches although actual nesting could not be
confirmed. One of these was captured 198 km off the coast
of Mexico and traveled 681 km straight-line distance to a
nesting beach in Escobilla, Mexico in 20 days. The third
satellite tagged female was captured on September 30,
1999, and was observed nesting in Ostional, Costa Rica
December 1, 1999 (A. Chavez, personal communication).

CoNcLUSION

Contrary towhat isgenerally believed, oliveridleysare
capable of mating in the pelagic zone, hundreds of
kilometers from the nesting beaches. These matings appear
to be the result of chance encounters at sea, which may
result in fertilization. For example, the satellite-tagged
female that traveled to Escobilla was mounted by an
intromittent male when she was captured and she was
dripping semen from her cloaca when we brought her
onboard. The other two females also went to nesting
beaches as well, suggesting these matings are normal. This
pelagic mating behavior very likely facilitates gene flow
between distant nesting populations, and may be one of the
reasons for the lack of genetic differentiation that has been
found between nesting populations in Costa Rica and
Mexico (Duenas, 1998). These observations suggest that
perhaps the traditional concept of an olive ridley ‘mating
ared (i.e., immediately offshore of the nesting beach) may
need to be re-evaluated. Also, if oceanic mating providesa
regular mechanism for gene flow this could have an impact
on the management of olive ridley populations in the ETP
and elsewhere.
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TheEndocrinal Ecology of Green TurtleMassNesting on Rainelsland in the
Northern Great Barrier Reef
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Rainelslandin Australia’ sNorthern Great Barrier Reef
constitutes one of the largest and highest density green
turtle rookeries remaining in the world. During periods of
high-density nesting, many thousands of green turtles may
compete for limited nesting habitat. Although not
intentionally aggressive, intraspecific disturbance during
green turtle mass nesting can physically impede, delay or
even cease the nesting behavior of females. As a result
individual nesting success can be greatly reduced due to
considerable levels of intraspecific disturbance in high-
density nesting rookeries. In this study we investigated if
there was any association between profiles of plasma
steroids, catecholamines and reproductive behavior during

both high and low-density nesting on Rainelsland. Oneaim
was to examine if differences in plasma hormone profiles
couldillustrate any potential for behavioral tacticsthat may
enable successful nesting of individual turtles during high-
density nesting situations. In addition, another conse-
quence of high-density mass nesting is that conspecific
disturbance prevents individuals form successful oviposi-
tion even after several successive attempts. We examined if
this unusual feature was physiologically stressful to green
turtles on Raine Island. Finally, we discuss our hormonal
results in the context of evolutionary and ecological
strategies that underlie reproductive tactics maximizing
reproductive success in female green turtles.
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Leatherback turtles, Dermochelys coriacea, are
known to have low hatching success compared to other
species of sea turtles (Whitmore and Dutton, 1985).
Leatherbacks at Playa Grande, Costa Rica have had a
hatching success near 50% for the past several years and
20% in the 1997/1998 nesting season. We tested the
hypothesis that this low hatching success rate was due to
low fertility rates. We determined the fertility rates of 15
female Dermochelys coriacea at Playa Grande, Costa Rica
during the 1998/1999 nesting season by incubating 10 eggs

from at least three clutches of each female in incubators.
We determined an egg to be fertile if a white spot formed
on the shell or by dissecting those eggs that did not form a
white spot and staging those embryos. The majority of the
dissected eggs revealed embryos that died before or soon
after ovipositioning. The majority (n = 13) of females had
a mean fertility rate of 90% or greater. It appears that
Dermochelys coriacea has a high fertility rate, and that the
low hatching success of leatherbacks at Playa Grande is
caused by early embryonic death.

EnzymeLinked Immunosorbent Assay (Elisa) for Sea TurtleVitellogenin

PatriCciA VARGAS, DaviD WM. OWENS, AND DUNCAN M ACKENZIE
Texas A&M University, Department of Biology, College Sation, Texas 77843-3258, USA (pvargas@bio.tamu.edu)

Vitellogenin (Vtg) is alarge lipoglycophosphoprotein
synthesized in the liver in response to the ovarian hormone
estrogen, secreted during follicular maturation. Vtg travels
in the circulation to the ovary where it is processed into
yolk proteinsthat are incorporated in the growing oocytes.
The quantification of Vtg levels is important for
reproductive physiology studies as an indicator of
reproductive maturity and activity. We developed an
enzymelinked immunosorbent assay (ELISA) for seaturtle
Vtg using a polyclonal antibody raised against Vtg of a
freshwater turtle (Trachemys scripta) and astandard of Vtg

purified from Kemp's ridleys (Lepidochelys kempii) sea
turtle blood. The assay had a sensitivity of 1.5 ng Vtg/ml
blood. Vtg was detectable in blood samples as small as 1.0
ul. There was no immunological crossreactivity with blood
samples from males. Using the assay, we observed
increases in immunoreactive Vtg in captive Kempsridleys
associated with ovarian development and estrogen
treatment. The assay provides an excellent tool to better
understand the dynamics of this important protein that is
essential for the nutrition of developing embryos and
survival of hatchlings.

Evidencefor aHor monal Tactic Maximizing Green Turtle Reproduction in Response
to a Pervasive Ecological Stressor
Tim S. JEssop! AND M ARK HAMANN?
tUniversity of Queensland, Department of Zoology, University of Queensland, & Lucia, Brisbane, Queensland,

Australia 4067
2 Department of Anatomical Sciences, University of Queensland, Brisbane Q4067, Australia

Adrenocortical modulation, or the ability to down
regul ate the acute stress response appears to be utilised in
some vertebrates including marine turtles during reproduc-
tion. The ecological basis of this physiological strategy is
that it is thought to maximize reproductive investment in
the current breeding episode by preventing disturbances
(inclement weather, predation, intraspecific conflict, etc.)
from disrupting an individua’s reproduction. It is
suspected that this physiological strategy facilitates
reproduction but at a potential cost to survival. In this
study we examine the ability of nesting green turtles to
maintain this physiological strategy even in the face of an
extremely pervasive ecological stressor. In particular, we
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examined the ability of breeding green turtles to maintain
reduced adrenocortical responsiveness and normal
reproductive physiology to an ecologically pervasive
stressor of extreme change in body temperature
encountered while nesting on Raine Island. Despite the
sometime’'s lethal nature of this ecological stressor both
reduced adrenocortical responsiveness and normal
profiles of reproductive hormones were maintained in
breeding females. These results are discussed in terms of
how physiological strategies can aid the reproductive
success of breeding green turtles but also under certain
conditions induce survival costs during reproduction.
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MarineTurtle Nesting on the Beaches of the North-Western, Western, and Southern
Provincesof Sri Lanka

KamAL D. AMARASOORI YA AND M AHENDRA R.A. JAYATHILAKA
National Aquatic Resources Research and Development Agency (NARA), Crow Island, Mattakkuliya, Colombo-15, Sri Lanka
(amara@nara.ac.lk)

INTRODUCTION

Sri Lanka is an island situated between 5°55' and
951'N, and 79°41’ and 81°54'E, between the Tropic of
Cancer and the Equator. It hasa 1585 km long coastline. Sri
Lanka is presently divided into 25 administrative districts
of which 14 have maritime boundaries (Anon, 1990).

Out of the seven living species of sea turtles in the
world, five are reported to nest along the coastal belt of Sri
Lanka (Caretta caretta, Chelonia mydas, Lepidochelys
olivacea, Eretmochelys imbricata and Dermochelys
coriacea; Deraniyagala, 1952).

The main objectives of this study were to identify the
seaturtle nesting grounds distributed within the study area;
to estimate nesting frequency, nesting density and nesting
diversity for each beach; and to prepare a nesting beach
index.

METHODS

The study consisted of two main parts, a frame survey
(from July 1996 to Desember 1997) and a comprehensive
nesting beach survey (from January 1997 to December
1999). The coastal belt between Karathivu (in Puttalam
District) and Y ala (In Hambantota District) was surveyed.
The study area extended over seven administrative districts
(from north to south-Puttlam, Gampaha, Colombo,
Kaluthara, Galle, Matara and Hambantota). The length of
the study areawas 479 km.

The frame survey was the initial attempt made to
identify the existing sea turtle nesting beaches in each
administrative district. A total of 35, 13, 14, 23, 51, 22 and
37 beaches of the respective districts were visited to
collect the basic information. Bi-weekly field visits were
madeto the beacheswherethe nesting werefrequented. The
beaches where the annual number of nesting was over 50
were selected to establish a comprehensive beach survey
programme. Data coll ectors were appointed for each beach
after a short training on speciesidentification and filling of
data sheets.

Nesting frequency data at each site for the three years
were pooled on a monthly basis to estimate the average
monthly nesting frequencies. Average monthly nesting
frequency of a particular month [AMNF, | = (MNF_ for
1997+ MNF_ for 1998+ MNF_ for 1999)/3. Using the
[AMNF | values, other parameters were estimated. The
nesting rate a a particular beach = (AMNF_+
AMNF_ +......... AMNF,__)/12; and the nesting density at a
particular beach = (AMNF,_ + AMNF__+......... AMNF_ )/
L., whereL, = length of the beach.

REesuLTs AND Discussion

Frame survey

Due to the existing security reasons the beaches
located in most northern part of the Puttlam district and the
beaches in the national parks of the Hambantota district
were not surveyed by the frame survey. Table 1 shows the
basic information of the study area. The surveyed beaches
were grouped into five categories according to the average
number of nests per year (Table 2). Number of beachesin
each category for each district are shown in Table 3. No
good nesting beaches were found in the Puttlam, Gampaha,
Colombo, Kalutara and Matara districts. All the rookeries
are located in the Galle and Hambantota districts.

Comprehensive Beach Survey Programme

The sea turtle nesting beaches were graded by
considering nesting rate or the average number of nestings
per month (nests month?), nesting density or the average
number of annual nesting per kilometer (nests year*km?),
and nesting diversity or the number of species nested
(Amarasooriya, 1999). The major findings of the survey are
shown in the Table 4.

The surveyed beaches of the Galle district are located
between the Bentota River mouth to BalapitiyaBridge as a
series. Those of the Habantota district are rather scattered
except Kahandamodara 1, 2, and 3. With respect to the
nesting rates and the nesting densities all beaches studied
could begraded into four major grades, asshowninTable5.
Using the third criteria (nesting diversity) the beaches in
each grade could be divided into five sub-grades, as shown
inthe Table 6.

All the beaches covered by this study were nested by
two or more species. Therefore, none could be included in
the sub-grade e. Nevertheless, there are a few beaches in
Kalutara, Mataraand Hambantotadistrictswhich are nested
only by one species (Amarasooriya and Dayaratne, 1997).

As far as the conservation of marine turtle’s nesting
habitat is concerned, the high priority should be given to
the beaches of the upper gradesas givenin Table 7. For the
beaches of grade 01 and 02, introduction and implementa-
tion of in-situ nest protection programmes are highly
recommended. As the nesting rates, nesting densities and
nesting diversity are very high in the beaches between
Mapalana and Balapitiya Bridge in the Galle district and
RekawaBeach in the Hambantota district, these areashould
be declared as protected turtle nesting grounds.
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Table 2. Categories of the beaches according to the reported num-
ber of nesting.

Digrict Length of the coagtd belt (km) Number of beaches surveyed % covered District Length of the coastal belt (km) Number of beaches surveyed % covered
Puttlam 126.5 35 80 Puttlam 126.5 35 80
Gampaha 354 13 100 Gampaha 354 13 100
Colombo 304 14 100 Colombo 304 14 100
Kauthara 354 24 100 Kaluthara 354 24 100
Gdle 76 47 100 Galle 76 47 100
Matara 46 2 100 Matara 46 22 100
Hambantota 129 37 &5 Hambantota 129 37 65

Table 3. Number of beaches in each category for the respective
district.

Nil Rarely Occasionaly Usually Frequently
District nesting nested nested nested nested
Puttlam 33 1 1
Gampaha 13
Colombo 8 2 3 1
Kalutara 7 5 12
Galle 7 7 9 15 13
Matara 2 10 10
Hambantota 1 5 14 10 7

Table5. Level of criteriaused in grading of the nesting beaches.

Grade Nesting rates Nesting densities
01 >25 > 300
02 15-25 100 - 300
03 5-15 50 - 100
04 1-5 20-50

Table6. Level of thethird criteriaused in sub-grading of the nest-
ing beaches.

Sub-grade Number of species nested
a 5
b 4
c 3
d 2
e 1
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Table4. Mean values of nesting frequencies, nesting densitiesand
nesting diversity at the surveyed beachesfor 1997, 1998 and 1999.
The species names are abbreviated as follows: GT = green turtle,
OR = oliveridley, HB = hawkshill, LB = leatherback, and LH =
loggerhead.

Length Nedting rate Nesting density Nedting diversity
Beach (km) (nestsmonth'®) (nestsyear*km) (#of species)

Bentota 273 9 40 4(GT, OL, HB, LB)
Warahena 24 4 17 3(GT, OL, LB)
Induruwa 20 3 16 4(GT, OL, HB, LB)
Kaikawaa 10 9 96 3(GT, OL, LB)
Habbakkaa 132 9 73 2(GT, OL)
Mapaana 05 6 103 4(GT, OL, HB, LB)
Duwemodara 025 24 814 4(GT,OL, HB, LB)
Kosgoda 10 30 322 3(GT, OL, LB)
Bandarawatta 116 25 283 5(GT, OL, HB, LB, LH)
Thibbattawa 10 17 193 2(GT, OL)
Wathuregama 28 10 59 3(GT, OL, LB)
Ahungdla 03 7 11 4(GT,OL,HB, LB)
Baapitiya 175 14 103 5(GT,OL, HB, LB, LH)
GadlleDistrict 1821 167 171 5(GT, OL, HB, LB, LH)
Rekawa 2 53 320 5(GT,OL, HB, LB, LH)
Wellodaya 26 6 39 3(GT, OL, LB)
Kahandamodara-1 15 15 125 3(GT, OL, LB)
Kahandamodara-2 1 11 135 3(GT, OL, LB)
Kahandamodara-3 15 18 175 3(GT, OL, LB)
Welipatawila 38 18 76 5(GT,OL, HB, LB, LH)
Walavemodara 17 21 141 4(GT, OL, HB, LB)
Bundda 36 9 43 5(GT,OL, HB, LB, LH)
Hambantota District 177 151 132 5(GT,OL, HB, LB, LH)
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Table 7. The classification of the seaturtle nesting beachesin southern Sri Lanka.

Sub-

Sub-

Grade grade Beach Digrict Grade grade Beach Digrict
o1 a Rekawva Hambantota 03 a Bdapitiya Gdle
Bandarawatta Gdle Bundda Hambantota
b Duwemodara Gdle Wdipatanwila Hambantota
c Koggoda Gdle b Ahungdla Gdle
d Nil c Kakawda Gdle
02 a Nil Wathuregam Gdle
b Nil Welodaya Hambantota
c Kahandamodaral  Hambantota d Habbakka a Gdle
Kahandamodara2 ~ Hambantota 04 a Nil
Kahandamodara3  Hambantota b Induruwa Gdle
Wa awemodara Hambantota Bentota Gdle
d Thibbattawa Gdle c Warahena Gdle
d Nil

The Occurrence of the Hawksbill Turtle (Eretmochelysimbricata) in West Africa

JacQuEes FReTEY?, ANNE M EYLAN?, AND M ANJULA TIWARI 3
IUICN-France, FFSSN Muséum national d'Histoire naturelle, 57 rue Cuvier, Paris cedex 05, France 75231
(fretey@ccr.jussieu.fr) 2Florida Fish and Wldlife Conservation Commission, Florida Marine Research Institute, 100 8th
Avenue, Southeast, . Petersburg, Florida 33701-5095, USA 3Archie Carr Center for Sea Turtle Research, 223 Bartram
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Until recently, our knowledge of hawksbills along the
Atlantic coast of Africa has been very limited (Fretey,
1998a). Sea turtle projects now underway in many
countries in West and Central Africa have provided
important information on this species in the region.
Hawkshills are present in the waters of all countries from
Mauritania to Congo Brazzaville. Hawksbills seem to be
rare in the Canary Islands, Madeira and the Azores; their
presence has not been confirmed in Morocco (H. R.
Martins, personal comments; Herndndez and Sim6, 1981,
Brongersma, 1982; Maigret, 1983; Fretey, 1998a). A
hawkshill tagged in November 1994 by TAMAR in Brazil
was recaptured in April 1999 in the Bay of Corisco,
between Equatorial Guinea and Gabon (Bellini et al.,
2000). Ancther individual tagged in Brazil was killed in
Senegal in 1990 (Marcovaldi and Filippini, 1991). Based
on available information, there appear to be two
geographical regions along the Atlantic coast of Africa
where hawksbills occur and nest on aregular basis: 1) from
Mauritania to west of the Ivory Coast, including Cape
Verde; 2) the Gulf of Guinea. In the first region, there is
occasional nesting in Mauritania, Senegal, Cape Verde,
Liberia, and the Ivory Coast (Maigret, 1975, 1978;
Brongersma, 1982; Fretey et al., 1999; L 6pez-Jurado et al.
2000;). Some authors have described nesting by 100 to 200

females a year in the Bijagos Archipelago of Guinea
Bissau. However, a recent publication (Barbosa et al.,
1998) has questioned these numbers on the basis that
Eretmochelys and Lepidochelys tracks may have been
confused. There are only four hawkshill nests ayear on the
island of Adonga, in the Bijagos (C. Barbosa, personal
communications). In the Gulf of Guinea, it has been
difficult to verify nesting in Cameroon, Gabon, and the
Congo. Only nesting sites at Bioko, Sdo Tomé and Principe
appear to be regularly frequented (Castrovigjo et al., 1994;
Fretey, 1998b). Seventy nestswere counted intheregionin
1999 (J. F. Dontaine, personal communications). The
corals that occur in Cameroon and S0 Tomé are not well
known, but the presence of corals and juvenile hawkshills
appears to be correlated. Lopez Jurado’s team in Cape
Verde often observes juveniles around Boavista. In the
Ivory Coast, fishermen claim to frequently catch hawksbills
between 30 and 40 cm (SCL) in length. Hawkshills are
exploited for their meat in most African countries where
they occur. Domestic trade in hawksbill shell isparticularly
well devel opedin Sdo Toméand hasbeen for many decades.
Forty artisans have been identified to be involved in turtle
shell crafts. Asin the Seychelles, a project to retrain these
artisans is underway, along with the purchase and
destruction of their stock. Many West African countries
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till have inadequate national legislation for the protection
of wildlife, and sea turtles are not protected. In some
countries where hawksbills are legally protected, poaching
is still prevalent.
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Marine TurtleNestingin the Bocasdel Toro Archipelago, Panama

CRrisTINA OrDOREZ?, PETER N. LAHANAS?, AND LEONOR CEBALLOS!
lnstituto de Ecologia, U.N.A.M., Circuito Exterior s/n, México, D. F. 04510, México (crisespino@yahoo.com)
2Institute for Tropical Ecology and Conservation, Post Office Box 14056, Gainesville, Florida 32614-0564, USA

INTRODUCTION

Car (1957) and Meylan (1982) reported that
important nesting beaches existed on the Caribbean side of
Panama, for four marine turtle species. green turtle
(Chelonia mydas), loggerhead (Caretta caretta), leather-
back (Dermochelys coriacea) and hawksbill (Eretmochelys
imbricata). However, to what extent these beaches are
utilized by each species is unknown.

In 1997, the Institute for Tropical Ecology and
Conservation (ITEC) initiated a long-term study to
ascertain the importance of turtle rookeries in this region
of western Bocas del Toro Province. In conjunction with
the Instituto Nacional de Recursos Naturales Renovables
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(INRENARE-ANAM), ITEC has continued amarine turtle
monitoring and tagging program in Bocas del Toro.

This report presents a comparison of nesting data
collected during three consecutive years of study (Richard,
1998; L ahanas, 1999; Ordofiez, 2000), to determineto what
extent each marine turtle species utilized regional beaches.
The objectives of this program are to: 1) locate the more
important nesting beaches in Bocas del Toro Province; 2)
evaluate the causes of nest loss due to beach erosion,
immersion, poaching and predation; 3) determine the
extent of adult turtle mortality; and 4) understand aspect of
female behavior in terms of migration, remigration,
renesting, frequency of nesting, phibpatry, nesting period,
and effective population size.



METHODS

Bocas del Toro Province is situated at the western
extreme of the country, between the 82°56' 10" and 81°8'
west longitude, and 8°30" and 9°40' north latitude. It is
bordered by the Caribbean Sea to the north, Veragua
Provinceto the east, Chiriqui Province to the south, and by
the Costa Rica Republicto thewest. Study siteinclude San-
San Soropta Beaches near Changuinola City, First, Second,
Third, and Long Beaches on Bastimentos, Zapatilla Cays
beaches, Courtney and Bluff (1997 only) Beaches on Isla
Coldn, and Chiriqui Beach south of Valiente Peninsula.
Other beaches within the Bocas del Toro Archipelago were
also monitoring periodically.

The ITEC Marine Turtle Monitoring Program extends
from May and to August. Research volunteers conduct
diurnal patrols on nesting beaches and count the number or
tracks and record nesting and non-nesting emergences.
During thefirst visit to thebeach in agiven season, ageneral
census was done where both new and old nests were
recorded. Subsequently, regularly-monitored beaches
were examined at athree or five daysinterval depending on
the proximity of the beach. Data recorded for each track
encountered included data, species, beach location, nest
type (nest or non-nest), nesting zone, and ultimate nest fate.

During nocturnal forays, beaches were patrolled from
8:00 p.m. to 5:00 a.m. looking for nesting female turtles.
When encountered, females were first examined for the
presence of tags or tag scars. New encounters were fitted
with two sequentially numbered metal tags either on the
hind flipper (leatherback) or front flippers (al other
species). All turtles encountered were examined for
mutilations, and measured for carapace length and width.
Nest location, number of eggs deposited, diameters of 10
randomly chosen eggs, nesting zone, and general
conditions were aso reported.

REesuLTsAND DiscussioN

Thisresearch provided information on the external and
regional distribution of sea turtles nesting areas in Bocas
del Toro Provinceaswell asthe degree of poaching activity.

Figure 1 shows the results of the nesting and non-
nesting emergences observed during the past three years of
research conducted in the province of Bocas del Toro,
Panama. In 1997 and 1998, six beaches were regularly
monitored. In 1999, the study area was extended to 10
beaches distributed throughout the region. In all three
years, leatherbacks nest most frequently in the region,
followed by hawkshill nests. Green turtle and loggerhead
nests are encountered less frequently but still represent an
important component of the sea turtle nesting community.

All 10 beaches monitored in this study showed turtle
nesting activity. Chiriqui Beach appears to be the most
important as a leatherback rookery. A one-day survey of
tracks and nests conducted on this 25 km beach yielded 735
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leatherback tracks. Most of the crawls (85%) were
observed primarily along the 8 km stretch south of the
Cafaberal river mouth. The remaning 15% were
distributed evenly along other areas of the beach.

Hawksbill nestswere recorded on all area beaches, but
the greatest nesting activity occurred on Zapatilla Cays.
Figure 2 shows the turtle tracks distribution in the 1999
beaches (Ordofiez, 2000).

Along the Caribbean coast of western Bocas del Toro
Province, some communities depend on sea turtles as a
resource for food and medicines, and derive an income
from the sale of turtle jewelry (tortoise shell), eggs and
meat. These activities have threatened regional sea turtle
populations (Meylan, 1993).

Thepoaching of eggsand adult femalesontheir nesting
beaches appears to represent a significant problem in the
area. The eggs and meat of all four species are taken. The
most significant adult mortality on beaches occurs on San
San and Soroptabeachesnear thecity of Changuinolawhere
more that the 60% of the observed nest were poached.
Turtle eggs poached from areabeachesarerarely consumed
by poachers, which instead, sell them in Changuinola and
Almirante.

Although rarely killed elsewhere (Pritchard 1979),
adult leatherback females are regularly taken on San-san
and Soropta beaches. The females are primarily killed for
the shelled and oviducal eggs they contain. It is unclear
whether themeat is utilized, but in someinstancesthe blood
may be used in ritualistic activities by the indigenous
populations (ANAI 1996).

There were 25 dead turtles recorded in 1997, 31 in
1998, and 44 leatherback and one green turtle in 1999
(Richard, 1998; Lahanas, 1999; Ordofiez, 2000). Because
the ITEC program begins relatively late in the leatherback
nesting season, these numbers represent only part of the
total number of females destroyed on these beaches.

In addition to the taking of nesting females, marine
turtles of al speciesare al so taken by spearsfrom boats and
by gill-type nest placed in the sea near the nesting and
feeding areasnear IslaBastimentos and | sla. Wooden decoy
turtles are often employed to attract turtles (presumably
mal es) to nest or boats. The poaching of seaturtlesand their
eggs remains aserious problemin Bocas del Toro Province
particularly in view of itswide-ranging effect. Many of the
nesting leatherbacks encountered on beaches in Bocas del
Toro were original tagged on the Costa Rican beaches of
Gandoca and Tortuguero.

Towhat extent regional popul ations can hold up against
the degree of poaching observed in western Bocas del Toro
isunknown. Thus, it isimportant to continue conservation
and research programs on Panamanian beachesto avoid the
extirpation of these species in the area. There are severa
groups interested in the conservation and protection of the
sea turtles in Bocas del Toro Province, it is therefore
important then that these groups establish working
relationships to reach the common goal of protecting
regional marine turtle populations.
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Fig. 1. Number of tracks registered in Bocas del Toro, Panama

(1997-1999).
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Monitoring of L ogger head Turtle (Caretta caretta) Nesting on the South Coast
of theldaDelLaJuventud, Cuba
GonzaLo NoDARsSE, FELIX M oNcaDA, ALEXIS MENESES AND CARLOS RODRIGUEZ.

Centro de Investigaciones Pesgueras, 5ta. Avenida y 248. Barlovento. Santa Fé. Playa, Ciudad de La Habana, Cuba 19100
(cubacip@ceniai.inf.cu)

INTRODUCTION

In Cuba, the most important nesting areas for marine
turtles are found on the south coast. This paper reports on
monitoring of loggerhead turtle (Caretta caretta) nesting
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on the southern coast of the Islade la Juventud, from 1983
to 1996. Characteristics of nesting activity, including the
period of nesting, inter-nesting interval and mean clutch
size are presented.



M ATERIALSAND M ETHODS

Thesurvey arealies on the southern coast of thelslade
la Juventud. Specifically, the area surveyed isa 4 km long
stretch within Playa Larga, a 26 km long beach. The survey
areaextendsfrom PuntaEl Guanal to LaCanoa. Itisabeach
of high energy (Pritchard et al., 1983) in the first 1500 m
from the western edge, and the remainder of it is of low
energy. A reef barrier lies some 100 m off the beach. The
major vegetation is salvia marina (Tournefortia
anaphalode), cuabilla de playa (Suriana maritima) and
boniato de playa (Batis maritima). The dominant fauna
includes crabs, “jutias’ and wild pigs, the latter being a
major predator of marine turtle eggs.

Thebeach waswalked at night, between 2100 hour and
0400 hour, between May and August, from 1983 to 1996
(Table 1). The period of time over which surveys were
undertaken in a particular year varied from 19 to 103 days.
From 1990 onwards, all females sighted nesting on the
beach were tagged (monel steel tags), and biological data
relating to the nest (e.g., time, location, distance from
maximum tide line) were recorded, including the tide type
and moon phase at the time. From 1983 to 1993, eggs were
counted, and transferred to a protected area to avoid
predation, following the methodology of (Mérquez et al.,
1981). However, some nests were aready partially
predated by the time they were located. From 1994 to 1996
eggs were |eft in the nest.

REesuLTsAND DiscussioN

The nesting period for C. caretta at Playa Larga
extends from the beginning of May to the end of August,
with peak activity in June. These data correspond with those
of Mérquez (1990) for the species in the general region.
Nesting activity was observed to occur mainly from two
hours before and two hours after nightly hightide. The first
nests in the season were laid on a full moon.

The numbers of nestslocated in each year arein Table
1. Looking at those yearsfor which more than 20 dayswere
expended in surveys, the number of nests located has
increased significantly over time, but so had survey effort.
When data were standardised to the mean number of nests
located per day, this index was stable over time (linear
regression, r2= 0.24, p = 0.10), although the trend is
positive. The highest number of nests (174) wasrecorded in
1989. In the first 11 years of monitoring, eggs were
relocated to a safe areato avoid predation by wild pigs, but
over the last three years eggs were left in situ, as numbers
of pigshad been greatly reduced. Hatching successin those
last three years was more than 90%, and no predation was
recorded.

The mean clutch size (mean of annual means) was
103.9 eggs over the entire survey period (1983-94) where
data were available. However, mean clutch size increased
significantly between 1983 and 1996 (linear regression, r?
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=0.58, p =0.011, n = 10), with the mean clutch size being
112.0 from 1993-96.

Ninety-two female C. caretta were tagged between
1990 and 1996 (Table 2). Of these, 22 (24%) were
observed nesting on more than one occasion. The inter-
nesting interval was calculated to be between 10 and 15
days, with an average of 11-12 days. Females ranged from
85 to 110 cm CCL, with an overall mean (mean of annual
means) of 97.1 cm CCL (Table 2).

The monitoring at Playa Larga has revealed valuable
long-term data on the pattern of nesting for C. caretta, asit
has for C. mydas (Nodarse et al., 2000). Notwithstanding
theincreasing survey effort over time, the dataindicate that
nesting has remained stable from 1983 to 1996. Mean
clutch size has increased significantly within that period,
but there are no data on femal e size before 1990 to confirm
whether increasing clutch size is a result of increasing
female size. However, this is one possible factor which
could be responsible.

Management at Playa Largaincludes beach patrols by
frontier guards, and over the last few years active measures
were taken to reduce the numbers of wild pigs, which were
a major predator of the eggs. The monitoring program
ensured that researchers were present on the beach during
the peak nesting period, and no predation by humans was
recorded. Since 1996, surveys have been undertaken, but
data have not been recorded as systematically asthey were
previously, and effort has been reduced. This is largely
because nest predation was essentially eliminated, and
hatching success is generally high. Although management
priorities have shifted to other fisheriesin recent years, due
to economic constraints, protection of the beach will be
maintained, and a systematic (comparable) survey
undertaken every few years.
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Table 1. Numbers of C. caretta nests and eggs recorded during
surveys of a4 km stretch of PlayaLarga, on the southern coast of
IsladelaJuventud, 1983-1996. Some nests (1.7%) were either par-
tially or completely predated by thetime of location. All nestswere
left in situ during thelast three years.

Year Suveyperiod Days l(\)lfug ';I?Z;g
1983 17/07 - 26/08 41 8 787
1984 11/06-10/09 2 23 2,253
1985 31/07-18/08 19 0 0

1986 07/07- 05/09 61 12 4,077
1987 20/06 - 15/08 73 55 5,490
1988 22/06-15/08 62 125 11,855
1989 01/06-26/08 87 174 17,871
1990 (05/06-20/08 71 88 8,786
1991 13/05-08/08 88 76 8,495
1992 15/05-23/08 100 97 11,044
1993 25/05-08/08 76 144 15,684
1994 13/05-14/08 A 9 10,922

1995 29/06 - 19/07 21 2 -

1996 18/05-27/08 103 109 -

Orlando, Florida USA

Pritchard, P, P. Bacon, F. Berry, A. Carr, J. Fletmeyer, R. Gallagher,
S. Hopkins, R. Lankford, R. Marquez, L. Ogren, W. Pringle
Jr., H. reichart, and Y R. Witham 1983. Manual of seaturtle
research and conservation techniques, Second Edition. K.A.
Bjorndal , and G.H. Balazs (editors) Center For Enviromental
Education. Washington. D.C.

Table 2. Numbers and mean size (curved carapace length, CCL)
of nesting female C. caretta

Year No. of Females Mean CCL

Tagged (cm)
1990 4 956
1991 8 976
1992 23 990
1993 35 983
1994 7 927
1995 4 985
1996 11 978
All years 92 977

Nesting and Survival Threatsfor the Sea Turtlesof St. Kitts, West Indies

JosePH A. BUTLER
University of North Florida, 4567 S. Johns Bluff Road South, Department of Natural Sciences, University of North Florida,
Jacksonville, Florida 32224, USA

Three species of seaturtles, leatherbacks, hawksbills,
and greens, nest on the island of St. Kitts in the Lesser
Antilles. | monitored al beaches on that island for evidence
of turtle nesting throughout 1999 (in progress as | write). |
recorded 120 leatherback nesting events (crawls and pits)
between late March and late July. From early July | have
recorded 84 hawksbill nesting events. Green turtles nest
infreguently ontheisland, and this coupled with thefact that
I monitor their preferred beaches less often has led to me
finding only three nests starting in early July.

For leatherbacks a major survival threat is nest
poaching, and 30% of nest pitsexhibited evidence of human
tampering. | also discovered a freshly butchered adult
female on a favored nesting beach. In eight excavated
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hatched nests | noted high percentages (8-67%) of
developed, but unhatched eggs. This could be a survival
threat as well if it is the norm.

The predominant nest threat to hawksbillsis predation
by the introduced I ndian mongoose, and 45% of nests have
been raided. Another hazard to hawksbill nesting is
vegetation clearing. Hawksbills most frequently nest under
shrubs, so when these are removed nesting beaches may no
longer be appealing to turtles.

With very little data | know that green turtle nests are
sometimes poached. Additionally, one nest was discovered
at a construction site of a new hotel and sea wall. These
activitieswould be detrimental to turtle nesting wherever it
occurs.
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Aspectsof the Emer gence and Disper sal Physiology in Hatchling Green Sea Turtles
fromHeron Idand, Australia

MaRK HAMANN, Tim Jessop, CoLIN LimpPus, AND JOAN WHITTIER
Department of Anatomy, University of Queensland, &. Lucia, Queensland, Australia (m.hamann@mailbox.uq.edu.au)

Hatchling turtlestypically take between three and five
daysto emerge from the nest environment. During thistime
they are subjected to a near anoxic environment and are
surviving via nutritional input from the yolk sac. We
collected hatchling green sea turtles from different stages
of nest digging and post emergence and determined
patterns in the hormones corticosterone (B), adrenaline
(A) and nor-adrenaline (NA) as well as glucose and the
energetic metabolite lactic acid. Samples were aso
collected and analyzed for circulating lipid levels. Data

suggest that corticosterone levels rise following emer-
gence and peak at four hr post emergence from the nest and
then beginto declinereaching near basal levelsby 12 hours.
Lactate levels show a peak during nest digging and
swimming phases and serum glucose peaks at 0.5 hours
following emergence from the nest. This data supports the
notion that hatchling sea turtles have a reduced swimming
frenzy and these hormone and energetic parameters appear
to be correlated with nest digging and dispersal from the
inshore habitats.

A Compar ative Approach to Under standing Sea Turtle Hatchling M etabolism During Emer gence

ERIN REDFEARN AND JEANETTE W YNEKEN
Department of Biological Sciences, Florida Atlantic University, Boca Raton, Florida, USA (ered0934@acc.fau.edu)

INTRODUCTION

To get from the nest to the ocean, sea turtle hatchlings
must accomplish an incredible feat. First, they must
develop in underground nests, at the mercy of the physical
environment of the surrounding sand. Upon hatching,
hatchlings must dig to the sand surface and emerge from
their nests. This nest emergence involves periods of high
intensity digging up through the sand, and once at the sand
surface, hatchlings may rest for minutes to hours. Finaly,
hatchlings must craw! to the water and swim approximately
24 hour offshore (Wyneken, 1996).

Because of periodic intense digging behavior,
anagerobic metabolism may be necessary during emergence
(Dial, 1987; Baldwin et al., 1989). The sum of maximal
energy produced aerobically and anaerobically is termed
the metabolic scope. Reptiles generally have a limited
metabolic scope, athough they can utilize anaerobic
metabolism for short periods of intense activity (Bennett,
1982). Lactic acid is the major anaerobic end product in
reptilesand is areasonable means for identifying anaerobic
activity. Reptiles with large accumulations of lactic acid
have diminished behavioral capacitiesand appear |ethargic.
Another cost of using anaerobic metabolism is the
accumulation of an oxygen debt that must be repaid
aerobically.

An Australian study by Baldwin et al. (1989) reported
elevated levels of blood lactate in green and loggerhead sea
turtle hatchlings digging up through the sand during nest
emergence. This study suggested that green turtle
hatchlings have higher blood lactate |evel sthan loggerhead
hatchlings, because green turtle nests are typically deeper
than loggerhead nests. However, they did not account for
species effects in this study.

Of the three species that regularly nest in Florida,

|eatherback hatchlings emerge from neststhat are typically
the deepest. Green turtle nests are intermediate in depth and
loggerhead nests are typically the most shallow of the three
species. |n addition to depth there are other physical factors
(temperature, water and gas diffusion) that influence the
nest environment, and may influence anaerobic metabolism
in hatchlings.

These ideas of nest depth and other physical factors
that may influence anaerobic metabolism in hatchlings
during nest emergence, led to the questions addressed in
this study: (1) Do blood lactate levels differ in Caretta
caretta hatchlings among nest depths during similar
activities? (2) Are blood lactate levels in emerging
hatchlings related to nest O, and/or nest temperature? (3)
Do hatchlings emerging immediately have higher blood
|actate than those resting at the surface for longer periods?

METHODS

In order to factor out species effects on anaerobic
activity, hatchlings from one species (the loggerhead turtle,
Caretta caretta) were compared from nestsin Juno Beach,
FL (26°52'N, 80°02'W). Thirty-six loggerhead nests were
relocated to three depths to determine if loggerhead
hatchling blood lactate levels are related to nest depth. The
loggerhead nests (n = 12 nests per treatment) were
relocated to 65 cm, 85 cm and 100 cm depths. These depths
correspond to typical nest depths of C. caretta, C. mydas
and D. coriacea.

An oxygen/temperature probe combination was placed
at the center of each clutch during relocation. Gas sampling
tubes were made from 1/8” Tygon tubing (polyethylene).
Samples were taken using 10 cc air-tight syringes and then
injected into a blood-gas analyzer (PHM71 MK Blood and
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GasAnalyzer, Cameron Instruments, calibrated with 99.9%
pure nitrogen and room air). Because pore spacing may
affect gasexchange within nests, bulk density (proportional
to pore spacing) of the sand adjacent to the middle of the
nest chamber was measured (Brady, 1990).

Nest temperatures were monitored throughout
incubation using temperature probes constructed from a
Physitemp BAT-12 probe kit (Spotila et al., 1983).
Temperature was monitored to account for nest
temperature effects on gas diffusion rates and hatchling
activity. Temperatures were measured between 1900 and
2200 hours, when hatchlings may begin emerging from
nests. Gas and temperature measurements were taken once
aweek for the first three weeks of incubation, then every
other day thereafter.

Blood samples of 50:1 were taken from an external
jugular vein of each hatchling using disposable heparinized
insulin syringes (after Bennett, 1986; Wibbels, 1998) and
analyzed for lactate concentrations (Sigma Diagnostics
Lactate Kit #735-10). Up to five hatchlings were sampled
for each emergence activity. These activities were
classified as. (i) resting at the bottom of the nest, (ii)
actively digging up through the sand, or (iii) resting at the
sand surface. Time spent at the surface was al so measured.
After blood samples were taken, hatchlings were released
near the surf where they could crawl to the water.

| used ANOVA, Tukey-Kramer post-hoc tests, and
correlation z-tests to determine if hatchlings digging from
deeper nests have higher blood lactate levels and/or are
relying on anaerobic metabolism to a greater extent than
those from shallower nests. Percent data were converted to
proportions and arcsine transformed for analysis.

REesuLTsAND DiscussioN

Blood lactate levels were low in resting hatchlings
(Fig. 1). Lactate levelswere significantly higher in digging
hatchlings than resting hatchlings (p < 0.001). High levels
of blood lactate in hatchlings that are actively digging up
through the sand column indicate that intense digging
requires hatchlings to supplement aerobic with anaerobic
metabolism. Hatchlings digging from deeper nests had
higher |actate levels than those digging from more shallow
nests (p < 0.025), suggesting that an increased distance (and
perhaps time) of digging requires hatchlings to rely on
anaerobic metabolism to a greater extent when emerging
from deep nests.

Nest oxygen concentrations throughout incubation
showed thetypical pattern for loggerhead nests (Ackerman,
1980). During the last third of incubation, nest oxygen
concentrations decreased at a faster rate than the first two-
thirds, as the embryos grew and consumed more oxygen.
Oxygen concentrations in nests during incubation and on
night of first emergence were not significantly different
among treatment depths. However, hatchling lactate levels
were negatively correlated with nest O, concentrations (z =
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-3.054, p = 0.0023). When oxygen concentrations were
low, blood lactate levels tended to be high. There was an
overall decrease in pore spacing with an increase in depth.
The mean pore spacing values were significantly different
among treatment depths (p < 0.001), however no
correlation was found between pore spacing and hatchling
blood lactate levels.

Mean nest temperature for each treatment depth was
approximately 31°C +1. These temperatures were not
significantly different among depths. Also, blood lactate
levelswere not significantly correlated with temperaturein
this narrow range. This study suggests that anaerobic
metabolism within temperature ranges found in relocated
nests is thermally independent in sea turtle hatchlings
during nest emergence. The ranges of temperatures
observed in my relocated nests (as well asin other studies,
e.g. Milton et al., 1997) are relatively narrow (29.7-
34.2°C), so the lack of correlation with temperature is not
surprising.

Hatchlings of all treatments resting at the surface for
periods longer than 20 minutes, had significantly lower
lactate levels than those at the surface less than 20 minutes
(65 cm depth: p < 0.001; 85cm depth: p < 0.05; 100 cm
depth: p<0.001). A period of about one hour was necessary
for lactate levelsto return to resting levels, which issimilar
towhat Baldwin et al. (1989) foundin loggerhead and green
hatchlings. Hatchlings resting at the sand surface may be
waiting for other cues such as social facilitation or
temperature (Carr and Hirth, 1961; Mrosovsky, 1968), and
not limited by their accumulation of lactate. Although it
may benefit hatchlings to rest and reduce lactate levels
before beginning their offshore migration, hatchlings
resting at the sand surface may be at an increased risk of
terrestrial predation.

CONCLUSIONS

Lactate levels differed among activities in loggerhead
hatchlings. Anaerobic metabolism was correlated with nest
depth and oxygen availability, but not temperature and pore
spacing. Hatchlings resting at the surface for longer time
periods had lower lactate levels than those that emerged
immediately. Since hatchlings will leave the nest with
elevated lactate levels, blood lactate accumulation is
probably not a limiting factor in determining when a
hatchling emerges from the nest. Other cues, such as
temperature and socia facilitation, appear to take
precedence over repayment of the oxygen debt.
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Fig. 1. Blood lactatelevelsin hatchlings from relocated loggerhead
nests. Values are means 95% confidenceintervals.
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INTRODUCTION

A healthy immune systemisvital for the survival of all
organisms, but little is known about the basic immune
functions of the loggerhead sea turtle. Suppression of the
immune system by environmental contaminants or disease
could ultimately result in decreased survival of this
threatened species. Therefore, there is currently great
interest inthe normal andimpaired functionsof theseaturtle
immunesystem.

The purpose of this study wastwo-fold, 1) to determine
appropriate methods to measure the response of the
loggerhead immune system, and 2) to collect data on these
basal immune responses. Specifically, we examined

various techniques for isolating peripheral blood mono-
nuclear cells (PBMCs) from juvenile loggerheads and the
proliferation of PBMCs in response to mitogens.

METHODS

PBMC Isolation

To determine an appropriate method for isolating
PBMCs (lymphocytes and monocytes), blood was
collected from five juvenile loggerheads (45-55 cm
straight carapace length) from Core Sound, NC. Specific
details of the method can be found in Harms et al. (2000).
Briefly, blood was collected using three different anti-
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coagulants (heparin, potassium EDTA, and sodium citrate).
Blood was centrifuged at 400 x g for five minutes at 4°C,
and the buffy coat (the thin layer of white blood cells that
settle above the packed red blood cells) was removed and
resuspended in RPMI 1640 media. The cell suspensions
were underlaid with either a single layer of CellSep, a
commercially-prepared arabinogalactan solution of 1.077
g/ml density commonly used for separation of mammalian
lymphocytes, or a multiple step gradient of Percoll (40-
60%), a colloidal PVP-coated silica solution. Following
sequential centrifugation at 400 x g for 15 minutes and 800
x g for 15 minutes, cells at each interface of the gradients
were removed, washed, and differential white blood cell
counts were performed.

PBMC Culture and Mitogen Exposure

Blood from seven juvenile loggerheads (53-86 cm
straight carapace length) from Core Sound, NC was
collected with heparin between June and July of 1999.
PBMCs were isolated using the above described methods
with a two step Percoll gradient (45 and 55%). PBMCs
were resuspended in RPMI 1640 media supplemented with
10% fetal bovine serum, 25 mM HEPES, 100 U/ml
penicillin, 100 mg/ml streptomycin, and 0.25 mg/ml
fungizone. PBMCs were cultured in 96 well plates at
varying cell densities (0.125-1.0 x 10° cells/well). Upon
plating, varying concentrations of mitogens were added to
each well in triplicate. Mitogens tested include
phytohemagglutinin-P (PHA) and concanavalin A (ConA)
which stimulate T cell proliferation, and lipopolysaccha-
ride (LPS) from E. coli 0127:B8 which stimulates B cell
proliferation. Cells were then incubated at 25-26°C with
5% CO,,

PBMC Proliferation Assay

Cell proliferation was measured between days 1 and 12
of mitogen exposure using the Promega CellTiter 96 Non-
Radioactive Cell Proliferation Assay. This colorimetric
assay isanon-radioactive substitute for the commonly used
3H-thymidine assay. The dye solution, which was added to
each well for varying amounts of time (0.5 to 4 hours),
containsayellow tetrazolium salt that is converted to ablue
formazan product in proliferating cells. The reaction was
stopped by solubilization of the cells and product
conversion was measured at 540 nm according to the
manufacturer’s instructions. A stimulated response was
determined as a statistically significant increase in cell
proliferation following mitogen exposure using a one-way
ANOVA followed by a Dunnett’ s multiple comparison test
(p < 0.05).

ResuLTs

The results of the different isolation techniques are
detailed in Harms et al. (2000). Briefly, the highest yield of
PBMCs was obtained by centrifuging heparinized blood
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over atwo-step (45:55%) Percoll gradient. The mgjority of
PBMCs were collected at the 45:55% interface, while
many thrombocytes and a population of low-density
granulocytes were screened out at the medium: 45%
Percoll interface, with red blood cells and most
granulocytes accumulating in the pellet. Cell Sep, athough
a simpler technique, resulted in a more heterogeneous cell
population. EDTA caused severe hemolysis, which made
locating the buffy coat difficult. Sodium citrate resulted in
red blood cell contamination in the PBMC isolation, thus
heparin was recommended as an appropriate anti-coagul ant
for this technique.

The cell proliferation method was maximized using
various cell densities and dye incubation times with
PBMCs from a single turtle. The highest cell density
(100,000 cells/well) and the longest dye incubation (four
hours) resulted in the optimal absorbance values.

All of the mitogens tested stimulated loggerhead
PBMC proliferation in a dose-dependent manner (see Fig.
1 for arepresentative sample of theturtlesthat were tested).
PBMC proliferation responses varied between individual
turtles in magnitude, mitogen concentration and mitogen
exposure time (Fig. 1). Generally, peak responses were
seen between day three and six of mitogen exposure. PHA
stimulated the strongest and most consistent responses at
concentrations between 1-50 mg/ml in all sevenloggerhead
PBMC cultures. Higher concentrations of ConA (5-50 mg/
ml) and LPS (20-200 mg/ml) were required to induce
proliferation and the magnitude of those responses were
generally less than those stimulated by PHA. Additionally,
not all cultures of PBMCs responded to ConA and LPS
(80% of the turtles tested, n = 5).

Discussion

Loggerhead PBMC proliferative responses are similar
to those of other marine turtles. The loggerhead PBMCs
responded to similar concentrations of mitogens and
showed similar peak stimulationtimesasthegreen seaturtle
(McKinney and Bentley, 1985). However, there are some
important differences. The magnitude of proliferation
response seen in the loggerhead was less than that of the
green, and the loggerhead exhibited less individua
variation than did the green seaturtle.

Themethods devel oped and tested in thisstudy provide
much needed opportunities to measure baseline and altered
immune function in this threatened species. The
proliferation assay measures the ability of T and B
lymphocytes to undergo polyclonal expansion. Significant
reduction or absence of proliferation in these cells imply
that effector functions are impaired resulting in depressed
humoral and/or cell-mediatedimmunefunctions. Therefore,
this assay can be used to study the immune response to
seasonal changes, diseases (i.e., fibropapillomas), para-
sites (i.e., barnacles), and chemical contaminants.

The goals of our future research are to examine



seasonal differencesin loggerhead PBM C responses and to
compare responses to contaminant concentrations. The
immune responses of most lower vertebrates, including sea
turtles, fluctuate with seasons (McKinney and Bentley,
1985; Zapata et al., 1992). Additionally, stress from
environmental contaminants can suppress the immune
system, thereby increasing susceptibility to disease. The
proliferative responses of PBMCs from other marine
organisms have been shown to be reduced by contaminants
(De Swart et al., 1994; Lahvis et al., 1995). Results from
this study are expected to determine whether the sea turtle
immune system is vulnerable to contaminants.
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Fig. 1. Loggerhead PBMC proliferation upon stimul ation with mi-
togens: A = phytohemagglutinin (PHA), B = concanavain A (ConA),
C =lipopolysaccharide (LPS). Cell proliferation was measured via
the Promega Cell Titer 96 kit with 100,000 cells/well and afour hour
dye incubation. Each line represents PBMC proliferation from a
single turtle on the day of mitogen exposure that resulted in the
maximum number of stimulated responses (listed in thefigureleg-
end). Data pointsrepresent means of triplicate wellsand error bars
indicate standard deviation. The asterisksindicateastatistically sig-
nificant difference between the mean and the control mean.
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Blood Flow in Sea Turtles: How Do They Regulate Heat Exchangewith the Environment?
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We examined the blood flow in the flippers of two
green turtles (Chelonia mydas) and four loggerhead turtles
(Caretta caretta) using Doppler ultrasound (Multi
Dopplex 11, Huntleigh Diagnostics, UK). The turtles were
kept in tanks of circulating, filtered seawater at 22.9° to
20.8°C. Blood flow at a given water temperature was
recorded for each turtle before it was transferred into a
second tank with an experimentally manipulated water
temperature. Immediately after the transfer the blood flow
was measured at the same point on the flipper to examine
the effect of water temperature changes on blood flow. The
procedure was repeated using experimental temperatures
ranging from 17° to 32°C. Measurements were only made

when the turtles were in a relaxed state with their heads
submerged. Thiswas further verified by the low heart rate,
which was caculated from the recorded Doppler
waveforms. To evaluate the handling effect of the transfer,
turtles were brought into another tank with the same
temperature and blood flow was measured. There was no
difference in blood flow before and after such transfers.
Contrarily, al turtles showed an increased blood flow
velocity when exposed to warmer water and a decreased
blood flow velocity when brought into colder water. The
data will be discussed for their importance to
thermoregulation in sea turtles which are exposed to
sudden temperature changes.

Lookingat Turtlesin Three Dimensions

JeaNETTE WYNEKEN?, WiLLIAM DALE WILKE?, AND FRED STEINBERG?
Department of Biological Sciences, Florida Atlantic University, 777 Glades Road, Boca Raton, Florida 33431, USA
(jwyneken@fau.edu)
2University MRI of Boca Raton, Inc., Innovation Centre, Suite 200, 3848 FAU Boulevard, Boca Raton, Florida 33431, USA

INTRODUCTION

Historically, the tools and techniques available to
describe anatomy are gross dissection, various types of
preservation and preparation, histol ogy, and skel etonization.
Dissection of carcasses has many advantages when fresh
dead animals are available: the color and texture of organs
can be described, tissues may be collected for histology,
and the general layout of the organs can be seen. While a
great deal of information is gained using these methods,
truly fresh normal specimens are rare. Once opened, we
lose some three-dimensional information as structures
collapse. Often landmarks for structures become obscure,
the dissections are destructive, decomposition alters
organs and tissues rapidly, and we can not observe the
organs functioning. Our goalsin this study areto introduce
the use of technologically advanced tools that enhance the
accuracy of descriptive anatomy and diagnostics.

Our study involved the use of computed tomography
(CT) and functional magnetic resonance imaging (MRI or
FMRI) to describe the anatomy of normal unanesthetized
turtles. We briefly describe the value of each aone or in
combination with standard anatomical procedures for
describing morphology.
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METHODS

Eachturtle sat in aplastic container whileit wasimaged
using CT and FMRI. CT scansof theturtlesweremadeusing
aGE model FX/I high-speed helical scanner to describethe
skeletal system and lungs. MR imagesweretaken withaGE
Horizon LX with echo speed gradients. The unit was
equipped with a cardiovascular package.

Discussion

X-ray technology measured differences in absorption
of ionizing radiation. CT is a three-dimensiona
radiographic (x-ray) procedure in which thousands of very
fast projections are taken with an x-ray tube that spins
around the subject. Exposures were minimal at 28 dG/cm?.
Computer software is used to reconstruct the images in
three-dimensions. The advantages to using CT include that
animal is alive (typicaly). One has a three-dimensional
image of al or part of the animal that provides excellent
detail of hard structures (bone) or airways (lung). CT
images can be manipulated to provide three-dimensional
landmarks.

Magnetic Resonance (MR) technology reflects the
atomic makeup of the tissue. MRI uses no radioactivity.



Magnetic resonance measures the relaxation times of
hydrogen protons, after they have been excited by radio
waves. Since hydrogen isthe most abundant element in the
body, MR is able to create clear images of any tissue
containing hydrogen. Protons in tissues or liquids
temporarily respond in tissue-specific ways to generate an
image. Images are reconstructed using computer software
to create “serial sections’ (two-dimensional) or three-
dimensional images. The results of high-speed sampling
are clear images of soft tissues such as fat, brain, eyes, salt
gland, Gl, kidney, or gonads. Gas and blood can be
distinguished in some modalities and blood flow can be
traced with a contrast medium (Gaditeridol) or without.
Modern functional MRI alows real-time observation of
some organ functions and/or organ condition.

Both CT and MRI can be used repeatedly on live
animals and are particularly effective for describing
anatomical changes with ontogeny or following disease
progress.

Theuseof CT, MRI andtraditional anatomical methods
together allow for the most reliable anatomical

Oral Presentations: Anatomy and Physiology

descriptionsto date. The combination of tools enable useto
provide normal anatomical landmarks for structures that
typically collapse in dead specimens (such as arteries and
veins and visceral circulation. The real-time capabilities of
some systemsalso allow usto visualize organ function such
as perfusion of organs (e.g., liver, kidneys, brain, or heart).
Visceral changes can be observed in situ. There are
numerous diagnostic capabilities with MRI. Just two
examples would include analysis of head or spinal cord
injuries and monitoring the location(s) and changes of gas
pockets in floating.
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The Status of Effortsto Protect Atlantic Sea Turtlesin Benin (West Africa)
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Sea turtles are subjected to intensive capture along
West African coasts and particularly in the Republic of
Benin. Although the Republic of Benin has ratified the
CMS, the phenomenon has been worsening in recent years.
It is characterized by the systematic massacre of the turtles
and the collection of their eggs and hatchlings. This
destruction is due to the extreme poverty of the population,
the lack of awareness and because regulations are not
strictly enforced. Since 1998, genuine actions have been
undertaken in this field, bringing about greater awareness
of the different partners of the following question: How
can we assume a sustai nable management of the biological
diversity in the Republic of Benin?

| NTRODUCTION

Seaturtles are listed in Annex | of the Convention on
Migratory Species or CM S to which the Republic of Benin
has adhered with the decree n° 83 - 204 of 31 May 1983.
Consequently they arefully protected by thelaw n° 87 - 014
of 21 September 1987 on nature protection and hunting in
Benin.

For many years, seaturtles have been subject toillegal
and intensive capture by fishermen and residents along the
Atlantic coast of Benin. The main reason for this situation
is the lack of information and awareness. Indeed
populations ignore the endangered status of sea turtles.

Since 1998, research and educational work has been
undertaken within the framework of an urgent plan for the
protection of the Atlantic sea turtles of Benin. This
program is being supported by the Wetlands management
Program (Programme d’ Aménagement des Zones Humides
“PAZH") and the German Cooperation (GTZ) and deserves
to be strengthened by further research in order to better
protect these migratory species, a natural heritage of all
humanity.

Aninternational conference on the conservation of sea
turtles along the Atlantic coast of Africawas held in May
1999 in Ivory Coast. It strengthened the development of a
network of regional cooperation amed at better
understanding and protecting marine turtles. This
conference was attended by representatives from Benin
and has been a starting point for fruitful exchanges and the
elaboration and application of management strategies for
the Benin Program for the protection of sea turtles.

Z ONE OF STuDY

Benin area has approximately 114,763 knm? and is
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situated along the Gulf of Guinea. It is bordered to the west
by Togo, to the north by Burkina Faso and Niger and to the
east by Nigeria. The population is estimated at 6 million
with agrowth rate of 3.5% per the year. The administrative
capital is Porto-Novo (300,000 inhabitants), but the most
important city is Cotonou, the economic capital with
approximately 850,000 residents.

The Beninese coast, which is the subject of our study,
is situated between 6° and 6°30 north latitude, and 1° and
2°44 east longitude. It has approximately 121 km of coast,
between the Togolese border to the west and the Nigerian
border to the east. Along all this coast it is sandy and low,
covered by vast coconut plantations. It isinterrupted in the
west by the “Mouth of the King”, the joint outlet of the
Mono River and Aheme Lake, and by the channel of
Cotonou in the east.

The north side of the coast is a series of interconnected
lagoons and lakes: L ake Aheme, the lagoon of Ouidah, the
Coastal Lagoon, the lagoon of Grand-Popo, the Ancient
Lagoons, the lagoon of Cotonou, Lake Nokoué and the
lagoon of Porto-Novo. Because of its sandy nature the
Beninese coast is potentially suitable for nesting turtles
throughout. Despite alow level of organic matter (0.5-1%)
we can find a variety of coastal vegetation including
coconut trees (Coconuts nucifera), filao (Casuarina
equisetifolia) and occasional cactaceae (Opuntia
linguiformis).

METHODS

Between July and December 1999, four teams of three
or two persons were assigned to carry out field work in the
following study areas. Zone Séme (covering from Kraké
beach to PK 10, 24 km); Zone Cotonou (from Ambassadors
areato Toghin, 22.8 km); Zone Ouidah (from Agbéhonou
beach to the limit of Agonsodji beach, 28.2 km); and Zone
Grand-Popo (between Adjakaho beach and Hilla-Condji
beach, 46 km).

The adopted methodology is based on the participatory
approach, supported by the pamphlets and posters
illustrating the different turtle species in the Atlantic, the
different nesting stages and threats affecting the sea turtles
on the coast of Benin. Field work includes the organization
of educational efforts on sea turtles conservation with
fishermen, local authorities, trawlers, operators, students
and coastal villagers, as well as data collection on number
of intentional and accidental captures, number of releases
and nesting activity within each area.
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REesuLTsAND Discussion

Awareness Building

In the chosen pilot zones (Togbin and Hilla-Condii),
several awareness seminars were held (involving govern-
ment authorities and restaurant owners) in collaboration
with security services such as Coastal Protection Brigade
(BPL) and the Police. During the study period several
turtles were recovered by different work teams or by
members of the protection Committees setup along the
coast.

Diversity and Abundance of Marine Turtles

Recent observations confirm the presence of green
turtles (Chelonia mydas), leatherbacks (Dermochelys
coriacea), and olive ridleys (Lepidochelys olivacea)
(Table 1). The more significant beaches are Hilla-Condji,
Grand-Popo, Djegbadiji, Toghin and Séme. The presence of
hawksbills (Eretmochelys imbricata) has been confirmed
in the region of Hokognoncodji (District of Ouidah), but
can be considered rare in Benin. Eggs of the first three
species have been recovered and transferred to hatcheries.
Slaughter of turtles was reported throughout the coast, as
well as seizures of meat by customs, especialy in Hilla-
Condji.

Protection Committees

Four sea turtle protection committees were officially
installed and rendered partially operational. Members of
these Committees have the mission to protect local marine
turtles and to gather information on the status within their
zone of intervention.

Training of Ecoguards (Protection Committees Mem-
bers)

The present work is aimed at informing the coastal
popul ation about thelawsand Conventionsapplicableto sea
turtles, as well as training them in techniques of study and
protection. The objective is to strengthen the local
protection committees and their conservation activities.

Installation of Hatcheries or Turtles Villages
(Ecotourism)

Two hatcheries have been built in Hilla-Condji and
Togbin, 12 km from Cotonou. Hatcheries are 8 m by 4 m,
made with stone blocks 100 cm by 80 cm, enclosed by
wooden fencing. The hatcheries are filled with sand to a
height of 50 cm and are expected to have a capacity of
approximately 115 nests. Nests will be transplanted to the
hatcheries during the nesting season. At the time of
hatching and hatchling release, villagersand touristswill be
invited for sponsorshipsand therel ease of hatchlingsin sea.
These are also opportunities to generate awareness among
the general public.

Threats to the Life of Marine Turtles
The main threats to the existence of sea turtles are

offshore fishing, collection of eggs and hatchlings, capture
of nesting females along the coast, habitat degradation due
to demographic pressure (which has lead to increase in
homes and tourist resorts on the beach), and uncontrolled
capture of seaturtles. In spite of Benin's adherence to the
Bonn Convention (CMS), and the laws on nature protection
and hunting, the capture of turtles and collection of turtle
eggs continues uncontrolled. Table 2 shows the statistics of
turtle capture by species and by region during the last
nesting season (July to December 1999). Information from
coastal villagers reveals that the frequency of leatherback
catches depends on their nesting activity. Between July and
December 1999, 77 turtles were slaughtered along the
Beninese coast despite growing awareness levelsin certain
sites. Many other turtle kills would have been kept secret.
Both turtle meat and eggs are frequently consumed by the
inhabitants of the Beninese coast, despite the fact that this
is sometimes prohibited or taboo among other ethnic
groups (Awlan, Guin.). The leatherback is particularly
sought after for its oil, which is used in traditional
medicine. In collaboration with the Fisheries Office
(Direction des Péches) and the Costal Protection Brigade
(BPL) vigorous controls are being undertaken since
January 2000 in conjunction with the education campaign.

Nesting Sites

No beach in Benin is currently legally protected. It is
interesting to note that the peaks of nesting activity have
been reported at Hilla-Conji, Grand-Popo, Djegbadii,
Togbin and kraké plage. Theworksin progresswill allow us
to have a better understanding of the nesting sites and
measures to protect them and to enforce existing
legislation.

International Cooperation

Until recently no specific scientific study on the sea
turtles of Benin has been carried out and thus no reliable
data was available on these animals. Research at the
national, regional and international level is now underway,
including a genetic study of the seaturtle populationsin all
of West Africa

Perspectives and Conservation Strategies

The objectives are the development of a system of
sustainable management of the species, determination of
the exact level of abundance and distribution along the coast
for each species, increase of the level of awareness among
coastal inhabitants on the need to conserve the resource,
and support of the government in the enforcement of
national and international laws and conventions.

Action Plan for the Implementation of a Sea Turtle Pro-
tection Plan

1. Strengthen informational meetings along the coast.

2. Strengthen local protection committees in each
village.

3. Create turtle protection funds.
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4. Develop aternative sources of income for turtle
poachers.

5. Provide technical training on conservation and
tagging techniques.

6. Design scientific research strategy.

7. Develop a database and informational and
educational material.

8. Establish partnerships for the exchange of
experience in turtle conservation within the framework of
a regional program protecting sea turtles in the Gulf of
Guinea. Such a program will alow coordination of
conservation efforts and management of these migratory
species.

CONCLUSIONS

Most coastal residents today are aware of the presence
of sea turtles on the beaches of Benin. However,
information sessions must be continued and strengthened,
preferably by amediacampaign to reach the general public,
in order to increase awareness and to shift to a sustainable
use of this biological resource. Partnership with
government institutions such as the fisheries office, the
Coastal Protection Brigade and the police will strengthen
fieldwork. Regional cooperation for a complete protection
of Atlantic and African seaturtlesis an essential objective
of any national plan given the migratory nature of these
species.
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Table 2. Average number of seaturtles caught in the course of last
nesting season by species. The data are based on survey results
from December 1999.

Species Species
ZOores Leatherback Oliveridley Green turtle Total Zones Leatherback Oliveridiey Greenturtle Total
Lme 2 (5.70%) 8(16.52%) 2(11.76%) 12 (11.68%) Seme 7(18.42%) 6(21.42%) 2(18.18%) 15(19.58%)
Cotonou 7 (20.0%) 14 (28.57%) 2(11.76%) 23(22.77%) Cotonou 6(15.78%) 5(17.65%) 1 (5.09%) 12(15.58%)
Ouidah 3 (8.57%) 6(12.24%) 4(23.529%) 13(12.67%) Ouidah 12(31.57%) 11(39.28%) 4(36.54%) 27 (35.06%)
Grand-Popo 23 (65.71%) 21 (42.65%) 9 (5.25%) 53 (52.57%) Grand-Popo 13(34.21%) 6(21.42%) 4(36.56%) 23(29.67%)
Total 35 49 17 101 Totel 38 28 11 77
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Florida’sSea Turtle Program: Strength Through Diversity

Davip W. ARNOLD
Florida Fish and Wildlife Conservation Commission, FWC-BPS, 620 South Meridian Street, Tallahassee, Florida
32399-1600, USA (arnold@gfc.state.fl.us)

| NTRODUCTION

Florida first initiated sea turtle protection in 1953.
Although early laws came too late to prevent the
exploitation of seaturtlesin Florida, they did pave the way
for a cultural acceptance of the loss of sea turtles as a
commodity. Theseearly laws, coupled with protection of all
sea turtle species when they were placed on the
Endangered SpeciesList, appear to have made adifference.
Florida's beaches provide habitat for one of the largest
nesting assemblages of Caretta caretta (loggerhead sea
turtle) in the world. Throughout the state, four other
species are documented as nesting, and its coastal waters
host all life stages of the five species. Today, sea turtle
protection in Florida includes a diversity of tasks within
programs distributed across federal, state, and local
agencies, state and private universities, marine science
centers and private non-profit organizations. The Fish and
Wildlife Conservation Commission is the primary state
agency responsiblefor seaturtle research and management
activities. Staff participate in development of the
information necessary to guide recovery efforts (re-
search); review ongoing and proposed human activitiesthat
could impact marine turtles and their nesting habitat
(management); and are active in educating the public.
Program staff are integral to the implementation of the
federal recovery plans for marine turtles, including
planning, management and administration. Diversity isthe
mark of the program’ sfunding aswell with support derived
from sales of a special automobile license plate, decals,
research grants, donations, and general revenue from the
state’s multi-billion dollar budget.

Discussion

The Florida Fish and Wildlife Conservation Commis-
sion (FWC) was created by the citizens of the State of
Floridathrough an amendment to the state' s constitution in
1998. In 1999, the Florida legislature transferred severa
programs which were not specifically mentioned in the
amendment to the new FWC. The FWC is led by a true
Commission which is an appointed body of citizens
representing a diversity of viewpoints and interests. The
Governor appoints the Commissioners who then must be
confirmed by the legislature. They act as the head of the
agency and must consider all official matters as a group.
The Commission employs an executive director, Dr. Allan
Egbert, to manage the day to day affairs of the agency. The
Sea Turtle Program (also referenced as the Marine Turtle
Program) is divided into two separate units within the
Commission. In general, research coordination is within

the Florida Marine Research Institute (FMRI) headed by
Ken Haddad. Dr. Buddy Powell and Dr. Anne Meylan are
key employees in the Ecosystem Assessment Section.
Management coordination is housed within the Office of
Environmental Services led by Mr. Brad Hartman. The
Bureau of Protected Species Management (BPSM) isaunit
of this Office, where | and Dr. Robbin Trindell are
employed.

Florida's sea turtle program is characterized by the
great diversity present in all aspects of the program. In
general, the program componentsinclude: independent and
dependent research coordinated with the FMRI, manage-
ment activities coordinated by BPSM, long-term data
collection by volunteers, giving advice to regulatory
agencies in their decision-making, coordinating with
federal resource agencies, oversight of rehabilitation
programs of cooperating facilities, dialogue with non
government organizations and a successful voluntary
funding program. | will befocusingin detail onthediversity
of the management program’s activities.

There are five species of marine turtles in Florida,
loggerhead, green, leatherback, hawksbill and Kemp's
ridley. The nesting trends of these species (loggerhead for
example) are produced by FMRI and are one of the outputs
that are used for management decision-making. In affording
protection to these animals, Florida' s approach is reaching
from the ocean to the beach and back again. We cooperate
with federal resource agencies to bring about protection of
hatchlings and adults in the ocean, such as through fishing
gear limitations. Then we protect the nesting beach habitat
(which I will be covering in greater detail) and even reach
landward of the nesting beach with such tools as lighting
controls.

Florida's program is greatly assisted because of the
legal framework the state has established over the years.
The most significant of the laws we utilize is the Marine
Turtle Protection Act of 1991 (Section 370.12, Florida
Statutes). This law provides, in part, that “the department
shall recommend denial of a permit application if the
activity would result in a “take” unless that “take” is
authorized by the U.S. Fish and Wildlife Service (USFWS).
Using this authority, BPSM has been able to recommend
denial of such actionsasbuilding seawallsin nesting habitat
and moving marine turtle nests for construction purposes
(unless such moving is authorized through a federal
process).

The other significant state authority isin Chapter 161,
the Beach and Shore Preservation Act and itsimplementing
rules at 62B-33, Florida Administrative Code. This statute
provides that “the Department may condition the nature
timing and sequence of construction of permitted activities
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to provide protection to nesting sea turtles and hatchlings
and their habitat. Structures must be “sited and designed to
protect marine turtles’. Using this authority, BPSM
implements controls over such major activities as beach
construction and reconstruction, trying to limit the timing
of these projects (in concert with the USFWS) For the
purposes of Florida' sstatute, “take” isdefined asit isunder
federal law and specifically includes any act which
significantly impairs essential behavioral patterns such as
breeding, feeding or sheltering. Applying thisto habitat has
led BPSM and other partners to focus on changes to the
beach environment that occur during restoration projectsto
make sure that these changes are not negatively impacting
marine turtles.

The state laws authorizing the regulation of coastal
lighting is found in 62B-33, F.A.C. This law states in part
that “all forms of lighting shall be shielded or otherwise
designed so as not to disturb marineturtles’. Tinted glassis
specifically mentioned as one option for minimizing the
light shining onto the nesting beach. Although this law
applies only to new construction, many areas of existing
development create problems for seaturtle hatchlings. The
FMRI has published atechnical guidance document which
illustrates appropriate designs for illumination of
beachfront dwellings which can be used to retrofit existing
structures as well. This guidance is available through the
Commission’s web site.

Many minor structures can be harmful to marineturtles
and their habitat. Most of these activities, such as dune
walkovers, fences, etc., can be constructed with aminimum
amount of government regul ation provided that they haveno
measurabl e interference with the natural functioning of the
beach dune system or with marine turtles or their nesting
sites. Inappropriate sand fences can impede turtle nesting
or hatchling access to the ocean so the BPSM has focused
a great deal on getting the word out on “turtle-friendly”
designs for sand fencing.

Some activities may affect marine turtles although
they are not directly on the beach or fronting the beach.
Thanksto the existence of state law regulating the issuance
of environmental resource permits (Section 373, F.S. and
FAC Rule 40-4) it is possible to consider the secondary
impacts of projects. Such projects if permitted must not
adversely impact the ecological value of uplandsto aquatic
or wetland dependent listed animal species. This stretches
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marineturtle protection well landward of the nesting beach
for new construction which requires an ERP.

Of course, sea turtles are protected by federal law as
are all endangered and threatened species. These federal
laws and subsequent implementing regulations have
adlowed state agencies to enter into cooperative
agreements with the federa government for both
regulatory purposes and financial support. For example, in
Florida, all sea turtle research and data collection is
overseen by the Commission because of a Section 6
cooperative agreement. Florida programs have also
received funding for many years because of federal
endangered speciesprograms. Thisfunding allowed Florida
to first establish its extensive network of volunteers who
assist in collecting data on seaturtle nesting and strandings.
Without these volunteers, we could not have as strong of a
regulatory program and wewould know very little about the
trends in population for Florida's turtles.

The majority of our seaturtle program funding comes
from sales of the marine turtle license plate. We are very
grateful to the Sea Turtle Survival League of the Caribbean
Conservation Corporation for spearheading the effort to
get the license plate established in law. One important
feature of thislicense plateisaprovision for scientific and
educational grants once the income reaches in excess of
$500,000 on an annual basis. We hope to be able to offer
support for many of the scientists and volunteersto expand
our knowledge about sea turtles. We aso receive funding
from sales of marineturtle decals, research grants and other
types of donations.

CoNcLUSION

Florida' s seaturtle program is going strong after many
years in part because of its diversity. We both collect and
facilitate the collection of awide variety of data on marine
turtles. We use many different regulatory approaches to
addressthreatsto seaturtlesand their habitat. We are active
on many different levels including international, federal,
state, and local. We work with government entities,
environmental groups, educational institutions, indepen-
dent businesses and individua citizens. The future of
Florida’'s marine turtle species depends, in part, on
continued support for this diverse approach.

Improvement in Marine Turtle Conservation and theUseof TEDsin Nicaraguan Fisheries

RAFAEL RIVERAY AND WALTER V AUGHAN?
Vice Coordinator of the Nicaraguan Conservation Network for Sea Turtles, Managua, Nicaragua (rriveral6@hotmail.com)
2/owel NGO Nicambiental, Managua, Nicaragua

Intensive discussions have taken place for the past
several years, especially focused on the survival of marine
turtles captured by shrimp trawlers which required a
demonstration of significant agreement by all relevant
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stakeholder groups in the world, on the use of turtle
excluder devices in the shrimp fishery. The TED-use
requirements allows shrimpers to continue fishing in
public trust waters and simultaneously protects sea turtles.
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Fishery is an important economic activity for several
countries in Latin America. We are ensured that the TED
regquirements were phased in gradually, and has provided
numerous workshops and programs to work with the
industry regarding TEDs. With respect to shrimp fisheries,
Nicaraguan Fishery Administration (ADPESCA), Ministry
of Environment and Natural Resources (MARENA) under
the inspection of NMFS and State Department have been
working closely with other nationsin Latin Americato help
us develop comparable TED programs. These programsare
now in place in several countriesin the Caribbean area. In
addition NGOs are supporting the ratification for
Interamerican Sea Turtle Convention to further promote
conservation programs in our countries.

Nicaragua has access to the Pacific Ocean and
Caribbean Sea and approximately represents 294 and 457
km of coast line. The running legislation on fish matter was
established since 1960s, new proposal legislation is up for
approval in the National Assembly (Table 1). Nicaragua,
like other Central American countries, has serious
problems in the conservation programs because sea turtles
enjoy only limited protection. In the Pacific area, turtle
eggs are a culinary delicacy for consumers; on the other
hand the Caribbean population prefer turtle meat for food
consumption, and this is permitted for subsistence use
only. In both cases the turtle conservation is seriously
endangered. Thisisan examplein which we should balance

socio-economical needs with the biologica need of
protected resources, for sea turtle conservation is not
enough. Additional sea turtle conservation measures are
required not only along nesting beach or sea side. In the
same way we need to reinforce gear requirements
leatherback conservation zone, state agents in the
conservation zone, TED requirement and registration,
trawling hours, gear modifications and turtles captures,
tow-time restriction, and edit new legislation in some case,
etc.

Onbehalf of Nicaraguan membersof Central American
Sea Turtle Conservation Network and NGO-
NICAMBIENTAL, | want to thank Packard Foundation,
Disney Conservation Society, FFI (Flora and Fauna
International) and everyone involved. It has been an
interesting meeting, involving great personal investment of
resources and commitment.

Table 1. Datafromthe Ministry of Industry and Commerce, Min-
isterial Resolution N0.14-99 LaPrensa, February 10, 2000.

Type of vessel

Nationality/Flag  Pacific Ocean Caribbean Sea Total (%)

Shrimp trawlers USA - 43 43 (49%)
Shrimp rawlers Korea - 11 11 (13%)
Shrimp trawlers Nicaragua 28 2 30 (34%)
Shrimp rawlers St. Vincent 3 - 3(4%)
Total 31(36%) 56(64%) 87 (100%)
Long-linevessels USA - 1 1(20%)
Longlinevessels Mexico - 1 1(20%)
Long linevessels Nicaragua 1 2 3(60%)
Total 4 5 (100%)

TheRepatriation of Captive-Reared Kemp“sRidley Turtlesto Quintana Roo, M exico

ReNE M ARQUEZ!, ADRIANA D" AMIANO?, ALEJANDRO ARENAS?, JUAN JosE BoLAROS?, M ARTIN SANCHEZ?,
KENNETH HYDES®, AND JOE PARSON®
!Instituto Nacional de la Pesca Centro Regional de Investigacion Pesquera, Apartado Postal No. 591. Manzanillo, Colima,
28200 Mexico (rmarquez@bay.net.mx)
2Parque Xcaret, Km 282, Carretera Chetumal-Puerto Juarez Playa del Carmen, Quintana Roo Mexico
3Cayman Turtle Farm, Cayman Island, British West Indies

Due to the critical situation of the wild population of
the Kemp's ridley sea turtles (Lepidochelys kempii) in
1980 while meeting with the INP (National Fishery
Institute) and managers of Grand Cayman turtle farm, they
decided to keep astock reservetoinitiatethe program. They
transported from Galveston Texas laboratory of National
Fisheries Institute service of the U.S. a hundred juveniles
turtles (1 year-old) and 100 hatchlings in Rancho Nuevo
Tamaulipas were shipped to Cayman as part of the
conservation program.

Between the years 1988 and 1993 the turtles mated
successfully, but in 1994 the reproduction program was
stopped due to organizational changes in the company and
to consider for the program that astheir goal at which point
they began to observe arecuperation of the wild population

wasregain and so they decided to look for alternative means
for the repatriation.

In 1997 they initiated negotiations between Cayman
Turtle Farm (1983), LTD, INP and Promotora Xcaret S.A.
de C.V. for the repatriation of the majority of the Kemp's
ridley turtlesto the rel ocation of the Ecoarqueol ogical park
located in the state of Quintana Roo México.

In 1999 avisual inspection and sel ection was made, and
the number of turtles for repatriation was determined: 57
females and 53 mal es the same number as those maintained
in isolation.

The final transfer of the turtles occurred on April 10,
1999. Up to now we keep them in quarantine until the brand
new turtles tank is finished
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Medetomidine, K etamine, and Sevoflurane Anesthesiain L oggerhead Sea Turtles
(Caretta caretta)

EL1zaBETH J. CHITTICK!, M. ANDREW STAMPER?, GREGORY A. LEWBART?,
AND WiLLIAM A. HORNE?!
INorth Carolina State University College of Veterinary Medicine, 4700 Hillsborough Street, Raleigh, North Carolina 27606,
USA (beth_chittick@ncsu.edu)
2New England Aquarium, Central Wharf, Boston, Massachusetts 02110, USA

Theeffectsof medetomidine, ketamine, and sevoflurane
anesthesia were evaluated in six juvenile loggerhead sea
turtles (Caretta caretta) treated at the North Carolina State
University College of Veterinary Medicine for avariety of
trauma-related injuries between 1996 and 1999. Logger-
heads were induced with 50 ug/kg medetomidine (Pfizer
Animal Health, Exton, PA) and 5 mg/kg ketamine (Fort
Dodge Animal Health, Fort Dodge, |A) intravenously inthe
dorsal cervical sinus, intubated, and maintained on
sevoflurane (Abbott, N. Chicago, IL) at 0.5 to 2.0%. An
ADS 1000 ventilator (Engler Engineering Corporation,
Hialeah, Florida) wasused to maintain arespiratory rateof 2
breaths per minute and peak inspiratory pressure of 15-18
cm H,0O. Loggerheads were catheterized in the dorsal
cervical sinuswith a1610-2P Mila catheter with guidewire
(Mila International, Florence, KY). Parameters monitored
included times for induction and recovery, heart rate and
rhythm, temperature, end tidal CO,, and venous blood
gases. At the end of each procedure, medetomidine was
reversed with 0.25 mg/kg atipamezol e (Pfizer Animal Health,
Exton, PA) intramuscularly.

The mean (+/-SD) induction time was 8.8 +/-3.9
minutes. The combination of medetomidine and ketamine
provided adequate jaw and glottis relaxation for easy
intubation. Anesthesia times ranged from 110 to 325

minutes. Recovery times from discontinuation of
sevofluraneto extubation ranged from 5 to 124 minutesand
from administration of atipamezole to extubation, O to 84
minutes. Mean (+/-SD) recovery time from sevoflurane
discontinuation was 62.0 +/-40.4 minutes (median 65.0
minutes), while mean (+/-SD) recovery time from
atipamezole administration was 24.3 +/-31.5 minutes
(median 14.0 minutes). Heart rates ranged from 10-20
beats per minute and temperatures, from 23.5 to 26.5
degrees Celsius. Mean (+/-SD) pre-operative venous blood
gases values in three sea turtles were: pH 7.50 +/-0.06
units, PCO, 40 +/-6 mmHg, PO, 25 +/-9 mmHg, and HCO,
36.1 +/-0.3 mmol/L. After 140 minutes of anesthesia,
intraoperative venous blood pH ranged from 7.53 to 7.60
units, PO, from 23 to 58 mmHg, PCO, from 28 to 29
mmHg, and HCO, from 29.0 to 33.0 mmol/L. Respiratory
alkalosis was most likely due to increasing the respiratory
rate on the ventilator above two beats per minute in these
animals. Intraoperativeendtidal CO,valueswerelower than
venous CO,,, indicative of significant shunting of pulmonary
blood. The combination of medetomidine, ketamine and
sevoflurane appears to be a safe and effective anesthetic
protocol which provides relatively short induction and
recovery times in loggerhead sea turtles.

Hemiovariosalpingectomy in aL ogger head Sea Turtle (Caretta caretta)

Fericia B. NutTERY?, D. DAVID LEE?3, M. ANDREW STAMPERY?*4, GREGORY A. LEWBARTY?, AND MICHAEL K. STOSKoPF?
1Environmental Medicine Consortium, College of Veterinary Medicine, North Carolina State University, North Carolina, USA
(fbnutter @ncsu.edu)
2Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University, Raleigh, NC, USA
S\Veterinary specialty Hospital, Cary, North Carolina, USA
“New England Aquarium, Central Wharf, Boston, Massachusetts, USA
SDepartment of Biology, University of North Carolina, WiImington, North Carolina, USA

A sexualy mature female loggerhead sea turtle
(Caretta caretta) nested on Bald Head Island, North
Carolina, on August 1, 1997. Volunteers monitoring the
turtle nesting activity observed a segment of tubular organ
protruding from the animal’s vent. Approximately 1.5-2 m
of prolapsed tissue was precipitously severed and the turtle
transported to alocal veterinarian. On August 8, 1997, the
turtle was referred to the College of Veterinary Medicine
at North Carolina State University. Cryohistology of the
frozen portion of severed organ confirmed that it was
oviduct. The turtle was considered valuable genetic stock
and a right hemi-ovariosal pingectomy was performed in
order to preserve the functional side of her reproductive
tract. Following surgery, the turtle was returned to a

114

rehabilitation facility on Topsail Island, North Carolina, on
August 9, 1997, and was released on October 22, 1997, at
the mouth of the Cape Fear River, North Carolina. The
success of this effort was evaluated when the turtle was
sighted during subsequent nesting seasons. This animal
returned to the Outer Banks of North Carolinain 1999to lay
142 eggs on June 9, 139 eggs on June 24, and a nest of
unknown size on July 6, 1999. Such reproductive success,
with above-average clutch sizes, is especially notable
becausetheturtle had only oneovary and oviduct. Thiscase
illustrates that even an animal with a compromised
reproductive tract can make a substantial contribution to
species survival, and that alternatives to sterilization and
euthanasia should be considered in such instances.
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Corneal Ulcerationin Cold-Stunned Kemp’sRidley Sea Turtles

CyNTHIA R. SMITHE, M. ANDREW StamPER?, ANDREA L. OsBorN?, CoNnNIE MERIGO?Y, BETH S. TURNBULLY,
Sabpie S. CurRY?, PauL A. KLEIN? AND ELLIOTT R. JAcOBSON®
INew England Aquarium, Central Wharf, Boston, Massachusetts 02110, USA (csmith@neaq.org)
2College of Medicine, University of Florida, Gainesville, Florida 32610, USA
3College of Veterinary Medicine, University of Florida, Gainesville, Florida 32610, USA

Each fall in Massachusetts, Kemp's ridley sea turtles
(Lepidochelys kempii) wash up on the beaches of Cape Cod
in astate of severe hypothermia, commonly known as cold-
stunned (George, 1997, and Morreale et al., 1993). These
turtles are collected by the Massachusetts Audubon
Society and are transported to the New England Aquarium
in Boston, Massachusetts, for medical treatment. In the fall
of 1998, seventeen hypothermic Kemp's ridley sea turtles
were brought to the New England Aquarium’s Rescue and
Rehabilitation Team. Upon arrival, complete health
examinations were performed, including diagnostic
evaluation to identify secondary medical conditions. These
assessments revealed several medical problems including
dehydration, pneumonia, ileus, traumatic wounds, and
corneal ulcerations.

Corneal ulceration wasfound in seven of the seventeen
Kemp'sridley seaturtles. Clinical signs that accompanied
this condition included a decrease or lack of tear
production, blepharospasm (indicative of ocular pain),
photophobia, and conjunctivitis. Corneal ulcerations were
diagnosed with the use of fluorescein stain. Corneal
epithelial defects take up fluorescein stain, therefore
ulcerations were easily identified as fluorescent apple-
green areaswhen viewed with acobalt blue ophthalmiclight
(Slatter, 1990). Once the condition was diagnosed, affected
turtles were treated with an ophthal mic antibiotic cintment,
oxytetracyclineHCI with polymyxin B sulfate(Terramycin7
ointment; Pfizer, Parsipanny, NJ 07054). The corneal
ulcerations resolved within 12 days in four of the animals.
The other three animals did not survive the cold-stunning
event and died soon after their arrival at the aquarium.

Histopathology was performed on the eyes of an
affected animal that did not survive. Using light
microscopy, both eyes were found to have superficial
corneal ulcerations, with the adjacent palpebral epithelium
containing eosinophilic intranuclear inclusion bodies
suggestive of a herpes virus infection. Subsequently,
corneal cultures were taken with polyester-tipped
applicators (Dacron7 swabs; Hardwood Products, Guilford,
ME 04443) for virus identification from several affected
animals, but all of the cultures were negative.

The original set of histology slides was then reviewed
by a second investigator. While corneal ulceration was
readily apparent, the intranuclear bodies in the palpebral
epithelial cell nuclei were considered to be hypertrophic

nucleoli. This investigator had commonly seen hyper-
trophic nuclei in marine turtle tissues. Based on these
findings, no specific pathogen was incriminated as the
causative agent of the corneal ulcers.

Currently, our veterinary laboratory is investigating
possible etiologies for corneal ulcerations in cold-stunned
Kemp's ridley sea turtles. These include infection,
mechanical injury, and altered tear production. Hypother-
mia has been associated with decreased function of the salt
gland (George, 1997) and a subsequent alteration in tear
production, which may lead to compromised corneal
protection. In order to evaluate the tear production of cold-
stunned sea turtles, our laboratory plans to perform
appropriate diagnostic tests, including Schirmer’'s tear
tests, tear sampling, and tear content analysis. In addition,
the laboratory will continue to look for an infectious
component to this condition by collecting corneal samples
for culture, histopathology, and electron microscopy.
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Induction of Egg L ayingand Repair of a Plastron FractureDuring Rehabilitation of
aLoggerhead Turtle
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A 138 kg mature female loggerhead seaturtle, Caretta
caretta, was brought to Mote Marine Laboratory’s Sea
Turtle Rehabilitation Program on 14 July 1999. The turtle
had crawled onto abeach on AnnaMarialsland, Florida, to
nest and had fallen off agroinand fractured her plastron. The
fracture ran cranio-caudally and involved about 80% of the
plastron length including the caudal margin in the inguinal
area. Theturtle, nicknamed Sadie, was initially confined to
a smal tank (1.5 m, 1,100 | capacity) to restrict her
movements as the edges of the fracture did not appear to be
separated.

The initial radiographs revealed that Sadie had not
deposited her eggs on the beach. On 29 July it was decided
to attempt to induce egg laying because she had failed to
deposit the eggs in the tank and she was given multiple
intramuscular injections of oxytocin (ranging from 10 to
40 units per injection). Although she deposited 59 eggs
over the next three days, some injections produced only a
few eggsand most produced noneat all. These 59 eggswere
placed in an artificially-built nest on the beach where she
had stranded, but after 80 daystherewas no developmentin
any of the eggs. After she deposited the eggs, she was
radiographed and found to have a small number of eggs
present but additional injections did not stimulate further
egg laying. Over the next several weeks, Sadie passed the
remaining eggs that appeared to be in a decomposed state
with no adverse effects.

During this time it was decided to immobilize the
plastron fracture as no healing was evident. On 11 August
three stainless steel bone plates were applied with bone
screws to the externa surface of the plastron,
perpendicular to the fracture. At this time, the turtle was
placed into alarger tank (3.5 m diameter, 7,400 | capacity).
On 1 September it was noticed that the screws had begun to
loosen and it was decided to replace the plates with larger
plates and larger cancellous bone screws. In addition, short
intra-medullary bone pins were applied at 45° anglesto the
plastron surfacearound oneboneplate and the plateand pins
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were covered with methyl methacrylate. At about thistime,
the turtle was transferred to an even larger tank (9.1 m
diameter, 185,000 | capacity). On 8 October, it was found
that the covered plate was holding better that the others so
the other two plates were covered in the same way. The
plates held very well for about three months but then began
toloosen. On 14 January 2000 the plates were removed and
the fracture site was examined. It was noted that the caudal
margin (about 2 cm) of the fracture had fibrosed and there
was considerable fibrosis occurring at the internal margin
of the fracture. The exterior margin of the fracture was
debrided of all dead tissue. It was decided to apply six bone
screws, three on either side of the fracture, and stainless
steel wire waswound around the screws across the fracture
site. It wasfelt that thiswould allow fibrosisto continueand
also allow the plate screw holes to begin healing. To date,
fibrosis appears to be stabilizing the fracture and it is
planned that the screws and wires will be removed once the
majority of the fracture line has fibrosed. Once the fracture
ishealed, it is expected that Sadie will be released by mid-
to late-summer with a satellite-linked transmitter to alow
for tracking of her movements in the wild.

CONCLUSIONS

Although multiple injections of oxytocin induced the
laying of most of the turtle’s eggs, response was not
entirely satisfactory. We would suggest the use of arginine
vasotocin (AVT) instead of oxytocin for this species.

Healing of plastron fractures by second intention is
adequate as there is so much movement in the normal
plastron.

Stabilization of the plastron with bone plates, screws,
pins, and methyl methacrylate to allow the healing process
to begin was fully acceptable. Less stabilization after the
healing process had begun allowed for additional healing.
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I nternational | ssuesRegar ding Sea Turtles

Davip A. BaLToN
Office of Marine Conservation, U.S. Department of State, Washington DC, USA (baltonda@state.gov)

I would like to begin by thanking the organizers of the
Sea Turtle Symposium for the opportunity to speak to you
today.

Unlikemost participantsin thissymposium, | am not an
expert on seaturtle biology and conservation. | do not have
much scientific background at all, actually. But for almost
ten years, | have been involved in efforts to promote sea
turtle protection and conservation through international
cooperation. | would like to share with you some
observationsthat | have drawn from this experience.

My presentation will cover three topics relating to
international efforts to conserve and protect sea turtles.
First, 1 will review the status of the Inter-American
Convention for the Protection and Conservation of Sea
Turtles. Next, | will try to describe effortsthat are currently
underway to develop a comparable agreement to protect
seaturtlesintheIndian Ocean and Indo-Pacificregion. | will
close with some thoughts on the recent World Trade
Organization caseinvolvingtheU.S. “turtle-shrimp” law.

THE INTER-AMERICAN CONVENTION ON THE PROTECTION
AND CONSERVATION OF SEA TURTLES

This treaty, which was concluded in 1996 after 2-3
years of negotiations, provides a comprehensive frame-
work for addressing sea turtle conservation efforts on a
cooperative basis throughout the Western Hemisphere.
Twelve nations, including the United States, have signed
the Convention. According to the Government of
Venezuela, which serves as the depositary for the
Convention, three nations haveratified it so far-Venezuel a,
Brazil and Peru. Two other nations-Mexico and Honduras-
have approved ratification of the Convention, but have
apparently not yet sent the necessary papersto Caracas. For
the Convention to enter into force, eight nations must
ratify.

President Clinton transmitted the Convention to
Senate for approval in 1997. To date, the Senate has not
acted one way or the other on the Convention. However,
Senator Helms, who is the Chairman of the Senate Foreign
Relations Committee, has indicated that the Convention is
one that he could support. The U.S. Administration has
been in close contact with his staff and others to urge
Senate approval. We have pointed out that, in the United
States, both the environmental community and the U.S.
fishing industry support the Convention. Indeed, we are
aware of no opposition to the Convention whatsoever. On
this basis, it is my hope that the Senate will approve the
Convention during the first half of this year.

ErFForTsTO NEGOTIATE A COMPREHENSIVE SEA TURTLE
AGREEMENT FOR THE INDIAN OCEAN REGION

The United States has been working with other nations
in the Indian Ocean and Indo-Pacific region in an effort to
begin negotiations toward a comparabl e agreement for that
region. | would say that progress has been slow, but steady.
Most recently, at a well-attended meeting hosted by the
Government of Australia in Perth, the governments of the
region adopted a declaration in which they committed
themselvesto devel op a seaturtle agreement. It was further
agreed that afirst round of negotiations should take placein
the first half of this year. At this point, there appears to be
stronger support to devel op an agreement that would not be
legally binding, at least not at first. | have copiesof the Perth
Declaration, for those who may be interested.

The Government of Malaysia has indicated that it
would bewilling to host thefirst round of negotiations. The
United States has made clear that, even though we do not
have territory in the Indian Ocean region, we are eager to
participate actively in the negotiations and would bewilling
to support the negotiations, financially and otherwise.

In our view, the Inter-American Convention can serve
asauseful model inthiseffort. However, we also recognize
that there are differences between the two regions that will
need to be taken into account as the Indian Ocean process
movesforward. But certain elements of the Inter-American
Convention seem to us to be applicable, particularly its
emphasis on protecting seaturtlesin acomprehensive way,
from all sources of threat.

WTO TURTLE/SHRIMP CASE

Asmany of you probably know, four countriesfromthe
Indian Ocean region-India, Malaysia, Pakistan and
Thailand- recently brought a case against the United States
in the World Trade Organization. They claimed that aU.S.
law prohibiting theimportation of shrimp harvested inways
that areunsafefor seaturtlesamounted to aviolation of U.S.
obligations under the WTO Agreement.

In November 1998, the WTO Appellate Body issued a
decision in this case. A number of environmental
organizationsin the United States criticized thisdecision as
undermining efforts to protect seaturtles. But | don’t think
that thisis afair criticism.

The decision found that the law in question was a
legitimate effort by the United States to pursue an
important environmental objective-the conservation of
endangered seaturtles. It istrue, however, that the decision
also found that certain aspects of the way in which the
United Stateswasimplementing thelaw should be changed.
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But these changesdid not require any changeinthelaw, and
did not weaken the law as it relates to sea turtle protection.

The U.S. Department of State, which is primarily
responsible for implementing the law, has instituted the
changes recommended by the WTO. We have made the
process by which other nations may be certified under the
law moreflexible and transparent. | would also note that the
WTO called upon the United States and the nations that
brought the complaint to try to negotiate a multilateral
instrument to protect sea turtles. In this respect, the

Orlando, Florida, USA

negotiations that will be getting underway in the Indian
Ocean region can be step in the direction that the WTO
recommended.

Thank you very kindly for your attention. | would be
pleased to answer any questionsthat anyonemay have. Also,
for those who may be interested, | have brought along
copies of a longer presentation | made recently at a
conference organized by the U.S. Court of International
Trade, entitled, “ Setting the Record Straight on Sea Turtles
and Shrimp.”

Sea Turtle Conservation and the Big Stick - The Effectsof Unilateral U.S. Embargoson
I nter national Fishing Activities
JoHN FRAZIER!? AND SaLI JAYNE BAcCHE®
ICINVESTAV, Unidad Merida, Mexico (kurma@shentel.net)

2Conservation and Research Center, Smithsonian Institution, Front Royal, Virginia, USA
SPublic Policy Program, The Australian National University, Canberra, Australia

INTRODUCTION

Strengths and weaknesses of U.S. Public Law 101-
162, section 609 are examined as an example of
complications regarding conservation policies for sea
turtles and their habitats. Although informed by biological
knowledge, conservation activities are ultimately political
in nature-not scientific: the standards demanded in science
are not the same asthose used in legal, policy and political
arenas, so scientists must appreciate that the basic
assumptions under which they operate are often not
priorities in the ream of policy formulation and
implementation.

PusLic Law 101-162, SecTion 609.

Enacted in 1989, and known mostly as a ruling for
shrimp embargo, Public Law 101-162, section 609
(hereafter *8609') consists of two parts, each using very
different mechanisms to promote the conservation of
marine turtles internationally. The first part instructs the
U.S. government to advance conservation through
international negotiationsand multilateral accords. Itisthe
second part of 8609 that directs the U.S. government to
embargo shrimp products from nations whose commercial
shrimp trawling fleets are likely to cause mortality to sea
turtles, and that do not apply sea turtle conservation
programs equivalent to those in the U.S. Regulations for
the implementation of 8609 have concentrated on the use
of turtle excluder devices (TEDs) to reduce the mortality
of sea turtles in commercia shrimp trawling operations.
Countries that are found to meet US standardsin TED use
are certified, and thus permitted to import shrimp into the
US (World Trade Organization, 1998). Although this law
focuses on commercia shrimp trawling activities, in the
first part it refers generally to ‘commercia fishing
operations,” not specifying a particular fishing method
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(103 Stat. 988, 1037: Departments of Commerce, Justice
and State, the Judiciary and Related Agencies Appropria-
tions Act of 1989). Hence, it is possible that the first part
of 8609 could be used to promote conservation actions for
seaturtle bycatch, in any commercial fishery. Although not
as yet subject to judicial interpretation, Plé (1990) felt that
the broad reach of such an interpretation could be
problematic.

Section 609 has often been considered to be an
important conservation tool, but it has also been the source
of considerable discussion and contention, resulting in the
expenditure of extraordinary amounts of time and energy
from many different sectors. governmental and non-
governmental. Intense conflicts have emerged, with people
developing firm opinions (either supportive or adverse)
about the conservation value of 8609. The diversity of
organizationsand disciplinesinvol ved includes peoplewith
administrative, environmental, industry, legal, political,
research, national and international responsibilities
(Howse, 1998; Berger, 1999; Crouse, 1999; Quresti, 1999;
Sam, 1999; Shaffer, 1999; Simmons, 1999). Thus, before
attempting an objective evaluation, it is fundamental to
establish a common base of knowledge and assumptions
about this law, so that stakeholders of different
backgrounds and perceptions, who deal with marine turtle
conservation, can work from a common starting point.

Several assumptions support the scientific logic
behind 8609. First, marine turtles provide diverse values -
material and non-material-to human societies, but their
populations have been decimated, or exterminated.
Therefore, actions to conserve sea turtles are justified for
many diverse reasons (Frazier, 1999). Second, bottom
trawling is a major source of mortality to many marine
species through incidental capture by the fisheries, and all
seven species of marine turtles are known to form part of
this ‘bycatch.” Systematic studies are few, but data
consistently show that bottom trawling is a significant
source of mortality to marine turtles (National Research
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Council, 1990). Hence, the threat that bottom trawling
poses to marine turtles must be mitigated, and therefore,
reducing turtle mortality in bottom trawling is a priority.
Third, certain TEDs exclude at least 97% of marine turtles
from trawl nets. In some cases, these devices actually
increase the value of the shrimp catch; and in relation to
other material and operational trawling expenses, TEDsare
relatively minor. Therefore, TEDs are regarded as an
inexpensive meansto reduce marine turtle mortality during
bottom trawling (Weber et al., 1995).

Other points relate to the motivations of legislatorsin
enacting 8609. Mechanized fishing activities-notably
bottom trawling-have intensified world-wide, and a major
incentive for this fishery is the high price obtained for
shrimp and prawns. The U.S. isamajor importer of shrimp
and prawns; and the U.S. market drives shrimping
operationsin many other nations. The authors of 8609 gave
two reasons for drafting the law (Shaffer, 1999). It ‘levels
the playing field’ so that U.S. shrimpers are not at unfair
disadvantage due to more stringent restrictionsin domestic
sea turtle conservation programs, namely mandatory TED
use. At the same time, it is meant to promote the
conservation of marine turtles on aglobal basis, especially
in regard to commercial trawling operations. U.S. citizens
have aright to decide what products they will purchase and
consume, and the U.S. government is charged with
protecting the rights and representing the needs of its
electorate. The government of the U.S., acting on behalf of
its constituents, has a commitment to U.S. consumers to
provideshrimpthat havebeen caughtinan‘ environmentally
friendly manner. Section 609 was enacted-in part-to reflect
the environmental values of the U.S. electorate. Thus, inits
origins 8609 has both global conservation aims, as well as
domestic political goals.

QUuEsTIONS AND DouBTS

Despite these validating aspects, and affirmations
about the value of mandatory TED use (Crouse, 2000), an
examination of 8609 raises doubts about its utility as a sea
turtle ‘conservation tool,” which go beyond legal
considerations (World Trade Organization, 1998). The
efficacy of 8609 as a conservation tool - to promote TED
use and reduce turtle mortality in trawls - has depended
primarily on the rigor of implementation under the
certification process. The most basic question that arises
is: does the inspection and certification process by the U.S.
government promote marine turtle conservation? Or,
rephrased: what evidenceisavailableto show that the status
of marineturtle popul ationsin shrimp exporting nations has
been enhanced by implementation of 8609? More specific
guestions include: is the certification process for §609
based solely on meeting conservation standards, or are
other considerations (e.g., economic, political, or trade)
also involved? It is remarkable that there have been cases
when nations have lost their certification, and then in a

period of afew weeks, outside of the normal annual cycle
of inspections, they have been re-certified. Did their sea
turtle conservation programs improve so significantly in
such a short period that certification was warranted under
such an extraordinary schedule? |ndependent of the debate
about the legality of unilateral actions (Howse, 1998;
World Trade Organization, 1998) are questions of the U.S.
government’s ability to implement 8609 requirements and
the veracity and rigor of their assessment process. Do the
results of brief, spot inspections of foreign shrimp fleets by
U.S. officials redly reflect the true level of TED use and
commitments to sea turtle conservation? Do shrimpers
comply with TED requirementswhen U.S., or even national,
inspections are imminent, but behave differently when out
of port, and there is no risk of an inspection?

There is also adeeper question. |s the implementation
of a national TED program always a higher priority than
other conservation actions, not presently recognized by the
U.S. government’s certification process? When exporting
countries respond to the threat of embargo and need for
import certification, does the concentration of profes-
sional and administrative staff time, fiscal and material
resources, political energy, and other limited resources
detract attention and resources from other, more pressing
conservation issues for sea turtles and their habitats? It is
not clear if 8609 serves as an efficient conservation tool to
reduce sea turtle mortality in shrimp trawls through its
focusing on and promotion of TED usein shrimp exporting
nations. Section 609 has resulted in legal questions and
controversies, notably a dispute at the World Trade
Organization (WTO) lodged by India, Malaysia, Pakistan
and Thailand: Disputeno. 58 ‘ Shrimp-Turtle’ (World Trade
Organization, 1998). Among the points contested was the
way the U.S. implements 8609 and certifies shrimp
exporters. The Complainants argued that by certifying
nations, rather than shipments, the U.S. transcends
providing turtle-safe shrimp to U.S. consumers and is
directing the policies of other sovereign states. NGOs
retort that it is impractical to monitor compliance of each
shrimp trawler or shipment (Kaczka, 1997), raising doubts
if shrimp certified on a shipment-by-shipment basis would
becaught using TEDsand not ‘ laundered’ from sourcesthat
kill turtles during shrimping. Kaczka (1997) argued that
implementation of 8609 pressures other nations to fulfill
their obligations under international law, citing severa
major treaties, but legal disputes in U.S. courts and the
WTO are not yet resolved.

THE CONSEQUENCES OF SECTION 609 ASTHE ‘Bic Stick’

However, these doubts and shortcomings do not mean
that thelaw isworthlessasa’‘ conservation tool’: significant
policy landmarks have resulted from debates surrounding
8609. These have facilitated ideologica shifts regarding
the conflict between trade and environment, produced
important international precedents and accords, created a
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political climate for bycatch reduction, and promoted an
arenafor the consideration of the environmental impacts of
trade and fisheries policies. Notwithstanding that the first
part of 8609 promotes international negotiations, it is
perhaps the implementation of the second-embargo-part of
the law that has had the major impact on international
relations, well beyond the use of TEDs. The threat of
(unilateral) sanctions provides motivation for many
governments that would generally not come to the table, to
participate in the negotiation of conservation accordsin an
international arena (Charnovitz, 1994; Howse, 1998;
Berger, 1999). This is exemplified by the Inter-American
Convention for the Protection and Conservation of Sea
Turtles (Bache, In press a; In press b; Thisvolume).

TEDs are a relatively simple, inexpensive gear
modification. Their promotion through the threat of
embargo emphasizes the potential, as well as the need, for
fisheries to be more selective and less destructive in their
operations. This message has general implications, beyond
shrimp trawling. Implementation of TED programs to
protect charismatic marine turtles serves as a show case for
popularizing the need for responsible fishing (Berger,
1999). The resultant high visibility afforded to TEDs and
marine turtle conservation advances political awareness
and contributes to the pressure to deal with bycatch issues,
many of which had been neglected in the past. Although
organizations such asthe FAO have beeninvolvedin global
studies and negotiations concerning bycatch and increased
fishing selectivity, 8609 helps provide apolitical climateto
nurture and expand on these initiatives.

The WTO ‘shrimp-turtle’ dispute has received a
remarkable amount of attention, both popular and academic
(e.g., Kaczka, 1997; Howse, 1998; Berger, 1999; Crouse,
1999; Quresti, 1999; Sam, 1999; Shaffer, 1999; Simmons,
1999). Thus, by inciting aninternational trade dispute, 8609
caused increased awareness of the need for conservation
activities to protect marine turtles and their habitats, at a
global level. Beyond sea turtle conservation, the WTO
dispute yielded an Appellate Body (AB) Report (World
Trade Orgranization, 1998) which, although criticized by
some NGOs and academics (Sam, 1999; Simmons, 1999),
overturned some of the earlier decisions of the Dispute
Settlement Panel (DSP) and produced several outcomes of
environmental and social significance (Berger, 1999;
Quresti, 1999). Two findings of the AB are of particular,
substantive importance. The first was that it is not
incompatible for a DSP, or AB, to accept and consider
unsolicited information submitted by a non-party to the
dispute, even if they are a non-governmental organization.
This provides a mechanism to enhance transparency and
widen representation, allowing for the submission and
consideration of third party briefs. The WTO has been
repeatedly, and severely, criticized for elitist decision
making, with a lack of transparency (Howse, 1998;
Simmons, 1999). Providing for third party participation
helpsto open the WTO to greater accountability and public
representation, although there are still concerns about |egal
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and procedural implications of the AB’s finding (Quresti,
1999; Shaffer, 1999; Simmons, 1999). During the shrimp-
turtle dispute fundamental questions were asked asto if a
government had theright to claim exceptionsto normal free
trade rules in order to protect endangered species. In
overturning another of the DSP's decisions, the AB
established a new precedent for interpreting ‘exhaustible
resources’ such that endangered species can be covered in
exceptions to trade rules under Article XX(g) of the
General Agreement of Tariffs and Trade (GATT) [World
Trade Ogranization, 1998 (para. 134)]. Thisisaparticularly
significant clarification given an earlier decision handed
downunder the GATT panel system whereby the bycatch of
dolphins was found not to fall under Article XX(g)
exemption provisions (General Agreement of Tariffs and
Trade, 1991; Kaczka, 1997). In the terms of the WTO, it
means that endangered species-marine turtles in this case-
have been considered ‘ exhaustible resources,” an interpre-
tation hailed as ‘an environmental breakthrough’ (Berger,
1999). Lega implications of the AB’s second finding are
enormous:. it allowsfor trade regul ation based ontheway in
which products are produced. Former interpretations only
permitted commodities to be exempted from normal trade
rules on the basis of product characteristics, not
considering methods of production. Because production
process, as well as the product itself, are both germane to
environmental concerns, the AB’ sinterpretation providesa
precedent for governments to give protection to
environmental (and social) matters, above trade pressures
(Berger, 1999).

CONCLUSIONS

Unilateral embargoes can be fundamental for
motivating conservation-based negotiations and political
actions (Charnovitz, 1994; Berger, 1999; Simmons, 1999).
However, it iswidely acknowledged that the most effective
mechanisms are multilateral environmental agreements,
(or ‘MEAS'), arrived at through negotiations (Howse, 1998;
World Trade Organization, 1998; Quresti, 1999; Shaffer,
1999). A prime example of this is the Inter-American
Convention for the Protection and Conservation of Sea
Turtles (Bache, In press a; In press b; Thisvolume; Frazier
In press).
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| NTRODUCTION

Sea turtles are highly migratory species, traveling
through a number of nations and the high seasin their life-
times. Hence initiatives to conserve sea turtles must be

multi-lateral: that is, if seaturtles are subject to by-catch or
direct harvest, or are disadvantaged due to habitat
destruction or environmental perturbations in one nations,
this affects the same sea turtle populations in other
countries. The need for international cooperation for sea
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turtle conservation and management is not only for the
benefit of sea turtles however. In order to ensure equity
between range States, all nations through whose territories
sea turtles travel must make a commitment to their
conservation. Otherwise actions in one nation will detract
from gainsmade by those peoplein another country who are
endeavouring to minimise human impacts upon seaturtles.

The Inter American Convention for the Protection and
Conservation of Sea Turtles (IAC), covering the western
hemisphere, is the only international treaty specific to sea
turtles. Itisapositiveand significant step towardsimproved
sea turtle management and conservation in the region, and
perhaps globally. The mounting body of literature on the
IAC hasto date been provided almost exclusively not only
by nationals of countriesinvolved in the agreement, but by
individuals who were active participants themselves
(Donnelly, 1996; Frazier, 1997 and 1999; Gibbons-Fly, In
press). That thel AC hasbeen proposed asapotential regime
that could be used to model a future accord for the Indian
Ocean region (McNeg, In press) presents the need for an
external and independent examination of the IAC. This
paper examines both the positive elements of this
arrangement warrant replication, and those aspects that
could be improved upon in future arrangements.

Summary of the IAC-A Brief History and Evaluation

The IAC has the stated objective to promote the
protection, conservation and recovery of sea turtle
populations and of the habitats on which they depend, based
on the best available scientific evidence, taking into
account the environmental, socio-economic and cultural
characteristics of the Parties' (Article I1). It applies to the
land of each party; maritime areas where parties exercise
jurisdiction over living marine resources, and their flag
vessels on the high seas. Hence the only situations not
covered are those of activities in the waters of non-
signatory nationsor by vessels of their flag on the high seas.
In this regard is worthwhile noting that geographic
restrictions limit membership to the IAC to ‘ States in the
Americas', these being countries located in North, Central
and South America and the Caribbean Sea, aswell as other
States that have continental or insular territories in this
region.

The convention was negotiated between late 1994 and
1996, though informal discussion had commenced prior to
this. It closed for signature on 31 December 1998 with 12
nations having signed. The IAC requires eight ratifications
before becoming active. To date, the |AC hasbeen received
three confirmed ratifications (Brazil, Peru and Venezuela)
and several other countries ratifications are shortly
expected to beformalised, including Costa Rica, Honduras,
Mexico and Uruguay. The treaty is also on the schedul e of
the U.S. Senate Foreign Relations Committee. It is,
therefore, reasonable to expect that the IAC will receive
sufficient support to activate it, hopefully within the next
twelve months.

Notwithstanding the current positive outlook, the path
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of the IAC has been by no means asmooth one. The IAC’s
genesiswasin response to aregionally unpopular U.S. law
known colloquially as section 609 (Frazier and Bache, This
volume). Thisrequired that only shrim