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PREFACE

For the first time in its history, the International Symposium on Sea Turtle Biology and Conser-
vation migrated to a site outside of the United States. Thus the Eighteenth edition was hosted by the
Mazatlan Research Unit of the Instituto de Ciencias del Mar y Limnologia of the Mexican National
Autonomous University (UNAM) in Mazatlan, Sinaloa (Mexico) where it was held from 3-7, March,
1998.

Above all, our symposium is prominent for its dynamism and enthusiasm in bringing together
specialists from the world’s sea turtle populations. In an effort to extend this philosophy, and fully aware
of how fast the interest in sea turtles has grown, the organizers paid special attention to bring together
as many people as possible. With the tremendous efforts of the Travel Committee and coupled with a
special interest by the Latin American region’s devotees, we managed to get 653 participants from 43
countries. The number of presentations increased significantly too, reaching a total of 265 papers, rang-
ing from cutting-edge scientific reports based on highly sophisticated methods, to the experiences and
successes of community-based and environmental education programs.

A priority given by this symposium was the support and encouragement for the construction of
"bridges" across cultural and discipline barriers. We found success in achieving a multinational dialogue
among interest groups- scientists, resource managers, decision makers, ngo's, private industry. There
was a broad representation of the broad interests that stretch across these sectors, yet everyone was at
to listen and offer their own best contribution towards the central theme of the Symposium: the conser-
vation of sea turtles and the diversity of marine and coastal environments in which they develop through
their complicated and protracted life cycle. Our multidisciplinary approach is highly important at the
present, finding ourselves at a cross roads of significant initiatives in the international arena of environ-
mental law, where the conservation of sea turtles has a key role to play.

Many, many people worked hard over the previous 12 months, to make the symposium a suc-
cess. Our sincerest thanks to all of them:

Program committeeLaura Sarti (chair), Ana Barragan, Rod Mast, Heather Kalb, Jim Spotilla, Richard
Reina, Sheryan Epperly, Anna Bass, Steve Morreale, Milani Chaloupka, Robert Van Dam, Lew Ehrhatrt,
J. Nichols, David Godfrey, Larry Herbst, René Marquez, Jack Musick, Peter Dutton, Patricia Huerta,
Arturo Juarez, Debora Garcia, Carlos Suarez, German Ramirez, Raquel Brisefio, AlbertBédiseu;
tration and SecretaryJane Provancha (chair), Lupita Polanodgrmatics German Ramirez, Carlos
SuarezCover art Blas NayarDesigns German Ramirez, Raquel Brisefio, Alberto Abreu. Auction:
Rod Mast;Workshops and special meetin§&lina HeppellStudent prizesAnders RhodinResolu-

tions committeeJuan Carlos Cantpcal organizing committe®aquel Brisefio, Jane AbreRpsters

Daniel Rios and Jeffrey Semminadffavel committeeKaren Eckert (chair), Marydele Donnelly, Brendan
Godley, Annette Broderick, Jack FraziStudent travelFrancisco Silva and J. NicholMgndors Tom
McFarland and J. Nichol$/olunteer coordinationRichard Byles|atin American ReuniorAngeles

Cruz MorelosNominations committe€&kandall Arauz, Colleen Coogan, Laura Sarti, Donna Shaver,
Frank Paladino. Once again, Ed Drane worked his usual magic with the Treasury of the Symposium

Significant financial contributions were generously provided by government agencies.
SEMARNAP (Mexico’s Ministry of Environment, Natural Resources and Fisheries) through its central
office, the Mazatlan Regional Fisheries Research Center (CRIP-Mazatlan) and the National Center for
Education and Capacity Building for Sustainable Development (CECADESU) contributed to the logis-
tics and covered the costs of auditoria and audiovisual equipment for the Symposium, teachers and their
hotels for the Community Development and Environmental Education workshop in the 5th Latin American



Sea Turtle Specialists; DIF (Dept of Family Affairs) provided free accomodation and food for the more
than 100 participants in the Latin American Reunion. In this Reunion, the British Council-Mexico spon-
sored the workshop on the Project Cycle. The National Chamber of the Fisheries Industry (CANAINPES)
kindly sponsored the Symposium’s coffee breaks. Personnel from the local Navy (Octave Zona Naval)
provided invaluable aid in transport and logistics. The Scientific Coordination Office from UNAM (CIC-
UNAM) and the Latin American Biology Network (RELAB) also provided funding. Our most sincere
recognition to all of them

In the name of this Symposium’s compilers, | would like to also express our gratitude to Wayne
Witzell, Technical Editor for his guidance and insights and to Jack Frazier for his help in translating and
correcting the English of contributions from some non-native English speakers. Many thanks to Angel
Fiscal and Tere Martin who helped with the typing in the last, last corrections and editions for these
Proceedings.

To all, from around the world, who generously helped make the 18th Symposium a huge suc-
cess, shared their experiences and listened to ours, our deepest gratitude!

F. Alberto Abreu-Grobois
Eighteenth International Sea Turtle Symposium President
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COMPARATIVE STUDIES OF RETINAL DESIGN AMONG SEA TURTLES:
HISTOLOGICAL AND BEHAVIORAL CORRELATES OF THE VISUAL STREAK

Lisa DeCarlo, Michael Salmon, and Jeanette Wyneken
Department of Biological Sciences, Florida Atlantic Univ, Boca Raton Fl 33431, U.S.A. LDeCarlo19@AOL.com

Sea turtles use vision in a number of important corfeoral reef fishes, fresh-water turtles, some birds and mam-
texts such as habitatat selection, avoiding predators, amdls) living in visual worlds dominated by unobstructed
orienting toward food or mates (Granda and Maxwell, 1978)orizons (i.e., desert, open grassland, the water's surface,
However, our understanding of relationships between eged a flat ocean bottom). These have in common that the
anatomy and marine turtle ecology is rudimentary. In thi:ajority of important visual stimuli (such as predators, prey,
study, we determine (i) if the retinal (ganglion) cell distrior mates) appear on a horizon (Hughes 1977). Among the
bution differs among three marine turtles (Caretta carett@arine turtles, we hypothesize the following relationships
Chelonia mydas, and Dermochelys coriacea), (ii) whethbetween ganglion cell concentration and ecology. The green
species possess behavioral reflexes consistent with one stugtie may possess the best developed visual streak because
retinal specialization (a "visual streak"), and (iii) whetheit feeds in relatively shallow, clear, and brightly illuminated
the results can be related to the ecology of each speciestropical waters with an open horizon (i.e., sea grass "mead-

Retinas were obtained from fresh, natural-mortalitpws"). The streak might be less developed among logger-
specimens (usually, hatchlings that died in the nest)eads that feed at greater depths in cloudy, temperate wa-
Isodensity contour maps of ganglion cells were constructésts. Because leatherbacks feed at low light intensities (of-
from cell counts made from whole-mounted retinas, usintgn at night) and a great depths, a visual streak is probably
Nomarski Differential Interference phase contrast microsf minimal importance. But their circular fovea might en-
copy. able diving turtles to detect jellyfish that are present in the

All species possessed a visual streak: a horizontal baoder and anterior visual field.
of higher ganglion cell density across the retinal meridian.

Such areas are considered regions where visual acuity-ISERATURE CITED

improtve(;l._ Sttrr]eak dev?lotpl)mlent \;‘?“?ﬁl 'T h;)hrlz%ntall eXtZ'aranda, A. M., and Maxwell, J. H. 1978. The behavior of
Egrea g_stln_ ti g:een ur: e’d easdlr_1 el ?.a er”ac ’ ant N turtles in the sea, in freshwater, and on land. In pp 237-
ermediate in the loggerhead), and in relative cell concentra- 280, "The Behavior of Fish and other Aquatic

tion (highest in the green turtle, lowest in the leatherback, . " :
and intermediate in the loggerhead). Leatherbacks uniquely Organisms, (D. |. Mostofsky, ED). Academic Press,

I:)osstezset():l a s?r::on? reglondof c?hncentratef(ihgangil_lon (':I' Iﬁghes, A. 1977. The topography of vision in mammals of
ocated above Ie S reatl_an |n"f € re"ar otthe retina. This contrasting lifestyle: comparative optics and retinal
region was circular in outline (a *fovea’). organization. In VII/5, pp. 613-756Handbook of

Gtreen t;:rtle a?r? lokggetrtks]ez_idhha:;:hlmgshshqwe(tj ::om- Sensory Physiology: the Visual System in Vertebrates",
pensatory reflexes that kept their head (eye) horizontal over (F. Crescitelli, ED.) Springer-Verlag, Berlin.

_Eli_r\]N'de range of ]E)odyhposmftl)ns .(+ 300 .frf[)mtthe.tﬁ(:rr]'zqmal??eterson, E. H., Ulinski, P.S. 1979. Quantitative studies of
€ presence of such a refiexis consistent wi € IMPOr etinal ganglion cells in a turtle, Pseudemys scripta
tance of a visual streak in perception (Hughes, 1977). No
: elegansJ. Comp. Neurl86, 17-42.
such reflex was shown by leatherback hatchlings.
A prominent visual streak is found among vertebrates

THE FLUID DYNAMIC PROCESSES REGULATING ARTERIAL BLOOD FLOW IN SEA
TURTLES

Luis Gallegd, Claudia Mendozd, and Francisco de Asis Silva

1Zoology Laboratory, Department of Animal Biology, The Balearic Island University, 07071 Mallorca, Spain
dbalgcO@ps.uib.es

2Centro de Ecologia Costera, Sn. Patricio Melaque, Universidad de Guadalajara, México

Based on the dissection of the heart and the primagyiperficial and deep immersions, and terrestrial movements
blood vessels from various specimensCafretta caretta for nesting activities.
and Lepidochelys olivaceave describe two anatomical The first of these structures, to which we give the term
structures that allow these animals to regulate their bloogshongy tissue with a tape terminus” has not been described
flow in distinct situations of their vital activities such aspreviously in any of the literature. This structure can be
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found within the heart and the great vessels, yet is absentin The second structure, which we have named smooth-
the carotids; and permits the maintenance of a slow ahdrder diaphragm, is previously described by Sapsford
constant bloodflow throughout the body even when the he#ét978); although we have added some descriptive informa-
is slowly beating. In contrast, with this structure lacking ition. We have also discussed the functional role of this struc-
the carotid vessels, bloodflow is fast and constant, so thate, from a point of view strictly focusing on the effects on
the encephalous receives a greater portion of oxygen in ghg fluid dynamics.

situation.

REPRODUCTIVE PROBLEMS IN CAPTIVE AND WILD SEA TURTLES

David Wm. Owens
Department of Biology, Texas A&M University, College Station, TX 77843-3258, U.S.A.

ConS|derat_)Ie progress has been real!zed in the pﬂ%\t the mating system of sea turtles requires an excess of
guarter century in developing an understanding of the phy:

|- .
. o ) F&productively competent males and that male-male compe-
ology and behavior of reproduction in marine turtles. De- P y P P

<pite some pobulations being heavily explioited. and mol ion is essential for maximal fertility. If global warming
P pop 9 y exp ! g ntinues, it is proposed that several resulting and interre-

being considered endangered, fertility is high (90% or highqr

: . ) ted problems may become more evident in the next cen-
in most natural populations and the sex ratios of offspri P y

fall within what we call the 2/3rds rule. In addition, natur ry. These problems_are Sex ratlos_skewed towards female,
ss of male producing higher latitude (cooler) nesting

intersex individuals have been rarely observed in the wild, . ! g
Dbeaches, inadequate numbers of wild male breeders and in-

Recently however there have been reports of low fertility in . L L
creased infertile intersex individuals. In a worst case sce-

clutches and some strongly skewed population sex ratios have. . . .
been noted. As Spotila and Gibbons have independen(’i\ano’ this Reproductive Dysfunction Syndrome (RDS), now

. . gmmon in captive animals, could result in the eventual ex-
suggested for chelonians, with temperature dependent $8Xtion of all sea turtles

determination, we have the potential for strongly skewed sex
ratios, particularly if global warming proceeds as predicted
to an increase of several degrees in the next few decades. In
contrast to the wild, captive studies at Cayman Turtle Farm
and elsewhere over the past 25 years have shown very low
fertility with a maximum in the 20% range in the best indi-
viduals. This is despite record high fecundity (egg produc-
tion) and surprisingly early maturation ages. It is theorized

DEVELOPMENT AND EVALUATION OF A SEXING TECHNIQUE FOR HATCHLING SEA
TURTLES

Thane Wibbels and Robert LeBoeuf
Department of Biology, Department of Physiology and Biophysics University of Alabama at Birmingham
biof009@uabdpo.dpo.uab.edu

A variety of past studies have shown that sea turtlegcently developed an assay for MIH in turtles.
possess temperature- dependent sex determination. As such, To generate this assay, we cloned a full length cDNA
the resulting sex ratios are of conservational, evolutionafyr turtle MIH. The turtle MIH clone was then inserted in
and ecological interest. Unfortunately, sexing hatchlingn expression vector system to produce turtle MIH protein.
turtles is not a simple task. The purpose of the current stuglljis protein was then used to identify MIH antisera.
was to develop a sexing technique based on the presence of The antisera and MIH protein were used to develop
a sex-specific hormone, mullerian inhibiting hormonen ELISA assay for turtle MIH. We are now utilizing hun-
(MIH). In vertebrates, both male and female embryos déreds of blood samples collected over the past two years to
velop mullerian ducts which form the oviducts in femalesyalidate this system for sexing hatchlings.

Male vertebrates produce MIH and this hormone
stimulates the degeneration of the mullerian ducts. We have
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SEA TURTLE LOCOMOTION

Jeanette Wyneken
Department of Biological Sciences, Florida Atlantic University, 777 Glades Road, Boca Raton, FL U.S.A. 33431 0991
jwyneken@fau.edu

Sea turtles are magnificent swimming machines thauring migration (Massare, 1994).
possess design features which allow them to exploit, spa- Pelagic stage cheloniids (post-hatchlings and some
tially, the marine environment. They possess characterjgveniles) frequently utilize dog-paddling and rear flip-
tics that make them unique among turtles such as flippefsr kicking. These gaits are used at the surface and differ
streamlining, and fore limb propulsion. While there ar¢undamentally from powerstroking in how thrust in gen-
many aspects to the study of chelonian locomotion, muehated. Drag forces are used in these paddling gaits. Thrust
of my focus is upon the flippers and their use because thgyproduced during retraction of the limbs and protrac-
define sea turtles structurally and ecologically. tion acts as a recovery stroke.

Structures such as flippers have an evolutionary his-  Locomotor activity patterns change during ontog-
tory that constrains design options. The flipper is built oBny and correspond with migratory and ecological shifts.
the basic design of a foot that itself had an earlier functiarypically cheloniids change their swimming behavior and
in a particular context (as a typical tetrapod leg). In sdsbitats several times in their lives. Dermochelids, which
turtles the foot has been transformed into a flipper that ¢hange little in ecology during ontogeny, appear to show
sandwiched between two shells. The resulting structure thigdde if any change in their aquatic locomotor patterns
interacts with the environment is a compromise of desighVyneken, 1996).
requirements, remodeling possibilities, and conflicting func-  The flipper design is a very successful one for highly
tions. migratory animals because it allows the use of fore flip-

The flipper as a locomotor adaptation is a highly suger propulsion (Massare, 1994). It is because of flippers
cessful design that has arisen, independently, in several st sea turtles were able exploit many oceanic niches.
ondarily aquatic vertebrates. Flipper internal design differshe highly efficient powerstroke which combines both
among secondarily aquatic vertebrates but it is similar withiift- and drag-based thrust, enables efficient migration.
marine turtles. All species have semirigid fore flippers withet in spite of the success and importance of the flipper,
hypertrophied, flattened, and elongated phalanges. its design is not ideal. Pure lift-based thrusting might ar-

All marine turtles begin life as terrestrial animalsguably be even more efficient but is not possible with the
become aquatic specialists, then again become terrestriali@® operating from inside the rib cage. Also, flippers
nesting adults. The terrestrial locomotion of sea turtles ée constrained in design and function by the require-
modified by their body and limb morphology. There are twenents of nesting and crawling on land. Nevertheless, flip-
different crawling gaits used by sea turtles on land: altgsers enable efficient locomotion in water, opening a va-
nate limb crawling and crutching (Wyneken, 1996). Alterriety of niches for sea turtle adaptive radiation. Flippers
nate limb crawling is used by hatchlings cheloniids and adiiave enabled efficient swimming and have opened the
Caretta Eretmochelys, Lepidochelyand sometimes door for these animals to display complex life histories
Natator. Itis a gait in which diagonally opposite limbs movewith wide-ranging dispersal stages that exploit spatially
together and superficially resembles a primitive tetrapadisjunct feeding areas and breeding areas.
crawling pattern (but in the absence of axial bending).

Crutching is a gait in which the fore and hind limbg. ITERATURE CITED
move together. It's a gait used by hatchling and ad
Dermochelysadult Chelonia,and sometime&atator.
Crutching is unlike the primitive tetrapod locomotor form
and as such it represents a novel motor pattern. Crutching
pr_ob_ably IS an example of another Io_comotor eXpe.nmeMassare J. A. 1994, Swimming capabilities of Mesozoic
within the marine turtles, and can neither be described as

better or worse than crawling by the use of alternate limbs nM“ei:hnaeniézaatollllii: s?oI:)eVI(e):‘NAnIi)na;al 183\’/\imlr:11fh
(Wyneken, 1996). ysiology g

Maddock, Q. Bone, and J. M. V. Rayner. (Eds).

l‘%yneken J. 1996. Sea Turtle Locomotion: Mechanisms,
Behavior, and Energetics. pp. 165-198. The
Biology of Sea Turtled. L. Lutz and J. A. Musick,
(Eds). CRC Press, Boca Raton, Florida.

Once in the water, the flippers serve as wings and oars.
The principal gait used by hatchlings during their offshore
migration, as well as by sublittoral juveniles and subadults,
is the powerstroke. It is a very efficient mode of swimming
that derives thrusts during both protraction (from lift) and
retraction (from drag forces) of the limb. As such, it is ideal
for prolonged swimming journeys, such as those undertaken
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MANAGEMENT, CONSERVATION, AND SUSTAINED USE OF OLIVE RIDLEY SEA
TURTLE EGGS (LEPIDOCHELYS OLIVACEA) IN THE OSTIONAL WILDLIFE REFUGE,
COSTA RICA: AN 11 YEAR REVIEW

Jorge Ballesterd, Randall M. Arauz?, and Raul Rojas

tAsociacion de Desarrollo Integral de Ostional, Santa Cruz, Guanacaste. rarauz@cariari.ucr.ac.cr

2Earth Island Institute, Sea Turtle Restoration Project, Costa Rica Office, Apdo 1203-1100 Tibas, San José, Costa Rica.
SEstacion Bioldgica Las Cruces, San Vito. Organization for Tropical Studies, Costa Rica.

INTRODUCTION ing population. This review was submitted to the authorities
One of the most outstanding events in nature is it INCOPESCA and the Ministry of the Environment in De-

massive nesting of olive ridley sea turtles in the Ostion§gmber of 1997.

Wildlife Refuge, where tens of thousands, and even hundreds

of thousands of nesting females, congregate and nest iRGSULTS

massive and synchronous fashion, known as the “arribada”. Because existing data is fragmented, we decided to
The community of Ostional is allowed to harvest a certaigtudy the total number of females that nested during the dry
portion of the sea turtle eggs under a Management Plan gpason arribadas (January to May), the rainy season arribadas

proved by the competent authorities. This Management Pl@gune to December) and yearly total, separately (Figure 1).
was designed and based upon the best scientific evidence

available at the time (Corneliesal.,1992), which suggested

that the harvesting of a certain portion of eggs would nc Wanvay
impact hatching success rates nor net neonate 