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PREFACE

The 22" Annual Symposium on Sea Turtle Biology and Conservation was held April 4-7, 2002 in
Miami, Florida and hosted by the U.S. Fish and Wildlife Service. The 22" symposium was the
most globally diverse ever with 839 individuals from 73 countries attending the symposium and
associated regional meetings. One third of the attendees were from outside the United States.

This diverse attendance was made possible in large part because of substantial donations from
The Packard Foundation, National Fish and Wildlife Foundation, National Marine Fisheries Ser-
vice, U.S. Fish and Wildlife Service, Convention on Migratory Species, Oceanic Research Foun-
dation, and the International Sea Turtle Society which supported travel grants for 170 interna-
tional travelers.

A special one day mini-symposium was held concurrently on the second day of the symposium to
focus specifically on black sea turtle biology and conservation, with 16 invited papers presented.
One hundred and eight oral papers and 321 posters were accepted for the main three-day sym-
posium. Spanish bi-directional interpretation was available for the entire symposium including
the black turtle mini-symposium. For the first time French bi-directional interpretation was avail-
able for most of the three day symposium. Two workshops, one on beachfront lighting and the
other on sea turtle anatomy were well attended.

For two days preceding the symposium, The Wider Caribbean Sea Turtle Conservation Network
(WIDECAST) held its annual meeting with country coordinators from 26 Caribbean countries and
territories in attendance. Similarly, The Ninth Reunion of Latin American Sea Turtle Specialists
convened for two days prior to the symposium with 75 attendees from 15 countries. One day prior
to the symposium, two other regional meetings convened at the symposium for the first time.
These were the West African Sea Turtle Specialists Group, attended by 38 individuals from 12
West African and one East African country, and the Mediterranean Sea Turtle Specialists which
had 23 participants and observers from 13 countries. The IUCN Marine Turtle Specialists Group
also met following the symposium and was well attended as always.

This symposium would not have been possible without the service of countless dedicated volun-
teers who contributed thousands of hours during the year preceding the symposium, throughout
the symposium, and until completion of the proceedings. To them on behalf of the entire sympo-
sium community I express our gratitude and deep appreciation.

As you reacquaint yourselves with the broad range of topical and informative papers in the pro-
ceedings it will become self evident just how successful the 22™ Sea Turtle Symposium was in
advancing the cause of sea turtle conservation. It has truly been a great honor and my pleasure
to serve as President of the 22" Annual Symposium on Sea Turtle Biology and Conservation.

Earl Possardt
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ents. The awards committee was composed of Jeanette Wyneken (Chair), Ana R. Barragan, Stephen J.
Morreale, Frank V. Paladino, Michael Salmon, Jeffrey A. Seminoff, Lisa Campbell, Molly Lutcavage, Wal-
lace J. Nichols. The awards were financed by the Chelonian Research Foundation and the Sea Turtle
Symposium.
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$500

Poster Presentations

Best Biology Poster

T. Todd Jones, Richard Reina, and Peter L. Lutz. “A comparison of the ontogeny of oxygen consumption in
leatherback, Dermochelys coriacea, and olive ridley, Lepidochelys olivacea, sea turtle hatchlings - Differ-
ent strokes for different life styles” (Department of Biological Sciences, Florida Atlantic University, 777
Glades Rd., Boca Raton, Florida 33431, USA). $500

Runner Up Biology Poster

Milagros Lopez Mendilaharsu, Susan C. Gardner, Jeffrey A. Seminoff, and Rafael Riosmena. “Feeding
ecology of the East Pacific green turtle (Chelonia mydas agassizii), in Bahia Magdalena, B.C.S, Mexico”
(Centro de Investigaciones Biologicas del Noroeste, S.C. La Paz, BCS 23090, Mexico). $250

Best Field-Based & Experimental Conservation Poster

Christopher Makowski, Ryan Slattery, and Michael Salmon. “Shark fishing”: A technique for estimating
the distribution of juvenile green turtles (Chelonia mydas) in shallow water developmental habitats, Palm
Beach County, Florida, U.S.A." (Department of Biological Sciences, Florida Atlantic University, 777 Glades
Rd., Boca Raton, Florida 33431, USA). $500

Runner Up Field-Based & Experimental Conservation Poster

Lesley Hughes, Anthony Cornett, Kendra Garrett, Michael Salmon, and Ann Broadwell. “The influence of
embedded roadway lighting on the orientation of hatchling sea turtles (Caretta caretta)" (Department of
Biological Sciences, Florida Atlantic University, 777 Glades Rd., Boca Raton, Florida 33431, USA). $250

Best Socio-economic Conservation Poster

Antonia C. Marte. “Preliminary study of the trade of hawksbill turtle shell in the Dominican Republic”
(Secretaria de Medio Ambiente y Recursos Naturales, Sub-secretaria de Recursos Costeros y Marinos, Av.
J.F. Kennedy, Los Jardines, Santo Domingo, Dominican Republic). $500
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Thirty years of spatial and temporal patterns in distribution of emergences
by nesting green turtles in Tortuguero, Costa Rica

Manjula Tiwari', Karen A. Bjorndal', Alan B. Bolten', Rankin Family?,
and Caribbean Conservation Corporation®

' Archie Carr Center for Sea Turtle Research, University of Florida, Gainesville, Florida 32611, USA
? Tortuguero, Costa Rica
® 4424 NW 13th Street, Suite #A1, Gainesville, Florida 32609, USA

Tortuguero, Costa Rica supports the largest green turtle,
Chelonia mydas, rookery in the Atlantic. A recent study has
shown an encouraging, upward trend for the green turtle nest-
ing population on this 36-km beach. Thirty years (1971-2000) of
nesting data are analyzed to determine trends in spatial and
temporal patterns of distribution for nesting emergences within
a season and among seasons in an increasing, but also naturally

fluctuating, sea turtle population. Addressing issues of spatial
and temporal nesting patterns are essential for determining the
role of density-dependent effects on the reproductive success of
this population and, consequently, the carrying capacity of the
beach. These results have important implications for recovery
and management plans.

A power analysis of selected Caribbean sea turtle population trends

Rhema Kerr Bjorkland and James I. Richardson

Institute of Ecology, University of Georgia, Athens, Georgia 30602, USA

An important objective of survey and monitoring programs is
the assessment of population trends. Increasingly such assess-
ments are being used to adaptively manage natural resources.
Our objective is to see with what confidence (as measured by
statistical power) are some of the current survey

designs for nesting beach studies able to detect population
trends. Using data from several long-term sea turtle research
programs in the Caribbean, we examine the implication of study
duration and monitoring frequency on estimates of power. Our
results inform our discussions on the implications for the design
and conduct of nesting beach studies.

New insights into population biology of leatherbacks from 20 years of research:
profile of a Caribbean nesting population in recovery

Donna L. Dutton, Peter H. Dutton®, Rafe Boulon’, William C. Coles®, and Milani Y. Chaloupka’

! Ocean Planet Research, 12368 Rue Fountainebleau, San Diego, California 92131, USA
* National Marine Fisheries Service, Southwest Fisheries Science Center, 8604 La Jolla Shores Drive, La Jolla, California 92037, USA
* National Park Service, St. John, 00831 U.S. Virgin Islands
* DPNR, Division of Fish and Wildlife, St. Croix 00840, US Virgin Islands
° Indooroopilly Sciences Centre, 80 Meiers Road, Indooroopilly, Queensland 4068, Australia

The Sandy Point Leatherback Project takes place on the
Sandy Point National Wildlife Refuge in St. Croix, U.S. Virgin Is-
lands. The Virgin Islands Department of Planning and Natural
Resources, the project's managing agency, began flipper tag-
ging in 1977, and since 1981 saturation tagging and consistent
night patrols each night during the main part of the nesting sea-
son have yielded a complete database of information on each
female nesting at Sandy Point. Because Sandy Point is subject to
predictable seasonal patterns of erosion and accretion, nest relo-
cation of "doomed" clutches (those laid in the erosion zone or
below the high water mark and thus have little or no chance of
survival) has also been done since 1982. Prior to the start of this
project, about 30-40% of nests were washed away, and humans
took most of the rest. Nightly patrols and this intensive reloca-
tion effort have reduced these threats. Numbers of females nest-
ing annually have increased from around 25 - 30 in the early
years to a record 186 in 2001 (Fig. 1). Hatchling numbers have
increased from about 2,000 in 1982 to over 41,000 in 2001 (Fig.
2). There was minimal hatchling production prior to 1982, when
we began relocating around 30% of the nests laid each season.
We propose that the exponential growth in adult numbers be-
ginning in 1991-1992 is the result of the orders of magnitude in-
crease in hatchling production that began in 1982. These trends
are consistent with the average age of maturity of 9-14 years
that has been proposed for leatherbacks (Zug 1996). The data
for the St. Croix nesting population is of sufficient quality to al-
low application of new modeling techniques that incorporate

more realistic assumptions than in the past. Dutton et al. (2000)
have previously expressed concern over low nester survival es-
timated from tag-recapture data, however acknowledged that
their measure of "apparent survival", which did not take into
account emigration, may have underestimated actual survival.
Here we present preliminary results of a more sophisticated
model and provide new estimates of nester survival.

Genetic Fingerprinting. We used multiple genetic markers
(mtDNA and microsatellites) to construct genetic fingerprints,
and have been able to identify individuals and determine family
relationships (Dutton et al. 2002). These relationships suggest
that this population increase is the result of conservation meas-
ures applied years ago. We have also determined that St. Croix
is a distinct population with a unique haplotype, and this sup-
ports the natal homing theory (Dutton et al. 1999).

Identification. We use a combination of metal flipper tags,
photoidentification of the pineal spot, or "pink spot", and PIT
tags to identify individuals. High flipper tag loss between nest-
ing seasons (nearly 50% some seasons) prompted the use of
photo id as a secondary identification technique. Beginning in
1992, we have also injected each individual with a PIT tag. Us-
ing these three methods combined, we are confident that we can
accurately identify remigrants.

It was previously thought most turtles are only seen on a
nesting beach during one season. These improved identification
techniques have shown that on Sandy Point, the majority (69%)
are seen again in subsequent seasons. In some seasons, we have



2 22" Annual Symposium on Sea Turtle Biology and Conservation, Miami, Florida USA

used photo ID and PIT tags to identify nearly 33% of untagged
(no flipper tags) turtles as remigrants. We estimate that 588
leatherbacks have been tagged since 1977. While the longest
remigration interval was 11yrs, most remigrants (97 %) returned
to nest within 5 years.

Population Model. The consistent, long-term data set has
allowed us to apply new modeling techniques based on methods
outlined in Kendall (2001). This model estimates survivorship
and abundance by taking into account emigration based on re-
nesting probabilities that are derived from the turtles' past nest-
ing history. This is one of the first models to account for the vari-
able remigration intervals characteristic of sea turtles. Our re-
sulting model is a good fit to the actual data (X’=573.2, df=573,
P=0.49), and shows that the population is increasing at about
13%. This is high, and similar to those estimated for other recov-
ering populations like the Kemp's ridley. Annual adult nester
survival rate is estimated at 0.8932 (95% CI, within 86% - 91%),
which is consistent with a healthy stock. This estimate of nester
survival is higher than previously estimated (Dutton et al. 2001),
since emigration had not been taken into account before.

Recent population models suggest that female biases in sex
ratios can have a greater effect on leatherback population trends
than previously thought (Chaloupka, this symposium). It is not
always possible to predict whether a "doomed" nest will indeed
be washed away on some areas of the beach, however, in the
past a conservative approach has been taken, where all nests
that might be washed away are relocated. We are concerned
that this may be depriving this population of the ability to pro-
duce males, since these "marginal" nests (e.g. ones that are
washed over periodically by high tides, but not necessarily de-
stroyed) may be the only ones exposed to cooler male-producing
temperatures (<29.5°C) (Dutton et al. 1984). At Sandy Point, only
prior to April are sand temperatures cool enough to produce
males, except for in washover zones. Therefore we believe it is
necessary to shift emphasis away from relocating these "mar-
ginal" nests.

CONCLUSIONS

(1) The St. Croix population of leatherbacks is truly a popu-
lation in recovery; (2) Accurate identification techniques show
that most turtles are seen in more than one nesting season on
Sandy Point; (3) Annual female nester survival is approximately
89%, which is consistent with a healthy population; (4) Beach
protection and egg relocation can be effective management
tools for a population in peril; and (5) Consistent long-term
monitoring and saturation tagging are crucial to realistic popula-
tion modelling.
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Table 1. Number of female leatherbacks observed nesting on
Sandy Point, St. Croix, U.S. Virgin Islands from 1983-2001.
Number of remigrants and first time nesters (recruits) are shown.

YEAR RECRUITS REMIGRANTS
1983 11 9
1984 24 4
1985 30 16
1986 15 3
1987 13 16
1988 30 17
1989 17 7
1990 16 6
1991 13 16
1992 30 25
1993 26 17
1994 31 24
1995 25 28
1996 14 24
1997 61 57
1998 17 25
1999 49 50
2000 62 45
2001 90 96

RECRUITS=no of untagged females (e.g. apparently nesting
for first time on St.Croix)

REMIGRANTS=no. of turtles having nested before (total ID's
from flipper tags/PITs and/or Pink Spot photos
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Fig. 1. Estimated number of leatherback hatchlings produced on

Sandy Point, St. Croix, U.S. Virgin Islands from 1982-2001.
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Twenty years of marine turtle nesting at the Archie Carr National Wildlife
Refuge, Florida, USA

Llewellyn M. Ehrhart, Dean A. Bagley, William E. Redfoot, and Stacy A. Kubis
Department of Biology, University of Central Florida, Orlando, Florida 32816, USA

The 21 km coastline in south Brevard County, Florida sup-
ports more loggerhead and green turtle nesting than any com-
parable beach in the United States, and leatherback nesting has
risen markedly since 1996. Nesting surveys, tagging and mor-
phometric data collection have been constant since 1982. During
this time, there have been more than 4,700 loggerhead encoun-
ters, about 1,600 Florida green turtle encounters and 23 leather-
back encounters. The Refuge concept was based on loggerhead

and Florida green turtle nest production during the 1980s. Since
that time, loggerhead nesting has increased by 33%, Florida
green turtle nesting has increased by 294%, and leatherback
nesting has increased by about 170%. Tag returns and satellite
tracking data indicate that turtles utilizing the Carr Refuge are
migrating from the nearby Atlantic, the Gulf of Mexico, Cuba,
and the Bahamas. Research in the Carr Refuge has ranged from
simple nesting surveys to satellite telemetry.

Estimates of survival probabilities for immature green turtles
in the southern Bahamas

Karen A. Bjorndal’, Alan B. Bolten', and Milani Y. Chaloupka’

' Archie Carr Center for Sea Turtle Research and Department of Zoology, University of Florida, Gainesville, Florida 32611, USA
*Cooperative Research Centre , Indooroopilly Sciences Centre, Indooroopilly, Queensland 4068, Australia

Capture-recapture data for a population of immature green
turtles at Inagua, Bahamas, collected over 22 years (1978 - 1999)
were evaluated. The Cormack-Jolly-Seber approach (using the
program MARK) was used to model recapture probabilities and
annual survival probabilities. We evaluated temporal and size-
class-specific demographic effects on both survival and recap-
ture estimation as well as the possible transient behavior of the
immature green turtles. Transience was evaluated using pro-

gram TMSURVIV. The model with the best fit had size-class-
specific and time-dependent survival probabilities but size-
class-independent and time-dependent recapture probabilities.
Estimates of annual survival probabilities are presented. We dis-
cuss the caution required in interpreting these data, because our
estimates of apparent survival confound mortality with emigra-
tion. Meta-population studies are needed to distinguish between
mortality and emigration.

Survival rate estimates in sea turtles with variable inter-nesting intervals:
new statistical modeling of capture-recapture data

Philippe Rivalan', Rémy Choquet’, Jean-Paul Briane’, Matthew Godfrey’, Marc Girondot?,
and Anne-Caroline Prévot-Julliard®

! Ecologie, Systématique et Evolution - Equipe Conservation des Populations et des Communautés - 91405 Orsay cedex, France
*Centre dEcologie Fonctionnelle et Evolutive - CNRS - 1919 route de Mende - 34293 Montpellier, France

One of the main objectives of tagging programs should be to
provide estimates of demographic parameters, such as survival
rates. To date, this has not been adequately achieved for marine
turtles due to the lack of available models that take into account
variable inter-nesting intervals. Indeed, in the case of marine
turtles, the capture probability of an individual is dependent on

its past history. To correct for this problem, we have developed a
new demographic model in which the inter-nesting intervals are
now an output, in addition to survival rates and capture prob-
abilities. The benefits of this new method relative to increased
knowledge of sea turtle biology will be presented.

Changes in relative abundance and population structure of immature marine turtles in the
Indian River Lagoon, Florida over the past 20 years

Stacy A. Kubis, William E. Redfoot, Dean A. Bagley, and Llewellyn M. Ehrhart
Department of Biology, University of Central Florida, Orlando, Florida 32816, USA

The Indian River Lagoon system serves as a developmental
habitat for juvenile green turtles and sub-adult loggerheads.
The capture of 574 loggerheads and 1508 green turtles over the
last 20 years of an ongoing study has provided an index of rela-
tive abundance and an understanding of population structure for
these aggregations. During the first two years of this study, the
ratio of loggerhead captures to green turtle captures was 3:1.
During the intervening years this has reversed, so that the ratio

is now 1:4. While the relative abundance and mean standard
carapace length of green turtles has increased significantly, this
has not been the case for loggerheads. The results of this study
to date suggest that conservation efforts over the past two dec-
ades may be paying off, but this optimism is tempered by the
high prevalence of fibropapillomatosis in this green turtle popu-
lation.
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Survival estimates of large juvenile and adult green turtles in the western Caribbean

Cathi L. Campbell

Department of Wildlife Ecology and Conservation, University of Florida, P.O. Box 110430, Gainesville, Florida 32611, USA and
Wildlife Conservation Society, International Programs, 2300 Southern Blvd, Bronx, New York 10460, USA

Most green turtle rookeries in the Caribbean have been se-
verely depleted or extirpated, primarily from overexploitation.
Although some depleted populations have shown signs of re-
covering, the resurgence of a turtle fishery in Nicaragua during
the past decade may threaten the rookery at Tortuguero, Costa
Rica, the largest remaining population in the Atlantic. Based on
band recovery analysis, survival rates of large juvenile and adult
green turtles on the Nicaragua foraging ground and adult fe-
males from the Tortuguero rookery were estimated to better un-
derstand the impact of the Nicaragua green turtle fishery on the
Tortuguero population. The survival estimates from this study
were much lower than survival estimates of other sea turtle
populations using similar estimation methods. Based on the es-
timates presented, it is likely that the Tortuguero population as a
whole is declining, even if a decline is not yet evident in the
nesting population.
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Population model analysis for the northern nesting subpopulation of loggerhead
sea turtles (Carefta caretta) in the western North Atlantic

Melissa L. Snover', Sheryan P. Epperly’, and Larry B. Crowder’

’ ' Duke University Marine Lab, Beaufort, North Carolina, USA
*NOAA - National Marine Fisheries Service, Southeast Fisheries Science Center, Miami, Florida, USA

Based on mtDNA data, there are at least 5 genetically dis-
tinct loggerhead nesting subpopulations in the western North
Atlantic. In the United States, the northern subpopulation, which
extends from North Carolina to northeast Florida is of greatest
concern due to its small size. To assess the status of this sub-
population, we analyzed databases to develop new parameters
for an existing matrix population model. We developed a new
von Bertalanffy growth curve from mark-recapture data, esti-
mating age to reproductive maturity at 36 to 41 years. From
strandings and genetics data, we estimated 35% female off-
spring for the northern subpopulation. Catch curve analyses of
strandings data from 1986-1989 were used to estimate benthic
juvenile annual survival rates prior to TED regulations. Tag-
return data from nesting beaches were analyzed to estimate

adult female annual survival rates. To incorporate uncertainty in
population trends prior to the implementation of TEDs, we ran
models using pre-1990 asymptotic population growth rates (1) of
0.95, 0.97 and 1.00. Recent data indicate that current US regula-
tions for the size of TED openings release only smaller benthic
juveniles. We ran the models under 2 TED scenarios; 1) protects
only small benthic juveniles (current TED regulations), 2) pro-
tects all benthic juveniles and adults (expanded TED regula-
tions). Model results indicate that if the northern subpopulation
was in decline prior to 1990, current TED regulations are not
enough to stabilize population growth rates. Expanded TED
regulations at best achieve stable populations and are not
enough to result in increasing population growth rates.

Is the decline in some western Pacific leatherback populations attributable to temperature-
dependent sex-determination?

Milani Y. Chaloupka
CRC, PO Box 6150, University of Queensland, St Lucia, Queensland 4067, Australia

Many populations of the Western Pacific leatherback genetic
stock have declined dramatically over the last 25 years. This de-
cline has been widely attributed to a combination of egg har-
vesting and incidental capture and drowning in coastal and dis-
tance water fisheries. However, it is evident that human inter-
ventions such as beach vegetation clearance caused increased
nesting beach temperatures and highly skewed female hatch-
ling sex ratios that could have resulted in a severe shortage of
adult males and a low probability of an adult female finding and
mating with at least 1 male — a strong depensatory or Allele ef-
fect caused by the highly sensitive temperature-dependent sex-

determination behaviour of leatherbacks compared to most
other sea turtle species. This plausible scenario is compared in a
competing risks framework with egg harvesting and fishery re-
lated mortality risks to help diagnose the probable causes of the
decline in Western Pacific leatherback nesting populations. This
competing risks model is implemented in this presentation using
a very fast and interactive stochastic simulation model to evalu-
ate with the audience the probability that nesting beach inter-
vention and the temperature-dependent sex-determination be-
haviour of leatherbacks are strongly implicated in the demise of
some leatherback populations.
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The discovery of a green turtle developmental habitat in Greece advocates
a stronger regional cooperation

Dimitris Margaritoulis and Kostas Teneketzis

ARCHELON, the Sea Turtle Protection Society of Greece, P. O. Box 51154, GR-145 10 Kifissia, Greece

The green turtle, Chelonia mydas, has evolved a fairly iso-
lated local population in the Mediterranean Sea. The nesting ar-
eas of this population are confined in the easternmost part of
Mediterranean, because of favorable climatic conditions. The
occurrence of green turtles away from this part of Mediterra-
nean is considered rather rare. However, in the course of a fish-
eries interaction study in Lakonikos Bay, southern Greece, it
was found that this bay represents an important developmental
habitat of the Mediterranean green turtle population. A three-
year (1997-2000) systematic study, in cooperation with local
fishermen, was conducted during the fishing period (October-
May) to assess the magnitude of incidental catch. About 26% of
the total fishing effort (by 25 trawlers, beach seines and gill-

netters) was monitored by an observer recording catches as soon
as the fishing vessels returned to port. Fishermen were trained
to identify marine turtle species, classify turtles’ CCL in four size
classes and record their physical condition as well as the ap-
proximate location and depth of captures. During the study pe-
riod, 188 turtles were caught by the monitored fishing vessels.
Of these, 112 (59.6%) were loggerheads and 76 (40.4%) were
green turtles. All green turtles were classified as juveniles, pro-
viding evidence that Lakonikos Bay is a developmental habitat
of the Mediterranean green turtle population. This finding will
certainly change existing conservational aspects and provide
stimulus for better regional cooperation by supranational con-
ventions as well as among states.

Marine turtles and fisheries in the Mediterranean: are we missing something?

Bojan Lazar and Nikola Tvrtkovic

Adriatic Marine Turtle Program, Department of Zoology, Croatian Natural History Museum, Demetrova 1, HR-10000 Zagreb, Croatia

INTRODUCTION

The first studies on marine turtles in the Mediterranean ba-
sin were started in the early 1980s, on the nesting beaches in
Greece and in Cyprus. Today, the main nesting areas of the two
species that reproduce in the region, the loggerhead turtle and
the green turtle, are well known, concentrated almost exclu-
sively in the eastern basin (Margaritoulis et al., in press).

The first at-sea studies started with a decade's delay, in the
late 1980s' and early 1990s', and were carried out through the
assessment of interactions between marine turtles and fisheries
(Delaugerre 1987, De Metrio and Megalofonou 1988, Laurent
1990, 1991, Argano et al. 1992). Almost all these studies were
and still are focused on large-scale commercial fisheries, longli-
nes and trawls. Indeed, the first results revealed a high level of
bycatch by both fisheries, and identified the fishery interactions
as the main threat to sea turtles in marine habitats in the Medi-
terranean (see review by Gerosa and Casale 1999). More than
22,000 juveniles a year are caught just by the Spanish longline
fleet operating in the Balearic Sea (Aguilar et al. 1995), while es-
timates of the annual bycatch in bottom trawls also range in
thousands of turtles caught. Nevertheless, direct mortality rates
in both fisheries seems to be rather low: 0.4% in longlines, and
0-10% in trawls.

However, there is another fishery widely distributed in the
Mediterranean, one that is almost ignored in all such studies:
the gill net fishery. The gill net fishery exists in almost all coastal
zones around the globe on a large and a small scale, and it is
one of the oldest fishing techniques. It uses a variety types of
nets and methods, and therefore it is not easy to classify it. In
this paper we analyze data on the bycatch of loggerhead sea
turtles in coastal gill nets in the eastern Adriatic Sea, and discuss
the interactions of turtles and the gill net fisheries in the Medi-
terranean basin.

MATERIAL AND METHODS

We present the data on the bycatch of 59 loggerhead sea
turtles by eastern Adriatic gill-netters in the coastal waters of
Slovenia and Croatia in the period 2000-2002. We analyzed by-
catch incidents with regard to temperature regimes. For this
purpose we divided the year into two periods: the "warm pe-
riod" (from the beginning of May to the end of October) and the
"cold period" (from the beginning of November to the end of

April), and tested the temporal distribution of bycatch by means
of a chi sq. test.

Data on the gill net fishing fleet were obtained from the Di-
rectorate of Fisheries, the Ministry of Agriculture and Forestry of
Croatia, and through personal interviews with fishermen in Slo-
venia.

RESULTS AND DISCUSSION

Forty-four turtles were captured in gill nets during the warm
period, with the highest number of incidents coming from the
northernmost part of the eastern Adriatic Sea (Slovenian waters
and northern Croatian waters). In contrast, we recovered just 15
loggerheads in the cold period, all along the southern Croatian
coast, in sea temperatures >14 °C. There is a significant associa-
tion between bycatch in gill nets and the warm period (x’=4.33,
p=0.03, d.f.=1). This means that loggerheads in the eastern
Adriatic are mostly involved with gill nets during the period of
increased activity, between the end of April and November. Fur-
thermore, our study showed that gill nets affect both small juve-
niles (<50 cm CCL) and large, benthic size-classes (>50 cm
CCL), in the ratio 1.2:1, respectively. The mean mortality was
54.9% (n=51).

The gill net fishery in the eastern Adriatic Sea, as well as
throughout the whole of the Mediterranean, is mostly a small-
boat-based, traditional fishery, which uses low-cost boats. Out of
2,400 fishing vessels that operate with gill nets along about
3,000 km of the total coastline of Croatia, 89.4% are less than 12
m in length. A total of 12,142 km of gill nets are registered,
which gives about 5 km of gill nets per boat, or 3.3 to 6.2 times
more than is allowed by the law, depending of the type of net.
About 60 gill netters are registered along 44 km of Slovenian
coast, fishing with 2-4 km of gill nets per boat. In total, between
120 and 240 km of gill nets are set along 44 km of Slovenian
coastline, causing a direct mortality of loggerheads of 65.4%.

Gerosa and Casale (1999) gave a general overview of inter-
actions of marine turtles and fisheries in the Mediterranean.
There is an obvious lack of data and systematic studies on tur-
tles and gill nets in the region. There are several main reasons
for this: First, the gill net fishery is a "dispersed"” fishery, based
on thousands of small vessels situated in numerous ports, which
makes it very difficult to asses. Second, besides professional
fishermen, there are numerous non-occupational (recreational)
fishermen who use gill nets on an irregular basis, so it is difficult
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to estimate the fishing efforts or bycatch rates. Furthermore,
data on gill net fishing fleet are lacking for most of the Mediter-
ranean countries (Gerosa and Casale 1999). Nonetheless, the
few data available on bycatch of turtles in gill nets in the Medi-
terranean are alarming. Delaugerre (1987) reported a mortality
rate of 94.4% in trammel nets in Corsica (n=18), while a mortal-
ity of 73.7% (n=19) in gill nets has been reported by Argano et
al. (1992). Laurent (1991) encountered a mortality of 53.7%
(n=149) in France which is consistent with our data. Godley et
al. (1998) estimated a mortality of 10% in artisanal fisheries in
Cyprus and Turkey, but they addressed all types of small-boat
based fisheries, including longlines and trawls - fisheries with a
rather low direct mortality.

It is obvious that gill nets are the most lethal fishing tool for
sea turtles in the Mediterranean. However, there is a dearth of
studies to assess the levels of interactions between turtles and
gill net fisheries in the region. Considering the high mortality
rates, it is quite possible that the cumulative lethal effect of nu-
merous small coastal gill net fisheries could have a direct mortal-
ity level equivalent to that of larger, commercial fisheries. De
Metrio and Megalofonou (1988) estimated a bycatch rate of
16,000 turtles per season entangled in drift nets in the Ionian
Sea, Italy, with a mortality between 20% and 30%. Hence, the
assessment of interactions of marine turtles and coastal gill-net
fisheries should be a priority at the Mediterranean level.

Gill-net fisheries affect not only small, but also the larger
sized individuals. A loggerhead population model showed that a
reduction of mortality in the large juvenile and subadult stages
would contribute most to population recovery (Crouse et al.
1987). Therefore, assessment and management of gill net fisher-
ies in the Mediterranean and a reduction of mortality through
time and/or area closures should be emphasized as a conserva-
tion priority, particularly in foraging and inter-nesting habitats,
and along the migration pathways of marine turtles.

Acknowledgements. Support for this study was provided
within research project of the Ministry of Science and Technol-
ogy of Croatia No. 183007. Material was collected by permit of
the Ministry of Environment Protection and Physical Planning of
Croatia No. 531-06/1-02-2, and the Ministry of Environment of
Slovenia No. 354-09-66/00. For the assistance in data collection
we would like to thank V. Ziza (Aquarium in Piran, Slovenia), L.
Lipej (Marine Biological Station in Piran, Slovenia), P. Tutman,
N. Glavic and V. Kozul (Biological Department Dubrovnik, Insti-
tute of Oceanography and Fisheries, Croatia), as well as to all
fishermen who provided the data. Participation was made possi-
ble by support from the Ministry of the Environment and Physi-

cal Planning of Croatia, and by the David and Lucile Packard
Foundation.

LITERATURE CITED

Argano R., R. Basso, M. Cocco, and G. Gerosa. 1992. New data
on loggerhead (Caretta caretta) movements within Medi-
terranean. Bollettino del Museo dell' Instituto di Biologia
dell' Universita di Genova 56/57:137-164.

Aguilar R., J. Mas, and X. Pastor. 1995. Impact of Spanish sword
fish longline fisheries on the loggerhead sea turtle Caretfa
caretta population in the western Mediterranean. In: J.I.
Richardson and T.H. Richardson, comps. Proceedings of the
Twelfth Annual Workshop on Sea Turtle Biology and
Conservation. NOAA Tech. Memo. NMFS-SEFSC-361. p.
1-6.

Crouse D.T., L.B. Crowder, and H. Caswell. 1987. A stage-based
population model for loggerhead sea turtle and implications
for conservation. Ecology 68:1412-1423.

Delaugerre M. 1987. Status des tortues marines de la Corse (et
de la Mediterranee). Vie Milleu 37:243-264.

De Metrio G. and P. Megalofonou. 1988. Mortality of marine
turtles (Caretta carefta L. and Dermochelys coriacea L.)
consequent to accidental capture in the Gulf of Taranto.
Rapports et Proces-verbaux des reunions de la Commission
Internationale pour 1'Exploration Scientifique de la Mer
Mediterranee 31:285.

Gerosa G. and P. Casale. 1999. Interaction of marine turtles with
fisheries in the Mediterranean. UNEP/MAP RAC/SPA, Tu-
nis.

Godley B.J., A.C. Gucu, A.C. Broderick, R-W. Furness, and S.E.
Solomon. 1998. Interactions between marine turtles and
artisanal fisheries in the eastern Mediterranean: a probable
cause for concern? Zoology in the Middle East 16:49-64.

Laurent, L. 1990. Les tortues marines en Algerie et au Maroc
(Mediterranee). Bulletin de la Societe Herpetologique de
France 55:1-23.

Laurent, L. 1991. Les tortues marines des cotes Francaises
Mediterraneennes continentales. Faune de Provence
(C.E.E.P.) 12:76-90.

Margaritoulis D., R. Argano, I. Baran, F. Bentivegna, M.N.
Bradai, J.A. Caminas, P. Casale, G. De Metrio, A. Demetro-
poulos, G. Gerosa, B.J. Godley, D.A. Haddoud, J.
Houghton, L. Laurent, and B. Lazar. In press. Loggerhead
turtles in the Mediterranean: present knowledge and
conservation perspectives. In: A. Bolten and B. Withering-
ton, eds. Ecology and Conservation of Loggerhead Sea Tur-
tles. Smithsonian Institution Press, Washington, D.C.

Evaluating the impact of turtle excluder devices on strandings
in the western Gulf of Mexico

Becca Lewison', Larry Crowder’, and Donna Shaver’

! Duke University Marine Laboratory, 135 Duke Marine Lab Road, Morehead City, North Carolina 28557, USA
*U.S. Geological Survey, Biological Resources Discipline, Columbia, South Carolina, USA

The Sea Turtle Stranding and Salvage Network has been
monitoring turtle strandings for more than 14 years. High num-
bers of strandings in the mid to late 1980s, thought to be an in-
dicator of negative impacts of commercial fisheries on imperiled
turtle populations, prompted regulations to require Turtle Ex-
cluder Devices (TEDs) on shrimping vessels (trawlers). However,
following TED implementation in 1991, stranding levels have
increased. Here, we evaluate the efficacy of TEDs and other
management actions (e.g. fisheries closures) on loggerhead and
Kemps ridley turtles using a long-term dataset from the western
Gulf of Mexico. Our analyses suggest that both sea turtle popu-
lation growth and shrimping activity have contributed to the ob-
served increase in strandings. TEDs have, however, been effec-

tive in reducing strandings, as analyses of strandings during and
before or after the seasonal Texas Closure indicate larger pro-
portional declines in strandings once TED compliance increased.
Model projections suggest that improved compliance with TED
regulations will reduce strandings to levels that should promote
population recoveries for loggerheads and Kemp's ridley turtles.
Local, seasonal fisheries closures, concurrent with TED en-
forcement, could reduce strandings to even lower levels. A sea-
sonal closure adjacent to a secondary Kemp's ridley nesting
beach may also reduce adult mortality of nesting adults and thus
promote long-term population persistence by fostering the es-
tablishment of a robust, secondary nesting site.
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Integrating turtle conservation into shrimp management strategies: a Texas case history

Hal Osburn, Mike Ray, and Robin Riechers
Texas Parks and Wildlife, 4200 Smith School Road, Austin, Texas 78744, USA

Texas marine waters and adjacent barrier islands are impor-
tant migration, feeding, mating, and nesting areas for sea turtles
in the Gulf of Mexico. Five species occur regularly off Texas: the
green, the hawksbill, the leatherback, the loggerhead, and the
Kemp's ridley. The hawksbill, the leatherback and the Kemp's
ridley are listed as endangered while the green and the logger-
head are threatened.

Commercial shrimping is a major industry in Texas marine
waters with 73 million pounds landed annually. This fleet activ-
ity has been identified as a major contributor to strandings of sea
turtles in Texas that have averaged 392 per year over the last
decade. Turtle strandings peak in April and May before the
Texas shrimping closure and in July and August after the clo-
sure.

Authority for Texas shrimping rules rested with the State
Legislature until 1989. Texas Parks and Wildlife (TPW) assumed
regulatory authority over shrimping at that time, following adop-
tion of the Texas Shrimp Fishery Management Plan. TPW im-
mediately began a management strategy to reduce the overall
impact of the shrimp fleet on Texas marine resources and habi-
tats, primarily through a shrimp license limited entry and buy-
back program.

In October 1998, TPW initiated a process to revise the exist-
ing shrimping regulations. TPW sponsored a workshop with
shrimp industry leaders and turtle conservation scientists and
advocates. A specific goal of the workshop was to identify new
shrimping rules that would improve economic benefits to the
shrimp community and, at the same time, reduce interactions
between shrimpers and sea turtles. While no consensus was
reached, the workshop did produce a number of options for
achieving compatible shrimp and turtle rules.

A comprehensive review of all shrimping rules was needed
to find balance among various stakeholder needs. A TPW
shrimp management team of staff managers, biologists, statisti-
cians, and outreach personnel was created to examine relevant
data and other information in their respective bay systems with
the goal of designing rules to assure sustainable resources and
achieve an ideal balance among user groups. TPW held 24 pub-
lic workshops coast wide over an 18-month period to solicit
ideas for rule changes. A leader in the Asian-American fishing
community was hired to conduct four workshops in the Viet-
namese language in communities with large numbers of Viet-
namese-speaking shrimpers.

Throughout the 18-month process, the TPW shrimp man-
agement team met regularly to review available public input
and data analyses and to redirect outreach and assessment ef-
forts. Following the full review of relevant data on a bay system
basis, the shrimp management team turned its attention to inte-
grating bay system and nearshore Gulf differences into a coast-
wide shrimp fishery management strategy. Pros and cons asso-
ciated with each possible regulatory change and the specific ef-
fects on different stakeholders were extensively discussed. A
preliminary list of rule changes was drafted and subsequently
reviewed separately with some identified leaders in the bay
shrimping industry, the Gulf shrimping industry, and the Asian-
American community. Modifications to the draft rules were
made based on their input.

In early April 2000, the TPW Commission was briefed on the
conclusions of the 18-month study and staff requested guidance
on proceeding with rule changes. The Commission directed staff
to develop a “moderate” package of new rules. A briefing book
summarizing the study's conclusions and detailing the pros and
cons of each draft rule was mailed to the agency's Shrimp Advi-
sory Committee, other interested parties, and all coastal legisla-
tors.

The proposals in the briefing book generated intense stake-
holder and legislative interest. Serious differences of opinions on
the timing and need for rule changes were voiced by industry

members. The inclusion of sea turtle conservation goals as part
of the shrimp fishery management strategy was also attacked as
inappropriate. The draft rules elicited vigorous and emotional
debate among stakeholders and TPW both through media out-
lets and other forums.

Proponents and opponents organized letter-writing cam-
paigns to TPW and legislators. TPW was requested to provide
detailed briefings to legislative offices and other authorities to
clarify the intent of the rules.

The conservation of sea turtles as a component of the rule
changes garnered a great deal of public attention. It became ap-
parent that much of the announced support for the rule changes
had sea turtle conservation at its base even though TPW contin-
ued to emphasis benefits to the overall shrimp industry as the
primary justification.

The TPW Commission agreed to formally propose the rules
through publication in the Texas Register in May 2000. This ac-
tion came despite a protest demonstration outside the Commis-
sion meeting of about 500 Asian-American men, women, and
children.

Eight public hearings were held coastwide with five meet-
ings scheduled during the closed Gulf shrimp season and three
during the closed bay shrimp season to facilitate better atten-
dance. The hearings were well attended with 760 people pre-
sent and 182 people providing comments. Both opponents and
proponents made impassioned statements. Rejection of the sci-
entific data and fears of the impacts of regulations were common
themes throughout the hearings. Two conferences with shrimp
industry leaders, sea turtle advocates, and other stakeholders
were also conducted. TPW noted all comments and later crafted
the final recommendations for presentation at the August Com-
mission meeting.

Several hundred protesting Asian Americans along with a
host of other stakeholders came to the August Commission
meeting. Sixty-eight people spoke to the Commission, although
comments generally mirrored those heard previously and were
predominately in favor of no changes to the shrimp rules. This
contrasted sharply with the final tally of 6139 comments re-
ceived, both verbal and in writing, throughout the three-month
comment period. About 97% of all comments favored adoption
of some or all of the proposed rules. The Commission ultimately
approved the revised rule changes proposed by staff. In doing
so, they indicated concern about the potential economic impacts
on shrimpers and asked staff to monitor the fishery over the next
five years and report back on how successful the rules were in
achieving the stated objectives.

Certain rules adopted by the Commission were designed to
reduce fishing effort on shrimp stocks and provide additional
protection to sea turtles, particularly in the near shore Gulf. The
most significant rule with respect to sea turtle conservation was
establishing a seasonal shrimping closure from Corpus Christi
Fish Pass to the Texas-Mexico border (110 linear miles including
all of Padre Island National Seashore) from the beach out to 5
nautical miles from December 1 to the Summer Gulf opening or
July 15. Historically 68% of the turtle strandings, yet less than
3% of the total Texas shrimp landings, occur in this area during
this timeframe. The seasonal closure affords additional protec-
tion of adult Kemp's ridleys off Padre Island that could lead to
increased nesting and establishment of a secondary nesting
beach for this endangered species. In addition, by protecting
immature shrimp, the closure was also compatible with shrimp
fishery management goals.

Another important sea turtle conservation measure was lim-
iting the total width and number of trawls per vessel in the near
shore Gulf. Vessels shrimping from Corpus Christi Fish Pass to
the Texas-Louisiana border from the beach out to 3 nautical
miles are restricted year around to no more than two trawls with
a total width of 130 feet of headrope. Vessels shrimping from
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Corpus Christi Fish Pass to the Texas-Mexico border are also re-
stricted to two trawls with a total width of 130 feet of headrope
from the beach out to 3 nautical miles from July 16 (or the Sum-
mer Gulf opening date) to November 30. Prior to the new
shrimping regulations, there was no limit to total width and
number of trawls each vessel could deploy. The rule is expected
to reduce fishing effort, especially from large vessels, in the near
shore Gulf, thereby decreasing the occurrence of sea turtles in
shrimp trawls. And, again compatible with shrimp management,
the rules allow for additional shrimp spawning and growth to a
larger, more valuable size.

A state rule requiring the use of a turtle excluder device in
all trawls in the Gulf was adopted which matches the federal re-
quirements. Enhanced law enforcement from state game war-
dens is one of the expected benefits.

Industry members continued to pursue options to remove
some or all of the new regulations following the final Commis-
sion action. A temporary restraining order and two lawsuits to
overturn the new rules were filed. The temporary restraining or-
der was denied but the lawsuits continue to be pursued.

The Commission action was also subject to debate in the
2001 Texas legislative session. Two bills were filed to overturn
the new shrimp rules and to put constraints on the rule-making
authority of the Commission. Much of the impetus for legislative
intervention was generated by industry members complaining
about the gulf seasonal closure off Padre Island, which also pro-
vided the greatest protection for sea turtles. The bills to overturn
the rules were not enacted; however, a statutory mandate was
given to TPW to conduct a comprehensive study of the shrimp
resources and associated fisheries prior to making additional
substantive shrimp rules. A report to the legislature on the study
results is due in September 2002.

Integrating sea turtle conservation measures into Texas'
shrimp management strategy was successful, at least pending
the final resolution of current litigation. Fishery managers who
are stewards over similar resources should note several impor-
tant lessons from this case study. By taking a comprehensive
approach with rule proposals, which affected all segments of the
shrimp fishery, and by providing justification that included a

wide range of benefits to industry profits, bottom habitat, water
quality, bycatch, and specifically sea turtles, TPW was able to
build an accumulation of smaller positive attributes of each rule
into a larger set of cumulative benefits.

The comprehensive rule-making approach also dramatically
increased the number and variety of stakeholders participating
in the process. Attempting to manage these public marine re-
sources for optimum benefits to the whole state of Texas helped
gain credibility for the stated goals in the TPW Shrimp Fishery
Management Plan. In addition, a comprehensive approach made
it more obvious that balancing the interests of all stakeholders in
the final resolution was paramount in importance.

Managers seeking to follow a multi-species holistic ap-
proach in formulating fishery rules should be prepared for a
long-term commitment to carrying out the process. It is essential
that managers be prepared for questions and varying opinions
on the biology, statistics, economics, and law enforcement con-
siderations surrounding the rules. This requires a comprehen-
sive look at existing data sources on a wide array of topics. The
consistent application of the data collected during TPW's 25-
year-long standardized fishery dependent and independent
monitoring programs was critical in demonstrating valid scien-
tific rationale.

The management process, including this on-going Texas
case study, would benefit from the development of more leaders
in the fishing communities that recognize the long-term finan-
cial gains possible from matching harvesting capacity to the
ability of the resource to withstand harvest. Additionally, indus-
try advocates are needed to recognize and promote the respon-
sibilities of the fleet to reduce bycatch and habitat damage of
public resources. Unless industry recognizes these responsibili-
ties, fishery managers can continue to expect an adversarial
process to dominate future conservation initiatives.

Preliminary results of the new shrimping regulations are en-
couraging. Total sea turtle strandings in Texas during 2001 were
13% below the 5-year average and 27% below the 5-year aver-
age from February 15 — May 15 in the seasonally closed area off
Padre Island.

Bycatch of marine turtles in Cuban shelf-waters

Felix Guillermo Moncada Gavilan, Luis Font, Elsa Morales, Erich Escobar, Gonzalo Nodarse, Servando Valle,
Jorge Garcia, and Alexis Meneses

Fisheries Research Center, 5ta Ave. and 248 Street, Barlovento, Playa, La Habana 19100, Cuba

INTRODUCTION

Incidental catch of marine turtles occurs in many fishing op-
erations throughout the world. From 1968 to 1992, Cuba had a
nationally managed harvest of marine turtles. Turtles taken as
bycatch were considered part of the harvest and landings were
recorded. From 1992 onwards, Cuba voluntarily phased down its
harvest, so that by 1996 harvesting was restricted to two small
and remote areas (Nuevitas and Isle of Youth). Turtles taken as
bycatch in other fisheries today can only be used in those two
communities. Elsewhere, they cannot be utilized, and must be
discarded (see ROC 1998, 2000, 2002). As a result formal records
on incidental catch of marine turtles in Cuba are no longer kept
by fishing operations. This report summarizes the results of a re-
cent study undertaken to quantify incidental catch of marine
turtles in Cuban fisheries.

MATERIALS AND METHODS
Data were collected in 2000 and 2001, mainly through inter-

views with fishermen working in fisheries known to interact
with marine turtles, fisheries biologists and technicians

from the Fisheries Research Center, and with staff from fisheries
enterprises. Surveys were undertaken in nine fisheries areas:
Puerto Esperanza, Caibarien, and Nuevitas on the northern
coast; and, La Coloma, Casilda, Cienaga de Zapata, Cienfuegos,
Isla de la Juventud, and Santa Cruz in the southern coast. Fish-
eries enterprises here are responsible for 70% of all Cuban shelf
fisheries. Additional information was collected by technicians
working on fishing boats in the southern coast areas of La Co-
loma, Isla de la Juventud, Cienfuegos and Casilda.

Information was obtained on the type of fishery (species tar-
geted, extent and characteristics of area fished, extent of fishing
season, type of fishing gear, type of ship and size of fleet, fishing
effort of ship or fleet (numbers of nets, fishing hours), mortality
rate of captured turtles, species, size and numbers of turtles cap-
tured.

Estimates of total bycatch of turtles were calculated by ex-
trapolating reported capture rates to the total number of ships
and boats in each area, and were then extrapolating for Cuba as
a whole based on these areas representing 70% of fishing opera-
tions. (Surveys in the remaining 30% are being conducted in
2002).
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RESULTS AND DISCUSSION

Turtles. The results indicated that about 855 marine turtles
are captured as bycatch each year (2000 and 2001), in the areas
examined. This was made up of greens (46%), hawksbills (40%),
loggerheads (13%) and leatherbacks (1%) turtles. Of the turtles
caught, 39% were alive and were released by fishermen. When
extrapolated to the whole of Cuba, this suggests an annual by-
catch of 1221 turtles, with about 745 turtles being killed: 342
greens; 298hawksbills; 97loggerheads; and 8 leatherbacks.

The percent composition of species caught varied between
the north and south coasts. On the north coast, the bycatch was
greens (47%), hawksbills (34%) and loggerheads (19%),
whereas on the south coast it was hawksbills (45%), greens
(39%), loggerheads (15%) and leatherbacks (1%).

Fisheries. Finfish fisheries accounted for the greatest pro-
portion of turtle bycatch (563%). The highest incidence of capture
was in trawl nets (73%), which are used in various habitat types,
in relatively shallow waters. Fixed nets and cages accounted for
lower proportions (16% and 11%, respectively), and none were
reported as being caught in traps. Mortality rate in fixed nets
was 88%, in trawl nets 60% and in cages 0%. Ray (spotted ray
and stingray) fisheries accounted for 35% of the turtle bycatch.
This fishery utilizes bottom nets (20 cm mesh) of different
lengths, and with different weights in the lower part of the net.
Most ray fishing occurs in the southeastern part of Cuba. Mortal-
ity rate of turtles is 90-100%, depending on the frequency of
checking of nets; large turtles are more often found alive than
smaller ones.

Shrimp fisheries accounted for 12% of the turtle bycatch,
and are carried out in the southeastern part of Cuba, mainly in
habitats with sandy and/or muddy bottoms. Mortality rate de-
pends on trawl time, but is about 40%. Internationally, the inci-
dental catch in shrimp fisheries includes a higher incidence of
marine turtle species which feed mainly on crustaceans (eg.,
loggerheads and ridleys). In Cuba, the main turtle caught are
greens. In the Cuban platform, habitats in which the shrimp
fishery operates tend to have few turtles associated with them,
and turtle-excluder devices (TEDs) are not considered neces-
sary.

Size of Turtles. The mean size of turtle recorded by observ-
ers on boats was 50.5 cm CCL. Interviewees were asked to clas-
sify turtles caught within one of three broad size categories:
small (up to 45 cm CCL), medium (up to 656 cm CCL); and large
(greater than 65 cm CCL). Most turtles were reported as being
small (42%) or medium (42% each), with 15.8% being large.
This suggests juveniles rather than adults are most commonly
caught.

CONCLUSIONS

This study represents the first detailed assessment of inci-
dental catch of marine turtles in Cuban waters. The study is con-
tinuing in 2002, and revised figures should be available by the
end of the year. In 1996, incidental catch of hawksbill turtles
was estimated as 100-200 individuals killed per year (ROC
1998). The results of this study suggest that numbers killed have
increased to about 300. Since 1996 the wild population has been
steadily increasing (ROC 2000, 2002), and so the two estimates
are broadly consistent. Most hawksbills are taken are juveniles
caught in ray fisheries, which operate mainly in shallow water
areas in the south of Cuba (see Carrillo and Contreras 1998),
where densities of hawksbills can be high (ROC 2000). In abso-
lute terms, incidental catch in Cuban waters involves fewer tur-
tles than in other regions of the world (eg., Gulf of Mexico, Pa-
cific and Atlantic coasts of USA, Central America, Mediterra-
nean Sea), where incidental catch can be as high as 50,000-
100,000 turtles per year. However, as the wild turtle populations
continue to expand in Cuba, where they are protected in over
99% of all marine habitats, incidental catch is likely to increase
rather than decrease.
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Incidental capture of loggerhead (Caretta caretta) and leatherback (Dermochelys coriacea)
sea turtles in the Uruguayan long-line fishery in the southwest Atlantic Ocean

Andres Domingo Balestra', Alejandro Fallabrino®, Rodrigo Forselledo®, and Veronica Quirici®

! DLNA.R.A., Constituyente 1497, Montevideo, Uruguay
* C.1.D.,Proyecto Karumbé - Tortugas Marinas del Uruguay, Juan Paullier 1198/101, Montevideo, Uruguay

This paper reports the incidental catch of loggerhead and
leatherback sea turtles by the Uruguayan long-line tuna fleet
determined by observations made in the National Observers
Program, and analyzes the space-time distribution of these spe-
cies. Sampled ships operated in the South West Atlantic Ocean
between 26° and 37° South. The information was collected by
scientific observers in ten trips made from April 1998 to Novem-
ber 2000. During this period, 170 loggerheads and 27 leather-

backs were caught. From 0 to 50% of the loggerheads were dis-
carded dead, while leatherbacks were all released with hook
and fishing line. The distribution of Carefta caretta was found to
be associated with water temperature. The catch of juvenile and
subadult loggerheads and adult leatherbacks make it advisable
to foster research and quantify bycatch by the long-line South
Atlantic fleet.
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Impacts of pelagic longline fishery on Atlantic loggerhead sea turtles

Sheryan P. Epperly’, Melissa L. Snover’, and Larry B. Crowder’

! National Marine Fisheries Service, 75 Virginia Beach Drive, Miami, Florida 33149, USA
*Duke University, 135 Duke Marine Lab Road, Beaufort, North Carolina 28516, USA

Nearly 30 nations participate in longline fishing throughout
the North and Tropical Atlantic Ocean and the Mediterranean
Sea. Although the U.S. longline fleet accounts for a relatively
small proportion of total hooks fished in the North Atlantic
(<10%) it is highly efficient: 4-8 times more efficient at catching
swordfish and 2-3 times more efficient at catching tunas than
the other fleets working in the region. Sea turtles are a bycatch
of the fishery. Based on U.S. observer data, loggerheads and
leatherbacks are the two species of sea turtle most often cap-
tured with annual estimates of domestic takes for loggerheads
ranging from 293-2439 and takes of leatherbacks ranging from
308-1054. Sea turtle bycatch rates by the U.S. fleet are highest
on the Grand Banks. We examined how a potential regulation of
the pelagic longline fishery to effect an increase in survival of

pelagic animals would impact population growth rates of the
northern subpopulation of loggerheads. We considered 3 growth
models, new stage-specific survival rates, 2 initial population
growth rates, and an effective sex ratio of 35% female in our
population models. Results from the models indicate that if the
northern subpopulation was in decline prior to 1990 and indi-
vidual growth rates are as slow as we now believe, regulation of
the longline fishery to achieve a 10% decrease in mortality is not
enough to realize positive population growth rates. Increasing
population growth rates may be achieved, however, by a combi-
nation of regulations to reduce both pelagic stage mortality and
mortality on the large immature and reproductive animals. The
latter can be accomplished by expanded TED regulations re-
quiring larger escape openings.

Experiments in the western Atlantic to evaluate sea turtle mitigation measures in the
pelagic longline fishery

John Watson
NOAA Fisheries, P.O. Drawer 1207, Pascagoula, Mississippi 39567, USA

The National Marine Fisheries Service, Southeast Fisheries
Science Center has initiated a multiyear cooperative research
initiative with the commercial pelagic longline industry to de-
velop and evaluate mitigation measures capable of reducing in-
teractions and injury of endangered and threatened sea turtle
species by pelagic longline fisheries. In 2001, eight commercial
longline vessels with NMFS observers aboard were employed to
evaluate potential mitigation techniques, collect data on tur-
tle/longline interactions, evaluate dehooker and line cutter de-
vices, and conduct a pilot tagging project employing pop-up ar-

chival satellite tags (PATs) in the Western Atlantic Ocean. Re-
search included evaluation of the effectiveness of blue dyed
squid bait and position of hooks relative to float lines in reduc-
ing turtle interaction rates. Observers collected a suite of data
including longline gear configuration data, catch data, meristics
data, and sea turtle life history data. One hundred and eighty
five experimental sets have been conducted and turtle interac-
tions with 111 loggerhead turtles (Carettfa caretta) and 76 leath-
erback turtles (Dermochelys coriacea) have been recorded. The
results of this research will be presented.

Results of an experiment to evaluate gear modifications on sea turtle Bycatch in the
swordfish longline fishery in the Azores: effects of hook type and size

Alan B. Bolten', Helen R. Martins®, Eduardo Isidro’, Rogerio Ferreira’, Marco Santos?,
Andreia Cruz®, Eduardo Bettencourt’, Ana Giga®, and Karen A. Bjorndal'

' Archie Carr Center for Sea Turtle Research and Department of Zoology, University of Florida, Gainesville, Florida 32611, USA
zDepartment of Oceanography and Fisheries, University of the Azores, Horta, Azores, Portugal

The problem of sea turtle bycatch in longline fisheries has
been recognized worldwide. To reduce this bycatch, we have
designed a multiyear program to evaluate gear modification on
sea turtle bycatch in the swordfish longline fishery in the
Azores. We present results from over 150 sets conducted during
the first two years of the program. During the second year, a
commercial longline fishing vessel from the Azores was char-
tered to conduct the experiment from September to December
2001. The experiment consisted of 60 sets, and each set con-
sisted of about 1500 hooks. The experiment evaluated 3 differ-

ent hook types: a J hook and two sizes of circle hooks. The pri-
mary objectives were to evaluate the effect of both hook type
and size on rates of sea turtle bycatch and location of hooking
(e.g., mouth vs. esophagus). Effects of hook type and size on tar-
get species were also evaluated. Results from this experiment
are evaluated in conjunction with the results from the previous
years experiment that evaluated hook shape. Results from these
experiments have broad application and can be applied to
swordfish longline fisheries around the world. We make recom-
mendations for future experiments.
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Behavioral and genetic components of marine turtle olfaction: an investigation aimed at
reducing the incidental bycatch of marine turtles in longline fishing gear

Yonat Swimmer', Richard W. Brill’, Lianne M. Mailloux®, Ben Higgins®, Michelle L. Vieyra“,
Daniel R. Anderson’, and Richard G. Vogt*

! University of Hawaii, 2570 Dole Street, Honolulu, Hawaii 96822, USA
* National Marine Fisheries Service/NOAA, 2570 Dole Street, Honolulu, Hawaii 96822, USA
’ National Marine Fisheries Service, Galveston Fisheries Sea Turtle Facility, 4700 Avenue U, Galveston, Texas 77551, USA
4 Department of Biological Sciences, University of South Carolina, Columbia, South Carolina 29208, USA

We report our findings on behavioral experiments with cap-
tive marine turtles and a molecular biological analysis of turtle
odor receptor (OR) genes with the aim of identifying a bait
modification that could reduce the capture of marine turtles in
longline fishing gear. Behavior experiments with captive green
(Chelonia mydas) and loggerhead (Caretta caretta) sea turtles
are currently underway to determine the importance of vision
and olfaction in biting food items. Preliminary data with modi-
fied and artificial baits suggest that turtles use a combination of
vision and olfaction in making the decision to bite. We have be-
gun identifying odor receptor genes by PCR amplification di-
rectly from hemocyte genomic DNA using degenerate PCR
primers. Preliminary efforts have yielded 23 unique OR genes

from leatherback (Dermochelys coriacea) turtles, 12 unique OR
genes from green turtles, and 6 unique OR genes from the
American alligator (Alligator mississipiensis). Analysis under-
way includes an assessment of the numbers of OR genes by
Southern blot analysis, the number of expressed OR genes by
pseudogene analysis (presence of internal stop codons) and an
estimate of the degree of evolutionary selection through popula-
tion analysis. It has been suggested that vertebrates have two
classes of ORs. A Type I class is thought to support the detection
of water soluble odorants, and a Type II class is thought to sup-
port the detection of airborne odorants. The reptilian OR se-
quences we have identified belong to the Type II class.

Experimental evaluation of the attractiveness of swordfish-fishing devices on loggerhead
sea turtles: testing the floats’ effect

Susanna Piovano', Marco Affronte’, Emilio Balletto”, Bernardo Barone®, Luigi Dell'Anna®*, Stefano Di Marco*,
Alberto Dominici®, Cristina Giacoma’, Franco Mari’, Franco Miglietta®, and Alvise Zannetti’

! Universita di Torino - Dipartimento di Biologia Animale e dell'Uomo, Torino, Italy
* Fondazione Cetacea, Riccione, Italy
’ Provincia Regionale di Agrigento, Agrigento, Italy
* CTS - Dipartimento Conservazione Natura, Roma, Italy
° Hydrosphera, Roma, Italy
® CNR-IATA, Firenze, Italy

INTRODUCTION

One of the main goals of the EU-Life Project “Urgent con-
servation measures for Carefta caretta around the Pelagie Is-
lands” was to evaluate the impact of local fisheries on logger-
head turtle mortality rates, in the waters surrounding the islands
of Lampedusa, Lampione and Linosa, in the South of Italy
(35°51'N 12°51'E) (Balletto et al. 2001). Reports of bycatches of
C. carefta collected around the Pelagie Islands since 1994, show
that boulter long-line fishing has a strong impact on the local
loggerhead population (more than 150 turtles were reported as
by-captured by only 3 small fishing boats in 2 months — Dominici
et al. 2000, Dominici et al. 2001). In order to try and reduce log-
gerhead bycatch without impacting negatively on swordfish
(Xiphias gladius) catch sizes, we initially surveyed local fishing
methods and finally set out an experimental program aimed at
testing (i) the attractiveness of fishing devices, (ii) the attractive-
ness of various types of bait and (iii) the effect of acoustic deter-
rents. In this paper we present some preliminary results on im-
pact of floats on the swordfish longline fishery on loggerheads.
Many interactions between turtles and floats, in fact, were re-
ported by N. Beideman (Blue Water Fishermen's Association, in
NOAA Tech-Mem NMFS-OPR-7, 1996) and Hawaiian observers
collected some preliminary data revealing a high preference for
loggerhead to be caught on hooks adjacent to or near the floats.
Kleiber and Boggs presented some preliminary data on this sub-
ject at the Miami Workshop on reducing sea turtle takes in
longline fisheries (August 31-September 1, 1999). Also some
Italian fishermen working in the Sicilian waters (FederCoopPe-
sca, AGCI Pesca, UNCI Pesca) reported that bycatches seem to
occur more often on the hooks set nearer to the floats. To evalu-

ate the floats' attractiveness we tested sea turtle's behaviors
with respect to lit as well as unlit white floats.

MATERIALS AND METHODS

Experiments were carried out at the Delphynarium of “Fon-
dazione Cetacea" in Cattolica (Italy) as well as at the Centro Re-
cupero Tartarughe Marine in Linosa (Italy). We used open circu-
lar tanks having 10 m in diameter and 1.9 m depth. The sea-
water inside the tank was about 1.1-1.3 m deep. The water tem-
perature was about 25°C (24°-26°C). To simulate the float used
in the waters surrounding the Pelagie islands, we used white
floats of 32x32x18 cm, having a central hole in which we lodged
a pulsing light similar to those used by local fishermen.

Tests were carried out on 11 loggerheads. Four of these
were juveniles (mean CCL=28 cm, SD=6.98, range=22-30 cm)
and 7 subadults (mean CCL=49 cm, SD 11.79, range=38-69 cm).
Experiments were conducted between 21 May and 15 August
2001. We subdivided the upper surface of the tank with white
and red ropes in order to create a sampling grid having a 1m’
mesh. Each sea turtle was lodged in the tank at least 12 hours
before the experiment started (acclimatization time). During the
following night, we observed and recorded for total of 22 hours:

1) Control (no float in tank). We recorded the individual's
spatial position with respect to the sampling grid every 2 min-
utes for a total of 30 minutes.

2) Experiment 1 (unlit white float). After control sampling,
we put an unlit float in the tank. Then we recorded the individ-
ual's spatial position with respect to the sampling grid every 2
minutes for a total of 30 minutes.
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3) Experiment 2 (white float with pulse light). After control
sampling, we put on the pulse light on the float that was already
present in the tank. Then we recorded the individual spatial po-
sition with respect to the sampling grid every 2 minutes for a to-
tal of 30 minutes.

Experiments 1 and 2 were repeated twice, non-
consecutively, with the float located in 2 different point. We ana-
lyzed the collected data by Chi-square and Wilcoxon's test.

RESULTS

Experiment 1. No statistically significant difference in the
spatial distribution of the loggerheads has been observed be-
tween control (float absence) and experiment 1 (presence of an
unlit float) (Table 1). The general distribution (turtle's presence
in the near zone or in the far zone from the float) does not
change significantly relative to the presence of the unlit float
((’=3.181, g.L.= 1, P= 0.074).

This is confirmed by the analysis of the spatial distribution of
individual subadults and juveniles in the control and the test
situation (Wilcoxon's test: Z=1.074; P=0.283; Fig. 1).

Experiment 2. Also in this case, no significantly difference
in the spatial distribution of tested loggerheads has been ob-
served between control (float absence) and experiment 2 (pres-
ence of a lit float) (Table 2). The general distribution (presence
in the near zone or in the far zone from the float) does not sig-
nificantly change relative to the presence of the unlit float
((*=0.139, g.1.= 1, P= 0.709).

This is confirmed by the comparative analysis of the spatial
distribution of individual subadults and juveniles, in the pres-
ence or absence of a light-bearing float (Wilcoxon's test:
Z=0.674; P=0.500) (Fig. 2).

CONCLUSIONS

Fishermen have often suggested that hooks set closer to the
floats have a higher probability of catching turtles accidentally
(Kleiber and Boggs, see above). Our experiments, however,
show that the spatial distribution of turtles in our tank was

Table 1. Loggerhead turtle spatial distribution in the presence or
absence of a white unlit float within the experimental tank.

unchanged after introducing a white float, either lit, or unlit. Re-
sults therefore demonstrate that the floats' presence or absence
does not influence turtle behavior significantly (i.e., floats are
neither attractive nor repulsive for turtles).

In order to analyze the impact of floats more in detail, our fu-
ture work will concentrate on acquiring more exact data on the
number of turtles caught on the different segments of the fishing
gear, as well as on the influence of the floats on the hooks’
depth. Floats, in fact, will probably keep some segments of the
longline more superficial than others and consequently, hooks in
their proximity may be nearer to the surface. Some anecdotal
reports, in fact, suggest that depth influences the probability of
turtle catches and that bycatches tend to decrease with increas-
ing depth. An alternative hypothesis that should also be tested
in the open sea is that the pulse light on the float may have an
indirect attractive effect. They may attract loggerheads preys,
and consequently turtles.
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Table 2. Loggerhead turtle spatial distribution in the presence or
absence of a pulse-light bearing float within the experimental
tank.
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Fig. 1. The analysis of the spatial distribution of individual
subadults and juveniles (names beginning by J) has shown that
the turtle's presence in the “near zone" does not vary as a con-
sequence of the presence or absence of an unlit float.

Fig. 2. Total number of fixes per individual recorded in the test
zone in the presence and absence (control) of a float bearing a
pulsating white light. The spatial distribution analysis of indi-
vidual subadults and juveniles (names beginning by J) has
shown that the turtle's presence in the "near zone” does not
vary as a consequence of the presence or absence of a pulse-
light bearing float.
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TICO TED: process for US approval

Randall Arauz
Sea Turtle Restoration Project, 1203-1100, Tibas, San José, Costa Rica

As of March 1997, the Costa Rican government formally re-
quested the National Marine Fisheries Service (NMFS) the ap-
proval of the 6 inch bar spacing TED modification for use in the
Costa Rican shrimp fishery. This request was based on studies
carried out from April 1995 to December 1996, which recorded
unacceptable loss of shrimp when using TEDs in the white
shrimp fishery in coastal shallow waters. The large amount of
debris in coastal waters was held responsible for obstructing

TEDs and impairing proper functioning. Wider deflector bar
spacing (from 4 to 8 inches) proved to reduce shrimp loss. Addi-
tional morphometric information proved that wider bar spacing
did not pose a threat to juvenile olive ridley sea turtles. As of
July of 2000, NMFS issued a temporary permit for Costa Rica to
use 6 inch deflector bar spacing TEDs, on the condition that by
July of 2002 the Costa Rican authorities would provide addi-
tional information based on observer data.

Twenty years of partnerships: WIDECAST, the Wider Caribbean Sea Turtle
Conservation Network

Karen L. Eckert
Executive Director, WIDECAST, 17218 Libertad Drive, San Diego, California 92127, USA

BACKGROUND AND RATIONALE

WIDECAST was founded in Santo Domingo, Dominican Re-
public, in 1981 to work on behalf of six species of sea turtle en-
countered in the Wider Caribbean Region. The network em-
braces 39 States and territories in the Gulf of Mexico and Carib-
bean Sea, and includes Bermuda and Brazil as well. There are
WIDECAST Country Coordinators resident in 32 of these states
and territories. Country Coordinators are drawn from govern-
mental and non-governmental sectors and must have sea turtle
research and/or management experience. To achieve WIDE-
CAST objectives, Country Coordinators work in partnership
with a national coalition of stakeholders, including scientists,
conservationists, resource managers, resource users, policy-
makers, coastal landowners, educators and others.

WIDECAST's five primary areas of activity (field research
and conservation, management and policy intervention, training
and capacity building, public awareness, fund-raising) support a
unifying mission "to realize a future where all inhabitants of the
Wider Caribbean Region, human and sea turtle alike, can live
together in balance". Why sea turtles? The Region's six species
play uniquely important roles in the ecology and economy of the
Region, and all are severely reduced from historical levels. Per-
sistent over-exploitation, especially of adult females on nesting
beaches and the widespread collection of eggs, are largely re-
sponsible for the current IUCN global classifications of "Endan-
gered" for the green, loggerhead and olive ridley sea turtles and
"Critically Endangered" for the leatherback, hawksbill and
Kemp's ridley sea turtles.

In addition to a largely unregulated harvest that has
spanned more than a millennium in the Caribbean basin, sea
turtles are accidentally captured in active or abandoned fishing
gear, resulting in death to uncounted thousands of turtles annu-
ally. Widespread coral reef and seagrass degradation, oil spills,
chemical waste, persistent plastic and other marine debris, high
density coastal development, and an increase in ocean-based
tourism have damaged or eliminated nesting beaches and feed-
ing areas.

Reversing population decline is complicated. Threats to sea
turtle populations can accumulate over long periods of time, and
can occur anywhere in a population's range. Because most sea
turtle populations are characterized as highly migratory, what
appears as a decline in a local population may, in fact, be a di-
rect consequence of the activities of peoples many hundreds or
even thousands of kilometers away. Thus, while local conserva-

tion is crucial, co-operative action is also called for at regional
and international levels.

FACILITATING REGIONAL ACTION

WIDECAST effectively integrates national and international
conservation priorities for sea turtles and the habitats upon
which they depend. For example, as a long-established Partner
Organization of the UNEP Caribbean Environment Programme
(CEP), WIDECAST ensures that local concerns and expertise are
directly incorporated into international decision-making and
policy.

UNEP's 1983 Convention for the Protection and Develop-
ment of the Marine Environment of the Wider Caribbean Region
(‘Cartagena Convention') and its Protocol concerning Specially
Protected Areas and Wildlife (SPAW Protocol) form an important
regional framework for sea turtle policy and management. To
assist countries in fulfilling the mandate of the SPAW Protocol,
WIDECAST Country Coordinators work in partnership with
stakeholders at all levels to develop national conservation
strategies referred to as a "Sea Turtle Recovery Action Plans"
(STRAP). Each STRAP is tailored specifically to local circum-
stances and discusses sea turtle status and distribution, major
causes of mortality, the effectiveness of existing legislation, and
the present and historical role of sea turtles in the local culture
and economy, and then makes specific recommendations for lo-
cal, national, and multilateral conservation action.

STRAPs have been published for Antigua and Barbuda
(Fuller et al. 1992), Aruba (Barmes et al. 1993), Barbados (Hor-
rocks 1992), Belize (Smith et al. 1992), the British Virgin Islands
(Eckert et al. 1992), St. Kitts and Nevis (Eckert and Honebrink
1992), St. Lucia (d'Auvergne and Eckert 1993), St. Vincent and
the Grenadines (Scott and Horrocks 1993), Suriname (Reichart
and Fretey 1993), Netherlands Antilles (Sybesma 1992), and
Venezuela (Guada and Solé 2000). Four additional STRAPs will
be published in 2002 (Anguilla, Jamaica, Panama, and Trinidad
and Tobago).

In addition to the national action plans, WIDECAST experts
have played a strong role in the development of regional and
subregional management guidelines (e.g., Eckert 1995, Eckert
and Abreu 2001, Reichart et al. 2002) and a variety of technical
assessments are currently in preparation, including "Meeting
Ecological and Economic Goals: Best Practices for Sea Turtle
Ecotourism in the Wider Caribbean Region", "An Assessment of
Sources of Sea Turtle Bycatch in Commercial and Artisanal
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Fisheries Operating in the Eastern Caribbean Region", and "Sea
Turtle Product Use and Trade in Central America".

INVOLVING AND EMPOWERING PEOPLE

WIDECAST is rooted in the belief that conservation must be
nurtured from within, it cannot be commanded from outside.
Our programs prioritize capacity building and are always de-
signed to encourage a technical understanding of sea turtle bi-
ology and management among local individuals and organiza-
tions. To facilitate the sharing of information, WIDECAST hosts
two regional support centers (a Caribbean Marine Turtle Tag-
ging Center in Barbados, and a Conservation Materials Distribu-
tion Center in St. Croix, USVI), offers an annual training course
(in Venezuela), maintains a comprehensive website
(www.widecast.org), and convenes an Annual Meeting of Coun-
try Coordinators and Partner Organizations to discuss issues of
regional concern, identify gaps in research and management in-
formation, agree on priority conservation actions, and commit to
collaborative initiatives.

WIDECAST emphasizes the best available science through
STRAP development, ensuring regional distribution of the latest
technical information and references (e.g., Lutz and Musick
1997, Eckert and Abreu 2001, Witherington and Martin 2000,
Eckert et al. 1999, TRAFFIC North America 2001), developing
database management software and other record-keeping tools,
promoting exchange programs among field projects, hosting
training workshops and courses, maintaining long-term ecologi-
cal studies, evaluating community-based eco-tourism initiatives,
and distributing public awareness materials. In all cases, net-
work members initiate and implement project components.

CONCLUDING REMARKS

Sea turtles will not survive in the Caribbean Sea without un-
flinching regional cooperation and coordination of conservation
and management programs. WIDECAST provides an effective,
inclusive mechanism for such collaboration. The goal must be
for information to be as decentralized as possible. Most sea tur-
tles live or die at the hand of someone who encounters them far
away from a conservation group or law enforcement officer. If
sea turtles are going to survive, we have to find new ways of
getting people - at all levels - to participate in decision-making
that promotes and encourages the sustainable use and man-
agement of all biological resources, including sea turtles. Net-
working, information-sharing, and genuine capacity building is
the first and perhaps the most important step in this process.
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Preventing illegal trade in sea turtle products by members of the traveling public:
preliminary data from the Caribbean region

Nancy K. Daves' and Karen L. Eckert’

' CITES Coordinator, NOAA National Marine Fisheries Service, 2005 Lyttonsville Road, Silver Spring, Maryland 20910, USA
* Executive Director, WIDECAST, 17218 Libertad Drive, San Diego California 92127, USA

INTRODUCTION

Although the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES) has regulated
international trade in endangered and threatened species for
many years, illegal trade in some species listed in its Appendi-
ces, including sea turtles, continues to be an issue of concern.
One important aspect of this illegal trade is the sale of products
derived from protected wildlife, their purchase by members of
the traveling public, and the subsequent transport of these
products across international borders in violation of CITES pro-
tocols.

Two decades of assessments on commercial trade in sea tur-
tle products, including shell (tortoiseshell, or bekko),
skins/leather and oil, are available in the literature (e.g., Mack
et al. 1982, Roet et al. 1983, Milliken and Tokunaga 1987, Canin
1989, 1991, Donnelly 1989a, 1989b, Greenpeace 1989,
Groombridge and Luxmoore 1989, Jenkins and Broad 1994,
JWCS 2000) and the most recent such study focused on the
northern Caribbean (TRAFFIC North America 2001). But statis-
tics on non-commercial trade, including the volume of sea turtle
material illegally transported across international borders by
tourists and other travelers, are unavailable.

Members of the Wider Caribbean Sea Turtle Conservation
Network (WIDECAST) and others have been concerned with
this trade for many years. A decade ago, WIDECAST's Execu-
tive Director participated in the "Caribbean CITES Implementa-
tion Training Seminar" (14-18 September 1992, Port of Spain,
Trinidad) to assist in training Caribbean governments, particu-
larly Customs officers, in the identification of sea turtle product
items. More recently, WIDECAST has produced a variety of bi-
lingual materials aimed at encouraging tourists to be aware of
their purchasing decisions, to patronize vendors that do not sell
sea turtle products, and to encourage conservation partnerships
with the tourism industry.

Throughout the Wider Caribbean Region, governments and
non-governmental organizations (NGOs) have developed their
own programs to educate tourists, both at shops and places of
departure and arrival, such as airports, of the plight of endan-
gered species and the responsibilities of travelers for their con-
servation. As just one example, the "Buyer Beware" campaign
sponsored by the U.S. the Fish and Wildlife Service, National
Marine Fisheries Service and World Wildlife Fund has provided
a valuable education and outreach tool to help travelers under-
stand that protected species of fish and wildlife (including
plants) - as well as any products derived from them - are subject
to U.S. and international import and export restrictions, prohibi-
tions, permit certificates and quarantine requirements.

Similar restrictions characterize virtually every other country
in the Wider Caribbean Region. Indeed, 27 of the 28 sovereign
states which comprise the Region are Party to CITES; the excep-
tion is Haiti (Andrade 2001), which, in any case, must comply
with CITES restrictions by issuing comparable documentation in
international trade. The "Buyer Beware" campaign and similar
initiatives in other countries inspire hope that tourists are getting
the message, but an evaluation of the successes (and failures) of
current efforts is needed to ensure an effective regional response
to what is, by definition, an international challenge. The purpose
of this study is to characterize what Caribbean countries are do-
ing to meet this challenge and to make recommendations. The
data herein summarized are preliminary, and a more complete
and peer-reviewed analysis will be published separately.

METHODS

A bilingual questionnaire was circulated to governments
(specifically to CITES Management Authorities) and knowl-
edgeable NGOs throughout the Wider Caribbean Region. Re-
cipients were asked to describe existing public awareness pro-
grams, to indicate whether or not these programs were deemed
successful (and by what measure), to describe the characteristics
of successful and unsuccessful programs, to indicate whether the
country has a "model" program suitable for replication else-
where in the Region, and to make recommendations regarding
what form of assistance would be most useful in developing a
successful national program to educate the traveling public
about relevant legislation and their role in protected species
trafficking. In each case, a list of choices was provided and the
interviewee was asked to check all that applied. Results from
government and NGO sources were compiled by country.

RESULTS

Twenty-one responses provided information for the follow-
ing nations and territories (hereafter referred to as "countries") -
Bahamas, Barbados, Bermuda, Bonaire and Sint Maarten (Neth-
erlands Antilles), British West Indies, Costa Rica, Cuba, Domin-
ica, French Guiana, French West Indies, Grenada, Guyana,
Honduras, Jamaica, Mexico, Nicaragua, Panama, St. Lucia,
Trinidad and Tobago, and Venezuela. The data presented are
from these countries only.

Most countries (n=15) use brochures or leaflets as the pri-
mary tool to communicate with the public. The second most pre-
ferred method (n=7 countries) is a port-of-entry display, followed
closely (n=6) by the use of Internet tools (e.g., websites) and dis-
plays in markets or shops. There is comparatively little collabo-
ration with hotels (n=5), and only Honduras reported collaborat-
ing with cruise ships or regional airlines. No country reported
distributing information with visas or other travel documents.

The target audience for any outreach effort is most often the
general public (n=12 countries), followed by schools/youth (n=11
countries); fewer countries (n=8) invested in similar outreach to
law enforcement or customs officers. In some cases the use of
radio and print media was noted, and several countries de-
scribed providing relevant information to visitors as part of ‘tur-
tle camps' or nesting beach projects.

The most commonly cited reason (n=5 countries) for having
no outreach program was "lack of human or financial resources”
and/or a belief that "the education of tourists should take place
in major ports of embarkation into the Caribbean region, such as
in Miami, London or Amsterdam", followed (n=4 countries) by
insufficient expertise regarding the issues and/or gaps in na-
tional legislation. In some cases (e.g., Bermuda, French West In-
dies) interviewees noted that sea turtles are totally protected
and sea turtle products are not offered for sale, and thus out-
reach on the issue is unnecessary.

As for indications of the success of outreach efforts, eight
countries cited declines in the number or volume of sea turtle
products purchased and six countries cited declines in Customs
seizures as evidence of success, but only two countries (Cuba,
Trinidad and Tobago) indicated that they had statistics to con-
firm the trends. Bahamas cited phone calls from members of the
public protesting the sale of turtle products in public markets,
and complaining of poor treatment given to turtles offered for
sale. St. Lucia cited an increase in the number of people report-
ing sea turtle nesting activity and Guyana noted an increase in
the number of people willing to "help stranded turtles return to
the sea instead of eating them" as evidence that awareness was
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rising, although this would not necessarily result specifically
from outreach regarding sea turtle product trade.

There was a wide range in responses to the question, "In
general, which programs do you feel are the most successful?"”
One suggestion was, "any program that reaches the most num-
ber of people"; others felt that the education of law enforcement
and Customs officers was crucial, as were visual displays in air-
ports and points of sale (boutiques, craft markets, hotels, restau-
rants). Mention was made of the need to work more closely with
the tourism industry, and some interviewees suggested target-
ing children (because they adopt new policies most readily) and
engaging communities on a more consistent basis. Nearly all
countries indicated that they had no outreach campaigns suit-
able to serve as a model for others.

By far the most common reason, cited by 11 countries, for
the lack or failure of programs was insufficient funding, followed
closely (n=7 countries) by an inadequate or inconsistent regula-
tory framework and a general lack of follow-through (for exam-
ple, arriving and departing travelers are not routinely asked
whether they are carrying sea turtle items or other protected
species). Six countries cited a lack of political will, while a few
countries cited a lack of expertise and/or a general disinterest on
the part of the tourism industry. One respondent lamented the
fact that millions and millions of tourists enter and depart the
Region every year, that the endless cycle of education that is re-
quired to make a measurable difference in their behavior (e.g.,
their purchasing habits) is overwhelming, and that the most
practical approach would be to ensure that sea turtle products
(and products made from other internationally protected spe-
cies) are not offered for sale.

When asked what type of assistance would be most useful in
developing a successful national education program, most coun-
tries (n=15) cited funding, followed closely (n=11) by the avail-
ability of model programs. Five countries indicated a need for
qualified people to assist in training and program development.

CONCLUSIONS AND RECOMMENDATIONS

It is clear that concern is widespread about transborder traf-
ficking in protected species products by tourists who are pre-
sumably unaware of the role they play in endangering depleted
local resources. It is also clear that a variety of approaches to the
problem have the potential to be successful, but that success is
hindered by insufficient funding, a lack of educational tools and
materials, comparatively low interest on the part of the tourist
industry and policy-makers, an insufficient or inconsistent regu-
latory framework, and a general lack of follow-through on the
part of law enforcement. Based on this preliminary assessment,
our strongest recommendation is that broadly applicable, multi-
lingual materials be developed for use throughout the Region.

LITERATURE CITED

Andrade, C.N. 2001. Caribbean marine turtles and international
law. In: K.L. Eckert and F.A. Abreu, eds. Proceedings of
the Regional Meeting: "Marine Turtle Conservation in the
Wider Caribbean Region: A Dialogue for Effective Regional
Management", WIDECAST, IUCN-MTSG, WWF and
UNEP-CEP. p. 83-85.

Canin, J. 1989. International trade in sea turtle Products. In: S.A.
Eckert, K.L. Eckert, and T.H. Richardson, comps. Proc. 9th
Annual Workshop on Sea Turtle Conservation and Biology.
NOAA Tech. Memo. NMFS-SEFC-232. p. 27-29.

Canin, J. 1991. International Trade Aspects of the Japanese
Hawksbill Shell (‘bekko') Industry. Marine Turtle News-
letter 54:17-21.

Donnelly, M. 1989a. Socio-economic importance of sea turtles:
international trade in tortoiseshell, In: L. Ogren, ed. Proc.
Second Western Atlantic Turtle Symposium. NOAA Tech.
Memo. NMFS-SEFC-226. Panama City, Florida. p. 38-49.

Donnelly, M. 1989b. International trade in hawksbill sea turtle
shell in the Wider Caribbean. In: S.A. Eckert, K.L. Eckert,
and T.H. Richardson, comps. Proc. 9th Annual Workshop on
Sea Turtle Conservation and Biology. NOAA Tech. Memo.
NMFS-SEFC-232. p. 45-47.

Greenpeace. 1989. Sea Turtles and Indonesia. Prepared by
Greenpeace International for the 7th Conference of Parties
to CITES, Lausanne, Switzerland, 9-20 October 1989. 23 p.

Groombridge, B. and R. Luxmoore. 1989. The Green Turtle
and Hawksbill (Reptilia: Cheloniidae): World Status,
Exploitation and Trade. Secretariat of CITES, Lausanne.

Jenkins, M. and S. Broad, eds. 1994. International Trade in Rep-
tile Skins: A Review and Analysis of the Main Consumer
Markets, 1983-1991. TRAFFIC Intl., Cambridge. 68 p.

JWCS. 2000. Hawksbill Trade Revived?: Analysis of the Man-
agement System of Domestic "Bekko" Trade in Japan.
Japanese Wildlife Conservation Society, Tokyo. 16 p.

Mack, D., N. Duplaix and S. Wells. 1982. Sea turtles, animals of
divisible parts: international trade in sea turtle products, In:
K. A. Bjorndal, ed. Biology and Conservation of Sea Turtles.
Smithsonian Institution Press, Washington D.C. p. 545-562.

Milliken, T. and H. Tokunaga. 1987. The Japanese Sea Turtle
Trade: 1970-1986. A Special Report Prepared by TRAFFIC
(Japan). Tokyo. 171 p.

Roet, E., P.C. Escherich, R.E. McManus, and J. Teeple-Hewes.
1983. Sea Turtles in Trade: An Evaluation. Prepared by the
Sea Turtle Rescue Fund. Center for Environmental Educa-
tion. Washington, D.C. 40 p.

TRAFFIC North America. 2001. Swimming Against the Tide:
Recent Surveys of Exploitation, Trade and Management of
Marine Turtles in the Northern Caribbean. 161 p.

First steps for the conservation of marine turtles in southern Pert

Nelly De Paz, Ménica Echegaray, and Julio C. Reyes

Areas Costeras y Recursos Marinos, Av. San Martin 1471, Pisco, Peru

Despite legislation, direct take of marine turtles for trade in
Pisco, southern Peruy, is encouraged by people unaware of con-
servation problems faced by these species. To mitigate this
situation, in April 2001 we started a public awareness campaign
about marine turtles for the first time. A campaign named “We
want to live” was launched, directed to the public involved in
the marine turtle issue. The main turtle meat trading centers
were identified. Basic information on marine turtles and legisla-
tion protecting them was included in materials distributed. This
information was also provided at ACOREMA’s Interpretative
Center, in both exhibits and speeches for the visitors. Actions
within the campaign included lobbying with local authorities in
charge of the control, and workshops with personnel of local
agencies, and guides. Informal meetings were the tools for

reaching fishermen. National coverage of the campaign was
given by the media. Marine turtle conservation now is in the lo-
cal agenda. Materials from the campaign are now showed at
most commercial establishments, local agencies and institutions,
including 25 restaurants identified as turtle meat traders. An
important achievement was the participation of local agencies in
joint actions at several trade centers. Other results include a
more active participation of the public in controlling illegal cap-
ture and trade and marine turtle sighting reports made by fish-
ermen. The campaign will continue, as well as monitoring of
marine turtle/fisheries interactions and lobbying with local au-
thorities, to maintain the current efforts for the benefit of marine
turtles in Peru.
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Sinks, sewers, and speed bumps: the impact of marina development on sea turtles in Baja
California, Mexico

Wallace J. Nichols

Wildcoast , PO Box 324, Davenport, CA 95017 and Department of Herpetology, California Academy of Sciences, San Francisco,
California, USA

The coast of the Baja California peninsula provides habitat
for five species of sea turtle from all around the Pacific basin.
Until now the main threats to sea turtles in the region were pri-
marily direct and indirect take. The vast majority of the forag-
ing grounds remain undeveloped and generally free of contami-
nation. A recently proposed mega-project known as Escalera
Nautical (Nautical Steps) plans to develop a system of 22 ports
along the coast of northwest Mexico to attract nautical tourism
from the U.S. to provide jobs in this economically depressed re-
gion. The potential benefits and costs of this project, in particu-
lar as they relate to sea turtles and sensitive terrestrial and ma-
rine ecosystems, should be considered prior to further construc-
tion.

Description of the Region. The coast of the Baja California
peninsula and the Gulf of California are recognized as some of
the most ecologically important coastal areas of the North
American continent. This 3,000-mile stretch of coast is responsi-
ble for more than 40% of Mexico's landings of marine resources.
For its high level of endemism and biological diversity Conser-
vation International recognizes the region as a “biodiversity hot-
spot”. The region, in particular the coast of the Baja California
peninsula, is relatively pristine with vast areas falling within
federally protected reserves. The most endangered group of
marine animals that inhabit these waters are the sea turtles—all
five species are endangered or threatened and are protected
under Mexican law. Sea turtles migrate from as far away as Ja-
pan and southern Mexico to use these waters as foraging and
developmental areas. Thus, the region is considered important
to sea turtle recovery efforts around the Pacific basin.

Current Threats to Sea Turtles. The main contemporary
threats to sea turtles are hunting and bycatch. The region is
considered a sea turtles “sink” and we estimate as many as
35,000 dead turtles annually for this region. Despite intense
nesting beach conservation effort over the past 3 decades an ac-
tive, though illegal, market for sea turtle meat in northwestern
Mexico has been a barrier to recovery. These threats are being
affectively addressed through a network of fishermen, commu-
nity members, researchers and governmental and non-
governmental organizations known as the Sea Turtle Conserva-
tion Network of the Californias. Seven community-based moni-
toring projects are documenting sea turtle population trends
throughout the region. Contamination, boat collision and injec-
tion of anthropogenic debris are considered secondary threats,
particularly along the coast of the peninsula. The proposed Es-
calera Nautica, if realized, will bring new threats to sea turtles.

Proposed Mega-Project: “"Escalera Nautica”. According
to FONATUR information, the proposed mega-project known as
Escalera Nautica (Nautical Ladder) includes 24 new or improved
marinas, Fuel distribution system for each port, 20 new or im-
proved airports, 17,000 new hotel/condo rooms, 34 new golf
courses, a network of new highways connecting development
sites, and a “Land Bridge" or 4-lane highway from the Pacific to
Gulf of California to transport yachts (Fig. 2). Escalera Nautica
would be modeled after Cancun, Cabo San Lucas, Acapulco,
and "“Riviera Maya" FONATUR Mega-Projects.

The stated goals of Escalera Nautica include 50,000 new
employees, 5 million tourists annually by 2010, a projected mar-
ket of 91,210 yachts by 2014, a US $ 2 billion investment by
FONATUR, and "unequalled opportunities for na-
tional/international investors” (Table 1).

Potential Impacts of Escalera Nautica on Sea Turtles.
The proposed mega-project coincides with all of our long-term
sea turtle research and monitoring sites. It is no coincidence
that both sea turtles and marinas favor tranquil, pristine bays.
Possible new threats to sea turtles related to this project include:

(1) contamination of critical nursery and feeding areas; (2) habi-
tat destruction w/in Marine Protected Areas; (3) boat traffic and
strikes w/in Marine Protected Areas; and (4) increased poaching
concomitant with an increase in the human population. Each of
these potential impacts should be investigated and included as
part of a comprehensive environmental impact assessment.

Fatal Flaws in the Escalera Nautica Mega-Project

1) Large tides, high winds, extreme temperatures at many
of the proposed sites preclude the kinds of tourism the project
proposes.

2) Lack of adequate potable water in region.

3) Market analysis based on 1997-1999 data. A new, inde-
pendent, market analysis is currently being conducted and will
be released in late 2002

4) Lack of consideration of protected areas. The Mexican
conservation and environmental community, who has worked
for the establishment and management of several protected ar-
eas in the region, will thoroughly scrutinize this project as 8 of
the proposed sites occur with protected areas.

5) No ecological/social analysis or community consultation.
Reports from many of the proposed sites suggest that the project
directors have not thoroughly considered the interests and de-
sires of the communities impacted.

Development Alternatives to the Mega-Project Paradigm

1) “Escalera Ecologica”. The coastal desserts and waters of
northwestern Mexico are world treasures. Expansion of low im-
pact, locally owned, adventure, eco- or science tourism could be
encouraged through a network known as “Escalera Ecologica”
that highlights and maintains, rather than compromises, the re-
gion's ecological integrity. Sea turtles should be an important
component of the region's ecological attractions.

2) Fisheries management. Many of the fisheries in the re-
gion have declined due to poor stewardship. Investment in
sound management practices by cooperatives would bring de-
sired jobs to an already established infrastructure.

3) Piracy reduction. By investing in anti-poaching efforts
vast gains in legal fisheries production could be achieved.
Those fishing coops currently investing in community-based
anti-poaching programs have demonstrated significant gains.

4) Niche marketing for fisheries resources. As consumers
become more aware of the eco-seafood market, opportunities
will expand. Currently the Baja California lobster fishery is be-
ing considered for Marine Stewardship Council certification.

SUMMARY

The coast of northwestern Mexico and its ecological rich-
ness can be best balanced with the economic needs of the re-
gion by carefully reconsidering the Escalera Nautica proposal
and adapting it to “Escalera Ecologica”. Under this scenario,
low impact tourism activities and sustainable fisheries can sup-
port the human population while maintaining biological diver-
sity and encouraging recovery of endangered species such as
sea turtles. The typical FONATUR mega-projects represent an
old development model that is incompatible with Mexico's
emerging culture of stronger environmental policies and democ-
racy.

Table 1. Diverse views on Escalera Nautica.

“The 'Escalera Nautica' represents an attempt at land specula-
tion financed by public funds, that will enrich a small number of
officials and a select group of private investors, causing consid-
erable damage to some of the most pristine

natural areas of Mexico.” (H. Aridjis, in La Reforma, Mexico
City, 2000)
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“FONATUR Director [John McCarthy] announced that in order
to protect the natural resources and ecosystem of the Escalera
Nautica, the master plan of the project will have special fran-
chise license rules to regulate the tourist activity. This system
may allow the Government to have a better control of the nauti-
cal and tourism activities and its relationship with the ecosys-
tem.” (FONATUR website 2001)

“Without the Escalera's infusion of tourist dollars, authorities
doubt they can protect the natural beauty of these places. They
express no doubt, on the other hand, about their own ability to
maintain the integrity of the area through project designs that
comply with all Mexican environmental regulations.” (M.
Spaulding, Borderlines newsletter 2001)

22" Annual Symposium on Sea Turtle Biology and Conservation, Miami, Florida USA

“...once underway the Nautical Ladder could become yet an-
other of the never-finished tourist developments that scar the
Mexican landscape. In Baja, for example, Puerto Escondido has
remained since 1988 a wasteland of half-completed condomini-
ums, pavement and cement covering what was once among the
region's most biologically productive areas.” (D. Russell, The
Ecologist 2002)

For more information on Escalera Nautica:
www.escaleranautica.com
www.wildcoast.net.
www.propeninsula.org
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Assessing the impact of fishing pier construction on spatial patterns of sea turtle nesting in
Palm Beach County, Florida

Traci Leong’, Andrew Barclay', Bud Howard’, and Lance Waller®

! Emory University, School of Public Health, Department of Biostatistics, 1518 Clifton Rd NE, Atlanta, Georgia 30322, USA
* Palm Beach County Department of Environmental Resources Management

This analysis attempts to quantify the effect of the construc-
tion of a 990-foot fishing pier on sea turtle nesting patterns at
Juno Beach in Palm Beach County, Florida. We will consider 2
methods of analyzing the data- a traditional approach and a
lesser utilized technique involving the spatial distribution of the
emergences.

Construction initiated in November 1997 (prior to the 1998
nesting season). At the start of the 1998 season (May), an esti-
mated 50%-75% of the pier was complete. The pier became op-
erational prior to the start of the 1999 season. We will consider
1997 to be pre-construction, 1998 to be during construction and
1999-2000 as post-construction years.

During the late 1980's, the Florida Fish and Wildlife Conser-
vation Commission divided the beach into 11 Index Nesting
Beach Zones. Despite an attempt to allocate 0.5 miles per zone,
zone length is quite variable (range: 0.27-1.1 miles). To compen-
sate for this variability, we will not report emergences as raw
zone counts but as number of emergences per mile. The Marin-
elife Center of Juno Beach measured nesting and non-nesting
emergences for 1998, 1999, and 2000 using differential global
positioning system (DGPS) with submeter accuracy.

Fig. 1 illustrates the number of total emergences per mile by
INB zone. While there is the same general pattern of zone
counts per mile throughout the time period, the zone where the
pier is located (zone 4) has fewer emergences per mile than
most of the other zones during 1998-2000. In 1999, it has the
fewest. In contrast, in 1997 (pre-construction), zone 4 had one of
the highest emergences/mile.

For an initial comparison of a continuous variable like num-
ber of emergences per mile within INB zone, we used the
Kruskal-Wallis test which is a general non-parametric approach
which tests the null hypothesis that the 4 years (1997, 1998,
1999, 2000) all have the same turtle nesting distribution against
the alternative that the nesting distribution differs between
years.

There is a significant difference between distribution of INB
zone emergences per mile in 1997 and each of the 3 subsequent
years (p<.0001). Also noteworthy is the difference in distribution
between the 2 post-construction years, 1999 and 2000. Not sur-
prisingly, the general test of whether there is any distribution
difference among the 4 years is also significant. When emer-
gence data are grouped by zone, the results indicate whether
there are differences existing in zone to zone patterns. However,
we are unable to specify the exact locations of changes in nest-
ing patterns. The analysis of GPS data, in contrast, focuses on
the exact locations of changes.

Local differences are assessed using kernel density estima-
tion in Figs. 2-4. The top graph shows the kernel density esti-
mates based on the GPS data for nesting and non-nesting emer-
gences in 1998 along the linearized beach (north end at left)
while the bottom graph shows the natural logarithm of the ratio
of two intensity functions. The pier location and INB zone
boundaries appear in the bottom figure and may be visually ex-
tended to the top of the figure. (The zones are distinguished by
the dotted vertical lines and the numbers at the top; the pier is
indicated by the dotted gray vertical line).

In the bottom graph in Figs. 2-4, for each location on the
beach, the log ratio of the intensities of the 2 types of emer-
gences is denoted by the black solid line. A log ratio of 0 corre-
sponds to identical intensities. The black dashed lines corre-
spond to the 2.5th and 97.5th percentiles (thereby creating a
95% tolerance region) of log ratios simulated under random as-

signment of each emergence to a particular year (a null hy-
pothesis of no difference). The short vertical black and gray
marks along the bottom of the lower graph correspond to those
segments of beach when the log observed ratio is no longer con-
tained in the 95% region (i.e. departure from zero). The solid
gray lines denote the 50 simulated log ratios based on random
assignment of year to each emergence (random labeling).

Figs. 2-4 illustrate the comparison between nesting and non-
nesting emergences in a given year. In 1998, the nesting and
non-nesting densities follow a very similar pattern as seen in the
top graph of Fig. 2 below. As a result, the log ratio of the intensi-
ties is close to zero along the beach. There were no marked dif-
ferences between nesting and non-nesting densities near the
pier. In short, even though the pattern of emergences varied by
location along the beach, the probability that any given emer-
gence resulted in a nest was remarkably constant along the en-
tire length of the beach.

In contrast, Figs. 3 and 4 highlight a shifting in the nesting
success rates. In Fig. 3, the top graph shows oscillating peaks;
likewise, the gray and black short marks in the bottom graph al-
ternate. Unlike Fig. 2, the log ratio of intensities does have sig-
nificant deviations away from zero. In 1999, around the vicinity
of the pier, in addition to the decrease in total emergences, there
were 20% more non-nesting than nesting emergences in the
range of 922 to 1209 feet north of the pier.

The shifting of distribution continues in 2000 although it is
even more extreme. In the vicinity of the pier there is a greater
disparity between nesting and non-nesting than in 1999. From 1
to 432 feet south of the pier, there is 32% more non-nesting than
nesting emergences. However in zone 9 (2.33 to 2.38 miles south
of the pier) there are 52% more nesting than non-nesting emer-
gences. For total, nesting, and non-nesting emergences, there is
the least amount of density fluctuation when comparing 1998 to
2000. When we compare 1999 to either 1998 or 2000, there is a
marked drop in density around the pier. However, in other loca-
tions, there are areas of marked increase in emergences in 1999
in contrast to 1998 and 2000 suggesting that the presence of the
pier in 1999 serves to alter the distribution of emergences. In
1998, the density of non-nesting and nesting emergences are
similar but in 1999 and especially in 2000, the locations where
the turtles tended to nest were not the same locations where the
emergence resulted in non-nesting.

Emergence density consistently decreases around the area
of the pier between 1998-2000. Initially, regardless of location,
the magnitude of nesting and non-nesting emergences was
equivalent. However, with time, and especially at the vicinity of
the pier, there is great disparity between nesting and non-
nesting densities. Most of the year to year differences in emer-
gence patterns occur from the immediate vicinity of the pier and
southwards.

In summary, we detect statistical differences in nesting pat-
terns  between pre-construction, construction, and post-
construction years. The overall patterns differ between years,
and, more directly to the point of the study, there is a statistically
significant reduction in emergences and the likelihood of any
given emergence resulting in a nest in the immediate vicinity of
the pier. However, the impact is fairly local to the pier and the
data suggest that emergences and nesting may be deferred to
areas south of the pier, where we observe more year-to-year lo-
cal variation in both sets of emergences. Future work will in-
volve adjustments for local confounding factors (e.g., lighting,
slope, and human activity).
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Costa Rica national strategy to reduce coastal light pollution

Anny Chaves' and Leslie du Toit?

! Centro Gestion Ambiental, I.C.E., Costa Rica
? Douglas Robinson Marine Turtle Research Center, Costa Rica

Costa Rica boasts more than fifty-two beaches of importance
to nesting marine turtles. These beaches also represent an at-
tractive resource to tourism, which represents the second most
important source of foreign income to the country.

All species of marine turtles, five of which nest in Costa Rica,
are listed as endangered (IUCN). This situation can be directly
attributed to the deterioration of the turtles’ habitat and exploi-
tation of their eggs, meat and other products.

The deterioration of terrestrial habitat may be directly asso-
ciated with coastal zone development, especially beachside in-
frastructure and the attendant artificial illumination.

The precisely chosen nesting site constitutes, for the turtle,
her most important endeavor to guarantee successful nest de-
velopment. To this end, any artificial illumination directed to-
wards the beach site, produces one of the major disturbances to
nesting activity. This beach lighting also causes high impact to
the behavior of hatchlings during their search for the ocean,
producing disorientation and death.

The “Centro de Gestion Ambiental” and “Unidad de Servi-
cio al Cliente ” (Environmental Services Center and Client Ser-
vices Unif) of "Instituto Costarricense de Electricidad — I.C.E.
(Costa Rican Electrical Institute), in conjunction with the Doug-
las Robinson Marine Turtle Research Center, have united efforts
to design a National lighting strategy. The successful implemen-
tation of this endeavor will allow I.C.E. to supply electricity to
coastal habitants without endangering marine turtles and other
wildlife species which are affected by light pollution.

The proposed plan in the coastal zones, calls for a staged
implementation to control artificial lighting:

Phase 1- Public Lighting Control. This phase has already
been initialized in priority zones, on both the Atlantic and Pa-
cific coasts, such as wildlife areas and those presenting massive
and intensive nesting. These include National Parks, Reserves,
Refuges and the beaches of Ostional, Baulas, Bari, Hermosa
and Tortuguero. This effort will continue with the solitary nest-
ing beaches and finally with the rest of the coast.

The strategy is based on a two-pronged approach of educa-
tion and technical effort. The plan is implemented using the fol-
lowing guidelines: Education = Community Contact; Technical
effort = 1) Cheapest, 2) Easiest, 3) Ideal Solution

Each site is evaluated to determine current conditions, prob-
lem lighting is identified and recommendations are formulated
for future implementation. Implementation of the technical
guidelines will be as follows: (1) paint the lenses to prohibit
horizontal glare; (2) eliminate unnecessary lamp fixtures; (3) in-
stall lamp shades; (4) lower the lamp fixture; (5) install lamps
which emit long wave-length; (6) install Low Pressure Sodium
lamps; and (7) change the transmission line routing

Phase 2 — Private Lighting Control. This activity will be di-
rected towards private homes and tourist development within
coastal zones. For development within the coastal zone, Costa
Rican laws allow for the implementation of measures to regulate
any activities that may negatively affect the quality of life within
this delicate area. However, an intensive and extensive educa-
tional program will be initiated so as to increase public aware-
ness and appeal to individual conscience to undertake necessary
remedies on a voluntary basis.

To guarantee the long-term implementation of protective
measures and adherence of these measures for new develop-
ment, a national regulatory strategy is being developed. The
regulations will affect artificial lighting within the coastal zone
and will serve as a guide for the design of environmentally
friendly lighting.

To assure the ultimate success of this plan, it is important to
involve all facets of the central government and local and re-
gional Non Governmental Organizations in the effort to reduce
superfluous artificial lighting.

This comprehensive effort will convert the National Lighting
Strategy into a valuable tool to be used to guarantee the rational
development of coastal areas without negatively affecting wild-
life. This plan also strives to guarantee a dark sky with a view to
promote another positive aspect of Costa Rica's beaches.

Dark beaches — FDOT's approach to resolving coastal roadway lighting and impacts to
adjacent sea turtle nesting beaches

Ann Broadwell', Mike Salmon® and Ralph Ellis®

! Florida Department of Transportation, 3400 Commercial Boulevard, Ft. Lauderdale, Florida 33309, USA
*Florida Atlantic University, Boca Raton, Florida, USA
s College of Civil Engineering, University of Florida, Gainesville, Florida 32611, USA

The effects of artificial lighting on nesting female sea turtles
and their offspring have been well documented in Florida for
years. While federal and state regulatory agencies have pursued
dark beaches to protect sea turtle habitat, Florida's coastline has
continued to develop and degrade nesting beaches with artifi-
cial light. Currently, Florida Department of Transportation
(FDOT) Design Standards do not take into account the biological
conditions of adjacent properties. In 1998, FDOT funded a study
that would (i) identify statewide coastal roadway lighting prob-
lems, (ii) determine how the lighting problems can be corrected,
and (iii) use this information to develop new and improved light-
ing standards for use by design engineers, coastal communities
and utility companies. From this study, an embedded roadway
lighting demonstration project was funded to determine if em-

bedded roadway lighting products could be considered for use
in the sea turtle lighting zones. The elimination of the traditional
overhead lighting systems could greatly reduce the impacts to
sea turtle nesting beaches. In order to understand motorist and
pedestrian response to this type of roadway lighting, a study will
be conducted that will evaluate the safety aspects of the embed-
ded lighting system and obtain user response to the new light-
ing system. This paper will discuss the development of Sea Tur-
tle Lighting Zones, the proposed changes to the FDOT Lighting
Standards for these zones, and the use of innovative lighting
technology to illuminate the road for the traveling public and at
the same time reduce impacts to adjacent sea turtle nesting
beaches.
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Sea turtles of Lakshadweep Islands, Arabian Sea, India

Tripathy Basudev, B.C. Choudhury, and Kartik Shanker
Wildlife Institute of India, Dehradun - 248 001, India

INTRODUCTION

Four of the seven species of sea turtles occur in Indian wa-
ters. These include the olive ridley (Lepidochelys olivacea),
green turtle (Chelonia mydas), hawksbill (Eretmochelys imbri-
cata) and leatherback turtle (Dermochelys coriacea). All are re-
ported to nest along the mainland and island beaches of India.
The first survey in Lakshadweep which was conducted during
1976 (Bhaskar 1978, 1979) and stray records by the team of
CMFRI team (Silas 1984, Lal Mohan 1989) indicated that these
four species of sea turtles occur and nest in the Lakshadweep Is-
lands but no detailed information was available on status or
threats. Lakshadweep lies on the 2500 km long North-South
aligned submarine Laccadive, Maldives and Chagos Archipela-
goes, which form a continuous submarine bank. The migration
of the turtles to this area from Seychelles, Maldives and Mada-
gascar for nesting and feeding is therefore possible.

In the light of major lacunae in information, the Government
of India and United Nations Development Programme's sea tur-
tle project felt it appropriate to conduct a detailed survey of this
group of islands and document the problems and prospects for
sea turtles of Lakshadweep. The Wildlife Institute of India con-
ducted a survey of sea turtles in the Islands from July 2001 to
February 2002. Here we present the results of the survey.

METHODS

Study area. The Lakshadweep Islands are irregularly scat-
tered in the Arabian Sea between 80 to 120°30' north latitude
and between 710 to 740 east longitudes. There are 36 islands in-
cluding 12 atolls, 3 reefs and 5 submerged banks covering an
area of 32 km® land and 40,000 km” of oceanic zone. Among the
36 islands, only 10 are inhabited and the rest are partially inhab-
ited or uninhabited (Mannadiar 1977)

Interviews. Extensive interviews with islanders and fisher-
men was carried out in all inhabited Islands. The standard ques-
tionnaire suggested by Schroeder and Murphy (1999) was fol-
lowed. Approximately 25 people were interviewed in each is-
land ranging from biologists to fishermen.

Foraging ground survey. The distribution of turtles in for-
aging areas was determined by surveys of lagoon and foreshore
water by country boat and snorkeling. The presence of sea grass
in shallow waters was documented.

Nesting beach survey. The direct procedure used was
ground surveys of all Lakshadweep Islands. All beaches were
covered by foot several times during the survey. The species
nesting on the coast was confirmed from nesting pits, crawl
marks, eggs, hatchlings and carcasses and remains (Shells and
carapace) washed ashore. Threats to turtles and nesting beaches
were determined by the presence/absence of habitation, beach
vegetation, beach substratum, beach armoring and other devel-
opmental activities.

RESULTS AND DISCUSSION

Although there is some confusion in identifying the olive
ridley and green turtle, the leatherback and hawksbill are
clearly recognized in Lakshadweep waters. Nesting beaches in
Lakshadweep were dominated by green turtles, followed by
olive ridleys and hawksbill turtles (Fig.1). However, the nesting
season of each species could not be ascertained. Most inter-
viewees in Agatti Island stated that green turtles occur in the la-
goon throughout the year whereas hawksbills are commonly
seen during pre-monsoon and olive ridleys after December and
rarely after April. Different size classes of green and hawksbill
turtles are often caught in gillnets during lagoon fishing. During

our survey, we also found juvenile, sub-adult and adults of both
species in the lagoons of Agatti, Kavaratti and Minicoy.

Approximately 65 km of total coastline was surveyed and
all sandy beaches with beach vegetation were found to be suit-
able for sea turtle nesting. All the beaches where turtle nesting
was observed were narrow (5-10 m) with dense beach vegeta-
tion of Scaevola sericea, Thespesia sp. and Pemphis acidula.
During the survey, nesting of three species was documented and
the encountered number of nests in different Islands is pre-
sented in Table 1. This includes old and new nests and live nest-
ing observed. The Green turtle nests were maximum in Suheli
Valiakara followed by Tinnakara and Parali I Island, all unin-
habited Islands.

Most of the juvenile, sub-adult and adult turtles (green and
hawksbill) were seen in the lagoon and outside the reef between
the depths of 2-5mts. The proportion of green to hawksbill in the
lagoon was 1:10 where as olive ridleys were observed occasion-
ally out side the reef. Most of the young green turtles were
found swimming at the surface. Among the different Islands,
Agatti had the maximum number of green turtles in the lagoon
followed by Minicoy and Kadmat.

Green turtle carcasses were found in uninhabited/partially
inhabited Islands of Tinnakara, Parali I and II, Suheli Valiakara
and Cheriyam. According to fishermen, Green turtles are gener-
ally caught during nesting and slaughtered for extraction of oil,
which is used for painting country boats as it works as an excel-
lent waterproofing agent. Many people differentiate green and
olive ridley by the quality and quantity of oil and the former is
preferred because of its oil content. There is no consumption of
turtle meat and eggs due to religious taboo. However, stuffing of
juvenile hawksbill turtles is still in practice in many Islands. The
stuffed specimen fetch about Rs. 500/- (US$ 12) to Rs. 1500 (US$
36) and is sold by Islanders to the tourists or in the mainland.
There is no incidental fishing related mortality, as the fishing
method is very different from the mainland coast. The only
method used for tuna fishing is pole and line, which pose no
threat to the turtles. However, the immediate threat to sea tur-
tles and their nesting beaches in Lakshadweep is beach armor-
ing, human habitation close to the beach, lighting and clearing
of beach vegetation for coconut plantation. Among all, the
beach armoring is the most serious threats as no or limited
spaces available to turtles for nesting once the concrete
tetrapods are placed on the beach to check erosion. Tourism
pressure is slowly becoming an additional pressure for sea tur-
tles due to disturbance during the time of nesting.

CONCLUSIONS

All species of sea turtles occurring in Indian waters are listed
as endangered and included in schedule I of the India Wildlife
(Protection) Act, 1972. The Department of Environment and For-
ests, Lakshadweep has banned killing and poaching of turtles
but is ineffective. The developmental activities such as human
habitation, lighting and beach armoring need to follow the
coastal zone management plan Act, 1997 of Lakshadweep. An
effective, education campaign should be started in all islands on
the importance and benefit of turtles to islanders. Tourism has a
bright future in Lakshadweep, which in turn could benefit the
islanders but it should be monitored properly. The turtle nesting
intensify areas such as Suheli Valiakara, Tinnakara and the
most important Green turtle foraging grounds and the lagoon of
Agatti should be declared as protected areas with permission to
artisanal fishing practice only.

Acknowledgements. We thank the Wildlife Institute of In-
dia, Dehradun and Government of India - United Nations De-
velopment Programme's Sea turtle project for funding support.



Oral Presentations: Population Surveys and Analysis of Threats 23

We acknowledge the Lakshadweep Administration for permits,
logistic support and help during the survey work. We also ac-
knowledge the financial support provided to us from the David
and Lucile Packard Foundation and the Sea Turtle Symposium
for opportunity and as travel assistance to make it possible to at-
tend the Symposium.

LITERATURE CITED

Bhaskar, S. 1978. Turtles and other marine life in Lakshadweep.
Hornbill (April - June). p. 21-26.

Bhaskar, S. 1979. Notes from Lakshadweep. Hamadryad 4:2-23.

Kar, C.S. and S. Bhaskar. 1982. The status of sea turtles in the
Eastern Indian Ocean. In: K.A. Bjorndal, ed. The Biology
and Conservation of sea turtles. Smithsonian Institution
Press, Washington, D.C. p. 365-372.

Lal Mohan, R.S. 1989. Turtle Resources. Bull. Central Marine
Fisheries Research Institute 43:176-178.

Mannadiar, N.S. 1977. Gazetteer of India — Lakshadweep, Ad-
ministration of the U.T. of Lakshadweep, Govt. of India
Press, 375 p.

Schroeder, B. and S. Murphy. 1999. Population survey (Ground
and Aerial) on nesting beaches. In: K.L. Eckert, K.A. Bjorn-
dal, F.A. Abreu-Grobois and M. Donnelly, eds. Research
and Management Technique for conservation of sea turtles.
IUCN/SSC Marine Turtle Specialist Group, Pub. No. 4.

Silas, E.G. 1984. Observation of turtles at Sea and in the Lak-
shadweep. Sea turtle Research and Conservation, Bull.
Central Marine Fisheries Research Institute 35:59-61.

Table.1. Sea turtle nesting in different islands of Lakshadweep.

Island No. of nests Species

Kavaratti 2,3 Green turtle, Olive ridley

Agatti 80, 16, 6 Green turtle, Olive ridley, Hawksbill
Kalpitti 4 Green turtle

Kiltan 3 Green turtle

Chetlat 7 Green turtle

Bitra 6 Green turtle

Andrott 2,6 Green turtle, Olive ridley

Kalpeni 8,6 Green turtle, Olive ridley

Kadmat 11,6 Green turtle, Olive ridley

Amini 8 Green turtle
Minicoy 10, 2 Green turtle, Olive ridley
Suheli Valiakara 358 Green turtle
Karingikuppu 5,48 Green turtle, Olive ridley
Suheli Cheriyaka 4 Green turtle
Tinnakara 54 Green turtle
Parali I 38 Green turtle
Parali II 18 Green turtle
Bangaram 6,2 Green turtle, Hawksbill
Viringili 2 Green turtle
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Fig. 1. Nesting of sea turtles observed in Lakshadweep (2002).

Changes in loggerhead demography after 25 years of nesting on the east coast of Florida

Mario Mota', Karen Holloway-Adkins', and Jane Provancha’
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Population demographic studies of nesting loggerheads at
Canaveral National Seashore, Kennedy Space Center and Cape
Canaveral Air Force Station beaches began in the late 1970s by
Ehrhart. Since 1979, however, data have not been systematically
collected on nesting individuals, until the present study that
aims to document the status and demographic changes in this
rookery that stretches 40 km along the east Coast of Central
Florida. Morphometric data were collected from the 2001 nesters
and their size classes were compared to those of the late 1970s
to see how, and if, they changed. This project is slated to run for
at least 3 years. Because we started it in 2001 and it was a low
nesting year for green sea turtles, the data presented here are
only for loggerhead sea turtles. Data were collected for carapace
length (OC/SL), greatest carapace length (not collected in the
1970s), carapace width (OC/SL), and head width. Individuals
were also biopsied for genetic analysis, flipper and PIT tagged.
On a subsample of nests we also collected data on clutch size,
egg weight, min/max diameter and hatching success. Results
compare the 1976-78 data to the 2001. Nesting loggerhead sam-
ple sizes from the late 1970s (313, 247, 648, respectively), are
larger than that of 2001 (157), however, the latter sample size is
sufficient for sound statistical comparisons. Mean carapace
length (straight-line) is statistically smaller (< 0.05) in 2001 than
1977, and 56% of the 2001 turtles were in the 85-94.9 cm class
range. Overcurve carapace length also differed, and the 2001
was statistically smaller than those of 1976-77. Mean carapace
width (straight-line) from 2001 nesters was smaller than those of
all three past years, but only differed significantly from those of
1977. Approximately 73% of the 2001 turtles were in the 65-74.9
cm class range. Mean overcurve carapace width from 2001 was
statistically smaller than all three years, and 73% of the 2001
turtles were in the 85-94.9 cm class range. Mean head width

data show that the 2001 turtles were not significantly different
from any others, however, 1978 turtles were smaller that those of
76 and 77. Although measurement errors could exist between
the generations of sea turtle biologists, the sample sizes are
large enough to accommodate any discrepancies. Also, the accu-
racy of the 2001 measurements was checked and calibrated by
comparing repeated measurements and those from recaptured
sea turtles. These data were also categorized depending on
whether there was ample time to measure the individual sea tur-
tle or if measurements were made in a hurry such as during a
false-crawl. The overcurve measurements that were taken over
barnacles were not included in statistical analysis. Therefore, we
are confident in the accuracy of the 2001 data. Mean clutch sizes
were not statistically significantly different amongst the 4 years.
Minimum egg diameter was collected in the 1970s and differ-
ences were found between 1977 and all others. We collected
maximum egg diameter in 2001, but we don't have 70s data for
comparison. Average incubation time and percentage hatching
success appear smaller in 2001, however, these comparisons
must be carefully scrutinized because 1976-78 clutches were of-
ten incubated in protected hatcheries. Six turtles were recap-
tured twice and one on three occasions. Although the 2001 sam-
ple size is relatively small, average internesting intervals were
slightly longer than those observed in the 1970s. Two notewor-
thy observations included 1) One turtle previously tagged in
Florida Bay was observed nesting here; 2) Two nesting logger-
head turtles were afflicted with the fibropapilloma virus. Al-
though these trends are based on one nesting season, and fur-
ther sampling is required before solid conclusions can be made,
the results can provide valuable information for regulatory
agencies to assess trends in population stocks and viability of
sea turtles nesting in Florida.
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Marine turtle conservation in the Mediterranean: a first survey for Chelonia mydas
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INTRODUCTION

During the last 20 years, there has been extensive monitor-
ing along the Mediterranean in order to locate the nesting sites
of the only two marine turtle species known to reproduce in the
area, Caretta caretta (loggerhead) and Chelonia mydas (green
turtle). Recent reviews on the nesting location of these two spe-
cies include Greece and Turkey (Margaritoulis 2000, Yerli and
Demirayak 1996); the overall status for C. mydas in the Mediter-
ranean has also been separately assessed (Kasparek et al. 2001).
With the exception of the Palm Islands Reserve where C. caretta
was already known to nest, the Lebanese coast has been one of
the least surveyed areas along the Eastern Mediterranean coast-
line. Groombridge (1990) considers it "uncertain" whether ma-
rine turtles actually nested there in the past, adding that "no
nesting is known at present". The nearby Syrian coast lacks
strong evidence for nesting as published data from preliminary
surveys (Kasparek 1994) indicated only insignificant nesting,
with the species identity remaining unknown. Nesting in Israel
seems to occur only in low numbers according to observations
over the last decade (Kasparek et al. 2001 and references
therein).

In the summer of 2001, based on past nesting observations
of C. mydas by the MEDASSET representative in Lebanon, the
Lebanese Ministry of Environment with the support of the Re-
gional Activity Centre for Specially Protected Areas (RAC/SPA)
and MEDASSET organized a first survey of the entire Lebanese
coast in order to locate potential nesting sitesl. Estimates of
nesting density would, if possible, take place. A qualitative as-
sessment of egg and nest predation would also be undertaken
and notes should be taken regarding the general condition of
the Lebanese beaches. Further enquiries on marine turtle nest-
ing and interactions with fisheries should include the fishermen
and any other appropriate person. The aim of this preliminary
survey was to provide some first-hand data to elucidate the cur-
rent situation regarding marine turtle nesting along the Leba-
nese coast. The authors hoped that this assessment would pro-
vide the basis for more detailed work, if shown to be necessary.

MATERIALS AND METHODS

The main survey took place between the 23rd of July and
the 5th of August 2001; short visits had also been paid at the end
of May - beginning of June 2001 (El-Mansouri beach) and at the
end of June 2001 (Qasmiye beach). As it is known from previous
surveys in the same region such as in the northern part of Cy-
prus (Ilgaz and Baran 2001) and Turkey (Yerli and Demirayak
1996), the best period for the survey would have been between
the 15th June and the 15" July, the peak nesting period; how-
ever, it was not possible to carry out the main survey then. The
entire coast was divided into two sections: the Northern one
(Jounie to Tripoli) and the Southern one (Sour to Saida) and in-
vestigated from the sea to identify the location of sandy beaches.
Then the survey was carried out by foot patrols wherever access
was available to look for any evidence of the presence of sea
turtles. The beach investigations started at dawn and the after-
noons were spent interviewing the local people, officials and
fishermen. Out of the approximately 200 km of the Lebanese
coast, only 30.3 km were accessible, sandy, non-urbanised areas
and were thus considered potential nesting beaches. This coast-
line length (30.3 km) is used for the analysis presented in Tables
1 and 2. A complete descriptive list of these beaches is given in

Demirayak et al. (2002). Topographical maps (1:20,000) pre-
pared by the French National Geographic Institute in the 1960's
were used during the field surveys. Beach coordinates were
identified by GPS.

RESULTS

Nesting sites and nesting density: The total number of nests
recorded during the survey is shown in Table 1. Five (5) differ-
ent sites (total length 7.5 km) provide visual evidence of current
use by marine turtles for nesting. The nesting species however
remains unknown except for El-Mansouri where both C. caretta
and C. mydas were observed to nest.

Turtle egg predation and nest predation. Turtle egg pre-
dation was observed in all 4 sites where nests were found (Table
1). Judging from the footprints and the remnants of the nests,
the predators were thought to be canids and crabs.

Observations on the general condition of the Lebanese
beaches surveyed. With the exception of the two reserve areas
along the Lebanese coast, the Sour Reserve and the Palm Island
Reserve, the rest of the Lebanese coast shows an escalating de-
gree of urbanization and developing tourist facilities in several
sites. Moreover, after comparing older cartographic data with
the modern-day situation, it becomes evident that several sandy
coastal areas have disappeared. Sand extraction is regarded as
one of the major factors that have contributed to beach loss. The
litter burden can exceed 1m in depth in certain areas along the
coastline.

Interviews of fishermen and others. Interviews of fisher-
men and others throughout the survey revealed that a number of
additional beaches (total length 9.2 km) -other than those where
nesting signs had been seen by the authors- could be flagged as
current nesting sites. Furthermore, the interviewees reported
previous nesting on another 8.9 km of coastline (Table 2).

DISCUSSION

The Lebanese people are recovering from a conflict that
ravaged the country for many years. Since, the conservation
movement has developed and the Ministry of Environment has
become empowered to investigate, propose and implement na-
tional environmental policies. Lebanon signed and ratified the
Mediterranean Action Plan (UNEP) in 1975, the Barcelona Con-
vention and protocols, the MARPOL 73/78 convention and
adopted the revised Action Plan for the conservation of Mediter-
ranean Marine turtles (1999). Marine turtle hunting is prohibited
by law. Egg poaching, however, does take place illegally. The
Lebanese fisheries are artisanal and traditional. Although trawl-
ing is prohibited there appears to be little control and explo-
sives, although illegal, are still used. Fishermen generally con-
sider marine turtles a nuisance and report catches of up to 70
turtles in the nets of just one fishing boat.

The 2001 survey along the Lebanese coastline provided
evidence that both loggerheads (Caretta caretta) and green tur-
tles (Chelonia mydas) nest in Lebanon in areas previously un-
known to host nesting populations. It should be noted that sev-
eral additional beaches were reported by third parties as current
nesting sites although the authors had not witnessed any direct
evidence there. If these reports are proven to be true, then the
length of the marine turtle nesting area in Lebanon more than
doubles (Table 2). However, it should be mentioned that the in-
adequate numerical data, attributed to the field work season, do
not allow for any actual estimation of the scale of marine turtle
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nesting in Lebanon. Yet, the number of C. caretfta nests in El-
Mansouri appears to be similar to the figures from Turkish areas
such as Patara, Dalyan, Cirali, Goksu Delta and Gazipasa for the
corresponding time period (1994 data - Yerli and Demirayak
1996, Patara 1997 data -Taskin and Baran 2001); this can only be
further assessed if full-season monitoring takes place. Regarding
C. mydas, an optimistic scenario would involve nesting numbers
from El-Mansouri being similar to the ones from Northern Kar-
paz for the corresponding time period (1996 data - Ilgaz and
Baran 2001). Conversely, a more modest estimation would con-
sider them as sporadic nesting, as in the case of the northern Si-
nai coast, Egypt (Campbell et al. 2001). Therefore, the impor-
tance of the Lebanese nesting sites reported in this paper for
both C. caretta and C. mydas compared to other geographical
zones of the eastern Mediterranean may only be revealed if full-
season monitoring takes place during the next nesting season.
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Table 1. Sites along the Lebanese coast where nesting or nest-
ing attempts were observed during the 2001 survey.

Beach length Survey period Number of
surveyed (no. of days) nests/tracks

El-Mansouri 9 nests C. mydas,

33°11N' - 2 km May - June 35 nests

35°11E, 2001 (17) C. caretta

Qasmiye

34°20N' - 3 km June - July 8 nests,

35°14E, 2001 (1) species unknown

Mahmoudiye

34°22N' - end of July 3 nests, species

35°15E, 1 km 2001 (1) unknown

Aadloun 1 nest - 1 false

34°23N' - end of July track, species

35°15E, 1 km 2001 (1) unknown

Damour beginning of

33°42N' - August 2001 1 false track,

35°26E, 0.5km (1) species unknown

Table 2. Assessment of the marine turtle nesting data along the
30.3 km surveyed area of the Lebanese coast.

Length

(% of total

surveyed

coastline) Beaches
current nesting 7.5 km El-Mansouri, Qasmiye,
observed by (29.75) Aadloun, Mahmoudiye,
authors Damour
current nesting 9.2 km Saida, Jbail, El-Aabde,
reported by (30.4) Cheikh Zennad’, Palm Is-
others land Reserve
reported past 8.9 km Sour, Yahoudiye, Er-
nesting (29.4) Rmaile, Jiye, Al-Aaqaibe
no evidence of 4.7 km North Sour, El-
nesting in the past  (15.5) Aaddoussiye, El-Heri,

or currently El-Minie

30.3 km in total

'The Nile soft-shelled turtle Trionyx triunguis was also
_considered.
* reported nesting of Trionyx triunguis
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The hawksbill turtle in Bermuda
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Hawksbill turtles have been documented opportunistically
in Bermuda waters over the last 20 years through the efforts of
the Bermuda Aquarium and the Bermuda Turtle Project. Live
hawksbills were captured on coral reefs by recreational divers,
hand-captured by aquarium staff, or taken in an entrapment net
during sampling for green turtles. A sample of live-caught indi-
viduals from the Bermuda Platform ranges in size from 24.6 to
64.8 cm straight carapace length. Hawksbills from 8.7 to 69.7 cm
straight carapace length were documented through the aquar-
ium's stranding network. Three of the hawksbills examined so
far approach the minimum size at maturity for hawksbills in the
Atlantic. However, necropsies of stranded animals have yet to
reveal any sexually mature individuals. Furthermore, no nesting
by hawksbills has been documented in Bermuda. Thus, the
hawksbills known from Bermuda appear to represent individu-
als from developmental habitat on the Bermuda Platform and
stranded individuals from the pelagic life history stage.

In an effort to identify the nesting beaches of origin of these
hawksbills, we have collected DNA samples and sequenced the
mtDNA control region for 44 individuals. Haplotypes from 35 are
known from nesting beaches and could therefore be used in the
Maximum Likelihood Analysis program, CONSQRT, by Pella
and Masuda. This is a smaller sample than would be ideal and it

includes both live-caught and stranded animals. Results can
only be examined in the context of what we currently know
about nesting at nine beaches in the Caribbean and South At-
lantic. The preliminary MLA suggests that at least four of these
nesting beaches (Cuba 40%, U.S. Virgin Islands 40%, Mexico
10%, Costa Rica 5%) contribute individuals to this developmen-
tal assemblage in Bermuda. These preliminary estimates are
likely to be adjusted as the sample size in Bermuda is increased
and as nesting beaches are added to the analysis. Regardless of
the limitations of the present analysis, it is clear that Bermuda is
providing developmental habitat for multiple Caribbean nesting
populations. The strong protection afforded hawksbills in Ber-
muda benefits those source populations in the Caribbean when
these animals move to adult foraging grounds and to their natal
beaches to reproduce.

Genetic data from Bermuda demonstrate that developmen-
tal migrations (from the nesting beach to developmental habitats
and from developmental habitats to adult foraging grounds) of
hawksbills in the wider Caribbean may be of greater length
than currently known reproductive migrations. These develop-
mental migrations must be more completely understood and
their implications carefully considered in the development of
any conservation plan for hawksbills in the Caribbean.

Mark-recapture of loggerhead turtles at sea: results of a 20-year program in Italy

Paolo Casale', Roberto Argano’, Roberto Basso®, Daniela Freggi, and Guido Gerosa’
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Historically, tagging was one of the first and most valuable
tools for investigating several aspects of sea turtle biology
worldwide. However, most of these studies were carried out on
nesting beaches, and only adult females were investigated in
this way. In general, as a consequence of the predominance of
at-land studies, information about the juvenile phase of sea tur-
tles is particularly limited and needed. In 1981, a tagging pro-
gram started in Italy together with an awareness campaign to
fishermen. In the period 1981-2000, 2,200 turtles, basically of ju-
venile class-size, were tagged and released; most of them were
incidentally caught by fishing gears. Of these tagged turtles, 110
were subsequently reported to be found in different Mediterra-
nean areas. The geographic distribution of these re-encounters
shows wide-range movements but also suggests fidelity at least
to large sub-areas, like western and eastern Mediterranean.

These re-encounters consisted in specimens incidentally caught
by fishing gears or stranded and found dead or alive, so diverg-
ing from the 'recaptures' usually considered by capture-mark-
recapture studies. However, a recent model (Barker's model)
can take advantage of all re-encounter types (recapture, live re-
sight, and dead recover). Taking into account the occurrence of
an unknown tag loss, this model was used, through the program
MARK, to provide a conservative estimate of annual survival
rate in the juvenile size class of 67.21% (95% CI = 60.56% -
73.23%). Tagging programs commonly receive reports of live re-
sights and dead recoveries, which are usually used to provide
insights on movement/fidelity only; however, the possibility to
use such re-encounter types can improve the number and accu-
racy of survival estimates.
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Occurrence of leatherback sea turtles off the coast of Central California
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Leatherback turtles (Dermochelys coriacea) are known to
forage in waters off central California, a region that is strongly
influenced by coastal upwelling during early summer. When
upwelling diminishes at the end of summer, sea surface tem-
peratures along the coast may rise markedly. The frequency, du-
ration, and relaxation of upwelling-favorable winds can influ-
ence food web development in this region, including the occur-
rence and concentration of leatherback prey, such as scy-
phomedusae. To investigate patterns of leatherback turtle
abundance and distribution off central California, sightings were
recorded during aerial line-transect surveys conducted during
the late summer and fall months of 1990-2001. Transects fol-
lowed a zigzag pattern between the coast and roughly the 50-
fathom (92 m) isobath between Point Conception (N34:27°) and
the California-Oregon Border (N42:00°). Over 25,000 kilometers
of trackline were surveyed by three observers at altitudes of
650-700 feet. Because leatherbacks may spend significant time
beneath the surface, a correction factor derived from a leather-

back turtle carrying a time-depth recorder was applied to the
aerial survey abundance estimates. During the course of several
weeks within the study area, this tagged turtle averaged about
62% (SD=0.12) of daytime periods at or near the water surface
(<3m). A corrected average of 170 (95% CI = 130-222) leather-
back turtles was estimated to have been present in nearshore
waters of central California during late summer and fall of 1990-
2001. Abundance was highly variable between years, ranging
from 20 (95% CI = 6-65) in 1995 to 366 (95% CI = 289-463) in
1990. Densities were greatest in waters off Point Reyes, south of
Point Arena, in the Gulf of the Farallones, and in Monterey Bay.
These areas represent upwelling shadows or regions where lar-
val fish, crabs, and gelatinous organisms are retained during
upwelling relaxation. We hypothesize that leatherback turtle
abundance is linked to the hydrographic retention of zooplank-
ton and subsequent concentration of scyphomedusan prey in
these coastal areas during relaxation of upwelling-favorable
winds.

Living on the edge: pelagic distribution and habitat of olive ridleys
in the Eastern Tropical Pacific

Kerry Kopitsky', Robert L. Pitman®, and Peter Dutton’
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We analyzed oceanographic and distributional correlates
for sex and age classes of olive ridley sea turtles (Lepidochelys
olivacea) from data collected during seven research vessel
cruises in the eastern tropical Pacific from 1989 to 2000. During
each cruise, turtles were opportunistically captured from a small
boat behind the vessel while it was underway. Using this
method, a total of 679 turtles (4.8 cm to 74.1 cm SCL) were cap-
tured. Turtles were measured, sexed (based on tail length and
SCL), tagged and released. At capture we recorded habitat vari-
ables such as distance to land, water depth, sea surface tem-
perature, and sea surface currents. Additionally, topographic
features including continental shelf and slope, the east Pacific
rise, the Pacific trench, and upwelling regions were used to de-

termine habitat. Analyses revealed high numbers of adult (male
59% and female 61%) turtles on the continental shelf and slope
(near major nesting beaches) next to the Pacific trench in up-
welling regions. Turtle numbers decreased with distance from
the mainland at 100 km, which correlates with the edge of the
continental shelf and slope. Furthermore, adult olive ridleys
were found frequently in shallow water, with peak numbers in
depths from 0 m to 1000 m (males 42% and females 41%). In
deeper water adults were frequently found at 4000 m to 5000 m
(males 29% and females 24%). However, juveniles (41%) were
found more often in deeper water (off the continental shelf-
slope), with only one single peak in numbers at 4000 m to 5000
m.

The new ridley riddle: where have all the Kemp's ridleys gone in the northwestern
Gulf of Mexico?

Tasha L. Metz and Andre M. Landry, Jr.
Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, Texas 77843, USA

The Sea Turtle and Fisheries Ecology Research Laboratory
at Texas A&M University-Galveston has conducted in-water en-
tanglement netting surveys in shallow waters off Sabine Pass,
Texas and Calcasieu Pass, Louisiana since 1993 to evaluate
population status and dynamics of juvenile and subadult Kemp's
ridley sea turtles (Lepidochelys kempii). Post pelagic and juve-
nile Kemp's ridleys annually recruit to nearshore waters of the
northwestern Gulf, which they utilize as developmental feeding
grounds. Ridley abundance [i.e., catch-per-unit-effort or CPUE]
at Sabine Pass between 1993 and 1998 was relatively high and
ranged from 0.61 to 1.13 ridleys/km-hr, with peaks in 1994 (1.07)
and 1997 (1.13). Catches at Sabine Pass in subsequent years ex-

hibited notable declines, with CPUE in 2000 and 2001 measur-
ing 0 and 0.03, respectively. Ridley abundance at Calcasieu Pass
during 1993-1995 failed to exceed that at Sabine Pass, but
gradually did so by peaking at 0.97 CPUE in 1999. Subsequent
catch rates at Calcasieu Pass decreased to 0.07 by 2001. This
study examines trends in biotic and abiotic factors that may ex-
plain fluctuations in ridley abundance at these historically pro-
ductive index habitats. An analysis of factors including food
availability (measured by blue crab, Callinectes sapidus, CPUE),
predator abundance (measured by bull shark, Carcharhinus leu-
cas, CPUE), temperature, and salinity yielded only a significant
relationship between ridley abundance and annual mean size of



28 22" Annual Symposium on Sea Turtle Biology and Conservation, Miami, Florida USA

crabs (mm) taken in 5-minute trawl tows at Sabine Pass
(r*=0.63). These abundance trends suggest a food-related shift in
ridley distribution from Sabine Pass to Calcasieu Pass by 1997.
Additional investigations are needed to ascertain the role of

other larger scale factors including nesting activity at Rancho
Nuevo, Mexico and Gulf circulation patterns influencing ridley
dynamics in nearshore waters of the northwestern Gulf.

Inter- and intra-annual variation in plasma steroids and metabolic indicators in female
Chelonia mydas
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Annual breeding rates for Chelonia mydas fluctuate annu-
ally in response to climatic conditions, presumably this variation
in breeding numbers reflects proximate conditions within forag-
ing areas. In addition, the physical conditions facing a female at
a nesting beach may change annually with alterations in local
weather, numbers of nesting turtles and the ability for females to
successfully oviposit. The broad objectives of this project were
twofold. First, we compare intra and inter-seasonal variation in
condition of females at three foraging areas in the southern
Great Barrier Reef. Second, we compare annual variation of
metabolic and hormonal indicators in foraging female C. mydas.
Plasma triglyceride levels were higher, and plasma cholesterol
levels lower in non-vitellogenic females from Moreton Bay than
those from Heron Reef. Furthermore, triglyceride levels were
higher in 1997 (El Nino year) than in 1998 (La Nina year).

Plasma steroid and protein levels remained unchanged between
or within years. Collectively, these data indicate that variation in
proximal conditions at foraging areas may be reflected at a
physiological level. It also provides preliminary data supporting
the hypothesis that variation in ENSO events is altering nutri-
tional pathways and turtles feeding during El Nino years are
able to attain higher levels of body condition.
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Cardiopulmonary structure and function in leatherback and green sea turtles
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Sea turtles are secondarily aquatic, migratory specialists
that possess suites of morphological, behavioral, and physiologi-
cal adaptations for prolonged swimming and diving. We focused
upon an unusual adaptation in the circulatory systems of marine
turtles, the pulmonary artery sphincters (Buren 1905, Koch 1934,
O'Donoghue 1934) that permit blood flow to be selectively
shunted toward or away from the lungs. Blood shunting from the
pulmonary to the systemic circuit is likely to be controlled via
selective partial or complete constriction of the pulmonary artery
sphincters.

Sea turtles have a single ventricle with incomplete separa-
tion between pulmonary and systemic blood flow. Blood leaving
the ventricle is routed via morphological adaptations, at least at
the level of the pulmonary arteries. To identify how sea turtles
direct blood flow in the pulmonary arteries, we dissected and
analyzed gross and microscopic structure of the great vessels in
hatchling leatherback (Dermochelys) and green (Chelonia) tur-
tles as well as adult leatherbacks.

Discrete, robust pulmonary artery sphincters occur in ma-
rine turtle pulmonary arteries. We have not found these struc-
tures in several freshwater or terrestrial turtles examined to date
(Trachemys, Apalone, and Terrapene). In leatherbacks the
sphincters are located closer to the lung than in green turtles
and are more robust. The smooth muscle layers are very thick in
leatherbacks and muscle fibers are variously longitudinally,
circumferentially, and helically wound, a characteristic of ves-
sels that are exposed to high blood pressure and or need to pro-
duce strong contraction (Rhodin 1980). Gross and microscopic
anatomy reveal that the sphincters are more robustly developed

in deep-diving leatherbacks than in shallower diving green tur-
tles.

Our comparative study suggests similar mechanisms exist
for controlling pulmonary blood flow in the two species exam-
ined. We also hypothesize that blood flows freely through the
pulmonary arteries and aortas during breathing and when lung
oxygen levels are high. However, during prolonged apnea (e.g.,
during diving or prolonged locomotion), pulmonary artery
sphincters constrict and either reduce flow, or shunt blood away
from the pulmonary circuit and into the systemic circuit. This
mechanism of systemic and pulmonary blood flow control is
unlike those of other vertebrates.
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Temporal synchronization in first-clutch nesting dates by the hawksbill sea turtle,
Eretmochelys imbricata, Jumby Bay, Long Island, Antigua: why must they be so precise?
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Sea turtles are known universally for their regional nesting
site fidelity, returning season after season to a restricted geo-
graphic location, if not to the same beach where observed in
previous nesting seasons. Some sea turtles also exhibit temporal
nesting fidelity, particularly a synchronized nesting species such
as the loggerhead on Southeastern US nesting beaches. Asyn-
chronous nesting species, such as the hawksbill, have been pre-
dicted to lack the temporal precision of first nesting between

seasons. To the contrary, fifteen seasons of intensive tagging at
Jumby Bay reveal a precise temporal fidelity of the first clutch of
the season for each female. A sample of 50 individuals with
three or more nesting seasons (maximum of 7 nesting seasons)
permit statistical analysis of mean and variance for temporal fi-
delity. Possible reasons for this highly structured behavior pat-
tern are discussed.

Investigations into the basis of the reproductive behavioral polymorphism
in Lepidochelys olivacea

Pamela Plotkin' and Joseph Bernardo®

! Office of Research and Sponsored Programs, Frostburg State University, Frostburg, Maryland 21532, USA
* Department of Biology, Frostburg State University, Frostburg, Maryland 21532, USA

INTRODUCTION

Lepidochelys olivacea are well known for their spectacular
synchronized mass nesting emergences commonly known as ar-
ribadas. Arribadas occur at only a few beaches worldwide, how-
ever the nesting range for this species extends far beyond these
few select beaches. For example, in the eastern Pacific, arri-
badas occur annually at one beach in Mexico and two beaches
in Costa Rica from June through December. During the same
time, solitary L. olivacea emerge individually to nest along
nearly the entire coastline from Mexico to Panama. Two clearly
distinct reproductive behaviors exist within the genus as well as
within populations; some females are solitary nesters, while oth-
ers are arribada nesters. Very little is known about this repro-
ductive behavioral polymorphism and how it is maintained in
populations.

METHODS

We studied reproductive behavior and characteristics of
female L. olivacea to determine if there are detectable life his-
tory differences between solitary and arribada nesters. We con-
ducted field work at Nancite Beach, Guanacaste National Park,
Guanacaste Province, Costa Rica from June through August
1998. We sampled 24 solitary nesters and 24 arribada nesters.
For each turtle, we counted total number of eggs per clutch,
weighed 15 eggs per clutch, and measured the straight carapace
length (SCL) and weight of each turtle.

RESULTS

Females ranged in size from 58.5 to 69.5 cm SCL and 31 to
46.8 kg in mass. The average sizes of solitary and arribada nest-
ers did not differ in SCL or mass, but solitary nesters were more
variable in mass. Arribada nesters produced marginally larger
clutches than solitary nesters (clutch size arribada = 112.3 +
3.18, n=23, CV=13.58; clutch size solitary = 104 = 4.10, n=19;
CV=17.19) but the average difference was not significant. How-
ever, ANCOVA indicated that clutch size was related to female
size. After accounting for the allometric effect of female size,
mean clutch size showed a stronger and significant difference
between solitary and arribada nesters.

Egg size varied substantially within a female's clutch and
among females, but did not differ between solitary and arribada
nesters. Of 41 females for which we were able to obtain egg size
estimates, the mean egg size ranged from 27.54 g to 36.77 g,

with an overall mean egg mass among females of 31.95 + 0.31g.
Coefficients of variation of egg mass within a clutch ranged from
1.67 to 10.85, with a mean CV of 4.05. Neither mean egg mass,
nor its variability differed between solitary and arribada nesters.

Egg size was not related to female size in terms of either
SCL or mass. Nor was there any support for a trade-off between
egg size and number either or overall, or after accounting for ef-
fects of female size using ANCOVA. Although there appears to
be a different relationship between clutch size and egg size for
solitary versus arribada nesters, this difference was not signifi-
cant.

CONCLUSIONS

Arribada nesters produced larger clutches than solitary
nesters. The relatively larger clutch sizes of arribada nesters
may have evolved to sate predators. A diverse and abundant
predator assemblage exists at Nancite Beach and intense preda-
tion occurs there when hatchlings emerge from nests and crawl
toward the ocean. If predators can kill only a limited number of
hatchlings, then the proportion of each clutch that survives pre-
dation increases with clutch size. Alternatively, the relatively
smaller clutch sizes of solitary nesters may be a result of higher
energetic cost during the internesting period. If the solitary
nesters we sampled had low site fidelity, as has been reported
by Kalb (1999), their movements among beaches might have re-
duced energy resources that would have been allocated for re-
production, resulting in smaller clutch sizes. In contrast, arribada
nesters have relatively lower energetic cost during the internest-
ing period. Arribada nesters have high site fidelity, stay near-
shore during the internesting period, and are relatively inactive
(Plotkin et al. 1991, Plotkin et al. 1995, Kalb 1999).
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Investigation of the scatter-nesting hypothesis in leatherback turtles (Dermochelys coriacea)
from French Guiana

Stephanie Kamel and Nicholas Mrosovsky

University of Toronto, Department of Zoology, Toronto, Ontario, Canada

For animals that lay their eggs in a nest, the selection of a
nest site may strongly influence offspring survival and therefore
have important consequences for the reproductive success of the
adult. In sea turtles, there exist potential counter-balancing se-
lection pressures, in that there are risks associated with nesting
too close to the water as well as risks associated with nesting too
close to the supra-littoral vegetation. This study quantitatively
describes nest placement in leatherback turtles nesting at Yali-
mapo beach, French Guiana by monitoring individual females’

nest placement patterns throughout the peak nesting season. It
tests the hypothesis that in the face of unpredictable environ-
mental conditions, leatherbacks have adopted a scattered pat-
tern of nest placement, as safe nesting areas can change within
and among seasons. The adaptive value and potential conse-
quences of this behaviour within the realm of reproductive
strategies will be discussed.

Acknowledgements. Support came from the Natural Sci-
ences and Engineering Council of Canada.

Nesting physiology and hatching success of leatherbacks at two nesting beaches in Trinidad

Ann Marie Maharaj and Llewellyn M. Ehrhart

Department of Biology, University of Central Florida, Orlando, Florida, USA

Leatherback nesting frequency has increased in Trinidad in
recent years. In 1991, approximately 300 leatherback nests were
deposited in Trinidad by the end of July. In 2001, during peak
season, beaches at both Matura and Grande Riviere had ap-
proximately 300 nesting leatherbacks in one night. Nesting
physiology was studied on two major nesting beaches. Nesting
physiology is determined by measuring incubation temperature,
water content of the sand and gas exchange between sand par-
ticles across the eggshell. Substrates at the two beaches, Matura
and Grande Riviere, exhibit different physical characteristics
that affect hatching success. Incubation temperature was meas-
ured in 10 nests by placing a data-logger in each clutch. Water
content of the substrates was measured by weight difference be-

tween wet and dried sand samples taken from areas adjacent to
the clutches. Sand samples were also taken for sediment grain
size analysis. Grain size was used to determine porosity, which
is an indicator of relative gas exchange. Hatching success was
determined by counting the number of hatched eggs and divid-
ing by the total yolked eggs in the nest. Hatching success was
higher on Matura than on Grande Riviere. Both sites were sub-
ject to biotic and abiotic factors that affected hatching success.
Erosion was the major abiotic factor at both beaches. Erosion
was measured at Matura by using a beach profile, and taking
the percentage of marked nests that eroded. Biotic factors such
as turtles digging up other turtles nests, domestic dogs and other
natural predators contributed to the low hatching success.

Patterns of egg failure: timing and implications for sea turtle populations

Jonathan D.R. Houghton and Graeme C. Hays

Marine Turtle Research Group, School of Biological Science, University of Wales Swansea, Swansea GB SA2 8PP, UK

Studies of sea turtle embryology have revealed the main
causes of egg failure to be infertility, intra-oviductal death, and
microbial invasion. Under field conditions, such data are ob-
tained through nest excavations. From this, it has been possible
to estimate hatching success and the developmental stage of un-
successful eggs. These data indicate that fertility within sea tur-
tle clutches, as detected by gross signs of embryonic develop-
ment, is typically greater than 80%. However, it has been esti-
mated that the actual fertility of clutches probably exceeds 95%,
but the difficulty on separating infertility and intra-oviductal
death has prevented a full assessment to date. Despite this, it is
generally considered possible to differentiate between eggs
which are truly infertile and intra-oviductal mortalities, from
those displaying gross signs of development (GSD) (e.g. a defin-

able blood spot / embryo). Subsequently, we set out to assess
egg failure and neonate mortality in loggerhead (Caretta
caretta) clutches at a Mediterranean nesting site over five sea-
sons. Our aims were two-fold: to assess whether particular fe-
males where characterized by consistent levels of egg failure
both within and between nesting seasons and secondly, to iden-
tify whether pronounced variability in egg failure and neonate
mortality existed at a population level over intra- and inter-
seasonal scales. The principal finding was that first clutch de-
posited by females was more likely to contain a higher propor-
tion of eggs displaying no GSD. Possible factors, both ecological
and physiological, underpinning this finding are explored as are
its implications for declining sea turtle populations in general.
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Egg mass, egg composition, clutch mass, and hatchling mass of leatherback turtles
(Dermochelys coriacea) nesting at Parque Nacional Las Baulas, Costa Rica

Paul Sotherland’, Richard Reina’, Sarah Bouchard®, Bryan Wallace®, Bryan Franks’, and James Spotila®

! Biology Department, Kalamazoo College, 1200 Academy Street, Kalamazoo, Michigan 49006, USA
‘ * SESEP, Drexel University, USA
JDepartment of Zoology, University of Florida, Gainesville, Florida 32611, USA

Maternal investment in offspring via eggs can have signifi-
cant effects on the size and vigor of hatchlings. However, in-
depth studies of within- and among-female variation in egg size,
and its impact on hatchlings, have not been reported frequently.
Leatherback turtles (Dermochelys coriacea) nesting at Parque
Nacional Las Baulas, Costa Rica, provide an excellent opportu-
nity to study effects of intrapopulation variation in maternal in-
vestment because they are tagged annually. During the 2000-
2001 and the 2001-2002 nesting seasons we measured mass of
individual eggs and total mass of all "yolkless eggs"(which we
call "shelled albumen gobs" (SAG) because, lacking ova, they
are not eggs) from nests of known females. We measured mass
of hatchlings from the same nests to quantify relationships be-

tween egg size and hatchling size. We also measured egg com-
position (i.e. masses of shell, albumen, and yolk) during the
1993-1994 nesting season. Average egg mass, total clutch mass,
and total SAG mass varied significantly among females. Hatch-
ling mass also varied significantly among females, but did not
parallel the variation in egg mass. Yolk comprised approxi-
mately 35% of egg contents, but varied little with egg mass.
Nearly 80% of the increase in mass from smallest to largest eggs
was due to additional albumen in egg contents. Finally, hatch-
ling mass seems to covary with yolk mass. Unlike patterns ob-
served in other oviparous amniotes, egg mass may not be a reli-
able measure of maternal investment by leatherback turtles.

Green turtle grazing: effects on seagrass ecosystems

Kathleen Moran, Karen Bjorndal, and Alan Bolten
Archie Carr Center for Sea Turtle Research, University of Florida, P.O. Box 118525, Gainesville, Florida 32611, USA

Green turtles (Chelonia mydas) are the only herbivorous
sea turtles and were once the primary grazers in Caribbean sea-
grass beds. They can maintain grazing plots for a year or longer,
in which they re-crop seagrass (7halassia testudinum) blades
near the substrate. This pattern of grazing has been thought to
cause a substantial decrease in plant growth and to stress the
plants physically and structurally. Today, green turtles represent
perhaps 1% of pre-Columbian populations, which numbered in
the tens of millions, and are endangered throughout the Carib-
bean. Productivity, structure, and biodiversity of seagrass habi-
tats are undoubtedly different today than when they were
grazed by millions of green turtles. Green turtle grazing was

simulated in Thalassia plots from July 1999 - November 2000 at
Lee Stocking Island, Exumas, Bahamas. Seagrass physical struc-
ture, productivity, and nutrient composition were quantified ini-
tially and at intervals during the grazing experiment, along with
composition of faunal communities in the sediment and on sea-
grass blades. Some of these parameters changed, as re-cropping
stressed the plants. As efforts are made to increase green turtle
populations, realistic goals of population size are needed for
management programs. Incorporating grazing-induced changes
in Thalassia productivity and nutrient composition can improve
current estimates of seagrass carrying capacity for green turtles.
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Evidence for near shore nocturnal foraging by green turtles at Honokowai,
Maui, Hawaii Islands

George H. Balazs', Ursula Keuper-Bennett®, Peter Bennett’, Marc R. Rice®, and Dennis J. Russell*

! National Marine Fisheries Service, Southwest Fisheries Science Center, Honolulu Laboratory, 2570 Dole Street, Honolulu, Hawaii
96822-2936, USA
> Turtle Trax, 24 Reid Drive Unit 3, Mississauga, Ontario, Canada
’ Hawaii Preparatory Academy, 65-1692 Kohala Mountain Road, Kamuela, Hawaii 96743, USA
‘Department of Science, American University of Sharjah, P.O. Box 26666, Sharjah, UAE

A creative methodology was employed to attach Time-
Depth Recorders (TDRs) on large green turtles resting at 10-15m
depths in benthic habitats off Honokowai, West Maui. The ob-
jective of this study was to determine diving profiles for insight
into the turtles' diel behavior associated with foraging/resting
patterns and locations. Honokowai hosts nearly 100 turtles
known to be long term residents, many of which have been af-
flicted with fibropapilloma disease (Bennett et al. 2002, David-
son 2001). This underwater area and the honu ohana (turtle fam-
ily) have been documented photographically two months each
year since 1989. Individual turtles have been benignly ID'ed and
assigned names for permanent recognition using images of fa-
cial scale patterns (by UK-B/PB, see for comprehensive details).
This effort, requiring an enormous investment of time, resources,
and patience, has resulted in a unique dataset for longitudinal
research of the Honokowai turtle assemblage.

Green turtles in the Hawaiian Archipelago (19°N,155°W to
28°N,178°W) have shown a significant increase in numbers since
annual monitoring was initiated 29 years ago at the population's
principal nesting site of French Frigate Shoals (FFS). At some lo-
cations prominent changes in the adaptive behavior of the tur-
tles have occurred concomitant with the recovery trend. This in-
cludes shifts in near shore foraging from night to daytime, ex-
ceptional tolerance to humans, emergence ashore for resting or
basking, and formation of underwater cleaning stations (Balazs
1996).

At Honokowali, certain turtles of known identity are undis-
turbed if carefully approached by a scuba diver. This acceptance
offers the unique opportunity to deploy and retrieve small in-
struments without capture or restraint. TDRs by Wildlife Com-
puters (MK5/MK?), programmed to sample depth once a min-
ute, were placed into small soft pouches on an adjustable pet
collar fitted with a quick attach/release buckle. A segment of
cotton cloth was sewn into the collar as a break-away link for
safety. The resulting "anklets" were easily placed on and re-
trieved from the femoral region of the hind flipper of three
healthy turtles resting on the bottom. This resulted in the collec-
tion of nine days of dive profiles for an 80cm subadult (Fig. 1
"Uwapo"), four days for an 80cm subadult male (Fig. 2
"Amuala"), and six days for a 95cm adult female (Fig. 3 "605C")
originally tagged in 1997 while nesting at FFS. All turtles dem-
onstrated movements to shallower water at night (1900-0700h).
The numerous short dives carried out to 1-4m were indicative of
foraging. In contrast, the longer and deeper daytime dives took
place where the TDRs were deployed and the turtles are rou-

tinely seen resting, but seldom feeding. Turtle 605C differed
from this pattern on two days (8/23 and 8/24/01) by moving to
shallow depths at 1100-1200h and staying there for 19h each
time, presumably feeding, until 0700 the following day. Daytime
resting and night-time foraging dives were often separated by a
short transition period (<1h) consisting of dives limited to 1-2m
deep. This may be when the turtles are swimming near the sur-
face in transit between the two habitat locations, thereby sug-
gesting a distance of about 2km or less.

The identification of food contents of turtle fecal pellets col-
lected where the TDRs were deployed revealed the benthic al-
gae Melanamansia, Cladophora, and Pterocladiella. The latter
alga is found almost exclusively in water 1-4m deep and has
long been known as prime forage for Hawaiian green turtles.

Shallow water 1-4m deep only exists close to shore, since
the ocean bottom descends to great depths seaward of Hono-
kowai and there are no offshore shoals. Turtles in numbers, es-
pecially ones of large size, are not seen feeding during the day-
time along West Maui. Further investigations are needed to as-
certain why turtles at Honokowai, acclimated to the presence of
a few scuba divers in resting habitat, would continue to forage
mainly in the dark, when many others throughout Hawaii feed
openly during the day. Nevertheless, it is now clear that the tur-
tles seen at Honokowai, as featured at , mainly consist of a bed-
room community. And, when the sun sets, the turtles come in to
pasture.
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Fig. 1. Dive profiles for subadult green turtle "Uwapo" at Honokowai, West Maui. Shaded areas indicate nocturnal hours.
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Fig. 2. Dive profiles for subadult male green turtle "Amuala" at Honokowai, West Maui. Shaded areas indicate nocturnal hours.

Amuala

Date and Time

Moon

0oels

00 gL 6

oooLs

00 206
00 0 6&
00 L0 &
00 zz 8T
005l 8T
009l 8¢

e =——== —&.|

00 0L 8T |

00 f08¢
00 F0 8Z
00 L08
00 ZZ 1T
00Bl e
008l lg
00elL e
ool Le
0040 1e
00 k0 LT
00 LoLg
00 ZZ 92
008l 9z
008l ag
00 gL 9z

000l 9z
00092
00 70 92
00 109z
00z 5T
006l ST
008l 5z
ooelse

00 0L Sz

00 L08T
00 PO ST
00 L0Se
00 ZZ #T
006l
008l g
00 €L Fe
000l FE
00 0 FE
00 0 FZ
00 Lo kT
00 ZZ €T
008l €T

009l £T ¢

wn
v

e
(=]

25

30

8/23 - 8/29/01

605C

Fig. 3. Dive profiles for adult female green turtle "605C" at Honokowai, West Maui. Shaded areas indicate nocturnal hours.



Oral Presentations: Growth, Foraging, and Ecological Interactions 35

Spatial and temporal variation in Hawaiian green turtle somatic growth behavior

Milani Chaloupka', George Balazs ’, and Marc Rice *
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The spatial and temporal somatic growth behaviour of
green sea turtles resident in several Hawaiian foraging grounds
was explored using a robust local regression modelling ap-
proach. The sampling design in this long-term mark-recapture
program was mixed longitudinal and included growth records
for turtles from the Hawaiian genetic stock ranging between 28
and 89 cm SCL. The expected size-specific growth rate function
at all sampled foraging grounds was nonmonotonic rising from
mean recruitment size (25-35 cm SCL) to maximum growth ca
52-55 cm SCL before declining to negligible growth at carapace
sizes greater than 70 cm SCL that were foraging ground de-
pendent. The expected age-specific growth functions derived by
numerical differentiation showed that the juvenile growth spurt

for immature greens resident in the various foraging grounds
occurs from 7-15 years-at-large since recruitment with the im-
mature developmental phase for the Hawaiian green turtle
ranging from 25-50 years since recruitment from the pelagic de-
velopmental phase. Significant temporal variability in growth
behaviour was also found at all sampled foraging grounds that
probably reflects local population density-dependent effects and
the fact that the nesting population of this stock has increased
significantly since the 1980s. The juvenile growth spurt and slow
size- , age- and foraging ground specific growth rates for imma-
tures observed for the Hawaiian green sea turtle genetic stock
are also growth characteristics for green sea turtles resident in
southern Great Barrier Reef waters.

Hawksbill sea turtles: islands of marine biodiversity

Michelle Tanya Scharer

Department of Marine Sciences, University of Puerto Rico, Mayaguez, P.O. Box 5906, Mayaguez, Puerto Rico 00681

INTRODUCTION

As more sea turtles research is directed towards habitat utiliza-
tion, we have been able to observe a variety of ecological inter-
actions as they occur in nature. The meaning of these relation-
ships may lead to a better understanding of the host, its habitat,
and other aspects related to habitat interactions. Besides preda-
tor prey relations there are a variety of interactions within sea
turtle habitat, which may include commensal, parasitic, or mu-
tualistic relationships. The close interaction between sea turtles
and epibenthic organisms may reveal a great deal about the
Chelonian host and it's surroundings. Ecological information of
epibiota, and their symbiosis with marine turtles may shed new
light on the biogeographical and evolutionary theories of marine
benthic organisms, particularly for those with short dispersal ca-
pabilities. Sea turtles may provide connectivity between epibi-
otic populations separated by oceanic currents or basins.

When sea turtles were numerous (Jackson et al. 2001) there
was significantly more sea turtle surface area available for
epibiota. This may have influenced the evolution of marine bio-
diversity and biogeographic patterns of epibiotic species. For
example hard shelled barnacles (Family Balanidae), have been
found in sea turtle fossils from the Eocene (Ross and Newman
1967). Therefore we can assume that co-evolution has been tak-
ing place for a long time and has resulted in varying degrees of
symbioses among marine turtle epibiota. A few species of epibi-
onts are reported only from sea turtles including a red alga (Hol-
lenberg et al. 1977), an amphipod (Thomas 1992), and some
barnacles (Monroe and Limpus 1979).

All species of marine turtles host a species rich epifaunal
community and Eretmochelys imbricata (Linnaeus 1766) sup-
ports species rich aggregations due to its tropical distribution
and benthic habitat utilization. The epibiota of nesting and
stranded marine turtles has been used to identify the hosts’
range assuming these must overlap for colonization to occur.
Caine (1986) was able to differentiate two sub populations of
Caretta caretta based on epibiotic community composition.
These results are supported by mDNA findings of Bowen et al.
(1996). Other analyses of epibiotic associations have revealed
temporal colonization patterns of gravid Dermochelys coriacea
related to their movements in tropical waters associated to nest-
ing areas (Eckert and Eckert 1987, 1988). The epibionts of nest-
ing marine turtles are the most commonly described (Senties et

al. 1999, Matsuura and Nakamura 1993, Frick et al. 1998) due to
the accessibility of this stage of the host's life cycle. The organ-
isms associated with pelagic marine turtles are as difficult to
document as the 'lost years' they represent, yet some pelagic
host epibionts have been described for C. caretta (Davenport
1994, Dellinger et al. 1997, Frick et al. 2000). Stranded and dead
turtles also provide a situation for epibiont analysis which may
shed light on the cause or time of death (Bugoni et al. 2001). Un-
fortunately it is difficult to describe the normal epibiotic com-
munity from stranded or nesting marine turtles as they may un-
dergo desiccation or other alterations when emerged.

Epibiotic communities overgrowing adult turtles may differ
from those of juvenile or non-nesting individuals and these dif-
ferences probably reveal important ecological information about
the host. It was my objective to describe the epibiotic community
associated with non-nesting E. imbricata of known foraging ar-
eas of 2 different habitats. I collected samples of the epibiotic
community from one hundred and five individuals captured for
tagging studies (van Dam and Diez 1998) in coral reef and rocky
wall habitats of Mona Island, Puerto Rico. I also include data
from observations of samples collected from E. imbricata of
Desecheo and Culebra Islands, Puerto Rico.

METHODS

Specimens of the epibiotic community growing on E. imbri-
cata were classified to the lowest possible taxon. In order to
minimize errors in species identification the major phylogenetic
groups were pooled and the algae were classified into functional
groups (filamentous, calcareous erect, calcareous encrusting,
and foliose).

To depict habitat associations of epibiotic taxa I assumed
that the host turtles remain within a 1 km* home range, and
therefore occupy the same general habitat throughout their de-
velopmental life stage (van Dam and Diez 1998, Le6n and Diez
1999). This may lead to an epibiotic community structure spe-
cific of each habitat, similar to the hypothesis that recruitment
plates reflect habitat. In order to detect habitat association of
epibiota, the presence and absence of each epibiotic taxon was
compared among two habitats; coral reef and rocky wall, by Chi
squared contingency tables.
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RESULTS AND DISCUSSION

Epibiota of a great diversity of algae and at least 12 animal
phyla were identified, including new findings for marine turtle
associates (Scharer 2001). These results provide the highest phy-
logenetic diversity reported for sea turtle epibiota. At least 90
operational taxonomic units were identified, which is probably
more than 90 species of epibiota. Previously unreported marine
turtle epibionts include foraminiferans, nematodes, sipunculids,
ostracods, dipterans (C/unio sp. and Pontomyia sp.), and echino-
derms. The most frequently encountered algae were filamentous
and calcareous encrusting forms. Annelids, barnacles, bryozoans
and harpacticoid copepods were most frequent among all inver-
tebrate epibionts.

Eight taxa (foraminifers, nematodes, sipunculids, mollusks,
amphipods, decapods, tanaids, and dipterans) and one func-
tional group of algae (calcareous erect) were significantly more
frequent in coral reef habitat. Two taxa (sponges and bryozoans)
were significantly more frequent in cliff wall habitat. Clustering
analysis (Bray Curtis) of the epibiotic community components
showed discrimination by habitat. It is worth noting that the
epibiotic community composition of an aggregation of non-
nesting sea turtles may differ greatly due to habitat variability.
Changes in epibiotic composition through time (succession)
need to be assessed for a better understanding of the dynamics
of epibiota.

The differential associations of epibiota on (non-nesting) E.
Imbricata seems to depend on the presence of unconsolidated
sediment accumulations on the carapace. Carapace morphology
and the rugose texture of the bekko scute plays an important
role in the entrapment of sediments and causes microhabitat
heterogeneity, which provides diverse niches for epibiotic spe-
cies. Some of the taxonomic groups that were more frequent on
turtles from coral reef habitat seem to be responding to the pres-
ence of fine unconsolidated sediments. For example some spe-
cies of foraminiferans, nematodes, sipunculids, dipterans, am-
phipods, tanids, isopods, and mollusks are considered meio-
fauna, associated to unconsolidated sediments in the marine
benthos. The sponges and bryozoans, on the other hand, are fil-
ter feeders and dominate in hard bottom or sediment poor habi-
tats. This difference in the epibiotic community may indicate
that the host turtle is from a specific sedimentary regime, which
could be related to bathymetry.

Marine turtle-specific barnacles of the family Balanidae
may demonstrate a specialized symbiosis, as it is the most an-
cient epibiont of sea turtles that we know of. This genus of bar-
nacle is commonly found on the carapace of Cheloniid turtles,
yet in Puerto Rico it was not observed on juvenile or sub-adult
(<50 cm SCL) E. imbricata. Forty six percent (46%) of nesting E.
Imbricata at Mona Island are colonized by Chelonibia caretta
while C. festudinaria was observed on just one non-nesting
Chelonia mydas at Culebra Island. At higher latitudes C. testu-
dinaria is most common and apparently abundant on foraging
and nesting C. caretfa (Gramentz 1988, Matsuura and Naka-
mura 1993, Frick et al. 1998). DNA studies of Chelonibia sp. are
currently underway, and may help identify distinct populations
and their global distribution. If sea turtles are the only substra-
tum of Chelonibia sp., they share the same risk of extinction as
their hosts and more information on their distribution, abun-
dance, and biology is urgently needed. Please do not remove
epibiota from wild turtles, as it is part of their natural habitat.
Collections should be restricted to stranded or rehabilitating in-
dividuals, to help preserve turtle specific epibionts before we
find out how endangered they really are. All sea turtle research-
ers should try to correctly identify barnacles (see Monroe and
Limpus 1979) in order to learn as much as possible from them.
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Compensatory growth in the green turtle (Chelonia mydas): effects of transient food
restriction and subsequent refeeding in hatchlings

Alison C. McCombe, Karen A. Bjorndal, and Alan B. Bolten
Archie Carr Center for Sea Turtle Research and Department of Zoology, University of Florida, Gainesville, Florida 32611, USA

Understanding growth dynamics in sea turtles is central to
evaluating the effects of fluctuations in dietary intake due to nu-
trient dilution from ingested debris, injury to the digestive tract,
or limited food availability. Compensatory growth, or “catch-up
growth"”, is a period of accelerated growth during increased food
intake following a period of nutritional deprivation. It is cur-
rently unknown whether sea turtles possess the ability to com-
pensate for a previous food restriction through compensatory
growth. The purpose of this study was to evaluate the capacity
of green turtle hatchlings for compensatory growth, to elucidate
differential responses to various feeding regimens, and to pro-
vide insights into growth dynamics in green turtle hatchlings. In
this study, conducted at the Cayman Turtle Farm, three groups

of hatchling green turtles were fed according to different feed-
ing regimens over twelve weeks. One group of turtles was fed
on an ad libitum basis for the duration of the study, another
group of turtles was fed on a restricted diet for the duration of
the study, and the third group of turtles was fed on the restricted
diet for five weeks followed by an ad libitum diet for seven
weeks. Throughout the course of the experiment, intake rates
were determined on a daily basis, and growth measurements in
the form of mass, straight carapace length, straight carapace
width, and plastron length were taken on a weekly basis. The
effects of the various dietary regimens on intake, growth rates,
and food conversion efficiency will be discussed.

The crab Polybius henslowii (Decapoda: Brachyura) as a main resource in Caretta caretta
diet from North Africa: environment implications and conservation

Oscar Ocana' and Alvaro Garcia de los Rios y los Huertos’

! Instituto de Estudios Ceuties, Paseo del Revellin 28, Ceuta 51001, Spain
* SEPTEM NOSTRA , Jaudenes, 4. Aptdo. 51001, Spain

INTRODUCTION

It is well known that Caretta carefta is an omnivorous spe-
cies that can feed on many different prays (see Dodd 1988, Van
Nierop and Den Hartog 1984). However we find out that in the
north shore of the Strait of Gibraltar, and possibly along the
main part of Moroccan Atlantic coast (O. Ocana pers. obs.), they
prey on the bentho-pelagic crab Polybius henslowii Leach, 1820.
Very little is known about the biology of this crab, but according
to the consulted specialized bibliography the species has been
recorded from Canary Islands, Moroccan coast, Strait of Gibral-
tar and Western Mediterranean. Furthermore, P. henslowii is
able to constitute large pelagic concentrations in order to repro-
duce them (Gonzélez-Gurriardn 1987, Gonzdlez-Gurriaran et al.
1991, Gonzélez Pérez 1995). Although our research is been car-
rying out along the Ceuta region (Cape Negro to Beliones bay)
we also have recorded some data from others areas along the
Moroccan littoral.

This research has been partly supported economically by
the Department of Education and Culture of Ceuta Autonomic
Government, which also has been supported a one year (2001)
research project in order to study the turtles in its habitat. The
Institute of Ceuta Studies (CECEL-CSIC) also helped with a
grant for this subject. Some of the Moroccan data were obtained
thanks to the friendly collaboration with Professor Dr. Younes
Saoud from Tetuan University.

MATERIAL AND METHODS

The present study is based on an examination of the gut
content of 70 loggerhead turtles stranded at Ceuta region (Cape
Negro to Beliones bay) along the years 2000 and 2001. All the
turtle gut contents were examined and sampled by ourselves
taking all of the solid gut content (90 to 100%) and leaving the
fluid portion in the intestine. Once the content is removed from
the stomach, we keep it in plastic bags and freeze until the
study can be done. To be study, the gut content has to be previ-
ously sieved in order to avoid the remains of gastric fluids and
other stomach detritus. After this, we store them in alcohol 70%.
The sample is examined under the binocular dissecting micro-

scope to check the density of crabs in the gut content and to ob-
tain the weight, the rest of crabs are dried previously. The habi-
tat data and observations of alive specimens were partly re-
corded by the “Project for the study of cetaceans and marine
turtles populations around the Ceuta marine region”(de Stepha-
nis et al. 2001) (more than 1200 miles searched), and partly
thanks to the volunteer net and the cooperation of the Tetuan
University and also personal travels to Moroccan Atlantic coast.

RESULTS

After checking the gut contents of our specimens we no-
ticed the presence of P. henslowii during all seasons, being July
the month with the biggest number of turtles stranded that
showed the crab in there gut contents. Only in spring and sum-
mer and also on the first of autumn high quantities of this crab
occurred on the stomach of the specimens examined. Some as-
pects of the crab biology, as the concentrations and the repro-
duction pathways, remain still unknown Gonzéalez-Gurriardn et
al. (1993), although those authors has remarked the importance
of this species as a seasonal resource in Galicia. Gonzéalez-Pérez
(1995) has been recorded those crabs forming concentrations of
thousands of specimens in February off Lanzarote coast, and
Wirtz (com. In litt.) has recorded this crab from Azores. In our lit-
toral the crabs has been observed forming concentrations from
May to August, meanwhile we have been observed in March
and April similar concentrations in the Moroccan Atlantic coast,
from the south (near Sahara) to the north (Larache). Further-
more, in the south of Morocco, there are so many crabs that they
become a problem for the fishermen nets, however, in the Strait
of Gibraltar the fishermen use them as a bait, keeping high
quantities of crabs on shallow waters in sheltered bays.

We have observed crabs in the stomach of the sea bird La-
rus argentatus (Ocana and de Los Rios unpublished data) and
several fishes such as Thunnus thynnus (Linnaeus 1758), Dicen-
trarchus sp., Dentex dentex (Linnaeus 1758), Sparus aurata (Lin-
naeus 1758) and Pagellus bogavareo (Briunnich 1768) (De Los
Rios and Ocana unpublished data) and Alepisaurus ferox Lowe,
1833 (see Gonzélez Pérez 1995).
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DISCUSSION

The find of this crab as a main gut content of C. caretta in
this part of the world is a remarkably fact that has remained un-
known till now. Although there are a number of papers about
the diet in C. caretta (see Dodd 1988) the presence of this crab in
loggerhead turtle has never been reported. However, attending
to the crab distribution and concentrations, a well known phe-
nomenon from Galicia to Canary Islands (see Gonzdalez Pérez
1995) and Alboran sea, the absence of data about this crab in re-
lation with this turtle could be due to the absence of postmortem
studies in Europe and Africa, furthermore the crabs could have
been overlooked, remaining in the gut content papers as ‘uni-
dentified crabs'. The prevalence of P. henslowii in the gut con-
tent of our C. caretta populations sets up the importance of this
crab as a main resource for this species for six months, during
this time the turtles could be able to stock fat reserves. The crab
is a nutritive food (Gonzdlez-Gurriardn 1987) being easily
caught by the turtle with a low energetic cost, as P. henslowii
occurs normally from O to 5 meters deep not having a high
movement capability. The most important crab-watching in our
region are coincident with the abundance of marine turtles that
is during spring and summer, when we find the stomachs of C.
carefta full with crabs. The occurrence of crabs in the gut con-
tent of some specimens of C. carefta stranded on January sets up
its importance as a regional resource during all the year, further
away than a seasonal phenomenon. In a general perspective, it
is a plausible option that the turtles can follow and feed specifi-
cally on crabs concentrations as it is known for this species in
other geographic regions (Ripple 1996, Mortimer 1976) chang-
ing the cliché about the generalist diet of C. caretta. Although
very little is known about the occurrence and abundance of this
crab along the Atlantic Moroccan coast, we confirm it forms
large pelagic concentrations near to the Sahara coast in spring.
What happens during the year along the Atlantic coast of Mo-
rocco is something that remains unknown, however when the
crab occurs abundantly it becomes a problem for a number of
Moroccan fishermen (Ocana and de los Rios unpubl. data). 2.
henslowii is a resource with much more regional importance for
a number of pelagic and benthopelagic species (see results),
even during spring and summer the crab is a very important re-
source for the colonies of the sea bird Larus argentatus, settled
at Ceuta coast. There is a number of other species than can feed
constantly or just as opportunists on this crab, although we
aware that it is not the last word in this subject extending the re-
sults to Moroccan coast. In this context, it seems suitable to men-
tion that P. henslowii is certainly important for the Ceuta region
marine ecosystems and possibly also for Moroccan Atlantic
coast. According to this, we think that any natural or artificial
events (contamination) that decreases the crab concentrations
will affect drastically to C. carefta populations, and this has to be

considered seriously for the conservation of this species in this
part of the world.
CONCLUSIONS

(1) P. henslowii is the main resource for C. carefta in this
part of world; (2)The loggerhead turtle feed on this crab along
the year, although when the turtles present high quantities of
crabs in its gut content is from April to September; (3)Our find
sets up that C. caretta presents a very specific diet in north Af-
rica, opposite to the extended perspective about this species;
(4)The species P. henslowii is a regional resource not only for C.
caretta but for a number of marine species including birds and
also pelagic and benthopelagic fishes; and (5) We recorded con-
centrations of P. henslowii from Sahara, Larache and the Strait
of Gibraltar.
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Ecology of the loggerhead - Columbus crab relationship: a review and new information
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Columbus crabs (Planes minutus) are reliant on buoyant ma-
terial for survival and are often found on the postero-ventral sur-
faces of sea turtles, particularly pelagic stage loggerheads
(Caretta caretta). Fifty-six pelagic stage loggerhead sea turtles
were sampled for epibionts and Columbus crabs from 1986 to
1994, from the waters surrounding the Azores in the North At-
lantic. Ten epibiotic species were identified from juvenile log-
gerheads, representing the first qualitative epibiont study on the
pelagic life stage of the loggerhead turtle. Sixty-four Columbus
crabs were collected from turtles; most representing heterosex-
ual crab pairs including ovigerous females. Through a prelimi-

nary analysis of this data and review, we attempt to identify and
define the relationship that exists between these epibiotic crabs
and loggerheads. Data indicate that epibiotic crabs help to rid
young host turtles of gregarious and potentially debilitating
epibionts. Additional data suggests that turtles represent the
most prolific breeding substrate for crabs when compared to re-
productive data collected from crabs inhabiting local, inanimate
flotsam. Such data is important to consider when making man-
agement decisions regarding any activities that could affect this
potentially important relationship (i.e. the harvest of Sargassum
seaweed, a nursery habitat for juvenile Columbus crabs).
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Phylogeograpy of hawksbill rookeries in the Yucatan Peninsula (Mexico) as revealed
by mitochondrial DNA analysis
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Using hawksbill specific primers that span known variable
sites in over 520 bp of mtDNA dloop, we sequenced 239 indi-
viduals (11 nesting colonies) from Yucatan Peninsula, Mexico.
Genetic diversity and its geographic distribution among rooker-
ies were compared with those from other populations in the Car-
ibbean. Four endemic haplotypes previously reported in Mexico
(Bass et al. 1996, Diaz et al. 1999) were observed (Q/Mx1,
Q10bp/Mx1la, Q/Mx2, P/Mx3), as well as a previously described
haplotype (q, Diaz et al. 1999) at a foraging site but hitherto un-
assigned to source. Haplotype A/Cul (a common haplotypes in
the Caribbean) and a new haplotype were also found but only
single samples. The common haplotype (Q/Mx1) occurred at
high frequencies in all rookeries except Punta Xen and San
Lorenzo (Campeche), where haplotype q predominated. With a
single exception, haplotype g was found in Campeche rookeries,
but was totally absent from Yucatan. Remaining haplotypes
were only found in Yucatan state, at very low frequencies
(<0.10). Geographic structuring for haplotype q distribution is
puzzling given the relatively small span involved (about 660
kms) and may reflect a recent evolutionary event, centered in

Punta Xen, currently undergoing a slow diffusion process that
parallels the very low rates and extent of nesters translocating
between different beaches observable from tagging studies. The
uniqueness of Peninsular haplotypes, indicating a strong breed-
ing independence from other rookeries in the region, provides
for an unequivocal identification of Mexican haplotypes in local
and regional foraging sites where mixed stocks have been re-
vealed. Management implications of our findings are discussed.
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Green turtle (Chelonia mydas) nesting and feeding populations along the Atlantic Coast of
Africa described through Mitochondrial DNA

Angela Formia and Michael W. Bruford
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Due to their high levels of philopatry, marine turtle popula-
tions are subdivided into geographically and genetically distinct
assemblages, which can be resolved using appropriate molecu-
lar markers. A 489 base pair fragment of the mitochondrial DNA
D-loop was sequenced in 798 green turtles (Chelonia mydas)
collected in 11 countries along the Atlantic coast of Africa and in
the Indian Ocean. Although the majority of individuals exhibited
haplotype CMS8, several rare and previously undescribed haplo-
types were found among the samples. In addition, one highly
divergent haplotype may suggest rare inter-oceanic movements.
The distribution and frequencies of haplotypes were used to de-
fine genetic stocks of the nesting and feeding populations pre-
sent in the region. Ten rookeries (Ascension, Bioko-Equatorial
Guinea, Sao Tome, Principe, Poilao-Guinea Bissau, Comoros,
Matapica-Surinam, Atol das Rocas-Brazil, Yucatan-Mexico and
Aves-Venezuela) were used in a Mixed Stock Analysis of the
feeding population found in Corisco Bay (Equatorial Guinea and

Gabon). The software BAYES was used to calculate the prob-
ability density distribution of contributions from each rookery to
the mixed stock. We suggest preliminary conservation strategies
for these highly endangered populations and recommend that
further sampling be undertaken in many rookeries. This study
highlights the usefulness of genetic analysis, as a complement to
ecological and demographic studies, particularly in measuring
gene flow.
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Preliminary genetic data from foraging hawksbills (Eretmochelys imbricata) and nesting
loggerheads (Caretta caretta) in the Cayman Islands
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The Cayman Islands provide foraging habitat for immature
hawksbill turtles (Eretmochelys imbricata) and green turtles
(Chelonia mydas), and to a small extent, nesting habitat for
hawksbills, greens, and loggerheads (Caretta caretta). Nesting
in the Cayman Islands was considered in recent decades to be
non-existent due to exploitation, but surveys over the past few
years have shown that residual rookeries remain. Although
sample sizes are still small, we are able to offer preliminary ge-
netic data on nesting loggerheads and foraging hawksbills in
the Cayman Islands. Samples from the nesting population of
loggerheads and foraging assemblages of hawksbills were col-
lected in cooperation with the Cayman Islands Department of
Environment. Analysis of the mitochondrial DNA control region
was conducted at Eckerd College. Control region sequences
were determined in order to elucidate the haplotype composi-
tion of the loggerhead nesting population on Grand Cayman
and the nesting-beach origins of hawksbills inhabiting the for-
aging grounds in Little Cayman.

Mitochondrial DNA control region sequences were ob-
tained from 24 foraging hawksbills from Little Cayman. Align-
ment of sequences with known haplotypes resulted in 16 haplo-
type A, one haplotype F, four haplotype Q (MXII), and two of
the same possibly novel haplotype (near haplotype zz but with
additional variable sites). In addition, one hawksbill/loggerhead
hybrid was discovered.

Maximum Likelihood Estimation (MLE) was used to deter-
mine the relative contributions of possible source populations of
hawksbills to the foraging ground. The program CONSQRT by
Pella and Masuda generated the estimate that 20% (+/- 8.5%) of
the immature hawksbills inhabiting developmental habitat in
Grand Cayman originated from Mexico, 5% (+/- 5%) originated
from the US Virgin Islands, and 75% (+/- 5%) originated from
Cuba. The package Statistics Program for Analyzing Mixtures
(SPAM Version 3.5, Alaska Department of Fish and Game) esti-
mated Cuban contribution to the Little Cayman foraging ground
was 71% with a 95% Non-Symmetric Percentile Bootstrap con-

fidence interval of 60-100%. Estimated contribution of nesting
beaches in Mexico to the Little Cayman foraging ground was
19%, with a 95% Non-Symmetric Percentile Bootstrap Confi-
dence Interval of 0.01-33%. Other Caribbean and Brazilian nest-
ing beaches did not appear to contribute significantly to the Lit-
tle Cayman foraging ground.

The impacts on nesting beach populations of exploitation
on foraging grounds will be best understood when the genetics
of all nesting beach populations, large and small, are known.
Thus, the small loggerhead rookery in Cayman is of conserva-
tion interest. Mitochondrial DNA control region sequences were
obtained for thirty-five loggerhead clutches from Grand Cay-
man. Twenty-two represented haplotype B, nine represented
haplotype J, and four represented the same unidentified and
possibly novel haplotype. The Cayman loggerhead rookery is
qualitatively similar to that known from the Yucatan Peninsula
of Mexico. However, because female loggerheads nest several
times each season, some of these clutches represent re-nesting
by the same female. Examining variable nuclear DNA (microsa-
tellites) would assist in eliminating possible duplication in the
sample set, providing a more complete assessment of the log-
gerheads nesting in Grand Cayman.

This research represents the first genetic study of hawksbill
and loggerhead sea turtles in the Cayman Islands, and has the
potential to provide information relevant to the conservation and
management of these species in the wider Caribbean. Prelimi-
nary foraging ground assessment suggests that hawksbills from
Cuba and Mexico recruit to developmental habitats in the Cay-
man Islands. The impacts of the past, present, and proposed ex-
ploitation are difficult to assess, but given the highly migratory
nature of marine turtles it is likely that exploitation in Cuba and
other areas, even on a small scale, will impact hawksbill popula-
tions in other geopolitical units. Therefore exploitation on nest-
ing beaches and adult foraging grounds could extinguish small
and vulnerable foraging assemblages in the Cayman Islands.
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Green turtle fisheries in Australasia: assessing the extent of their impact using
mtDNA markers
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INTRODUCTION

Marine turtles are highly significant culturally and as a
source of nutrition and income in local communities throughout
the world. Green turtle meat in particular is highly valued. Typi-
cally, subsistence turtle fisheries operate in a local area and
catches are small, although the accumulative effect of several
adjacent subsistent fisheries can amount to a substantial re-
gional take. However, with expanding discovery voyages, colo-
nialism and increasing populations, the demand for turtle prod-
ucts and associated markets has increased (Jackson et al. 2001).
As a result, pressure on existing populations increased and fish-
eries expanded to exploit more distant populations. Breeding
populations of green turtles have declined throughout much of
their range indicating that past levels of exploitation were un-
sustainable.

In Australasia, Bali (Fig. 1) has long been known as one of
the biggest markets for turtle meat worldwide with annual land-
ings of 10 to 30 thousand (Salm 1984, WWF unpubl. data). The
Balinese predominantly adhere to Hinduism and traditional reli-
gious ceremonies require the use of turtle meat. Hindu high
priests have estimated that 300 to 500 turtles annually would
serve that purpose (WWF unpubl. data). With the opening of
markets, this subsistence and culturally significant fishery has
become increasingly driven by commercial interests. Originally,
Bali supported its own population of nesting and feeding green
turtles but these populations have been systematically eradi-
cated over the past few decades. To meet an increasing de-
mand, the fishery has subsequently expanded incorporating
more distant feeding and nesting populations throughout the
entire Indonesian archipelago involving large vessels and a
complex network of hunters, traders and shippers.

In the Torres Strait (Fig. 1) a composite commercial and
subsistence turtle fishery operates (Shug 1995). The subsistence
component utilizes green turtles as a source of food particularly
for traditional feasts and operates on a local level within each is-
land community. The Islanders use small aluminum dinghies to
catch turtles typically within a day's journey from their home vil-
lage using small nets or traditional gear. The commercial com-
ponent of this fishery is marketed through Daru in PNG with
annual estimates of between 5,000 — 10,000 turtles (Limpus and
Parmenter 1986, Groombridge and Luxmoore 1989). Compared
to Bali, the Torres Strait fishery operates over a narrower geo-
graphic scale and takes substantially less turtles. In this paper
we assess the impact of two green turtle fisheries, Bali and the
Torres Strait. As the Bali fishery operates within a wider geo-
graphic range we expected a greater diversity of stocks contrib-
ute to this catch. We therefore incorporated samples from a dis-
tant feeding ground (Aru - Fig. 1) frequently visited by the Bali-
nese fishery (Dethmers 1999). We used mtDNA markers that de-
fine 17 genetic stocks throughout the Australasian region
(Moritz et al. 2002). Detailed pictures are beginning to emerge
about the extent of these impacts from the cumulative results of
decades of tag return data (C. Limpus pers. comm.). However,
these studies can be limited by unequal tagging intensities of
contributing stocks and thus the contribution of untagged or un-
der-tagged stocks in fisheries remains elusive. By having a
population rather than an individual focus, genetic studies com-
pliment tagging studies by offering a means to infer broad geo-
graphic patterns of the extent and impact of a particular fishery
on regional green turtle stocks.

METHODS

One hundred-ninety-nine Green turtle (Chelonia mydas)
samples were analyzed from the Bali (n= 90) and Torres Strait
(n=109) fishery and 40 from a feeding aggregation in Aru. DNA
was extracted from skin tissue using standard salting out proce-
dures. A 384bp fragment of mtDNA control region was PCR am-
plified using TCR5 and TCR6GC primers (modified after Nor-
man et al. (1994) with the latter primer containing a 41bp GC
clamp). To process large numbers of samples we used Denatur-
ant Gradient Gel Electrophoresis (DGGE) to detect DNA vari-
ants and applied heteroduplex analysis to increase the sensitiv-
ity of this technique (Broderick and Moritz 1997). Representa-
tives from each genotype/locality combination were sequenced
using the ABI automated sequence facility following standard
protocols for final verification and to test sensitivity.

A maximum likelihood model implemented in the software
package SPAM (Alaska Department of Fish and Game 2000)
was fitted to identify the mixture of contributing stocks that best
explain the distribution of mtDNA variants at Bali, Torres Strait
and Aru. A broad genetic survey of 28 breeding aggregations
that identified 17 genetic stocks throughout the region (Moritz et
al. 2002) was used as baseline data for this mixed stock analysis.
The primary assumption of mixed stock analysis is that all of the
potentially contributing stocks are known and adequately char-
acterized. While we cannot entirely rule out the presence of un-
sampled stocks, we think it reasonable to assume that their
presence is negligible given our extensive sampling and knowl-
edge of green turtle rookeries throughout Australasia.

RESULTS AND DISCUSSION

The screening of the Bali, Torres Strait and Aru samples
identified 10, 5 and 7 of the 24 mtDNA variants previously iden-
tified in Australasian genetic stocks and 3, 0 and 1 new variants,
respectively (Table 1). The mixed stock analysis clearly demon-
strated that different fisheries impact multiple stocks and that
the extent of that impact differs between fisheries (Table 2).
While there are substantial variances surrounding these esti-
mates, they are useful to identify those stocks that are likely to
be impacted by a particular fishery. The corollary, to identify
those stocks that are not represented or barely so, is of perhaps
equal management importance.

The Bali fishery comprises four major contributing stocks
(>10%), Sulu Sea, Gulf of Carpentaria, Aru and PNG. With its
expansive fishing grounds, the Bali fishery is impacting several
stocks throughout the region with few stocks unaffected by this
fishery. The Torres Strait fishery has a local focus and influences
the NGBR stock, almost to the exclusion of all other stocks, a
pattern is consistent with tag return data (Limpus et al. 1992).
The Aru foraging area has three major contributors (Aru, PNG
and NGBR) with approximately half of the recruitment into this
population being sourced from the adjacent Aru genetic stock
and a substantial proportion is being sourced from the PNG
stock to the east. Despite their close proximity, contributions
from adjacent stocks to the west appear to be minor. This diver-
sity of stocks at a feeding ground contributes to the diversity of
stocks in a catch.

An alternative way of looking at the impact of a particular
fishery is ask how many stocks are required to explain say, 90%
of the data. By ranking the estimates and calculating cumulative
totals we find that 9 and 2 stocks are required to explain 90% of
the data at Bali and Torres Strait respectively. This approach
provides a relative measure of the geographic impact of each
fishery. Not surprisingly, it is apparent that large fisheries (like
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Bali) operating over expansive areas will have the greatest im-
pact on the greatest number of genetic stocks. Fisheries that op-
erate over restricted areas (like Torres Strait) will impact those
stocks that are locally present, whether they be nesting or forag-
ing. However, should the Torres Strait fishery expand, there is a
reasonable expectation that it will begin to impact more stocks.
One wonders about the capacity of the Bali fishery to expand
any further, however if it continues on its eastward trajectory
then the worlds largest fishery may begin to impact one of the
worlds largest stocks, the NGBR.

This qualitative study allowed us to identify the geographic
extent of the impact of turtle fisheries. The actual (i.e. quantita-
tive) impact can only be elucidated when population sizes and
catch figures are incorporated. Although we acknowledge that
subsistence fisheries account for a substantial proportion of the
turtles consumed throughout this region, we believe that an in-
digenous subsistence take of turtles is several-fold less likely to
result in the extinction or severe depletion of a resource than its
commercial counterpart. Efforts directed at limiting the turtle
fisheries in this region may prove more successful if they focus
on regulating commercial fisheries rather than intruding upon
long established and socially significant patterns of indigenous
turtle consumption. Moreover, because patterns of consumption
are highly variable between communities, no single manage-
ment strategy will be suited to all areas. However, there exists a
continuum between subsistence and commercial fisheries and
managers should be aware of emergent commercial fisheries.
Subsistence fisheries, given the right set of circumstances, have
the potential to evolve into a market driven fishery or to at least
take on some of those characteristics.
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Table 1. mtDNA variants detected among sampling locations.
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Haplotype
n_ A2 A3 Bl B3 C1 C3 C4 C5

C9 Caru D2 J1 J1738 J1764 J2396 J14191

90 0.01 0.18 0.02 0.06 0.21 0.06
109 0.08 0.80 0.03

40 0.23  0.10 0.08 0.05 0.03

0.04 0.02

024 0.12 0.01 0.01 0.01
0.06 0.04

0.48 0.03 0.03
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Fig. 1. Australasia with identified Management Units and sampling locations for this study.

Table 2. Proportion contributions of genetic stocks in Bali, Torres Strait and the Aru feeding ground.

Stocks Bali Torres Strait Aru
Estimate S.E. Estimate S.E. Estimate S.E.

Berau Islands 0.0539 0.0637 0.0000 0.0000 0.0335 0.0466
SE Sabah 0.0714 0.0732 0.0000 0.0000 0.0043 0.0170
Peninsular Malaysia 0.0064 0.0197 0.0000 0.0000 0.0018 0.0095
Sarawak 0.0437 0.0275 0.0000 0.0000 0.0000 0.0000
Sulu Sea 0.1141 0.0533 0.0000 0.0000 0.0217 0.0284
Gulf of Carpentaria 0.1254 0.0634 0.0000 0.0000 0.0060 0.0209
Aru 0.2425 0.0520 0.0000 0.0000 0.4933 0.0913
North West Shelf 0.0018 0.0085 0.0121 0.0259 0.0640 0.0475
Ashmore Reef 0.0839 0.0988 0.0002 0.0082 0.0514 0.0838
Scott Reefs 0.0018 0.0094 0.0466 0.0358 0.0029 0.0147
Java 0.0622 0.0570 0.0000 0.0000 0.0197 0.0350
Micronesia 0.0001 0.0003 0.0001 0.0031 0.0002 0.0031
PNG 0.1310 0.0698 0.0000 0.0000 0.1867 0.0917
Coral Sea Platform 0.0003 0.0013 0.0126 0.0307 0.0000 0.0002
NGBR 0.0204 0.0158 0.8765 0.1094 0.0967 0.0489
SGBR 0.0066 0.0090 0.0409 0.0384 0.0000 0.0002
New Caledonia 0.0020 0.0077 0.0266 0.0858 0.0018 0.0129

Other 0.0325 0.0000 0.0161
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Genetic population structure of leatherbacks in the Atlantic elucidated
by microsatellite markers
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INTRODUCTION

The goals of most of the recent population genetic research
on sea turtles have been to provide an understanding of stock
structure and to identify molecular markers that can be used in
mixed stock analysis. For leatherbacks, molecular analyses are
critical due to a decline in breeding populations and current
questions regarding the impacts of fisheries on these popula-
tions. Previous work has shown that mtDNA data by itself is in-
adequate for distinguishing many leatherback nesting popula-
tions in the Atlantic and Indo-Pacific (Dutton 1996, Dutton et al.
1999). The objective of this project is to incorporate nuclear
DNA markers known as microsatellites, to resolve ambiguities in
defining population structure among nesting populations of
leatherbacks in the Atlantic and Indo-Pacific. Microsatellites are
useful for assessing the genetic contributions of both males and
females, unlike mtDNA analyses that are based only on mater-
nal lineages. Using a combination of these multiple markers
provides a broader picture of gene flow among populations and
identifies relationships in natural populations that may enable a
more useful definition of stock boundaries than one based on a
single marker system.

METHODS AND RESULTS

Samples representing key nesting populations around the
Atlantic/Indo-Pacific, including St. Croix, Costa Rica, Trinidad,
Florida, Suriname/French Guiana (FG), West Africa, and South
Africa (n=23-232) were screened using primers designed for 13
polymorphic microsatellite loci. Alleles (defined by fragment
lengths) were quantified using the polymerase chain reaction
(PCR) and polyacrylamide gel electrophoresis on an ABI 377
automated sequencer. There were significant geographic differ-
ences in allele frequencies at most loci, and unique alleles were
present in different populations, as illustrated for locus LB133
that distinguished Suriname/FG and West Africa (Fig 1), and
LB106, which showed similar differences between South Africa
and St. Croix populations (Fig 2).

Statistical analyses were performed with data from all 13
loci combined using the computer program Arlequin (Schneider
et al. 2000). Fst (Wright 1969) and Rst (Slatkin 1995) values were
highly significant (p < 0.001) for the microsatellite data indicat-
ing population sub-structuring. Pairwise comparisons revealed
significant differences between all of the populations except for
between Trinidad and Suriname/FG. In contrast, Trinidad and
Suriname/FG were significantly different (p<0.001) based on
mtDNA data. Since mtDNA analysis reflects patterns of mater-
nal gene flow, these results suggest that due to their geographic
proximity, there is nuclear gene flow between Trinidad and Su-
riname/FG rookeries mediated by males mating with females
from both areas. A tendency of females to home to natal beaches

meanwhile maintains the genetic distinction between these two
rookeries detected by the mtDNA analysis. This illustrates the
importance of using both nuclear and mtDNA data to obtain a
holistic analysis of stock structure.

CONCLUSION

Microsatellites show distinct population structure between
nesting populations however limitations are possible when
rookeries are geographically close. The combinations of both
mtDNA and microsatellite data can be a useful approach for de-
termining stock origin. A method to assign stock origin would
give us the capability to address mixed stock analysis in by-
catch, forage grounds, and strandings. Additional prospective
applications include the ability to further identify and define in-
dividual management units and assess fishery impacts on spe-
cific stocks.
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Fig. 1. Comparison of allele frequencies at microsatellite locus
LB133 between W. Africa and Suriname/French Guiana (FG)
nesting populations. Three alleles are only found in the Suri-
name/FG population (174 bp, 180 bp, 182 bp) and one is unique
to the W. African population (166 bp).
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Fig. 2. Comparison of allele frequencies at microsatellite locus
LB106 between S. Africa and St. Croix nesting populations.
Three alleles are only found in the St. Croix population (140 bp,
152 bp, 162 bp). The most common allele (156 bp) in S. Africa is
almost absent from the St. Croix population.

Pivotal temperatures of loggerhead turtles from Greece
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Eggs from two clutches of loggerhead turtles nesting at Ky-
parissia Bay, Greece, were transported to Toronto for assess-
ment of the transitional range of temperature, pivotal tempera-
ture, and pivotal incubation duration. The results should help
increase confidence of estimates of hatchling sex ratios in the
Mediterranean. Some remarks will also be made about the as-

sessment of pivotal temperatures, and relationships of pivotal
temperatures for Greece t