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P R E F A C E  

August 1989 

The Ninth Annual Workshop on Sea Turtle Conservation and Bl~ology was held 7-1 1 February 1989 at Jekyll 
Island, Georgia. The Workshop was hosted and organized by the Georgia Sea Turtle Cooperative Research and 
Education Program at the Institute of Ecology. University of Georgia. The Workshop brought together 380 
registered participants from around the world, including represen tation from1 fifteen nations. Dr. Colin Limpus 
from Townsville, Australia, was this year's honored participant at the Workshop. A broad range of topics was 
covered in the areas of sea turtle research, conservation, and management. Seventy-six papers and 31 poster 
sessions were presented at the Workshop. Sixty-two papers and 22 poster sessions have been compiled in these 
Proceedings as extended abstracts. The extended abstract format was chosen because it provides a means of 
disseminating more complete information than simple abstracts, while leaving the option open for authors to 
submit full length papers to peer review journals. This format involves negligible editorial control. The 
content of these extended abstracts does not necessarily reflect the views of the compilers, the Georgia Sea Turtle 
Cooperative, or the National Marine Fisheries Service. Our hope is that these Proceedings will serve as a useful 
source of information and contribute to sea turtle conservation and recovery. 

On behalf of the Workshop Planning Committee* (Rebecca Bell, Brian Bowen, Karen Eckert, Scott Eckert, Joe 
Ferris, Jane Fleemood, Sandy Green, Ruth Ellen Klinger, Lloyd Logan, (Charles Maley, Steve Owens, Jim 
Richardson, Thelma Richardson, Chris Slay, Fred Smith, and Irony Tucker), we wish to express our great 
appreciation to everyone who participated in the Workshop and helped to rnake it a success. In particular, we 
extend a special thanks to Chris Brown, Elaine Christens, Lynn Corliss, Judy Hicklin, Carolyn Brown, Eileen 
Jones, Amy Mackay, Jennifer McMurtray, Carla Melucci, Karen Payne. Carol Ruckdeschel, Mike Rugge, Bob 
Shoop, Charles ~ambiah, and Charles Warnock who provided so much assi,stance during the Workshop. The 
evening refreshments crew is duly acknowledged. Lloyd Logan created the elegant artwork for the Workshop 
T-shirt and agenda cover. Dr. Joanne Whaley and Marineland of 1;lorida gefi~erously provided a live loggerhead 
for the laparoscopy demonstration by Dr. Limpus. In addition, I3r. Whaley, Sally Murphy, and Lew Ehrhart 
provided sea turtle carcasses for necropsies. Rod Mast was auctioneer for a not-soon-to-be-forgotten fund raising 
experience that will almost certainly become an annual event, and thanks to everyone who donated so generously 
to this auction. Jim DeRevere of DeRevere Travel (Athens, Georgia) worked tirelessly in assisting with 
reservations and general travel needs. The Georgia Departmerit of Natural Resources (Coastal Resources 
Division), University of Georgia Institute of Ecology, Universit,~ of Georgia Marine Extension Service (RV 
Georgia Bulldog), University of Georgia Savannah River Ecolctgy Labora~tory, Jekyll Island Authority, and 
Villas by the Sea on Jekyll Island provided vital logistical support for the Wc~rkshop. Our thanks to Dr. Nancy 
Thompson and the Southeastern Fisheries Center, National Marine Fisheria; Service, for funding, duplicating, 
and distributing the Proceedings. 

Karen L. Eckert 
Scott A. Eckert 
James I. Richardson 
Thelma I i .  Richardson 

*My special thanks to this hard-working committee (JIR). 
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F W 4 T  SCIENTIFIC INFORMATION IS CRT^CICd9L FOR MANAGEMENT, 
ASD tVHY? 

M. Tundi Agardy 
Marine Policy Center, Woods Hole Oceanographic Institutior,~. Woods ]Hole. Massachusetts 02543 USA 

Development of coordinated and comprehensive managemenl plans for sea turtles, in contrast to the usual 
crisis management approach, requires sound science to justify policy. Given the inherent constraints of 
time and money, complete knowledge about the species and its requir~tments is not a realistic prerequisite 
for undertaking sound management. What is required is a ri,gorous exz~mination of population structure and 
dynamics, and a consideration of how demographic trend:; might ble influenced by external factors like 
changing environments and socioeconomics. 

The critical scientific questions that must be addressed hemfore management of sea turtles can truly be 
efficient are: 

1 )  What is the size and extent of the population to be managed (i.e. what is the minagement 
unit?) 

2) What is the intrinsic rate of increase in this unit in its "undisturbed" state? 

3) What are the natural and anthropogenic factors irlterfering with this intrinsic rate? 

4) Which of the above factors can be cont~.olled through management measures and which of 
those measures will yield the fastest results? 

l'hcse critically important questions can best be answered through advanced genetic and population biology 
techniques. 

The first question, relating to nature of the managenlent unit, can be answered quickly and efficiently using 
genrtic tools for stock identification. The second question, 01:rtaining to intrinsic rate of population growth 
u itllin the management unit, should be addressed by compiling data on life history characteristics, many of 
which are  already available from disparate sources. The third. and most important question for 
nlanagement, can be answered on a unit by unit basis using; generic population models which have been 
fine-tuned for the specific circumstances affecting the management unit in question. Fourth and last, 
arlswers pertaining to the practical constraints affecting policy options must he acquired by a thorough 
assessnlent of which controls can really be imposed. Once these basic scientific issues have been 
addressed, policy options can be evaluated according to their potential efficacy and political tractability. 

Taking such a top down approach to management provides a n  unusual perspective to the problem of sea 
turtle management and allows people working on individual pieces of the puzzle to see how their work fits 
i n  to the bigger picture. The need for comprehensive management of sen turtles is an accepted but ofien 
unacknowledged premise. and all sea turtle biologists and con:servationists can benefit by being reminded of 
how their work contributes to the recovery of the species as a whole. Since time and money are limited. 
andsince the environment in which sea turtles live and breed will continue to be degraded. i t  is imperative 
that we manage or  conserve these species as efficiently as possible. Current government mandates and 
public interest will make our work easier i n  this tlecade. As we all know. extinction is forever -- and we 
had better not squander this opportunity, as it may hc our. last. 



BREEDING DYNAMICS OF THE BLACK TURTLE (CHELONIA AGASSIZI) 
IN MICHOACAN, MEXICO 

Javier Alvarado 
Alfredo Figueroa 
Universidad Michoacan, Apartado 35-A, Morelia. Michoacan, Mexico 

The niost important nesting and breeding grounds for the black turtle atn any mainland shore are the east 
Pacific areas o f  Maruata Bay and Colola i n  Michoacan, Mexico. Nu~mbers o f  nesting turtles, however, 
have been seriously reduced due to over-exploitation o f  both atlults and eggs. Since 1982 the University of 
Michoacan and the [Mexican] Secretariat o f  Fisheries, with the assistance o f  U.S. Fish and Wildlife Service 
and Wor ld  Wildl i fe Fund, have been carrying out a conservationlresea~rch project for tlie recovery o f  sea 
turtles i n  that area. This project was begun by Kiri i  Cliffton in the late 1970's. 

Tag recoveries have shown that black turtles nesting in Michoacan migrate froni feeding areas in  Central 
and South America and from the Gu l f  o f  California. Although a body o f  information exists regarding 
different aspects of  its natural history (Cliffton et al. 1982; Clliffton 1983; Alvarado et al. 1985; Alvarado 
atid Figueroa 1987). l i t t le is known about the breeding dynamics o f  this population. I n  this paper, 
inforniation on the cour-tship and niating of the black turtle is presented. 

Courtship 

Observations o f  male-female interactions in  the ocean were niade in front o f  Colola, the priniary black turtle 
rookery. Colola is an open and unprotected high-energy beach, five km long and about 120 ni wide. The 
beach runs east-west; a rocky outcrop acts as a boundary on the west end. Since tiiost courting and niatirig 
occurs close to shore, this rocky outcrop provides an ideal place from vvhich to observe breeding activity. 
I n  the 1988 season, a total o f  62 hours were spent observing turtle bree:ding activity from this rock. The 
62 hours o f  observation were spread over a period o f  12 days. Observations were made with the aid of 
binoculars. When ocean conditions allowed. observations were also made i n  the water. Thirty-six male- 
female interactions lasting more than one minute were recorded. 

Identifications by the niale o f  a potential mate usually occurs under water. I n  78% o f  the male-female 
interactions recorded, a surfacing feniale was closely followed by a niale; i n  a few cases, more than one 
male was in  close pursuit. Surfacing females would always ktxp their head down looking for the pursuing 
male. As soon as the male appeared, the female almost always faced him. I n  most cases, the male dove 
after a few seconds. I n  33% o f  the cases, the female dove before the niale surfaced again. If the female 
remained on tlie surface and the male reappeared. tlie feniale usually maintained a position facing him, 
while lie circled around her, getting closer each time. I n  sonic: cases, a niale would swim directly under a 
female, touching her plastron witli his carapace. I f  the female continued facing him, after a few circlings 
(tiiean = 3.2), the niale usually dove and disappeared. I n  a few observations (about lo%), instead of 
diving, the male charged the female and tried to mount while  he female was facing him. I n  these cases. 
tlie female didn't attempt to dive or flee but positioned herself i r i  a \lertical position in the water with her 
plastron towards the male. This "refusal position " was descril'ted by Booth and Peters (1972) in tlie green 
turtle (Chelonia mydas) in  Australia. I n  52% of our obscrvatiol~s. tlie r~iale gave up and dove away after 
the first charge. I n  48% o f  the cases. the niale continued cliarging from 2 to 9 titlies (mean = 3.7). 
Occasionally while the female was facing him, tlic rilalc stopl,cd c i r c l i~ i~g  her and slowly approached her 
from the front, gently biting the skin of  the neck and foretlippcrs. N o  successful matings were obsel,\,ed in 
the interactions described so far. tliat is. witli the lbliinlc I;ici~tg tlic male as lie circled her. or. with the 
female adopting the vertical refr~snl l~osi t ion or with the male I i t i ng  [lie skin o f  the feniale's neck nlid 
foreflippers. 

I n  the four successful lmounts recorded, tlie female, after surfacing. allowed the pursuing niale to approach 
her from tlie side. Thus, facing thc sanie directiori and side by side. tlie niale tried to gain a side-hold by 



throwing one foreflipper over the anterior part of the :female's carapace. After the niale had gripped her 
from one side. the female titled sideways towards hirr~, facilitati~ng the grip of his other foreflipper. On 
these occasions no previous courtchip was observed. Although we were not able to say when rnourlting 
resulted i n  introniission, we considered a mount to be. successful when the male remained in position for 
more than 20 minutes. 

In six attempted mounts recorded on the surface in which the: female was approached by surprise from 
behind, the males were quickly dislodged by the female tilting herself headfirst into the water. In two other 
surprise-surface mounts, and on three occasions in which the female surfaced with a male already mounted. 
the males lost interest quickly and left the females within a shorit time (2-9 minutes). Perhaps these were 
unreceptive females who had their hindflippers folded together, an action to avoid copulation described by 
Booth and Peters (1972) in the green turtle. 

Observed mating pairs were always escorted by at least one ant1 up to six males (mean = 2.5) that took 
turns, one at a time, launching themselves at the mating pair, apparently trying to dislodge the male. 
Escorts frequently bit the tail of the copulating male and the flippers of the female. The female tried to 
avoid escorts by frequent dives. 

On the east side of the observation rock a number of females were observed remaining on the sandy bottom 
right under the breakers at a depth of 1.5-2.0 m. Inclividual females remained there for hours, surfacing 
only for air. In this area females seemed to be free from the rrtales' attentions. Booth and Peters (1972) 
described similar "female sanctuaries" for the green turtle. 

Within the limits of the 1988 observations we can conclude that for the black turtle, unwanted copulation 
may be avoided either by the female assuming the vertical refusal position or by maintaining the face to face 
position. Once the male has mounted, the female rnay prevent copulation by toppling the male or by 
folding the hindflippers in refusal. Females may also avoid co~pulation by remaining within the "female 
sanctuary". Circling and biting the female by the mslle did not preclude a successful mount. Receptive 
females were not courted on the surface and mounting occurred ifrom the side. Females seem to have total 
control over copulation in accepting the male's mounting and in allowing hi111 to remain i n  place. 

Mating 

To obtain information on mating activity and male movements, offshore surveys were conducted during the 
1985, 1986, 1987, and 1988 seasons. Transects were run with ,a motor boat through the core of the black 
turtle breeding grounds, counting, capturing and tagging both male and female turtles. Turtles were caught 
by hand, usually while they were mating; after beir~g tagged and measured they were released. While 
intromission of the captured mating pairs was difficult t~ document, only pairs that remained coupled during 
the chase to be captured were considered as mating. 

Information from the offshore surveys indicates that mating activity occurs throughout the nesting season, 
being more frequent during the first half of the season. The occurrence of fresh claw marks on the 
carapace of most nesting females throughout the season, and the: presence of males in the area throughout 
the year, also support this probability. The occurrenc:e of mating throughout the nesting season suggests 
the possibility of mating between clutches. Indeed, from nesting records of 18 female black turtles captured 
while mating, it was found that nine nested both before and after mating. This would indicate that 
sequential matings between clutches may be coninion. The average time between mating and nesting was 
13.6 days (r = 1-38, n = 18 turtles, 27 nestings). By contrast. studies of the green turtle indicate that 
mating in that species occurs about a month prior lo Ihe first nesting (Owens 1980. for a review). If. i n  
the black turtle, mating occurred a month before nesting. we ~ ~ o u l d  expect to find a peak of first clutch 
nesters about a month after a peak in mating activity. IJtilizi~ig ~the data fro111 the 1986 black turtle season. 
we found, however, that a month after the main ~n;~t ing peak. ti~.st clutcli 11estel.s were lou i n  ~ iu~ i ihe~ . .  
Although more field data neecl to be gathered on the I3l:ick trlrtle ~iiating-nesting chro~iology. tlie eviclence to 
date suggests the possible existence of more than one 1)l.ceding scrnario i l l  sea turtles. 
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T H E  OCCIIRRENCE O F  HAWKSBILLS (EKET31tXHELI'S IMBRICA'I'A) ALONG 
THE 'I'EXAS COAST 

Anthony F. Amos 
The University of Texas at Austin, Marine Science Institute. Port Aransas. Texas 78373 USA 

The hawksbill (Eretmochelys imbricata) is the least commonly encountered of the five species of sea turtle 
regularly found stranded along the U.S. Eastern and Gulf COi2StS. In 11987, for example, only 29 out of 
2,373 total animals reported to NOAA's [Nation Oceanic and Atmospheric Administration] Sea Turtle 
Stranding and Salvage Network (STSSN), or 1.2% of the total, were hawksbills. Of these, 13 were found 
on the Eastern seaboard (Florida and Georgia), 10 i n  Texas, and 6 i n  Puerto Rico and the U.S. Virgin 
Islands. In the Gulf of Mexico, Texas is the only state regularly reporting hawksbills. As the local STSSN 
observer, I found a disproportionate number of them stranded here when conlpared to strandings in other 
regions and to previous records for this species in Texas. Hawksbills i n  Texas waters have always been 
described as rare or accidental. The 77 records for Texas since, 1972 reported here may represent a change 
in that status. During 1,300 surveys of Mustang Island Gulf beach since 1982, and with the help of local 
police, Park Rangers, beach-cleaning crews and the general put)lic, I have recorded 410 stranded sea turtles 
including 49 hawksbills. An additional 28 hawksbill records dating back to 1972 were found in the Texas 
STSSN Coordinator's data base. The closest hawksbill nesting sites to the Texas coast are in Campeche 
and Yucatan, Mexico. Farther north, near offshore reefs fringing Veracruz State, foraging hawksbills have 
been reported in abundance. 

The following summarize the circumstances of hawksbill strandings in Texas: 

- Recent annual strandings range from a low of two in 1985 to a high of 29 animals in 1986. 

- Seasonally, strandings occur i n  all months of the year, increasing almost exponentially to a peak i n  
October and showing a sharp decline in  November. Many of the October strandings occurred i n  1986 
when several post-hatchlings were found alive on beaches near Port Aransas. 

- Live animals are in the majority (73%) of hawksbill strandings. This is in  contrast to all other species 
here where most aninlals are found dead. 

- The largest hawksbill recorded (in 1972) had a carapace length (curved?) of 67cm; this was the only 
adult reported. All others were far smaller than this. 

- Curved carapace length frequency has a bi-modal distribution with peaks i n  the hatchlinglpost-hatchling 
range ( < 10 cm) and the "yearling" range (20-29.9 cm). 

- The great majority of hawksbill strandings were reported from the "Calastal Bend" near Corpus Christi. 
Outside of this area, two came from Lavaca Bay, four from the Galveston region, and a few from South 
Padre Island. 

- Strandings are concentrated in  four locations: I )  Port Arans;is. w h e ~ . ~  the llTMSI [University of Texas 
Marine Science Institute] is located; 2) Mustang Island. a popl~lar spot foil. I)cachgoers: 3) a popular county 
beach; and 4) near the headquarters of the Padre Islantl National Seasflore. Most hawksbills are found 
among the strandlines of the barrier island Gulf beacl~es. Verv few are found in  the hays and estuaries. 

- There is a high incidence of entanglement i n  pl;lstic (22':: of t l~osc where such i ~ ~ f o r m a t i o ~ ~  was 
recorded). The most frequent for111 of en taeg lcn~c~~t  occt~rs u I I C I I  : ~ ~ ~ i l l ~ a l s  get their necks and/or linlbs 
caught in woven plastic produce sacks. Monofila~ncnt lisllinp l i ~ ~ r  u:l.al)pcd arvund limbs. and snagging by 
people fishing from rile jetties have also been rccor.tle(l. Yea~. l i~~p:i  are pa~.tic.i~lar-ly susceptible to 
entanglement: ill fact. no e~~tanglernents Ilnve heen noted lor posl-llatcllling,~. 



' In the fall of IVBb. 2 8  prmt hatchling hawksbills came ha shore, niostl\ I n  rhc I'orc i\ransas region. 
Curved carapace lengths ranged front 5.9-10.0 cni (niean=7.6 cm). u'r tghr .  rnnpcd front 28.5-83.5 g. 
One animal at 28.2 cm (curved carapace length) as also f o u ~ ~ d  during th15 rlrnc. All but two were found 
alive. Many were injured. having been attacked in the surf zone by fish and e\en shorebirds. Seven were 
released the following year offshore near platforms where i t  was assunied thev niigllt obtain food. This was 
thought to be preferable to releasing them by the rock jetties cvhere many people fish. Thirteen died within 
weeks of their stranding. 

What caused the apparent increase in the number of hawksbills found stranded in Texas? Here are some 
possibilities: 1) observation frequency has increased and Inore animals are now being found than in 
previous years; 2) circulation patterns have changed. bringinl; the pelagic juvenile turtles, along with their 
floating food supply, farther north; 3) they disperse northward from1 the nesting sites in Mexico, and 
yearlings find feeding grounds around the stone jetties on the Texas coast. Hatchlings move with their 
floating food supply and some get stranded in Texas when the debris is washed ashore; 4) there are  
undiscovered hawksbill nestings in northern Mexico or southern Texas. 

1) Increased observation means increased discovery (i.e, thcy were always there but just not observed): 
Geographical distribution data can be seriously biased by sampling frequency, beach accessibility , 
and the beachgoer "population". There are few niajor barrier island populations and tourist 
centers along tlie Texas coastline where stranded animals are likely to be seen by lots of people: 
Galveston Island, Mustang Island. North Padre Island, and South Padre Island. NMFS [National 
Marine Fisheries Service] observers and volunteers cover the emtire Texas Gulf coastline at one or 
two week intervals, year around. I cover Mustang Island four tinies per week, yet have discovered 
only four hawksbills (7% of the total); during the same period 1 found 92 (26% of the total) of the 
350 other sea turtles stranded in the region. Most of the discoveries are made by the general 
public and city, county and state officials. I believe these data are fairly representative of the 
present distribution of hawksbills on the Texas coast, but that the number of observers, official or 
not, does present a bias. 

2) Circulation patterns have changed bringing juvenile hawkskills north of their normal range: Based on 8 
years (1,300 observations) of temperature and salinity data colleccted off Mustang Island, there is no 
correlation between water masses impinging on the coast and ha~wksbill strandings, except that most 
strandings occur in the fall when temperature and salinity are normally at a maximum. Yet 1983 
was a year when several hawksbills stranded but fall salinity was very low, while 1985 had only 
one stranding and high salinity i n  the fall. So i n  general i t  would seem that there is little in the 
way of a water mass identity associated with 11awk;;bill strandings. It is generally believed that 
juvenile turtles spend their pelagic period feeding amlong flotsam, especially the Sargassum weed. 
Since 1983 I have been estimating the quantity of several categories of floating debris washed 
ashore. I could find no association between beirching of "tropical" jetsam and hawksbill 
strandings. 

3) Hawksbills drift north with the surface currents from their nesting !sites in Mexico: The post-hatchling 
hawksbills that came ashore over a span of 40 days in 1986 ranged in weight from 28.5 to 83.5g. 
Using a formula relating weight and carapace length to age (Uritzell 1980, Witzell 1983), ages of 
48 to 163 days were estimated. Projecting backwards from ti~me of stranding. possible liatclling 
dates ranged from 15 April-19 August 1986. Hatching i n  April or May would appear to be too 
early for Mexican animals according to Witzell (1983). as the nesting season starts in April and 
incubation is 60 days. Two animals beached on 1 April 19l84 and mid-June of 1988, giving 
projected hatching dates of I January and mid-Marcl-. respectively. This would reflect nesting in 
November and January. Hawksbills in tlie Gulf or Caribbean do not normally nest that early (or 
late). Because tlie projected nesting daks for these t~~rt les  is generally too early in  the season. we 
milst conclude that (a) hawkshill hatchlings i l l  tlie wild grou, lhqtcr tliali tlie captive aninials: (h) 
son1ew11e1.e in the Gulf or, more likely. tlie Caribbean. liaw~ksl~ills nest late in the year; (c) some of 
these post-hatchlings come from the previous year's clutclles and are growing much more slowly 



than the captive animals; or (d) soriie of the smaller aninials arc. from nr t  . 1 0  0 1  even i n .  
Texas. Is it feasible that the animals could have come from Mcxtto o r  rt~c ( .$I t t l k . ~ ~ ~ '  To get to 
Texas from the nearest known Mexican riestirig sites at ages ranglrrp t ~ c l r l l  iJ to 16.1 clavs. they 
would have moved at speeds ranging from 34 to 7 cmtlsec, assurnirip thev moved In  a straight line 
(Figure I ) ,  a distance of 1.000 kni. If they drifted with the current. t h ~ .  hwhhrst speeds are not 
reasonable for open ocean surface currents in this part of the Gulf. Drift cards released in the 
Gulf of Campeche in July have taken 60 days to reach Mustang Island. and those deployed i n  the 
Caribbean reached Texas i n  ten months or  more. More recently deployed drifters that 
communicate their position via satellite show that the westward drift of Loop Current rings meander 
slowly and have lifetimes of many months. 

4) Hawksbills nest farther north than previously reported: Bclth loggerhead (Caretta -- caretta) and Kernp's 
ridley (Lepidochelys kempi) post-hatchlings stranded live during the hawksbill event of 1986. 
These were barely larger than hatchlings and almost cl~rtainly calme from south Texas or northern 
Mexican nests. Both these species nested on Mustang Island in 1988. It is possible that the 
hawksbill nests on occasion in the region, as well. 

In conclusion, i t  is feasible that the hawksbill has nested north of its known range, based upon the size of 
some of the post-hatchlings stranded i n  Texas. Most of these juveniles, however, probably came from the 
Campeche or Yucatan sites. Two stranded so extraordinarily early that it is difficult to understand how they 
got there at that time and at that size. You~ig hawksbills are rnore cornlnon i n  Texas than has previously 
been documented. They are probably brought ashore with tht: floating .Sargassum community when high 
salinity water from the central Gulf impinges on our shores. However, the evidence for any distinct 
oceanographic event or mass beaching of floating debris coincidl~ng with the big hawksbill stranding of 1986 
was not conipelling. Yearling hawksbills may find the stone jetties a suitable feeding ground. They are 
susceptible to entanglement in plastic debris. 
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WATS 11, THE WESTERN ATLANTIC TUKTLE SIJRVEY, AND THE FUTURE 

Fred Berry 
6450 S. W. 8 1st Street. Miami. Florida 33 143 USA 

WATS 1 [Western Atlantic Turtle Symposiunl I] was held i n  San Josi, Costa Rica, i n  July 1983. The 
Proceedings of WATS I were published nine months later -- three volumes of the most con~preliensive sea 
turtle data ever assembled for the Western Atlantic area. WAT8S I1 was held i n  Mayagiiez. Puerto Rico, i n  
October 1987. The Proceedings of WATS I1 will be published soon (date reference 2/8/89). 

These two Symposia, and their sea turtle data generation, compilation, and publication rank among the 
greatest happenings of international communication, coordination, and coa~peration since 1941 - 1945. At the 
concluding session of WATS 11, the National Representatives recommended, and the other Symposium 
participants supported, the plan to continue the WATS effort and to hold a third Symposium in 1993 or 
1994 at a site to be selected in  the Greater Caribbean Basin area. 

WATS continues to work on an official governmental level to assemble data and to consider management 
options that will protect our six species of sea turtles. WIDEC.4ST [Widter Caribbean Sea Turtle Recovery 
Team] is active a the non-governmental level i n  assembling Sea Turtle Recovery Plans. WATS and 
WIDECAST, by agreement of their directors, were working on paralllel but non-overlapping courses. 
While that policy was useful in the formative past, we now need all the coordination we can get. 

I now reconln~e~id WATS and WIDECAST commence overlapping on at least three levels: 

1 )  adnlinistration and in planning. 

2) data base acquisition, storage and use. 

3) obtaining the money needed to allow us to pursue our primary purpose of sea turtle protection, 

4) i n  coordinating quick-time response to acts of sea turtle exploita~tion or other harm in our area. 

There are three major actions which I believe we must rem~:mber as being necessary to protect really 
endangered and threatened sea turtles. These are: 

I. So relatively little is known of the life I~istory and habits of sea turtles, and there are so nlany 
critical gaps in our knowledge (especially of sea turtles i n  the ocean) and so nlany poorly 
understood differences between species, that we do not yet have the best data to allow us to 
manage efficiently. We must strive to get this knowledge and fill these gaps. 

11. We must keep up constant, well-planned, and long-term sea turtle protection efforts and 
act io~~s.  If protection efforts diminish or fade, recent experience has shown that liar~nful and 
excessive exploitation will creep i n  or will jump i n .  

111. We must get one major flaw corrected i n  the Uriitetl States law on sea turtle endangered status: 
"I'HE SPLIT MANDATE'. To assign p~.otc!ction of sea turtles oti Ia~ld to the Fish and Wildlife 
Service (Department of Interior) and scn tul'tle~ at sea to the National Marine Fislleries 
Service (Department of Co~iinlcrct:). u8:ts a grlal.;lntec the I J .S .  congress that realistic 
protection efforts would be long delayctl or have n Ilettcl. cliai~cc of failing. 1'0 Ijrr t  conlrol of 
sea turtles at sea under the National Marine Fisheries Scrvice was an automatic contlict of 
interest, although not too many caring people have been ahlc to see i t  yet. 



AERIAL SURVEYS OF MARINE TURTLE CARCASSES IN NATIONAI, 
MARINE FISHERIES SERVICE STATISTICAL ZONES 28 AND 29; 1 I AUGUST 
1987 TO 31 DECEMBER 1988 

W. Cleve Booker 
Llewelly~i M. El~rliart 
Department o f  Biological Sciences, University o f  Central Florida. Orlando. Florida 328 16 USA 

INTRODUCTION 

Aerial surveys o f  marine turtle carcasses in  National Marine Fi:iheries Service (NMFS) Statistical Zones 28 
and 29 were conducted from 1 I August 1987 to 31 December 11>88. The objectives o f  the study were: 

I. To  establish a systematic weekly aerial survey o f  NMFS zones 28 and 29. 

2. T o  assist the efforts of  the Sea Turtle Stranding and Salvage Network (STSSN), and ensure that 
all marine turtle carcasses were accounted for. 

3. T o  obtain carcasses suitable for histopathological nc:cropsy an~d perform necropsies on selected 
individuals. 

4. To  observe and record the daytime shrimp trawling effort within approximately 7.0 knl o f  the 
shoreline, within the boundaries of zones 28 and 29. 

5.  To  exanline the information collected from the aerial surveys together with STSSN data and 
investigate the possibility o f  any developing trends. 

STUDY AREA 

The study area began at the 28th parallel, approxilnately 5.0 kt11 soutll OF Melbourne Beach. Florida. and 
ended at the 30th parallel, approxinlately 15.0 kni north of St. Augustine, Florida. Zones 28 and 29 
contain approximately 240 kni of  Atlantic coastline. 

METHODS 

I. Every effort was made to conduct weekly surveys, weather pern-~ittitlg. for consistency. 

2. The surveys began approxinlately one hour after sunrise. 

3. A high winged Cessna 172 aircraft was used during all flights. 

4. A fixed altitude of 200 feet, 100 meters offshore, and an airspeed of 85 knots was maintained 
during the surveys. 

5 .  All  sea turtle carcasses observed during the sul.veyq vxrc circled f o ~  positivr identification. given 
a fixed location, and investigated by g~.ound ~>e~.sorinel 

6 .  Sea turtle carcasses suitahle for Iiistopatllological rlecr.ops\ UCI-c. 1)lac.cd 011 ice  and t~.nnsl>o~-tetl to 
the University of Central 1:loritla. 01.li111do. 1'loritl;r. 

7.  A l l  daytime shrinip trawler activity (nt-1s (low11 anti tl.;ruling o11ly) was logged hv 11i11ilber and 
locatio~l. 



RESUL,TS AND DISCUSSION 

The data collected during this study were compiled by statist~cal zone i n  order to foci~z o n  ~rrridt otlrrr\cd 
between carcass strandings and daytime shrimp trawling effort. The nu~mber of carcasses shown ~n Figures 
1 and 2 is defined as all species reported by month to the S'TSSN, and shrimping effort is the n u n ~ k r  of 
trawlers observed working (nets down) within 7.0 km of the shoreline per month. 

NMFS Statistical Zone 28 is a Turtle Excluder Device (TED) requiredl area since 1 October 1987, except 
from 12 April 1988 to 1 September 1988 when Federal courts enjoined TED regulations. Zone 28 extends 
from near Melbourne Beach on the south and New Smyrna Beach on the north. This zone includes the 
Port Canaveral Shipping Channel, which has a known high pc~pulation ad marine turtles year around. 

A comparison between daytime shrimping effort and the numI3er of carcass strandings per zone per month, 
combined (Figure l ) ,  reveals the following trends. In the period from August 1987 to February 1988, we 
saw a high shrimping effort and a low number of reported strandings. This is what you would expect to 
observe in a TED regulated area, and NMFS special agents confirm 100% compliance in Zone 28. In the 
months from February-August 1988, an increase i n  the number of strandings occurred, but daytime 
shrimping effort was low. Several factors may explain this. Florida state waters are open to nighttime 
shrimp trawling only in the months of June, July, and August, herrce much of the shrimping effort is 
conducted at night and not observed in the daytime aerial surveys. Additionally, TED regulations went out 
of effect on 12 April 1988, and did not go back into effect until I !September 1988. From September- 
December, an increase in shrimping effort was observed, similar to the effort seen in the fall of 1987, and 
carcass strandings remained low. We believe this shows the effectiveness of TED use in zone 28. 

NMFS Statistical Zone 29, a non-TED regulated area, lies to the north of zone 28 and includes the area 
from New Smyrna Beach north to St. Augustine. The total number of marine turtle carcass strandings 
reported from August 1987 to December 1988 in zone 29 wias 258. This is significantly higher than the 
1 10 in zone 28 for the same period. It also should be noted that there was three times as much shrimping 
effort observed in  zone 29 than zone 28. 

When we compare shrimping effort to carcass strandings i n  zone 29 (Figure 2). definite trends begin to 
appear. The period from August through Noveniber 1987' exhibited an increased level of shrimping 
activity. In the same period it was clear that the number of strandings increased with the increase in 
shrimp trawling, decreased somewhat i n  October but rapidly increased to more than 25 strandings in the 
month of November. In the months from November 1987 t13 March 1988, a gradual but still significant 
shrimping effort was seen. Stranding totals declined during these months, with a low of four carcasses 
reported in February 1988. 

From March through the end of May 1988, shritnping effort 1,emained Ilow. This is probably a response to 
the closing of the Florida east coast shrimp beds from I Ap~ril to 30 May. Carcass strandings increased 
rapidly again in March but declined through May. It is possible that these strandings were the result of 
shrimping being conducted outside Florida waters during fhe closed season. Beginning in June (the 
opening of shri~nping season in zones 28 and 29) shrimping effort increased slightly and remained stable 
with less than five trawlers per month through August. Note that June: through August are the only legal 
months for nighttime trawling, and much of the activity was r~ot recorded i n  the daytinie surveys. Carcass 
stranding totals indicate that, beginning in June, the number of carcasses increased rapidly (fro111 six in 
June to more than 15 i n  August). 

In October shrimpirig effort was at the highest point ol the year with over 150 sightings. Marine till-tle 
stranding totals also reached their highest point i n  Octobcl.. 'rrawlit~g effort declined slightly in November. 
1988 and carcass strandings appeared to follow the tlecli~ir. SIi~.i~nping effort increased again i n  Decenlber 
to 100 sightirigs and carcass strandings again clinlbed to qlightlv I rq~  t11a11 30. 

In summary, the trends observed in  this study add to the circuinstantial evidence for a correlation between 
marine turtle carcass strandings and shriniping effol-t i n  zone? 28 and 29. 





POPULA'I'ION STRUCTURE AND EVOLUTIONAIRY HISlrORY O F  THE GREEN 
SEA TIJRTLE, CHELONIA MYDAS 
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John C.   vise' 
'~epartment  of Genetics, University of Georgia, Athens, Georgia 30602 IJSA 
2~lor ida  Department of Natural Resources, 100 Eighth Avenue S.E., St. l?etersburg, Florida USA 

Tagging data indicate that female green sea turtles return to the, same location to nest in  successive nesting 
seasons. This site fidelity has lead researchers to suggest that nesting turtles return to their natal beach. 
One consequence of natal homing would he a restriction of gene flow between rookeries. To test this 
hypothesis, four Atlantic, three Pacific and one Indian Ocean rookery were surveyed with mitochondria1 
DNA (mtDNA) restriction analysis. Results indicate that the -- Chelonia - rnydas conlplex consists of at least 
two major phylogenetic units, corresponding to Atlantic and Indo-Pacific populations. In the Atlantic, 
significant mtDNA genotype frequency shifts indicate a contemporary restriction on gene flow between 
nesting colonies. Results are consistent with a natal honling hypothesis. However, the overall siniilarity of 
mtDNA genotypes within the Atlantic indicates that isolation between rookeries is recent, or that genetic 
exchange occurs at a low level. Disjunct Atlaritic colonies arc: isolated over ecological time but not over 
evolutionary time. 



EIV\'IKONMENTAL FACTORS AND SEASONAL OCCURIIENCE OF SEA 
TUR'I'I-ES IN LONG ISLAND, NEW YORK 
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Stephen J.  orr re ale^ 
' ~ e ~ a r t n ~ e n t  of Biology, State University College, 1300 Elmwood Avenue, Buffalo, New York 14222 USA 
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The occurrence of Kemp's ridleys in the wlestern North Atlantic has been established for several years 
(Pritchard and Marquez 1973, Carr 1980, Lazell 1980, Meylan and Sadove 1986), but the survivability and 
reproductive value of these individuals has only recently become the subject of scientific research. Previous 
descriptions of the Atlantic as a Kemp's ridley habitat vary. Herldrickson (1980) characterized the area as a 
"highly disadvantageous environment," while Carr (1980) considered it unlikely that all of the Atlantic 
population was lost and Lazell (1980) found th<at Kemp's ridleys in Massachusetts were generally healthy. 

Our research has concentrated on Kemp's ridleys occurring in the waters surrounding Long Island, New 
York, a population which is strictly juvenile (!SCL ranges froni 22 cm to 38 cm). Kemp's ridleys are first 
seen in the area in August, when water tempelratures range froni 20"-25"lC (Figure I). During this period 
an abundance of prey items are available. During November water temperatures begin to fall rapidly and 
by early December conditions in the area are lethal (below 7" C) to Kennp's ridleys. Water temperatures 
fall to as low as 0" C and remain in  the lethal range for the next four months. Since we do not consider it 
likely that sea turtles hibernate or brumate in  Idng Island, survivability of this population would depend on 
migration to a warmer (i.e., southern) habitat. 

From mark-recapture studies and collection of stranded aninials (during the years 1985 to 1988 we examined 
107 juvenile Ken~p's ridleys. Seventy-five percent of the animals were daead due to prolonged exposure to 
water temperatures below critical ther~n~al minimum (cold-stunning). For the years 1987 and 1988 we 
tagged 18 Kemp's ridleys during the summer and collected 29 cold-stunn~ed i~~dividuals during the winter. 
Only one of the cold-stunned individuals was a recapture (Figure 2). 'While these data indicate a large 
population of juvenile Kemp's ridleys utilizes New York waters, they do not indicate what proportion of the 
population becomes cold-stunned. We have found that several fi~ctors, such as wind direction, frequency of 
beach patrols, and public awareness, influencle the number of cold-stunn~ed individuals encountered. We 
have minimized the effect of the latter two hy creating a 130 member volunteer beach patrol, obtaining 
frequent media exposure and mounting posters on all beaches. Our research indicates, however, that 
regardless of beach coverage, wind direction is a major influence in determining the number of cold-stun 
related strandings. This is due to the passive niovement of floating cold-sttinned turtles. 

Whether the threat of exposure to lethal temperatures is off set by beneficial factors in tlie Long Island 
area, such as an abundance of prey itenis, {nay be determined by the percentage of the population that 
niigrates successfully. If it  can be shown that juvenile Kemp's ridleys do migrate southward, from Long 
Island to warmer waters, i t  would also suggest an ability to migrate to the Gulf of Mexico, providing 
evidence of the reproductive value of tlie Atlant~ic population. 
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SATEL,I,ITE TELEMETRY OF KEhlP'S KII)I,EI' :SEA TURTLE, 
LEPIDOCHELYS KEMPI, IN THE GULF OF ME.KIC0 

Rlchard A. Byles 
U.S. Fish and Wildlife Service, Endangered Species, P.O. Box 1306, Allbuquerque, New Mexico 87103 

INTRODUCTION 

The goal of this study was to develop techniques to examine niovement and behavior of Kemp's ridley sea 
turtles (Lepidochelys kenipi) at sea. The first phase of tlie study concentrated on: I )  reducing the size of 
the transmitter and housings for use with Kemp's ridley (the s~nallest of sea turtles), and 2) incorporating a 
saltwater switch and software so that diving behavior c o ~ ~ l d  be analyzed in addition to monitoring 
movements. 

MATERIAL AND METHODS 

The study area was the range of adult Kenip's ridleys, generally confinetd to the Gulf of Mexico. Ridleys 
were captured and tagged as they completed a nest deposition at Rancho Nuevo, Tamaulipas, Mexico. The 
study used the TIROS-ARGOS, polar-orbiting satellite system for data collection and locations. 
Transmitters were constructed by Telonics, Inc. (Mesa, Arizona) antl consisted of two types: a trailing 
"float" and a carapace mounted "backpack." Data collection wiis the same for either style. 

Data transmitted to the satellites were temperature, duration c~f the previous dive, the mean submergence 
duration summed over the previous 12 hour period, and nuniber of dives per 12 hour period. Position 
fixes were calculated by the Doppler shift in transmitter frequency. 

RESULTS AND DISCUSSION 

Nine backpacks and nine floats were attached to ridleys in May 1987, April and June 1988. Data 
transmissions were received from telemetered turtles from zero to 127 days. Fourteen tracks of turtles were 
obtained that revealed nearshore ( < 50 m depth) movements north (4 turtles) and south (7 turtles) from 
the nesting beach: three turtles ceased transnuitting before nioving away from Rancho Nuevo. Two of the 
north nioving ridleys ceased transmitting in the vicinity clf Corpus Christi, Texas, and one showed 
indications of being taken aboard a boat. Of the seven southerly moving tracks, two ceased transniissions 
in the vicinity of Cabo Rojo, Veracruz, and one of these showed signs of nesting again: two were tracked to 
Campeche Banks and three tracks turned north up the western Yucatan Peninsula, two of which ended at 
Cabo Catoche, the most northeastern part of tlie Peninsula. 'The nearshore tracks of the turtles suggests 
that post-nesting Kemp's ridleys essentially occupy the littoral zone as corroborated by prey preference 
(portunid crabs) shown i n  the literature. 

Submergence data were summed over a 12 hour period before being transmitted to the satellite from 
individual turtles. The mean dive duration in  a 12 hour period was generally less than 30 niinutes and the 
mean was 18.1 niinutes (sd = 16.1). Occasionally, tu~.ties dove for :* 60 minutes pel 12 hour period. 
Individual dives of up to approximately 1010 nii~iutes were recorded, but rarely arid with no specific 
regularity, such as might be expected i f  the tu~rtles were ellgageti i n  sleep periods. 

The number of dives per 12 hour period ranged fro111 zero to over 300. hi~t'tlie predominate pattern was < 
80 dives per I2 hours. The meal1 numbel. of dives per I2 hours was 69.8 (sd = 55.6). Mean total 
submerge:nce per 12 Ilour period was always :> 600 1iii11 and was clusteretl tightly ahout tlie niean of 603.8 
~iiinutes (sd = 16.6). 'I'liis correspontls to a total su~.focc ti~iie Ijel. I2 h o u ~  period of 27.2 111inules. ?'he 
variation in the submergence ti~iic was ~iiucli less t l i n ~ ~  tlic \,ari;jtio~l i l l  flit' 111~;111 dive duration or. nuliihe~ of 
dives. This indicates that. as at1 irltlex of a tl.lrtle's ~.cspiratorv restraints. the submergence ti~iie is a more 
precise nutnber. 



Indi\ldual turtles show a high degree of variability in the number and average duration of dives but match 
highcc rlumbers of dives with shorter durations and vice versa, yielding similar submergence times. The 
mean percentage of time ridleys spent below the surface was 96%. Adthough no information on depth of 
dive is available. i t  is likely that most of the time submerged is spent on the bottom of the littoral areas 
these turtles frequented. 

ANOVA was used to test for significant differences in behavior among turtles. There were significant 
differences among turtles in mean dive duriation per 12 hours (F=3.515) and the nuniber of dives per 12 
hours (F=5.939). The product o f  the two variables, total submexgence in 12 hours, also differed 
significantly aniong turtles (F15.394) .  There was no significant difference between day and night 
behavior. 

SUMMARY AND CONCLUSIONS 

The satellite system has proven successful, and data have been collectetj that could not have been otherwise 
obtained without a much greater investment in time and money. Several technical problems still remain 
that have not yet been solved satisfactorily. Some (if not all) of the transmitters that were never heard from 
upon entering the sea may have leaked. Several housi~igs during testi~ng experienced this failure and one 
transmitter that was returned by a Mexican fisherman wa:r full of sea water, which made it negatively 
buoyant so that i t  never reached the surface to transmit. Further testing of housings in hyperbaric 
conditions is necessary. 

The methods of attaching the transmitters to the turtles was z~lso an area of concern, especially on Kemp's 
ridleys. We attached both versions of the transmitters to the turtles with the turtles' welfare in mind. The 
backpack'style could not be harnessed as firmly as we desired because we had to ensure that tlie 
transmitters would detach from the turtles within the year. Some of the early terminations of transmissions 
from the backpacks may have been due to premature shedding of the transmitter. 

Although the suppositions presented above may have contrib111:ed to the termination of the study earlier than 
had been hoped, a great deal of information was obtained that is important to tlie management of the 
species. Female Kemp's ridleys appear to be nearshore dwellers, usin,g the shallow littoral zone along the 
coast of the Gulf of Mexico. The data produced here, although not a complete picture of the zones the 
turtles occupy, indicate that in-water protection should concentrate on nearshore activities, such as fishing 
operations, oil industry actions, etc. If female ridleys still occupy areas such as off the mouth of the 
Mississippi River. it is necessary that investi,gations to determine over-wintering sites continue. These areas 
will also need to be afforded protection andl very well may occur in deeper waters which remain warmer 
than nearshore areas during winter. 
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IMT~K\ATIONAL TRADE IN SEA TURTLE PR0C)UCTS 

Jeffrey Canin 
Greenpeace, 102 North 6th Avenue, Jacksonville Reach. Florida 32250 USA 

The major sea turtle products traded internationally are raw tortoiseshell (principally from the hawksbill, 
although small quantities of green turtle shell occasionally enter trade:,, raw skin and processed leather 
(mostly from olive ridleys, but also from green sea turtles), manufactured articles of hawksbill shell, stuffed 
hawksbills and green turtles, oil for use i n  cosmetics, cartilage for turtlle soup and, finally, green turtle 
meat. 

Unlike most wild animal products, sea turtle products are often classified under exclusive categories in  the 
Customs' statistics of many countries. The most coniprehensivc: statistics are for "tortoiseshell", the name 
most commonly used for hawksbill shell. Customs statistics for Ithe other sea turtle products are less readily 
available. 

However, there are problenis even with the tortoiseshell figures. Only Japan clearly differentiates between 
species, listing a category purely for hawksbill shell called "b8ekko". A.II other countries categorize this 
shell as "tortoiseshell", which I have used as meaning shell from hawksbills only. 

A further probleni i s  tliat Customs data for tortoiseshell in Inany Asian countries sonietinies includes shell 
froni freshwater turtles, which is widely used in Chinese medicine. To avoid inaccuracies arising from this 
problem, I calculated the average value of hawksbill shell pe:r kilo from the major exporting countries. 
Where large quantities of tortoiseshell have a very low value, I assumed that they do include shell from 
freshwater species and made allowances for this;. 

TRADE IN TORTOISESHELL 

Since the mid-1970's, the major importers providing the stimulus behind the international trade i n  
tortoiseshell have been Japan, Hong Kong, China, Singapore ar~d Taiwan, and in  Europe for a number of 
years only, the Federal Republic of Germany, Italy, France and the Netherlands. The most important 
country involved in  this trade is Japan. The broad pattern of Japan's imports shows approximately half its 
shell coming from the Wider Caribbean, and the other half from Asia, Afriica and the Pacific islands. 

Since 1976, according to Custon~s figures, 49 countries have been involved in tlie export of tortoiseshell, 20 
in the Wider Caribbean. Twenty-eight of these countries are Parties to the Convention on International 
Trade in  Endangered Species of Wild Fauna and Flora (CITES), all but seven trading at some time in 
contravention of CITES. The major exporters froni Asia have been Indonesia, the Philippines, Thailand, 
and tlie Maldives; from Africa, Kenya and 'ran~zania; from tlie E'acific, the Solomon Islands and Fi j i ;  from 
the Caribbean, Cuba, Haiti, the Cayman Islandls, Panama, Hondl~ras and Jamaica. 

TRAFFIC (Japan) has estimated, based on dealers' data, tliat the average vveight of shell from hawksbills in  
tlie Caribbean i s  1.34 kg; 0.75 kg, and 0.88 kg from hawksbills in Asia and Oceania, respectively. Using 
an average of 1.06 kg of tortoiseshell per hawksbill, as derived froni Ilie dealers data, i t  i s  possible to 
estimate from Custonis statistics that since 1976. tortoiseshell from approximately 736.000 adult hawksbills 
has entered internatiorial trade. 

I n  the 1980's the pattern of trade began to change, l ' l i e  Appc:ndix I listitig of sea turtles under CITES 
(which prohibits trade) at last began to have some effect. Wliei  Japan signed the Convention in 1980. it 
adopted reservations on tlie Appendix I listirig of tlie hnwksl-,111. olivr ridley arid greet) sea turtle. Tlie 
immediate effect was a reduction in the average annual i11il)orts o' tortoisesliell frorii 40 tonnes to 30 tonnes. 
the latter representing 28,000 turtles. This was not based 011 any scientific assessment of the level of 
exploitatioti hawksbill populations could witlista~~d. arid reniains an arbitrary limit. (In October 1987. Japan 



dropped its rcurbatlon on the green sea turtle). Many other CITES P,anies' illegal exports appear to have 
ceased. 

However. it  is clear that this change is, to some extent. merely cosmetic. Some countries. such as Panama, 
simply ceased reporting their exports of tortoiseshell in  their Customs and CITES statistics, giving the 
appearance of compliance with the Conventilon. In this case it is known that exports continue with the aid 
of military personnel, making it difficult to stop. Indonesia began re-routing an increasing amount of its 
tortoiseshell trade with Japan through Singapore, though this tliversion now appears to have ended. 

Japan's response to mounting pressure to stop importing shell from CITES Parties (who were not signing 
the requisite export documents authorizing such trade) was more complex. Japanese Customs statistics for 
1987 indicate a dramatic rise in the proportion of shell comir~g from non-CITES-Parties; in 1988, virtually 
no shell imported into Japan came from CITES members. Althoug,h their Customs data are generally 
believed to be accurate, it is clear that this absence of CITES .Parties is  unlikely to fully reflect the truth. 

It is more probable that some shell is being laundered through non-parties to indicate compliance with 
CITES. The main exporters of tortoiseshell to Japan i n  1988 were the Maldives, Jamaica, Cuba, Haiti, the 
Comoros Islands (off Mogambique), Fiji and the Solomons. It seems fairly likely that the shell from Fiji, 
the Solomons and the Maldives is genuinely from those walers. Hovvever, the level of exports from the 
Comoros Islands, Jamaica and Haiti has increased substantially since 1986, and it is very likely that this 
involves shell coming from elsewhere. 

It seems too coincidental, for example, that in 1986 Honduran exports of tortoiseshell to Japan dropped 
from over 2 tonnes to zero, and those of Janiaica increased I,y a similar amount. In 1987, exports froni 
Belize dropped a further 2 tonnes, and Jamaican exports increased by this amount yet again. Cruz, Espinal 
and Erazo (1987), in their presentation to WATS I1 [Western Atlantic Turtle Symposium 111, estimated that 
9,000-18,000 llawksbills were being killed a~nnually by the Honduran lobster fishermen for the shell. As 
Japan has not recorded any imports of tortoiseshell from Honduras since 1985, this shell is likely to be 
transshipped through either Jamaica or Panama. 

The value of shell from the Caribbean has been on average two to three times greater than from elsewhere. 
This reflects the greater thickness and hence higher value of shell fronn this region as compared to Asian 
tortoiseshell. The demand of the Japanese dealers for the thicker Caribbean shell ensures that it will be 
very difficult to alleviate the pressure on these depleted populations of hawksbills. 

In a paper submitted in 1987 to WATS 11, Dr. Anne Meylar~ stated that the most optimistic assessment of 
nesting female hawksbills i n  the Wider Caribbean (excluding Cuba) is 4,975. In 1988 alone, Japan 
imported tortoiseshell of almost 12,000 adult hawksbills from this region. Thus i t  is clear that the 
Caribbean populations cannot withstand this high level of explclitation for much longer. 

WORKED TORTOISESHELL 

Japanese import figures under the category of worked "hekko" relate only to stuffed hawksbills. While it is 
impossible to estimate how many sea turtles this trade represents on a global scale, TRAFFIC (Japan) 
estimates that Japan alone imported more than 577,000 stuffed hawksbill!~ from 1970 to 1986. 

GREEN TURTLE SHELL 

There is very little raw green turtle shell traded internationally as the shell is very t h i n  and does not have 
the physical properties of tortoiseshell, making i t  unsuitable for manufacturing purposes. However. the 
Japanese have been recording imports of worked green turtl~:  hell. This trade has been documented as 
being composed of stuffed green turtles. TRAFFIC (Japnr) estimates that for the years 1970 to 1986. 
380,000 to 400,000 stuffed green sea turtles urere impo~.tctl inti:, .lapan 



SEA TURTLE SKI5 ASD LEATHER 

The major inip)~tcrs of sea turtle skin since the early 1970's ucrc Japan. Italy and France. unti l  France 
and Italy dropped their reservations under CI'I'ES. Japan is f~rohahly sllill the largest user of turtle skin, 
and from 1976 to 1986 imported the skins of approximately 16!i.500 olivc ridleys and 38,000 green turtles. 
Today the majority of skins come from Ecuador. 

Japan also imports processed turtle skins, alrrlost solely from h4exico. Elehveen the years 1976 and 1986, 
Japan imported leather of 327,000 olive ridleyrs from that country. 

TURTLE OIL 

It is not known to what extent sea turtle oil is traded internationally. In 1984 and 1986, in contravention of 
CITES, Italy imported over 1 tonne of sea turtle oil from the Cayman 'Turtle Farm. It is likely that the 
Farm is the largest source of any oil entering international trade. Very little sea turtle meat enters 
international trade today. 

CONCLUSION 

To conclude, sea turtles, as we all know, face many threats. A few can be softened by our actions (e.g., 
by promoting the use of Turtle Excluder Devices in  shrimp trawls). However the drain on sea turtle 
populations all over the world from direct exploitation is far mare difficult to resolve. In many instances it 
necessitates dramatic improvements i n  the socio-economic conditions of lo~cal peoples. Where we can make 
an impact is at the market end of the chain, principally in Japan. The drain on the world's hawksbills and 
olive ridleys perpetuated by Japan will be a maljor focus of our [Greenpeac:e] campaign in the coming years. 



GROWTH AND REPRODUCTION IN THE BLANIIING'S 'TURTLE: A LIFE 
HISTORY MODEL FOR SEA TURTLES 

Justin D. Congdo~l 
Savannah River Ecology Laboratory, P.O. Drawer E, Aiken, South Carolina 29801 USA 

Turtles have been identified as being the epitome of long-lived organisms and paragons of delayed sexual 
maturity and iteroparity. A central issue in the evolution of life histories in general can be derived from the 
following question paraphrased from George Williams's insights into the e!volution of senescence: Why is it 
that after the seemingly miraculous feat of mlorphogenesis, a complex m~etazoan is unable to perform the 
apparently much simpler task of merely maintaining that which is already formed? The range of longevities 
observed among organisms bears out the conclusion that turtles as a group are doing a much better job of 
maintaining their soma through time than are many other organisms. Both short- and long-lived organisms 
live in a variety of abiotic and biotic environments in which events innportant to their success vary in 
stability and predictability. Within these environments all organisms attempt to solve the same general 
problems of obtaining resources and avoiding death. Within thi!; framework, it does not seem reasonable to 
expect life history theories that attempt to use single environmc:ntal factolrs to predict suites of life history 
traits will be successful. Instead, two lines of approach seem to offer promise in increasing our 
understanding of life history evolution: I )  development of theories that attempt to predict the direction of 
change in a single life history trait, rather than a whole suite of life history traits, in response to 
environmental change, and 2) exploration of the issues of extrin!ric and intrinsic causes of death for clues to 
the possible origins of the evolution of longevity. 

Age and body size are implicated as an important variables in life history theories, and many age effects are 
assumed to be mediated directly through increases in either survival or reproductive output associated with 
increased body size. For example, models relating body size and age at first reproduction are based on the 
assumption that females maintain growth rates characteristic of juveniles during the period that they 
postpone sexual maturity, and as a result hlecome larger and produce either more o r  higher quality 
offspring. Whereas intuitive assumptions about the relationships of badly size and age may be correct in 
many cases, accumulating data indicate that frequent exceptions may occur among the amphibians and 
reptiles. 

Among vertebrate ectotherms increased reproductive output is generally found to be associated with 
increased body size. For example, almost all variation i n  total clutch mass found among some species of 
turtles can be accounted for by a linear model of the relationship between total clutch mass and body size of 
females. The most general pattern is that the increase in  clutch mass assolciated with body size results from 
an increase in egg number; however, in some species both clutch size and egg size have been shown to 
vary as a function of the body size of females. Therefore, the amount of v,ariation in body size among adult 
females within a population of turtles may be an important determinant of variation in the number, size and 
possibly the quality of offspring produced. In order to place the association of body size with variation in 
reproductive characteristics in the context of life history evolution, it is necessary to understand not only the 
extent that body size effects reproductive output within and among individuals, but also how body size 
variation arises within a population. Changes in body size within an individual are primarily the result of 
three factors: 1 )  size at birth, 2) age, and 3) growth rate. In  contrast, variation in body size among adult 
females can result from differences in: I )  size at birth. 2)  growth rates as juveniles. 3) age at sexual 
maturity, 4) growth rates as adults, and 5) age. Turtles in  general delay sexual maturity for an extended 
period compared to many other reptiles. Thexefore. cumulati\le effects of differences in growth rates of 
turtles, over an extended juvenile period when g~.owth rates are highest. can potentially cause a substantial 
portion variation in size among adults 

Growth and reproduction i n  the Blanding's turtle (Emydoidea bla~ldingi) were studied in southeastern 
Michigan from 1975 through 1988. Sex ratio of adults in the I;op~~lation-was I n1ale:3.8 females. Mean 
body sizes of adult males and females were not significantly different; however, the largest individuals in the 



mulac~on  were females. The average size of a group of females with mean minimum ages of 47 years was 
n a  s~pn~ficantly different from a younger group uith a mean age 21 :years. Body size of adults reached a 
plateau at approximately 200 mm carapacr lrngth and 1,200 g i n  body mass. Not all adults in the 
population grew after reaching sexual maturlh Observatic~ns of nesting, palpation and X-radiographs of 
fcnjales indicated that the youngest female matured an age of 14 years. Approximately 59% of the 
reproductive females in the population were smaller than the, second youngest reproductive female that was 
15 years old. The smallest reproductive female in the population (157 mm and 163 mm plastron and 
carapace length, respectively) was 20 years of age and was smaller than the mature 14 year old. Over I I 
years clutch size ranged from 3-19 (mean= 10.2) eggs. Clutch wet mass ranged from 60.4-183.4 g 
(mean= 1 11.7, n=  17) and relative clutch Inass of nine females averaged 0.12. Clutch size, and to a lesser 
degree egg size, showed a significant positive relationshil) with body size, but not with age of females. 
Reproductive frequency was significantly associated with age but not with body size of adult females. 
Hatchlings averaged 31.0 mm plastron length, 35.3 mm carapace length, and 9.2 g in body wet mass. 

The data on Blanding's turtles indicate that body size is an important determinant of many life history traits. 
A large portion of the body size variation among adults was irpparently due to variation in both growth rates 
of juveniles and age at sexual maturity. A similar situation has been demonstrated for other freshwater and 
marine turtles. Of the reproductive traits examined, only reproductive frequency was shown to be 
independent of body size but influenced  ID^ age. The derllographic data available to date on Blandings' 
turtles and on most marine turtles indicate that the traits of high juvenile mortality, delayed sexual maturity, 
iteroparity, and extended longevity combine to make population stability in the face of sustained increased 
mortality through harvesting of adults extremely unlikely. 



THE HAWKSBILLS OF JUMBI' B.AI'. AhTIGUA, WEST INDIES 

Lynn A. Corliss 
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Cheryl Ryder 
Rebecca Bell 
Georgia Sea Turtle Cooperative, Institute of Ecology, University of Georgia, Athens, Georgia 30602 USA 

The hawksbill (Eretmochelys imbricata) is not generally a colonial nesting animal. It tends to nest singly 
or  in low numbers on small, remote beaches with dense shrubbery and little open sand. Given the 
substantial dollar value of hawksbill sllell on the international market, the continuing presence of this 
endangered species in Caribbean waters may be the serendipitous result of its reclusive reproductive 
behavior. Consequently, demographic studies of the hawksbill are rare to nonexistent. However, an 
exception to the general rule concerning hawksbill nesting behavior has been found off the north coast of 
Antigua in the West Indies. A remote yet accessible gathering c~f hawksbills nests each year along Pasture 
Bay beach (500 m) on Long Island, a sn~all resort island (30C1 acres) known by its commercial name - 
Jumby Bay. The beach and nearshore waters are protected from tortoiseshell hunters and turtle egg 
gatherers, and there are no natural nest predators on the island. This report summarizes the first three 
years of an intensive investigation of the Jumby Bay hawksbills. 

HISTORY AND PHILOSOPHY OF THE PROJECT 

The presence of hawksbill nesting at Pasture Bay has been known locally for many years. In 1984 John 
Fuller identified the location to James Richardson with the hope that a stu~dy of the Jumby Bay hawksbills 
might be initiated. Richardson, Corliss, and Bell began a preliminary survey in 1986, using that season to 
test the effectiveness of an intensive research design that would not cause undue disturbance to the nesting 
females. Tagging was begun in 1987 and continued in 1988. In addition, environmental education and 
resource management have been important elen~ents of the program. 

METHODS 

Saturation tagging means that no nesting event is allowed to occur within the study area without the adult 
female being identified. Studies of this kind on leatherba8cks and loggerheads have provided new 
understanding of nesting effort (fecundity) by individual turtles and new estimates of population numbers 
derived from crawl counts (see Tucker in these Proceedings). T t ~ e  Pasture Bay beach is patrolled nightly at 
hourly intervals from 2000-0500 hrs from middle June to late Pqovember. Nesting females are measured 
and marked redundantly in three different ways: nlonel flipper tags; a diagnostic pattern of drill holes in the 
trailing edge of the postcentral scutes; a photographic record of the barnacle pattern on the carapace. Nests 
are marked, and the contents are examined for hatching success after natural emergence has occurred. 

RESULTS 

Two seasons (1987 and 1988) of tagging data are presented i n  Table 1. Although scattered nesting occurs 
in every month of the year, the major nesting season runs from mid-June until mid-November. Since five 
is the modal nilmber of nests per turtle, a nesting season for an average female hawksbill would be 56 
days. The extended (f 150 day) nesting season for the Sun~by Bay population indicates that the initial arrival 
of hawksbills at the Pasture Bay nesting beach is distributed widely (mid-June to late September). sin~ilar to 
the asynchronoi~s  arrival of leatherbacks at St. Croix. 11,s. Virgin Islalids (Eckert. persolla1 
comn~unication), but quite different from the synchronous arrival of loggerheads (late May to n1id-Jt111e) at 
Little Cumberland Island on the temperate Georgia coast. I t  niav be assu~ii~ed tliat the ren~igration inte~.\~al 
for Juniby Bay hawksbills is two or more years, because no turtlt, presenr i n  1987 was seen i n  1988. 



Jun~hb Ba) has kshills exhibit higher seasonal fccund~n tha~i previously recorded. If we estimate that an 
average individual female will lay f 700 eggstseason and produce f 5610 hatchlingstseason (80% hatch rate), 
then we can predict that 61 females collectively produced roughly 34,,000 hatchlings during the last two 
nesting seasons. Thus, i t  can be seen that Pasture Bay beach is a major source of neonate hawksbills from 
the Leeward Islands of the West Indies. 

It should also be noted how tenuous the continuing survival of the Jumby Bay turtles would be without 
proper protection. A single gatherer of tortoiseshell could have easily poached all 6 1 females in the last two 
seasons, if Pasture Bay beach had not been protected. More than half of these animals were on the beach 
after 30 September, the opening day for the legal take of nesting females under Antigua's Turtle Ordinance 
of 1927. Evidently, the offshore location of Pasture Bay beach was ain important factor in protecting the 
nesting females before Long Island was designated as a private nesting sanctuary. 

The Jumby Bay hawksbills exhibit extreme site fidelity to Pasture Bay beach, perhaps to a greater extent 
than has been documented for any other species of sea turtle. The ma.jority of females are seen nesting on 
five occasions during the season. Only rarely does a female not show up for an expected nesting visit. 
Pasture Bay beach is a natural beach with an east-northeasterly exposure. An adjacent, artificial beach 
(Jumby beach) with a northerly exposure see~ningly provides adequate nesting habitat but has no crawl 
activity. Additional natural beaches on the adjacent mainland are less than a mile away with hawksbill 
nesting activity, yet the Jumby Bay hawksbills appear not to use these beaches, either. 

The future of the Jumby Bay nesting colony appears guard1.d but good. The resort is excited about the 
nesting turtles and supportive of a research/management/education program. They realize that nesting 
hawksbills are good for business. Resort guests find pleasure in olbserving the nesting turtles, and the 
turtles appear not to be affected by the presence of the guests under controlled conditions. Interpreting the 
nesting turtles to inquisitive guests is a high priority of the program. Construction along Pasture Bay beach 
is being modified to protect the turtles and their nesting habitat. Houses are set back behind critical nesting 
habitat, and house lights are screened to prevent disorientatio~i of hatchlings on the beach. 

Environmental education is another part of our program lhat is growing in importance. In order to 
encourage more local involvement, we intend to invite a local Antiguao~ teacher to participate as a research 
intern during the 1989 season. Furthermore, Corliss has introduced !sea turtle education programs into a 
number of the local schools with great success. It is hoped that our achievements at Jumby Bay will spread 
to other beaches of Antigua and Barbuda, and the sea turtle conservation efforts of this important West 
Indian nation will grow. 



Table I: Resi~lts of a two year hawksbill study at J u m h  Ha\ l in t~gur .  U;cst Indies. 

Season value 1988 

I . Number of females 
2. Patrol season 

3. Patrol length (days) 
4. Internesting 

interval (days) 
5. Total nests 
6. Total crawls 
7. Mean nestslnight 
8. Mean crawlslnight 
9. Max. nestslnight 
10. Observed mean nestslturtle 
I I .  Calculated nestslturtle 
12. Max. observed nestslturtle 
13. Mean seasonal crawlslturtle 
14. Mean crawlslnest 
15. Mean nestslcrawl 
16. Mean hatching success 
17. Incubation to 

emergence (days) 
18. Mean clutch size 
19. Range of clutch sizes 

39 
2 July- 
29 Nov. 
151 

22 
20 June- 
20 Nov. 
154 



SEXING THE SEA TURTLE 

Suzanne Demas 
Stephen Wachtel 
University of Tennessee, Memphis, Tennessee 38163 USA 

A number of methods have been tried i n  attempts to develop systems to ascertain gender in sea turtles. 
These include endocrinologic and cytotoxicity assays, tests for sex-specific cell-surface antigens, and tests 
for sex-specific DNA. Sex chromosomes have not been identifitxi in sea t8urtles, but some success has been 
reported in hormone assays and in tests for H-Y ("male") antigen, and we have now obtained evidence of 
sex-specific DNA in the green sea turtle (Chelonia mydas) and i n  Kemp's ridley sea turtle (Lepidochelys 
kempi). 

SEX-SPECIFIC ANTIGENS 

H-Y is a male-specific cell-surface molecule defined by antibotly from m~ale-sensitized female mice. The 
molecule is phylogenetically conservative and has been found in every vertebrate species so far studied, 
generally i n  association with the heteroga~netic (XY) sex. Ilr mammarls, for example, H-Y is found in 
males, and in birds, it is found in females. 

Recently, Wellins (1987) used monoclonal H-Y antibody with cells from males and females of the green sea 
turtle and the loggerhead sea turtle (Caretta caretta). In both species, higher levels of H-Y antigen were -- 
observed in male cells, but the method was found to be labor-intensive and it was noted that the range of 
values for male and female could overlap. 

SEX-SPECIFIC DNA 

By digesting flow-sorted Y-chromosomes of the human, Page et al. (1987) obtained a series of Y- 
chromosome-specific DNA sequences that could be used as prc~bes for corresponding sequences in DNA 
from males but not females. One of the sequences was present i n  the: Y-chromosome of all eutherian 
mammals tested. When that DNA was hybridized to DNA from I-eptiles, including species with temperature 
sex determination (TSD) and those with genotypic sex determination (GSD), a corresponding segment was 
identified in male and female; no sex-specific hybridization was olbserved (Bull et al. 1988). 

CONSERVATIVE REPETITIVE DNA 

Satellite DNA originating i n  the W-chro~nosome of the banded krait (Bungarus fasciatus) is found in 
quantitative excess i n  females of most ophidian species. The satellite DNA, called 'Bkm' (for 'banded krait 
minor'), consists of highly-repetitive GATA sequences found throughout the genome in diverse taxa 
including reptiles, birds and mammals. Although Bknl may not be involved directly in sex determination, 
Bkm sequences are  concentrated i n  the male-determining region of the mouse Y-chromosome, in 
association with the testis determining genes. 

We used the Bk1n2(8) probe to screen DNA from tile sea turtle:. C. in&3s and L. kempi. both of which 
are TSD species. DNA from 5 male and 5 female C .  mydas, and75  malE and i? female L. kempi, was 
extracted with phenol and chloroform and digested with restriction enzynies. Elect~.ophoresis was carried 
out in agarose gels and the resulting DNA fragments were t~.ansfi:rred to nitrocellulose and hybridized with 
a biotin-labelled Bknl probe. Positive hybridization. indicating presence of Bkm-like sequences in the DNA 
being tested, is manifested in this system as a visible Ilnnd. 

Under those conditions the Bknl probe revealed a "fingerprint" I),itterli consisting of about 20-25 fragments 
in each digest. Seven of the enzynies generated male-specific fragments (Figure I ) .  Two of the etizyliles 
generated male and female fragments. 



Appearance of sex-specific Bkm-related fragments In TSD species such as the green turtlc and Kemp's 
ridley was unexpected, but could be expla~ned 11 there were an underlying genetic modc of sex 
determination i n  these animals, or if TSD involbes structural modifications in DNA adjacent to. or directly 
involved with, the sex determining genes (Singh et al. 1981). The question of structural modification could 
be tested in embryos prior to the critical sex-determining period; the sen-specific hands should appear in all 
embryos or, alternatively, in none. Presence of the bands in some embryos would argue for GSD. 

As for the question whether Bkm could be used to distingui~sh betweem male and female in the young of 
these species, the techniques are straight-forward and readilj8 accomplished by trained personnel. But the 
complex banding patterns generated by the Bkm probe are difficult to interpret, and it remains to be 
ascertained, by use of a broader sample of animals, that the methodl is routinely accurate. One way to 
increase the efficiency of the method would be to clone one cf the fragments and use that as a probe, under 
conditions that would preclude generation of multiple bands. If this were done, and if sex-specific 
fragments occur uniformly among the sea turtles, gender could be identified routinely. given the proper 
facility and a few drops of blood. 
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FIGURE 1 

Male-specflc bands in dsfN1 digest r7f DNA from L. k e m pi 

DNA from females wa.9 placed 1h lanes 1, 41 -5 ; 13NA from males was placed 
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RECENT RESULTS ON HATCHLING ORIENTA'I'ION RESPONSES TO 
LIGHT WAVELENGTHS AND INTENSITIES 

Dena D. Dickerson 
David A. Nelson 
U.S. Army Engineer Waterways Experiment Station, Vicksburi;, Mississippi 39180-0631 USA 

This three-year study investigated the effects of wavelength, light intensity, and selected lights on the sea- 
finding orientation and disorientation behavior of hatchling sea turtles. A total of 9,075 loggerhead 
hatchlings (Caretta -- caretta), 325 green turtle hatchlings c:helonia -- nnydas), 40 leatherback hatchlings 
(Dermochelys coriacea), and four pen-reared loggerhead yearlings were used in tests during the 1986-1988 
nesting seasons. Hatchlings were taken from both hatchery and in situ nests in Florida located at Delray 
Beach and Boca Raton. Palm Beach Countv. and Citv of Jutliter Island. Martin Countv. Each test was 
conducted by releasing 15 hatchlings 10 feet-in front oian expkmental light source, sho& either from the 
dune, water, northward, or southward direction on the beach. A series of longpass filters, which have low 
transmission of light in the shorter wavelengths and high tra~ismission in the long wavelength end of the 
spectrum, were used to determine hatchling responses to light, wavelen~gths. A low pressure sodium (55 
watt) light, which is a co~nmercially available monochromatic long wave:lengt h light source, was also used 
to test hatchling responses. 

For this study. those hatchlings orienting directly toward the light source as well as sideways (perpendicular 
to the light) were considered to be disoriented. Hatchling loggerheads were positively phototaxic/disoriented 
with lights containing the shorter (blu,e) wavelengths and negatively lphototaxic with long (yellow, red ) 
wavelength lights which exclude wavelengths shorter than 530 nm (Figure la). Hatchlings also oriented 
away from the light when a long wavelength light source was shown fronn any direction other than the dune 
(Table I). Loggerhead hatchlings were attracted to lights containing 37'5 nm wavelengths at intensities as 
low as 0.12 x loi4 quanta/sec/cm2. The mean number of hatchlings orienting sideways dramatically 
increased in the 400-530 nm wavelength range (Figure Ib). Preliminary tests on hatchling leatherback and 
green turtles showed similar responses; however, tests with the yearlings showed mixed reactions in  
response to long wavelength light. If properly positioned, long wavelength lights, such as low pressure 
sodium vapor lights, might be used in  beach areas without disorienting hatchlings. However, before 
widespread use of long wavelength lights occurs, additional research is needed on the effects on hatchling 
leatherback and green turtles and the adults of all species. 



Table 1. Mean loggerhead hatchling responses t o  a lonlr w a v c l e n ~ t h  l i g h t  source 
shown from directions other than from the dune. (Light source either a low pressure 
sodium (55 watt) or a longpass filtered 610 nm light). 

(LONGPASS 610 - 4.4 x 1 014 quanta/seclcm2) 

LIGHT SOURCE ORIENTATION DIRECTION 
DIRECTION AWAY LEFT' RIGHT' 

FROM 
(N - 5 EACH DIRECTION) LIGHT 

TClWARD OF 
LIGHT LIGHT 

OF 
LlGHT 

NORTH 11.6 0.4 0.0 3.0 (w) 

SOUTH 12.2 0.8 2.0 (W) 0 .O 

WATER 9.6 I .4 (W) 2.0 2.0 

DARK (LIGHT IN WATER) 0.0 15.0 (w) 0.0 0.0 

(LOW PRESSURE SODIUM - 7.2 x 1 0 ' ~  quanta/sec/cm12) 

LIGHT SOURCE ORIENTATION DIRECTION 1 
DIRECTION AWAY LEFT' RIGHT' 

FROM 
(N - 5 EACH DIRECTION) LlGHT 

TOWARD OF 
LlGHT LlGHT 

OF 
LlGHT 

NORTH 9.6 0.4 0.0 3.0 (W) 

SOUTH 9.0 0.8 1.5 (W) 3.7 

WATER 8.8 0.7 2.5 3.0 

DARK (LIGHT IN WATER) 0.0 14.7 (W) 0.0 -- 
(W)  = WATER 

' ALL HATCHLINGS INITIALLY WENT AWAY FROM 
THE LlGHT BEFORE ARCHING SIDEWAYS 



WHITE 375 385 400 420 435 455 475 495 515 530 550 570 :590 610 DARK 

WHITE375 385 400 420 435 455 475 495 525 530 550 570 590 610 DARK 

FILTER OR LlGHl SCOURCE 

Figure I. Hatchling responses to each longpass filtcrecl light source, white light, 
and no light. Light source shining from the dune direction. (a) Mean number of 
hatchlings going to the water  for each light sourche. (b)  Mean number of 
hatchlings orienting sideways for each light source. 



INTERNATIONAL TRADE IN HAWKSBILL SEA ITURTLE: SHELL IN THE 
WIDER CARIBBEAN 

Marydele Donnelly 
Center for Marine Conservation. 1725 DeSales Street N.W., Washington D.C. 20036 USA 

Historically, sea turtles have been an important resource for Caribbean people, and they have been heavily 
exploited for local consumption (Bacon et al. 1983) and intern;htional tratle (Mack et al. 1981, Carr et al. 
1982, Roet 1983, Meylan 1984, Canin and Luxmoore 1985, Milliken and Tokunaga 1987). Populations of 
all species are declining in the region (Bacon et al. 1983). Because sea turtles are migratory and the 
waters of many nations are easily accessible to their neighbors, :;elutions to exploitation must be devised and 
agreed upon regionally. 

Japan is the world's largest trader in sea turtle products and has contribut~ed significantly to the depletion of 
the hawksbill in the Wider Caribbean and around the world. 'While i n  the past other nations such as the 
Netherlands and France have been major markets for Caribbean shell and French trade continues to deplete 
hawksbills in the Lesser Antilles, Japan's toll on the hawksbills of the Wider Caribbean is unequalled by 
any other nation. 

My pr in~ary  source of inforn~ation is a report entitled 9 a n e s e  Sea Turtle Trade 1970-1986 by Tom 
Milliken and Hideonii Tokunaga of TRAFFIC (JAPAN), tlie cuildlife trade monitoring art11 of the World 
Wildlife Fund. The report was commissioned and published by the Center for Marine Conservation in 
1987 to determine how many turtles were utilized and whet.(? exploitation was occurring. Data were 
obtained from Japanese Customs Statistics and from interviews with Japanese dealers of hawksbill shell. 

Each year Japan imports approximately 30,000 kg of raw hawk~bill shell or bekko from around the world 
for its shell industry. Japanese artisans produce the world's fint:st quality shell through a laborious process 
of heat, pressure, carving and polishing. Beautiful and ornate combs, hair ornaments, jewelry, and 
eyeglass frames are  expensive and highly prized items. l'oday Japian's trade in sea turtle shell is 
fashionable and highly lucrative. 

In many areas of the world international trade in sea turtle: products has been restricted by CITES 
[Convention on Trade in Endangered Species of Wild Fauna and Flora], the major international wildlife 
treaty regulating the trade in  endangered species of animals ancl plants and their products. Under CITES 
all species of sea turtles are listed on Appendix I which means that trade is prohibited. CITES allows for 
reservations or exceptions to Appendix I listings, however. When Japan acceded to CITES in 1980, i t  took 
reservations on olive ridley, green, and hawksbill sea turtles (the reservation on green turtles was dropped 
i n  late 1987). At that time the Japanese governlnent set a maximum in~port quota of 30,000 kg of - raw 
Iiawksbill shell. 

Japan is therefore allowed to continue to trade sea turtle prodocts but only under certain conditions. It 
cannot trade with 1) other CITES countries without a legal export document (which in most cases should 
not be given) or  2) with a non-CITES country that prohibits trade in that endangered species. Since 
acceding to CITES, Japan has frequently violated these restrictior~s. 

The results of the Japanese sea turtle trade survey are staggering. Between 1970-1986 Japan imported the 
equivalent of 25 1,660 Caribbean hawksbills. Tliese iniports represent 51. 1% of Japan's worldwicle 
hawksbill shell imports. During this 16 year period. trade fro111 tlie region was widely dis~ributed. utitli 26 
countries providing shell. Over time trading 1)ntterns appear to Iiave clinnged. i n  large part as a result of 
CITES restrictions. In some areas there has been an increase ill  trade. i n  otl1er.s a decrease. 



Four niajor exporters, Panama, Cuba, the Cayman Islands and Haiti. have provided 3/4 of Japan's imports 
from the region. The majority of the region's hawksbills are found i n  the western Caribbean, and patterns 
of trade froni these four exporters are very interesting. Panama suppli~ed 15% of Japan's total imports for 
the 16 year period. the equivalent of 75,906 hawksbill turtles. While many of these turtles were of 
Panamanian origin, Panama also served as a collecting point for slielll harvested in the region. Panania 
acceded to CITES i n  November 1978, but shell imports into Japan con~tinued until 1986. Today there are 
numerous reports of lucrative sea turtle shell snluggling by the Panama~lian military. 

The Cayman Islands, a dependent territory of the United Kingdom, was also a regional collecting point. 
With few resident hawksbills, the territory is ranked as a major supplier of shell to Japan, providing the 
equivalent of 27,590 hawksbills from 1970-1986. CITES came into for'ce in May 1979, but it was not until 
1984 that all trade to Japan ceased. 

From 1970-1986 Cuba supplied 15% of Japan's total shell imports, and today Cuba is the world's major 
exporter of shell to Japan. Cuba is not a member of CI'TES, but until recently its exports have not 
increased as CITES restrictions have curtailed exports from other nations i n  the region. Sea turtles are 
legally captured only by state controlled fishery cooperatives (Groombridge and Luxmoore, 1987). Cuban 
biologists admit, however, that populations are in decline (Wt:ber, pers. co~nm.) .  The quality of shell from 
Cuba is aniong the worlds best; the light color makes i t  particularly popular for the manufacture of 
eyeglasses. Annual exports to Japan through 1987 represented about 3500 turtles per year. In 1988 
exports represented a harvest of 5200 animals. 

Haiti is a non-CITES country which has steadily increased its exports to Japan since 1981. As hawksbills 
are no longer abundant in Haitian waters, it is feared that Haiti is serving as an entrepot for shell coming 
from other areas. In 1988 Haiti exported the equivalent of 3000 hawksbills, nearly doubling its exports of 
recent years. 

International restrictions on sea turtle trade have affected Japa~n's importing patterns i n  recent years because 
Japan has agreed to reduce or eliminate its trade with CITES nations. 'Whether this is a genuine effort or a 
documentary ruse is subject to debate. It is si~spected that shipments of hawksbill shell obtained elsewhere 
are simply being rerouted on paper or in actuality through non-CITES countries. There are numerous 
reports of Japanese dealers illegally buying shell in CITES countries in the Wider Caribbean, including 
Panania, Honduras and Colombia. As few Caribbean i s l~~nd  nations are members of CITES, they are 
showing up on Japanese import documents as sources of shell. 

The weight and quality of Caribbean hawksbill shell makc i t  particularly valuable to Japanese buyers. 
Today, Japan co~itinues to trade in  large, volt~nies of hawksbill shell from the Caribbean. In 1986 and 1987 
about 14,500 kg of bekko, the equivalent of niore than I0,ODO hawksl,ills, were iniported into Japan from 
tlie region. Alarniingly, imports jumped to 15,922 kg, the equivalent of 11,000 turtles, i n  1988. How the 
species can sustain this heavy level of exploitation when fewei- than 5000 hawkshills nest i n  the region each 
year (Meylan, 1987) is questionable. 

In addition, the effect of French trade i n  tlie Caribbean should riot be uriderestiniated. For years French 
fisher~iieii and buyers have heavily exploited sea turtles i n  M,irtinique, Guadeloupe, and the Lesser Antilles 
(Carr et al. 1982, Meylan 1983, 1984, Pritchard 1984). There is a critical need for conservation in the 
French Antilles as a result of local consumption arid the tourist trade in jewelry. shell and other souvenirs 
(Carr et al .  1982). Because tlie extensive reefs of Guadeloupe and Martinique provide excellelit 
developniental and foraging habitat (Carr et al. 1982). this e:cploitation has also resulted in the depletion of 
regional populations. Furthermore. French fisherman aiid buyers have not I~~nited their activities to the 
waters of the French Antilles. The French islalids hale beer1 most intt.~isely exploited. but no island i n  tlie 
Lesser Antilles has escaped their attention (Meylan. 1984). France niaintains that exports from tlie French 
Aotilles to metropolitan France ale  permitted as doniestic ~liipnj~ents and are not proliihited hv its 
conipliance with CITES regulations. No attenipts are ~iin:it.. howcl e l .  to prevent tlie sale of sea turtle 
products to tot~rists froni other nations. France and its overscas depal-t~~ient~ further violate CITES 



rcstrtcttons by reexporting sea turtle products from Taiwan anld the Philippines to meet the demands of the 
tou~ ~ c t  trade (Pritchard 1984). 

International trade in hawksbill shell from the Caribbean is a problem of verv substantial proportions, and 
nations in the Wider Caribbean are going to have to act aggressively to protect their turtles. Tlie solutions 
include adoption and strict enforcement of regional fisherie:~ legislatiion and accession to CITES by all 
Wider Caribbean nations. A moratoriuni on the taking of hawl<sbills should also be considered. 

There is no doubt that international trade is draining the region of a valuable resource. It is also 
jeopardizing the continued existence of one of the region's special species. This trade must be curtail, and 
it must be curtailed now. 
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SEA TIJRTLES AND THE KIWAI, PAPUA NEW GUINEA 

Thomas J. Eley 
Department of Geography, University of West Florida, Pen~acol~a, Florida 32514 USA 

Cultural and economic systems establish geographic patterns of resourc~e use. Changes in these systems 
create changes in the exploitation of resources. The Kiwai are marine hunters, fisherfolk and foragers of 
the Papua New Guinea portion of the Torres Straits. Dugong (Dugong dugon) and green turtle (Chelonia 
mydas) have been hunted on a selective yet sustainable basis for food,-ceremonial occasions, and trade. 
These animals have been harpooned from a variety of indigenous canoes and were shared among all the 
residents of the Kiwai villages. 

As a result of missionaries, colonialism, and independence, the reciprocal economy of the Kiwai has been 
gradually replaced by a monetary economy. A great demand for money has been imposed upon the Kiwai 
for medical care, purchasing outboard motors and petrol (gasoline), paying for school fees and taxes, and 
particularly for supporting church activities. Few opportunities exist for employment along the Kiwai Coast 
and the main source of money has been the sale of culturally arid nutritio~nally important marine resources, 
particularly green turtle and dugong. Increased monetary dernands and recent legislation in Papua New 
Guinea prohibiting the sale of dugong meat due to the dugong's endangered status have resulted in an 
increased harvest of endangered green turtles. 

Customarily, sea turtles were viewed as a resource for all and the sharing of turtle meat established 
reciprocal obligations. With the monetization of the Kiwai economy, turtles began to be viewed as 
individual property that can be disposed of without consideration of cultural obligations. Today, most of the 
green turtles caught by the Kiwai are sold in Daru, the Provint:ial capital (Table 1) with the money being 
used to pay group and individual expenses (Table 2). Turtle hunting has evolved into a joint effort to 
obtain money but this money does not enter the customary reciprocal obligation system. The sharing of 
turtle meat within the village, other than for feasts, is considered a special event. Most turtles harvested for 
feasts are sold (Table 3). 

Turtles are usually brought into Daru alive, butchered, and the meat sold for about $US 0.50 to $US 1.50 
per kilogram. Some turtles are sold alive, yielding about $US 4,5.00. Prices vary inversely to the number 
of turtles in the market at one time. The turtle hunters prefer female turtles because of their perceived 
better taste and higher fat content, and feniale turtles may yield 'iopu' (unshelled eggs) which are favored 
for their taste and medicinal value. The annual green turtle harvest by the Kiwai ranges from 3,000 to 
5,000 animals. 

Green turtles provide the only easy source of money for men who are too old or unable to dive for crayfish 
(reef lobster), who cannot afford barramundi or prawn nets. or who cannot find other employment. A 
Kiwai turtler can easily exceed the biweekly wages of private and puhlic employees and still work less 
hours. C:onservation strategies for green turtles along the Kiwai Coast must include consideration of 
alternative opportunities for money for the Kiwai. 



Table I .  The disposition of 226 green turtles caught by Tureture village hunters, February-December, 
1986. 

Use Number Percent 

Sold in Daru 
Sold in village 
Sold to other villages 
Traded to other villages 
Gifts to other villages 
Distributed according to 

custom within Tureture 
Eaten at feasts 

TOTAL 

Table 2. Purposes of turtle hunting trips by Kiwai men fra~m Tureture village, Western Province, Papua 
New Guinea, February-December, 1986. 

Purpose 
of Trips 

Number of Percent 
Trips 

Church monies, including 
Christmas feast 

Bail and fines 
Repair of outboard engines 
Bride price 
School fees 
Independence Day feast 
Meat for sharing within village 
Beer 

TOTAL 44 100 



Table 3. Animals collected for the Turaure Church Anniversar,~. May Z41. 1986. 

Species Anrourit Disposition 

Green Turtle 
Green Turtle 
Green Turtle 
Green Turtle 
Dugong 
Deer 
Reef Fish 
Reef Fish 
Crayfish 

36 
2 
I 

16 
2 
I 

388 kg' 
42 kg' 

263 kg2 

Sold in Daru 
Traded for vegetables & fruits 
Sold to Kunini School 
Eaten for feast 
Eaten for feast 
Eaten for feast 
Sold in Daru 
Eaten for feast 
Sold in Daru 

' Weight of uncleaned fish 
Weight of tails only 



DESCRlPTlON OF SEA TURTLES DISTRIBLTIOIU RESEi4RCH IN 
NORTH CAROLINA 

S h e r y a ~ ~  P. Epperly 
Allison Veishlow 
National Marine Fisheries Service. Beaufort, North Carolina 28516 USA 

We began an evaluation o f  methodologies to determine the disltribution a~nd species composition o f  the sea 
turtle fauna and the importance o f  the extensive estuarine waters of  North Carolina to the turtles. The 
Pamlico-Albemarle Estuarine Coniplex of North Carolina (6,630 krn2) is the second largest estuarine system 
i n  the United States and the largest estuarine systeni i n  the southeast. U~nt i l  stocks became depleted around 
the turn o f  the century (Pope 1939), the loggerhead, green and Kemp's ridley sea turtles supported a 
fishery which was primarily prosecuted in  Pamlico, Core and Bogue Sourlds and the Newport River (Figure 
1) (True 1887. Coker 1906. 1951). Little else is known aboult sea turtles i n  the inshore waters o f  North 
Carolina. The field study period was frorii July through December, 19818 and was supported by the U.S. 
Fish and Wildlife Service and the National Marine Fisheries Service, Office of Protected Resources. 

The first method evaluated voluntary public involvement. Using a poster, we asked the public to report any 
sightings of sea turtles. Attached to the poster was a gumnied pad of' prepaid, addressed postcards that 
asked for the date, location, and species sighted and whethelr the turl le was dead or alive. About 450 
posters have been placed along the coast at a variety o f  locations including marinas, piers, bait and tackle 
shops, commercial fish houses, dive shops, public aquaria, airports, etc. Private ferries, tour boats, and 
research vessels carried sighting logs and also contributed sighting locations. Overall, this program 
reported 21 1 turtles o f  which 32% were dead. Most returns were from the ocean side o f  the barrier 
islands, particularly i n  the Cape Lookout area. We had coast-w'ide dist~iibution of the posters by late fall 
and released an article to the newspapers promoting public participation. We hope to reap the benefits o f  
these efforts i n  1989. 

The second method evaluated the use o f  public ferry boats as survey platfiorms. We placed sighting logs on 
all of the North Carolina Department of 'Transportation ferries. The ferries cross the mouth o f  the Cape 
Fear River, Pamlico Sound, the lower Neuse and Pamlico Rivers, Hatteras Inlet and Currituck Sound. The 
ferry boat captains recorded the number of passages made daily and location o f  any turtle sighted, alive or 
dead. The number o f  live turtles sighted (n= 13) was small ('Table I). Most live turtles were sighted at 
Hatteras Inlet during the warmer early fall months. None were seen i n  Nrovember and December, although 
other sources revealed turtles i n  the eastern portions o f  Pamlico and Core sounds dur ing these months. 
Twelve turtles were reported dead and most reports were frorn the ferries crossing the inlets of Pamlico 
Sound i n  September and October. 

The third method evaluated was aerial surveys over Pamlico ant1 Core Sounds. We divided the Sounds into 
3 areas: Core Sound (34"41' to 35" N), souther11 Panilico Sound (35" to 35"20' N) and northern Pamlico 
Sound (35"20' to 3S048' N). Transects i n  Core Soulid were spaced to survey 30% o f  the Sound; the 
design for southern and northern Panilico Sounds was to survey appro:rimately 8% o f  those areas. We 
were able to fly only the first two areas before the elid o f  the year. 

Core Sound, surveyed on November I. yielded sightings of 14 turtles (17i~gure 2). A l l  the turtles appeared 
to be small loggerheads, probably juvetiiles, excellt one which was small but did riot appear to be a 
loggerhead. Wi th  the exception o f  two trirtles seen together. tirrtles wetre solitary. Turtles were sighted 
either on the shoals of the eastern shore (where there arc lal.gl: nieadows of seagrasses) or on the eastern 
edge of  the channels. The sul'vey o f  s o u t l ~ e r ~ i  Pamlico Sound was conducted on Novemhrr. 15 and 
produced e ig l~ t  sea turtle sightings (Figure 3).  Except for o ~ i c  tur.tlc. ; ~ l l  were seen in the eastern basin. 
particularly near Hatteras Inlet. or on Bluff  Shoal which di\/itle.c Pa~ii l ico Sound into east-we,st basins. Like 
Core Sound, much o f  the shoal area o f  Pamlico Sound behind the Cluter. Banks contair~s subnierged 
vegetation. 



To gather data on the species and size composition of the turtles in the inshore waters. we located 
fishermen who voluntetrd to tag and keep records of sea turtles incid~entally captured i n  their nets (mainly 
pound nets). We obtained Endangered Species Permits for these fishermen, demonstrated tagging 
procedures and asked them to double-tag, measure, and pholtograph thle turtles encountered i n  their fishing 
operations. Five cooperating fisherman tagged a total of 47 turtles (Table 2) and another 77 turtles were 
caught and released, including three Kemp's ridley turtles. Most tagged and released turtles were 
loggerheads (55-93 cm CCL), but green turtles (25-50 cm CCL) and Kemp's ridleys (23-43 cm CCL) were 
also tagged and released. During the 1988 study period 10 tagged turtles were recaptured. One was a 
1986 headstarted turtle released near Naples, Florida; the others were recaptures of our own releases in 
1988 which gave information about short-term movements. 

All the green and Kemp's ridley sea turtles were captured and tagged in the fall; summer and early fall 
catches were exclusively loggerheads. The Pamlico and Corc: Sound fishermen related an annual pattern of 
multispecies catches early in the year (May and early June), loggerheacl catches throughout the summer and 
early fall, and multispecies catches again i n  the fall with a high proportion of small turtles. This pattern 
may indicate immigration in the spring, sorting by habitat throughout the summer, and emigration in the 
fall. 

In summary, we have demonstrated that immature green and Kemp's ridley sea turtles and loggerheads of 
all sizes utilize the inshore waters of Pamlico and Core !iounds, North Carolina. Continuation of the 
distribution work is needed to determine which areas of the Sounds are: critical habitats. We shall continue 
to monitor the species and size composition with a long-term objective of estimating how many turtles utilize 
the Sounds. 
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Figure 1 Coastal North Carolina 

Figure 2 Aerial Survey of Core Sound, 
1 November 1 9 8 8  

Table 1 Live turtles sighted 
on ferry passages made 
by  the N.C. D.O.T. 

Y O * T M  

C.6.r Ia - 
Ocreca.  

8r.n &art- - 
Ocraca. 

Ocrscm.- 
I(.tt.r.. 

cherry Drsncr- 
W m e o t t  

Aurole- 
I s y v b w  

CUmUCk - 
Knots la 

TOt.1 

Table 2 Sea turtle tagging 
summary 1988 

(Waters deeper than 6 ft. T a w  X) 11 8 - 
are shown stippled) 

Figure 3 Aerial Survey of Southern - 
Pamlico sound, 15 Nov. 1 9 8 8  



POPULATION DYNAMICS OF SEA TURTLFS t-rlLIZING SHALLOW 
COASTAL WATERS OFF HUTCHINSON ISLANI). FLOR.IDA 

Robert G. ~ r n e s t '  
R. Erik  arti in' 
Nancy ~ i l l i ams-wa l l s '  
J. Ross wilcox2 
  lied Biology, Inc., P.O. Box 974, Jensen Beach, Florida ,34958 USA 
2~loridal Power and Light Company, P.O. Box 14000, Juno Be:ach, Florida 33408 USA 

Condenser cooling water for Florida Power and Light Company's St. Lucie Power Plant on Hutchinson 
Island in southeast Florida i s  drawn through three large diameter pipes llocated in  the Atlantic Ocean 365 m 
from shore in  about 7 m of water. The structures housing tht: pipes apparently attract sea turtles. Turtles 
entering the pipes are rapidly transported by currents into a 1,500 nn-long intake canal where they are 
systematically captured, examined, tagged and returned to the ocean. 

Between March 1976, when the first unit began operating, and November 1988, 1,918 sea turtle captures 
occurred at the plant. A l l  five sea turtle species inhabiting continental waters of the United States were 
represented in  the catches, with loggerheads accounting for 84.6% of all captures. Green turtles were also 
well represented (13.9%), while leatherbacks (n=8), hawksbills (n=6), and Kemp's ridleys (n = 15) were 
only occasionally entrapped. 

The size frequency distribution for loggerheads captured at tlic: St. Luci~e Plant (mean=65.8 c n ~  minimum 
straight-line carapace length, MSCL, f 12.9 cm) i s  similar to that reported for other sample populations 
along tlie southeast coast of the United States (Figure I ) ;  there were no individuals less than 40 cm in  
length, the sample population was predominated by juvenilc:s (570.0 cm MSCL), there was a general 
paucity of large juveniles and sub-adults, and a secondary accumulation of adults gave the curve a weakly 
bimodal appearance. Green turtle captures were similarly predominated by juveniles (mean=35.6 cm 
MSCL f 14.2 cm), with over 80% of all captures involvin,g individuals less than 40 cm in  length. A 
comparison of size-class data from the St. Lucie Plant and the Mosquito Lagoon on the central east coast of 
Florida (Mendonqa and Ehrhart 1982) suggests that nearshore coastall waters constitute an intermediate 
habitat for green turtles leaving the pelagic environment prior to entering their traditional feeding pastures 
in lagoons and estuaries. 

Adult loggerheads (285.0 cm MSCL) captured at the St. Lucic: Plant (n= 187) were composed priniarily of 
females (83%), with the majority of female captures occurring during the nesting season (May-September). 
Captures of adult males were low but relatively constant tliro~lghout the: year. Juvenile loggerheads were 
capturedl most frequently in  January and February and least often in Nolvember and December (Figure 2). 
Seasonal capture data supported by Imth tag returns and recaptures indicated that a portion of the juvenile 
loggerhead population moved into higher latitudes during the :runlnier. while others remained in the study 
area all year long. Seasonal trends were quite pronounced for green turtles, with over 50% of all captures 
occurr i~ ig in  January and February. Winter may be the principal time for recruitment of pelagic-stage 
green turtles into coastal habitats. Alternatively, winter pulses may re:present either southerly latitudinal 
migrations or increased local movements associated with declining water lenlperatures (Mendonqa 1983). 

Blood s;amples collected from 233 juvenile loggerheads betwt:en 1983 and 1986 and analvzed for serum 
testosterone indicated that females outnunlbered males hy a ratio of 2.4: 1 .O. This bias toward fenlales, 
which i s  significantly different from a I: I ratio (p 5 0.05). pel-sisted throughout the year. Sinlilar findings 
have been reported for other sample populations in the soutlit:astern LInited States (Wibbels et al. 1987). 
Collectively, these findings provide co~iipelling reason to I-eassc:ss [lie e ~ l ~ l i c i t  assun~ption of a I : I sex ratio 
in contemporary loggerhead population models. 



Over thc I 3 yrar maslthwtng period reported here. captures of loggerheads exl~ibited no persistent long-term 
increase or decrrrv Captures of green turtles were signifitantly grea~ter (p 5 0.05) during 1983-1988 than 
during thc prcccdtnp cix-year period. However, installation of thc third and largest intake pipe during 
1982-83 presently confounds interpretation of observed pan~erns An acculnulating database will hopefully 
permit a more accurate assessment of long-tern1 trends. The St Lucie Plant canal capture program niay 
provide one of the best gauges available for monitoring popi~latiori dyn~aniics of loggerhead and green turtles 
in  the southeastern United States. 
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F i g u r e  1 .  S i z e - c l a s s  distribution o f  loggerhead  ( N = 1 , 4 7 3 )  and g r e e n  t u r t l e s  (Nr259)  
c a p t u r e d  a t  S t .  Luc ie  P l a n t ,  March 1976 - November 1988 .  
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F i g u r e  2 .  Number o f  j u v e n i l e  (MSCL'70.0cm) l o g g e r h e a d  ( N = 1 , 0 3 2 )  and g r e e n  t u r t l e s  (N=214)  
c a p t u r e d  e a c h  month a t  S t .  Luc ie  P l a n t ,  1977-1987 



NESTING CYCLES IN SEA TURTLES: TYPICAL, BUT NOT CYCLES 

Nat B. Frazer 
Department of Biology, Mercer University, Macon, Georgia 3 1207 USA 

My message is a simple one: I seek to convince you that the "nesting cycle", one of the most conlmonly 
recorded characteristics of sea turtle reproduction, is illusory and of little value as typically reported. 
Specifically, I hope to show that: a) non-annual reproduction i:; typical for many turtle species, not just for 
sea turtles; b) the phenomenon of "nesting cycles" in sea turtle populations is not an example of truly cyclic 
behavior, and; c) as usually reported, the characteristic "nesting cycle" ad a particular sea turtle population 
is a meaningless descriptor. The first two points will be madt: quickly, after which I will concentrate the 
remainder of my time on denlollstrating the third. 

First, most of us are familiar with the idea that individual adlllt females of most sea turtle species rarely 
reproduce in consecutive years. A cursory glance at the freshwater and terrestrial turtle literature shows 
this is true for other turtle species (Table I). Sea turtle biolo;?ists usually see only those females that are 
reproductively active in a given year. Thus, they become impressed by individual patterns as a turtle 
appears on the beach in some years, but not in others. By recording the numbers of years between visits, 
we are able to identify 2-yr, 3-yr, and even longer intervals for some in~dividuals. For some beaches (or 
species) a 2-yr interval seems to predominate, while for other beaches (or species), a 3-yr interval seenis 
more prevalent. Those who study freshwater turtles can capture adult females whether or not they are 
reproductively active. Thus, freshwater biologists may record non-annual reproductive behavior as the 
proportion of adult females tliat are reproductively active (Table 2). This is simply another way of 
recording the same phenonienon seen in sea turtles. 

Secondly, we have known for some time that the "nesting cycle" of sea turtles is not an example of cyclic 
behavior. Carr and Carr (1970) referred to "irregular reprocluctive periodicity" in Chelonia, noting that 
individuals sonietimes switched from 3-yr to 2-yr cycles and vice versa. Hughes (1974) and Richardson et 
al. (1978) noted that female Caretta also switched intervals. Unfortunately, niost of us continue to refer to 
the intervals as "cycles". 

Wood and Wood (1980) reported that adult female green turtle:; taken from wild stocks with predominantly 
2-yr or  3-yr nesting intervals exhibited a predonlinance of I-yr interval$; when well fed in captivity at the 
Cayman Turtle Farm. Thus, reproductive intervals probably are determined, at least in part, by nutrient or 
energy acquisition (Wood and Wood 1980). just as has been sulggested for freshwater species. 

Finally, I maintain that observed reproductive intervals are of little utility in and of themselves. To 
demonstrate the point, let's imagine a population in which 5% of tlie adult females gain sufficient energy or 
nutrients to reproduce i n  I year, 15% require 2 years to do sc~, 30% require 3 years, and 50% require 4 
years (Table 3: "Real Interval"). Note, however, that turtles alre more likely to survive for I year than for 
2. 3, or 4 years. Thus, the reproductive intervals of turtles ohserved on the beach will not be tlie same as 
the real, underlying intervals. We can illustrate the point by siniulating beach observations for two 
theoretical popu lations that have the same underlying real re tr~rn intervals, but different annual survival 
rates (Table 3). 

Popillation A (Table 3) has an annual adult survival rate of 4 0 4 .  Thus, although the 4-yr interval actually 
predominates in the population (i.e., 50% in  the "Real Interval " colilmn), we would observe a predoniiliant 
2-yr interval (3270 i n  Population A) aniong turtles see11 on tlie beach. because few would have sur\li\aed to 
return afier 3-yr 01. 4-yl absences (i.e.. even tllough 30%' and 50% of them. i.espectively. started out lo do 
so. the observed rates are 2570 and 17%. due to low ; ~ ~ l i i t ~ : t l  sun ~ \ , n l ) .  

Population B (Table 3) has an annual adult survival rate of 5 5 ' 1 .  'rhus. although the 3-yr interval actirally 
predominates i n  the population, we wotrld -- observe ;t predo~ninant 3-yl iliterval (30% in ~~opulation B), 



because few of the turtles would survive to return aftcr 4 - t i  absences (i.e., even though 50% of them 
started out to do so, only 27% of those that show up on rhc bcwh have both survived and returned after 4- 
yr absences). 

The reasons for these disparate results are quite simple. The observatio~ns we make on a nesting beach are 
only of the survivors, which are not a realistic representative sampling of the underlying proportions of 
females that require 1, 2, 3 or 4 years to amass sufficient nutrients or energy to reproduce. Those 
returning after 4 years have had to survive for 4 years. while those returning after only I year have had to 
survive only 1 year! Clearly, the chances of surviving 4 years are smaller than the chances of surviving I 
year, so 4-yr intervals will be under-represented in the sample obserrved on the beach. The lower the 
annual survival rate, the greater the degree of under-representation of 4-yr intervals (Table 3). 

Let us take the example of a population with an annual adult survival rate of 40%. Let Oi be the 
proportion of turtles observed on a beach returning after an interval of i years (i= 1,2,3, or 4). Let Ri be 
the actual percentages of turtles that can amass sufficient energy to return after i years, and use the figures 
for "Real Interval" in  Table 3 for this purpose. Furthermore, let Si be (he chance of surviving for i years. 

Now, if annual survival rates are 40%, then SI = 0.40. But the chances of surviving for 2 yrs is given by 
S2 = (0.40) x (0.40) = 0.16. Similarly, S = (0.40) x (0.40) x (0.40) = 0.064. And by similar 
reasoning. S4 = (0.40) x (0.40) x (0.40) x (0.20) = 0.00256. 

If all we see are the survivors, the percentage of observed 1 ,  2, 3, a:nd 4-yr returns we observe on the 
beach is given by: 

For example, for 4-yr returns, O4 = (R4S4) + [RISI +R2S2-t R3S3 +R4S4] = (0.50 x 0.00256) + [(0.05 x 
0.4) + (0.15 x 0.16) +(0.30 x 0.064) + ( 0.50 x 0.00256)l = 0.17 or 17%. But what is the significance of 
these patterns? 

If we observe two sea turtle populations with observed return intervals shown for Population A and 
Population B (Table 3), how are we to interpret the data? It could be: that the two populations differ in 
terms of their ability to gather nutrients or energy necessary to initiate reproduction. On the other hand, it 
might be that one population has farther to migrate than the other, ancl hence must spend more time (on 
average) amassing nutrients or energy. It could be, however, siniply that annual survival rates differ in the 
two populations, perhaps due to natural mortality, or because one population is more heavily exploited than 
the other. 

Of course, the factors mentioned above probably interact to cletermine the observed distribution of return 
intervals for each population. My point is this: I11 the abseince of dat.a on survival rates, we cannot use 
recorded data on return intervals to make meaningful comparisons between populations or species. As 
usually recorded, such data are not informative. 

In closing, I reiterate that non-annual reproduction probably is the rule among turtle species and certainly 
is not in any way unique to sea turtles, that "nesting cycles" 01' sea turtles are almost certainly not examples 
of cyclic phenomena, and that data on return intervals should be interpreted with great caotion. One 
further caveat must be made concerning the use of return intervals. If such data are used to adjust 
estimates survivorship or tag loss, care must be used lest we incorporate survivorship into our calculations 
twiceover. If we incorporate survivorship into an equation explicitly. we must be aware that using observed 
return intervals i n  the same equation will once again i111:orporate survivorship implicitly. because 
survivorship is an implicit part of our observed returll i~~tervals (see equaltion for Oi. above.) 
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Table I .  Selected turtle species in which some adult females nlay not rqxoducr In r p r t n  year. 

Pseudemys ( =Trachemys) scripta 
Trachemys scripta 

C. @ - 
Emydoidea blandingii 
Kinosternon subrubrum 
Geochelone gigantca 
Gopherus polyphemus 

Cagle 1944 
Frai:er et al. 1989 
Legller 1960 
Dobie 197 1 
Giblmns and Greene 1978 
Tinkle et al. 198 1 
Christens and Bider 1986 
Schwartzkopf t 5 r  Brooks 1986 
Con,gdon et al. I983 
Gibtmns 1983 
Swirlgland and Coe 1978 
Landers et al. 1980 

Table 2. Estimated percentages of reproductively active adult females in selected turtle species. 

Trachemys scripta 
Chrysemys &a 
C.picta - - 
C. pida - 
Enlydoidea blandingii 
Chelydra serpentina 
Kinosternon subrubrum 
Caretta caretta -- 

Frazler et al. in press 
Tinkle et al. 1981 
Christens & Bi~der 1986 
Scharartzkopf dk Brooks 1986 
Cong:don et al. 1983 
Cong;don et al. 1987 
Frazcr et al. unpubl. data 
Richardson & Richardson 1982 

Table 3 .  Actual and observed percentages of sea turtles able to renest in 1 .  2 ,  3 ,  or 4 years. Real 
Intervals: true percentage of females able to return at inter~~als indicated if all survived. Population A: 
percentages observed on the beach assuming a 40% annual survival rate. Population B: percentages 
observed on the beach assuming a 55% annual survival rate. 

Real Interval Population A 
1 Year 5% 26 % 
2 Year 15% 32 % 
3 Year 30 % 25 % 
4 Year 

* of adult females in the population 
** of those surviving to return to the beach 

*** of those surviving to return to the beach 

Population B 
16% 
27 % 
30 % 



ALPHAXALONEIALPHADOLONE AND KETAMINE HCL AS ANESTHETIC 
AGENTS IN THE LOGGERHEAD SEA TURTLE (CARE'ITA - CARETTA) 

Robert H. George1 
Sarah A. ~ e l l r n u ~ i d ~  
John A. ~usick'  
'~loucester Veterinary Clinic, Route 17, Gloucester, Virginia 23061 USA 
'~ivision of Biological and Fisheries Science, Virginia Institute of ]Marine Science, Gloucester Point, 
Virginia 23062 USA 

Three loggerhead (Caretta -- caretta) sea turtles were given intra~~enous (IV') i~ijections of sodium thiopental (8 
mg/kg), ketamine hydrochloride (18mg/kg), or ketamine t~ydrochloride/acepromazine maleate (17/0.19 
mg/kg). Ten additional sea turtles were given alphaxalone/alphadolone injections. Dosages of 4 to 6 
mglkg were administered either intravenously (IV) or intram~uscularly (IM). All turtles were monitored 
until completely recovered.. The turtle receiving sodium thiopental became anesthetized in five minutes, 
remained in  that state for 50 minutes and recovered in 25 hours. Turtles receiving ketamine hydrochloride 
alone or in combination with acepromazine n~aleate showed maximuni effects 10 minutes after injection. 
Ketamine alone caused only mild sedation, while, when given in combination with acepromazine it provided 
15 to 24 minutes of anesthesia and recovery times as long as three hours. Turtles receiving 
alphaxalonelalphadolone at 4 mglkg IM did not attain anesthesia, while those animals receiving the drug at 
6 n~glkg IM achieved anesthesia in  7 to 38 minutes. When administered IV at a dosage of 4 mglkg, 
anesthesia was reached in 2 to 6 minutes, lasted 10 to 20 minutes, and the animals recovered fully in 26 to 
55 minutes. 



SEA TURTLES AND THE EXPLOSIVE REMOVA.1, OF OlFFSHORE OIL AND 
GAS STRUCTURES 

Gregg Gltscl~lag 
Maurice Renaud 
NOAAINMFS SEFC Galveston Laboratory, 4700 Avenue U, C;alveston, Texas 77551-5997 USA 

Concern was raised over the impacts bf explosives on sea turtl'es when 51 dead turtles were found stranded 
on upper Texas beaches during mid-March to mid-April of 1986, the same time that a series of 22 
underwater explosions occurred in support of oil structure removals. In July 1986, 11 sightings of at least 
three turtles (two loggerheads, Caretta caretta, and one green turtle, Chelonia mydas) weri made during the - 
removal of a platform approximately 30 miles south of Sabine ]Pass, Texaa. What appeared to be a dead or 
injured turtle drifting with the current 10 feet below the surfa1:e of the water was reported 1.5 hours after 
detonation of explosives. Later that year the National M a r ~ n e  Fisheries Service (NMFS) and Minerals 
MRnRgement Service (MMS) consulted under Section 7 of the Endangered Species Act of 1973. The result 
was that oil and gas companies wishing to use underwater explosives were required to submit a permit 
application to MMS. Included in the permit issued by MMS is an Incidental Take Statement prepared by 
NMFS describing requirements which must be met to protect sea turtles i n  the area. Anlong these 
requirements is the use of qualified observers to monitor for sea turtles. 

The observer program described i n  the Incidental Take Statements began i n  March 1987. From that date 
through the end of 1988 a total of 69 platforms and 39 caissons or  (other single pile structures were 
removed in state and federal waters of Louisiana and Texas. Thirty-six turtle sightings were made at 14 
structure removal locations; 12 in Louisiana and 2 in Texas. Twenty-one loggerhead, I green turtle, and 
14 unidentified sightings were reported during 1987-1988. Of ~hese, 27 were made during the day and 9 at 
night. Thirteen sightings were made from helicopters and 24 from vessels. The frequency of turtle 
sightings at various distances from the structure being removed were 13 within 30 yards, 15 within 30-500 
yards, and 8 within 500-2.600 yards. If sightings made during 1986-1988 are included, turtles were 
present at removal sights during all months except January and May. In excess of 30 additional turtle 
sightings were made at offshore platforms during 1987-1988, but these have not been included here because 
the structures were not being removed. 

One platform removal was of special interest. At a platform located approximately 5 niiles off of Corpus 
Christi, 'Texas a loggerhead turtle was observed 5 times at the r urface before being captured 27 hours later 
by a diver while i t  was sleeping on the sea floor under the platform. The turtle was brought aboard a 
vessel and released at another platform about 3.5 miles away. Observers subsequently returned to the area 
to relocate the animal. Altllough 6 hours of surface monitoring resulted in  no sightings, divers surveying 
the bottom located a loggerhead turtle sleeping underneath the platform. Six days later a loggerhead was 
observed at the surface. One and one-half hours after this sighting the turtle was seen on the bottom 
during a diver survey. Two days later a loggerhead was observed 23 tirnes at the surface (between 1530 
and 0700 hours) at another platform approximately 0.5 miles ,away. Despite 3 diver surveys during this 
period, no underwater sightings were made. It is thought that all sightings might be of the same individual 
because observers reported the same approximate length of 2-2.5 feet. 

One 152-.pound loggerhead turtle was captured by divers at another relnoval site about 100 miles off the 
Texas-Louisiana border. This turtle was flown by helicopter to Galveston and held at the NMFS Gal\ieston 
Laboratory for use in a turtle tracking study. 

SUMMARY 

The data show that sea tnrtles associate with offsl~ore pli~ttorn\s. ?'here is also evidence of resideut turtles at 
platforms. However, the degree of association and the extenl of residency are not yet known. Surface 
observations are not always effective in detecting the presence of turtles. During 1987-1988. no turtles 



were known to be killed or injured by explosions, but this i:; difficult to assess because the carcass of an 
impacted turtle probably sinks and is not visible from the surface for several days until i t  bloats from 
decomposition and subsequently refloats. The observer program described here has saved one turtle off 
Corpus Christi from certain death or serious injury and probably another turtle 100 miles off the Texas- 
Louisiana border. I n  addition, the program is a valaablt: source of information pertaining to turtle 
distribution. seasonality, and behavior at offshore artificial reef habitats. 



INTRASEASONAL VARIATION OF DERMOCHE1,YS COIRIACEA -- 
REPRODUCTIVE CHARACTERISTICS AT CULEEIRA, PUERTO RICO 

Kathleen V. Hall 
Department of Marine Sciences, UPR-RUM, P.O. Box 5000, bdayaguez, Puerto Rico 00709-5000 

The study area was located at Culebra Island and consisted of two adjacent beaches with a combined length 
of 2.25 km, where over 90% of all leatherback sea turtle (Der-mochelys coriacea) nesting occurred. Soon 
after the nesting seasons started i n  1984 and 1985, the b e a l e s  were patrolled hourly (seven nights per 
week) with the help of EARTHWATCH volunteers in an effort to observe and tag each nesting turtle. 
Forty-two turtles are known to have nested during the two year study; 90% of the 266 nestings were 
witnessed. With so few turtles each year, unwitnessed nestings (tracks fbund later in the study area or on 
another beach) could often be accurately fitted into a particular turtles' nesting sequence at a wint where 
the turtle showed an internesting interval of approximately twice: the norm~al length of time. Most pre-patrol 
nests were also attributed to known turtles by counting back average internesting intervals for the earliest 
nesters in the season. Approximately one unwitnessed nest was added to each turtle's observed clutch 
frequency, giving an estimated clutch frequency. Then each turtle's clutclies were labeled as her first, 
second, third, etc. Reproductive data froni assumed nestings were not included in the results. 

Egg size, number yolked and yolkless eggs, internesting interval, percent hatch, and fertility were analyzed 
for seasonal variation by two commonly used methods descrilbed in Friaser and Richardson (1985). The 
first method is to examine the reproductive characteristic i n  relation to the date for the entire nesting 
season. and the second is to follow the changes that occur for i~idividuals over time. For the first method, I 
used both linear and second order polynomial regressions of the reprodluctive variable against Julian date. 
The second order polynomial curve fit the data better in all1 cases, and was used to detect patterns of 
variability other than monotonic changes. 

When examining individuals, they can be grouped as 3-time nesters, 4-time nesters, etc. Since Culebra 
had only 33 turtles that nested three times to an assumed 1 1  times, I decided to group all the turtles 
to get lie^. as in Figure 1. The first and last clutches were differentiated from the middle clutches, which 
were then grouped i n  a way that would form fairly even sample sizes. Reproductive variables were then 
plugged into the figure to derive grouped means. With this classific:ation, I could test for differences 
between first and last laid nests and those laid in between by analysis (sf variance (ANOVA). For those 
ANOVA which showed a difference in means, a Tukey-Krame,r test for 1111planned comparisons was used to 
test which mealis were different. 

The general results are summarized in  Table I .  The low r2 values for all regressions indicate that other 
factors in addition to date (such as heredity, body size, nutrition) may also be important in determining 
reproductive values. The shape of the regression curves were niore inlrormative and were compared with 
the ANOVA results. 

A seasonal increase then decrease was seen for egg size, yolklzd egg nuniber, and yolkless egg number i n  
both the regression curve and the individual grouped nieans. l'he Tukey-Kramer test showed that first-third 
and mid-third clutches were significantly different from the last clutch for egg size, and the mid-third clutch 
was sig~iificantly different from the last clutch for yolked egg nuniber. The Tukey-Kramer did not reach 
significance for yolkless egg number, however, the greatest dil-ference was between the first clutch and the 
mid-third. The regression of internesting interval by datc showed ,a decrease in time as the season 
progressed; however, neither this pattern nor any otlier wiis seen for the individual grouped nieans. 
Neither percent hatch nor percent fertility significantlv clia~iged oiler the !season by either method. 

Seasonal variation in egg size had previously heell u~ir.el>orted l b ~  sea t u ~  tles (Frazer atid Richardson 1985). 
however clutch size variation had been reportetl for loggerhead. green and Kenip's ridley sea turtles. So 
little is known about yolkless eggs, that finding tliis non-randoni pattern of variability niay give us a clue to 



their biology. Finding no variation i n  percent fertility or  /percent hatch again nray eaahlt: us to make 
inferences regarding the biology o f  the population. For  er.anrple, mating may have heen adequate and 
sperm storage anrple enough to last the season. since no decrease was fo1.1nd in  fertility. 

A n  attenlpt should be made to distingirish between ultirrlate catlses o f  variation, such as selective factors 
which have evolved over time, and proxinlate causes. o r  environnnental factors which have a more 
imnrediate effect on variability. For example, clutch size nlay always increase then decrease, regardless o f  
environmental factors, because i t  is the optinrun1 conf igurat i~n for em~bryonic survival rates in  Culebra. 
However, i n  all likelihood, proximate causes are more impo~.tant in  determining clutch size, as has been 
found i n  other species o f  turtles a ~ ~ d  reptiles. When analyzing the possible effects o f  environment, i t  is 
important to remember that al l  the follicles for that season nlay have begun to mature before the nesting 
migration. 
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Figure 1. Consoldation of 3-time nesters to 11-time nesters into one classification which 
differentiates between the first clutch, the first-third, mid-lthird, an~d last-third of middle 
clutches, and the last clutch for 33 Culebra leatherbacks in 1984 and 1985. 

f i r s t  first-third mid-third last-third last 
clutch clutch 

Table 1. Results of two tests for seasonal variation of reproductive c;haracteristics for 
leatherback turtles at Culebra. First reproductive variables were regressed against Julian date 
using the second order polynomial, then differences in means for indiividual clutch divisions 
(Fig. 1) were tested by ANOVA (DF between groups = 4). 

20 Polynomial Regression Model I ANOVA 

Variables r2 P DF I= P DF 

Mean Egg Diameter (mm) 0.068 5 0.01 1 3 8  3.797 5 0.01 131  
Number Yolked Eggs 0.101 I 0.0001 265  4.620 5 0.005 1 9 7  
Number Yolkless Eggs 0.036 50 .05  204  2.423 s 0.05 198  
Internesting Interval (days) 0.047 5 0.025 1 7 2  2.494 z; 0.05 1 7 1  
Percent Hatch 0.025 NS 201  0.974 NS 1 9 0  
Percent Fertility (arcsin) 0.008 b S  1 9 9  1.925 NS 1 8 9  



EGG SURVIVORSHIP OF TORTUGUERO GREEN TURTIXS DURlNG THE 1986 
AND 1988 SEASONS 

Kazuo Horikoshl 
Archie Carr Center for Sea Turtle Research, Department of 2:oology, University of Florida, Gainesville, 
Florida 3261 1 USA 

Tortuguero beach extends 22 miles on the northern Caribbean coast of Costa Rica and is the major nesting 
site in the western Atlantic for green sea turtles (Chelonia mydas). The purpose of this study is to 
determine the egg survivorship for natural nests of Tortuguero green trurtles, and important reproductive 
parameter for demographic studies and conservation programs. 

My study area included the central two miles of the beach. Approximate4y 17% of nests laid on the beach 
are deposited in this two mile section (Carr et al. 1978). The beach1 was divided into two zones, the 
vegetationlborder zone (which includes the vegetation and two meters from the vegetation border) and the 
open sand zone (below the vegetationlborder zone). 

I conducted a nesting census within the study area every 2-7 days from1 July through November in 1986 
and from the middle of June through November in 1988. 'The number and position of all nests were 
recorded. 

To  investigate egg survivorship, a representative sample of riests with~in the study area was marked and 
followed throughout incubation. Clutch size was counted during nesting, and emergence success was 
determined by counting egg shells following incubation. 

Seasonal nesting distribution indicates that the most concentrated nesting activity occurred from August to 
September. Peak nesting occurred during the later half of August in 1986 and the first half of September 
in 1988. Approximately 11,700 nests in 1986 and the first half of September in 1988. Approximately 
11,799 nests in 1986 and 10,500 nests i n  1988 were deposited in the two mile study area section of the 
beach. 

The proportion of nests deposited in the vegetationlborder zone ;and i n  the open sand zone was, respectively, 
51.4% and 48.6% in 1986 (n=3,413), and 58.4% and 41.6% in 1988 (n=3,516). The proportion of 
nests in the two zones were significa~itly different in  1988 (chi-square test, P < 0.001), but not in 1986. 

E~iiergence success was 46.3% (SD=39.2, n=32) in 1986 and 42.5% (lSDr39.6, n=51) in 1988 in  the 
vegetationlborder zone and 57.3% (SD=37.5, n-42) in 1986 and 57.8% (SD=37.8, n=37) in 1988 in 
tlie open sand zone. Differences between two zones were not significantly different i n  either year (Mann- 
Whitney test. alpha = 0.05). 

The major causes of clutch mortality were erosion and inundation from waves, and freshwater flooding 
from sporadic heavy rains. Due to tliese two causes in 1986, 22.3% and 23.8% of sample nests in the 
vegetationlborder and open sand zones failed to produce hatchlings. respectively. In 1988, these 
proportions were 25.5% and 18.9% for the vegetationlborder and open sand zones, respectively. 
 reda at ion, mainly by coatis (Nasua naria) and ghost crabs (gypode  q u i e a ) .  and excavation hy nesting 
female turtles also reduced the egg survivorship. 

Two rainfall events i n  1986 (4 August. 141 mmlday, 5 December. 178 mmlday) and one rainfall event in 
1988 (5 October, 221 mmlday) caused freshwater flooding on the heacli and damaged the nests. Similar 
rain-induced mortality of loggerhead turtle clutchrc has hreli reported for the Georgia (USA)  coast 
(Kraemer and Bell 1980). At Tortuguero. floodillg ~esul ts  f ~ o m  an i~lteraction of the degree of water 
saturation on the beach and the height of ocean waves 



Rainfall greater than 140 mm/day caused substantial egg mortality. Such days of heavy rain occur during 
the normal green turtle incubation season at Tortuguero. Since 1978. nine years had at least one of these 
heavy rains during the major incubation period from July to Novemkr. The timing of heavy rainfall is 
crucial with respect to the overall egg survivorship i n  a sca,ion. At Tortuguero. abiotic factors (such as 
heavy rainfall and high waves) probnbly play an inlportnt~t role i n  detern~ining egg survivorsl~ip. 

This study was partially supported by the Caribbean Conservi~tion Cooperation, Center for Latin American 
Studies, and Sigma Xi. 
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SATEI.I,ITE TELEMETRY OF LOGGERHEAD TURTLES IN THE WESTERN 
NORTH ATLANTIC 

John A. Kelnath 
Richard A. Byles 
Jack A. Musick 
Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Virginia 23062 USA 

Mortality studies, aerial surveys, and radio/sonic telemetry has show~n Chesapeake Bay is an important 
suninier foraging area for juvenile loggerhead turtles, Caretta caretta (Bellmund et al. 1987, Byles 1988, -- 
Keinath et al. 1987, Lutcavage 1981, Lutcavage and Musick 1985). Those data, along with tag returns, 
suggest turtles travel north close 'to shore froni south of Cape Hatter,as in spring and south past Cape 
Hatteras in fall. 

Although conventional telemetry is well suited to limited tracking, long term tracking of migrating turtles is 
not a minor task. It is labor intensive and costly; personnel milst be on station 24 hours a day and tracking 
vessels suitable for extended periods at sea costing upwards of $,2000 per day are required (two days are 
equivalent to the price of one satellite transmitter). 

We used the French Argos systeni which is mounted on polar orbiting L7.S. NOAA [National Oceanic and 
Atniospheric Administration] satellites. The satellite determinc:~ transniitter position by doppler shift, and 
also receives digital data from on-board sensors. The data is then availab~le through a coniputer information 
service. All our transmitters had temperature sensors, and one had selnsors to determine: 1) nuniber of 
dives in previous 12 hour session. 2) niean dive duration in previous I:! hour session, 3) duration of last 
dive, 4) a failsafe signal. Tlie four parameters were deterni~ined by an on-board seawater switch which 
turned on when the sensor was in air and the aninial was at the surface. 

Stainless steel hardware was used to attach transmitters throug;h holes drilled in the rear of the carapace. 
Xylocaine was used to relieve discomfort froni drilling. Recaptured turtles previously telemetered show no 
signs of injury from the attachments. A 0.5 m lanyard linked the tu~rtle and the transmitter to prevent 
damage to the tra~isniitter froni turtle bites. Conipressible rubber wa!g placed between the carapace and 
attachment plates to allow for growth and reduce abrasion. l'ransmitters were 10 cni x 45 cm cylinders 
painted with antifouling paint to reduce fouling and associated drag. 

A male loggerhead fitted with a transmitter which contained the four serlsors described above was released 
in Chesapeake Bay in September 1987. Unfortunately no positions were recorded, but nine dive parameters 
were received over 27 days. Mean duration of last dive (28 m~nutes) was near mean dive duration over 12 
hours (22 minutes), and both were similar to dive durations reported folr summer resident loggerheads in 
Chesapeake Bay (Byles 1988). The animal averaged 6 dives per hour. 

Two loggerheads released near tlie mouth of Chesapeake Bay (fall of 1985 and 1986) confirmed our 
overflight data and traveled south close to shore. One turtle (1985; Byles 1988) entered Pamlico sound 
through Oregon Inlet during a severe northeast storni and the transniittler subsequently detached from the 
turtle. The other turtle traveled south past Cape Hatteras and again the transmitter detached from tlie turtle. 
In both cases we feel the turtles were caught by trawlers and the transniitters detached by fishermen who 
tossed them overboard. 

One transmitter deployed on a loggerhead in October 1986 was [lot Iirard fronl until eight mo~lths later 
when i t  started transmitting fro111 dow11tow11 Newl)o~.t News A prrsol, fot111tl the transmitter or1 a Harilptorl 
beach and gave i t  to his dog to play with. Part of the carapace u n s  still attached to the transmitter. and we 
latter learned the turtle was drowned i n  a pound net leadt:r i l l  tlie Potoninc Kiver and cut looqe by 
fishermen. The turtle probably sank and disintegrated drrring the winter. subsequently releasing the 
transniitter. Tlie transniitter was refurbished and deployed on a loggerliend 1987. 



Another loggcrhcad was released off Oregon Inlet i n  Novemhel- 1985 (Blyles 1988). As expected. tlie turtle 
traveled south past Cape Hatteras to Cape Lookout near shore The turtle then went into the Gulf Stream 
and traveled north to off the Virginia-Maryland state line by early Januarly. Then the turtle entered the west 
wall of tlie Gulf Stream and traveled south. The transmitter s~lopped traosnlitting in  mid-January. We felt 
this animals' movements were anomalous until our last track when we released a loggerhead off Cape 
Hatteras in Deceniber 1987. In the 180-day track the animal traveled to north of Bermuda, south to the 
Gulf Stream off Georgia, and north in the Gulf Stream off Virginia when the transmitter stopped 
transmitting. Total distance covered was some 4,000 km; the turtle averaged 1 kn~lllour (not taking 
currents into account). The turtle had been captured in Chesal~eake Bay twice before but failed to return in 
1988. 

The oceanic travel of the last two turtles raises questions: 

1 )  Is oceanic nlovernent typical? Most loggerheads inhabiting Chesapeake Bay are sub-adults (see 
Barnard et al., this volume), but the turtles we tracked were cliose to sexual maturity. Is there a 
switch from immature coastal habitats to offshore habitats at maturity? 

2) Why did the tracked loggerheads become oceanic? [s the movement related to mating? 

3) What were the loggerheads eating? Chesapeake Bay loggerheads forage exclusively benthically 
(Keinath et al. 1987, Lutcavage 1981, Lutcavage and lviusick 1985). but our transmitters could not 
withstand dives deeper than 100 m so the animals nlu!;t have been foraging at or near the surface. 
Did they forage on jelly aninials or Sargassum and its related infi3una/epifauna? 

Satellite telemetry is useful in the study of wild sea turtle movement and Ibehavior, but raises new questions. 
With the development of smaller packages and different sensors, we will be able to study smaller 
individuals, smaller species, and more biological parameters. 
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FISHING CHARACTERISTICS OF THE MORRISON SOFT TED 

Drew Kendall 
University of Georgia Marine Extension Service, P.O. Box 2. 7 15 Bay Strcrt. Brunswick, Georgia 31523 

Several shrimp trawl net designs are currently used in  tlie southeast commercial shrimp fishery. 
Essentially, the principle for each net i s  identical. A net consists of a bag of webbing attached to wings, 
which are spread open by a pair of otter boards. These nets are towed along the ocean bottom where they 
catch shrimp. 

A TED ('Trawling Efficiency Device', or 'Turtle Excluder Device') i s  a piece of gear whicli is inserted into 
a shrinip trawl to exclude unwanted sea turtles. Currently, se:ven different TED designs are available for 
commercial use in the southeast. One of these devices is the M'orrison Soft TED. 

Incidental capture and drowning of sea turtles has been determined to be: a source of mortality. The U.S. 
National Marine Fisheries Service estimates that approximately 11,000 sea turtles drown in  shrimp trawl 
nets on an annual average (Federal Register 1987). Scliroeder (1986) reports 8.300 sea turtle strandings 
between January 1980 through December 1986 in coastal areas froni lrJorth Carolina to Texas. Most of 
these turtles were loggerheads, -- Caretta caretta, but nearly 600 Kemps Ridleys, Lepidochelys kempi, were 
also present. I t  is difficult to determine the precise cause of death. 

The Endangered Species Act (ESA) of 1973 was enacted to prevent or retard species extinction due to nian 
made causes. The ESA is a tough law and i s  solely concerned with the preservation of a particular species. 
Econoniic considerations are not provided for, and it i s  rare that exceptiorls are made (Conner 1987). 

Sea turtle drownings attributable to shrimping prompted three options undler the ESA (Conner 1987): 

1) Limit or shut down the shrimp fishery. 
2) Establish a quota system for sea turtle mortality. 
3) D o  nothing other than require fishermen to release captured ti~rtles. 

These options have been the driving force behind current gear development work. This project has 
consisted o f  two phases; turtle exclusio~i at Cape Canaveral, and shrimp retention off St. Sinions Island, 
Georgia. Only those TEDS which successf~~lly exclude sea turtles are sul>jected to further study. 

Al l  research was conducted aboard tlie R\V Georgia Bulldog. This vessel is a 72 foot wood hull shrimp 
trawler, which has been modified into a multi-purpose fishing tloat. 

The Morrison Soft TED is a deflector panel of eight-inch stretched mesh webbing installed on the inside of 
a shrimp trawl (Christian et al. 1988). I n  theory, shrimp shc~i~ld pass lhrough the mesh of the panel and 
illto the bag, while larger orga~iis~iis such as sea turtles are deflected up a~nd out of the net. 

Two 60 foot flat trawls were used. The port net was equipped with tlie TED gear and the starboard net was 
the cootrol. Tow times ranged from 0.8-3.6 hours (average=2.3 hrs, sd=0.7 hrs). 

Shrimp catch data were obtained froni 48 trawl saniples. A total sliri~mp catch [.ate of approximately 10 
poundslhour in the control net was the desired criteria for accepti~ig a saniple in the results. This occurred 
27 times (56.3%) and all statistical analysis was perlbrmed o n  tliese data 

Overall, the Morris011 TED exhibited an 8.5tTl l.ecIuctioll in total slll.inip catch. approxiuiately 1 . 7  pountl~ 
per tow. However, this difference i s  not statistically sig~lificant a~icl flr~c~uated greatly. Shrinip size caught 
were not affected by the TED. 



Resolution of the sea turtle problem has become a highly political and eanotional issue. In general. coastal 
developmetit is iticotiipatible wtrh the life cycle of turtles. The most successful solution to this problem will 
be one which deals solely with facts. 
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EVALUATION OF COMMERCIAL USE OF TEDs 

Edward Klima 
Maurice Renaud 
Gregg Gitschlag 
NOAAINMFS SEFC Galveston Laboratory. 4700 Avenue U. Galveston. Te.xas 77551-5997 USA 

The U.S. National Marine Fisheries Service, in cooperation with the shrimp industry, initiated a TED 
Evaluation Program in the spring of 1988. The overall objective of the program is to determine the effects 
of commercial utilization of certified TEDs on commercial shrimp trawlers in the South Atlantic and Gulf of 
Mexico. The program is aimed at determining catch rates of shrimp for 'TED-equipped trawls and trawls 
without TEDs in selected shrimp fishing areas of the southeast region. 

The U.S. Federal Government implemented mandatory use of TEDs in the Gulf of Mexico and South 
Atlantic in 1988. However, the state of Louisiana sued the Federal Gover~lment and the courts upheld the 
regulation. The U.S. Congress revised the date of implementation to I May 1989 for all except the Cape 
Canaveral, Florida, area. 

Trained observers have been placed on shrimp vessels operating off of the states of Texas, Louisiana, 
Alabama, Mississippi, Florida, Georgia and Soutli Carolina. Through 1988, trained observers have 
collected information on 39 trips from commercial vessels fishing for 2750 hours. The difference of catch 
rates of sllrinlp between TED and standard nets have varied by area and season ranging from a loss of 37% 
to a gain of up to 38%.  Three turtles have been caught in the Gulf of Mexico and 17 in the South 
Atlantic. all in the non-TED nets. 



A NOTE ON THE DISTRIBUTION OF LEATHERBACK TURTLES 
(DERMOCHELYS CORIACEA) ALONG THE FLORIDA COAST IN FEBRUARY 1988 

Amy R. ~ n o w l t o n '  
Brad weigle2 
' ~ e w  England Aquarium, Central Wharf, Boston, Massachusetts 021 10-3309 USA 
'~lorida Department of Natural Resources, 100 Eighth Avenue S.E., St. Pe:tersburg, Florida 33701-5095 

During the past five consecutive winters (1984-1988), the Neu8 England Aquarium has been conducting 
aerial surveys along the coasts of Florida and Georgia in an effort to locate and photograph North Atlantic 
right whales on their calving grounds (Figure I). These surveys were condlucted along the coasts of Florida 
and Georgia out to twenty miles, using primarily high wing, single engine aircraft. The duration of the 
surveys has ranged between ten days and two months. Although effort in the offshore areas has varied 
from year to year, surveys have been consistently conducted along the Florida coast within two miles of the 
beach from Amelia Island to Fort Pierce, due to the coastal habits of right whale cows with calves. In the 
course of these surveys, sightings of other marine mammals, sea turtles, sharks, rays, and any unusual 
phenomena were also noted. 

In February of 1988, surveys along the Florida coast revealed an unusually high number of leatherback 
turtle sightings. During New England Aquarium surveys in p~revious ye:ars, few leatherback turtles had 
been sighted. Between 14 February and 27 February 1988, 168 leatherbacks were sighted along the 
northeast coast of Florida. On 22 February 1988, during a coastal survey from Amelia Island to Fort 
Pierce along tracklines 114 mile and 1 112 miles parallel to the coast, 68 leatherback turtles were sighted 
between St. Augustine and Sebastian Inlet. The highest concentriuion occurred between Daytona Beach and 
Cape Canaveral, a 50 mile stretch of coastline (Figure 2). Sixty one of the sightings were along the inshore 
trackline, while only seven were seen along the offshore trackline:. Surveys of this area before 14 February 
revealed no leatherback sightings and a survey on 16 March, afi:er a two week interlude, also revealed no 
leatherback sightings. These data indicate that this occurrence c ~ f  leatherbacks near the beach was a short 
term event extending from mid February until at least the end of February. 

These sightings are significant considering the lack of leather'back sigh~tings in previous years surveys. 
Other researchers' data indicate that leatherback sightings in  this area tend to be infrequent during the 
winter and more common during the summer. 

Our 1989 surveys are still in  progress. Leatherback turtles are again being sighted, but appear to range 
over a larger area with no evidence of a concentration as in 1988. 



Figure 1 .  Right whale survey areas:  1984 - 1988. 



THE EFFECTS OF AN IODOPHOR COMPOUND ON SKIN LESION IlISt:;\SE IN 
SEA TURTLES 

Lyle J. Kocl~inaky 
Christine Wondolowski 
Aqua-Med, Inc., Dana, Florida 33004 USA 

The cul ture o f  sea turtles provides a means for reestablishir~g deplete:d natural populations through 
restocking, and at the same time alleviates pressures o f  over-exploitation om existing populations. A major 
problem i n  the rearing of sea turtles is disease control, particularly skin disease. Necrotic skin lesions 
develop wi th in  the in i t ia l  months o f  rais ing hatchlings and usual ly result i n  death i f  not treated. 
Unfortunately, most treatments for controlling skin diseases i n  sea turtles have proven to be ineffective and 
labor intensive (Haines and Kleese 1977, Frye 1973, Withal11 19if3a). 

The  p r imary  objective o f  this study was to determine the e:ffectiveness of an iodophor conlpound 
(vanodineR) for treating already established skin lesion disease ol~served in sea turtle aquaculture. Sanlples 
o f  skin lesions encountered in  the culture o f  sea turtles were de!;cribed and identified. Bacteria associated 
with these skin lesions were isolated and identified. 

METHODS 

Four  month old loggerhead sea turtles (Caretta caretta) were selected ra~ndomly and separated into two 
groups o f  35 turtles each. One group remained untreated and the other group was treated with Vanodine, 
administered directly into tlie holding tank water, at a final co~ice~i t ra t io~ i  o f  1 :  10,000 (100 ppm). Exposure 
to Vanodine treatment was 8-10 hours dur ing the daylight active period. This procedure continued for 
seven weeks, at which time the untreated group was treated with Vanodine and the treatnient i n  the initially 
Vanodi lie-treated group was terminated. This cross-over experiment was iden tical i n  procedure and 
duration to the initial treatment study. 

Lesion scrapings were performed weekly on a representative r~umher o f  afflicted turtles. The scrapings 
were immediately placed in  thioglycollate media (BBL) and after 12-18 hours incubation at 23", streaked on 
Blood agar, PEA (phenyl-ethylene-alanine), and MacConkey's agar. Identification of bacteria was made by 
api 20E (Analylab Products 1985). 

The Mann-Whitney U-Test was used in  this study because of' the non-normal distribution of the data. 
Trends in  lesion developnlent were analyzed by Spearman rank cc~rrelation. 

Microorganisms isolated and identified from tlie skin and scute Ic:sions o f  sea turtles are presented in  Table 
I. These organisms were mostly gram negative rods o f  the f,3mily Enterobacteriacaea. Two species o f  
Vibr io and a fungus (Candida sp.) were also isolated. Collectivc:ly, these bacteria are normal flora o f  the 
vertebrate enteric tract and usually not detrimental to healthy turtles. but frequently add to the 11101.bidity and 
mortality o f  turtles already weakened by other diseases (Taylor 1969). The pathogen Salmonella was tlie 
only organisrll isolated from scute lesions. 

Scatter diagrams of the weekly distribution i n  ski11 lesio~l n r ~ n ~ l i e ~ ~ s  wliich developed i t 1  tlie Vanodine and 
untreated groups, before and after cross-over. arc shown ill Figule 1 .  Skin lesions were established in both 
groups at tlie beginning o f  the study. Spearnia~~ rank coi~ff icie~it (1.110) ill t 1 . 1 ~  Va~iodii ie treated group before 
cross-over indicated a significant (Y < 0.0005) decreasing t re~ id  in ski11 Icsion nun~ber. wliile the lrntr-eated 
group had a significant (P < 0.0005) positive trentl. After crl.)ss-ovcr. rank cor~.elation revealed highly 
signi f icant (P < 0.0005) negative and positive trends w11e11 turtles were treated and removed from 
treatment, respectively. 



The z-statistics from the weekly compartwn3 of rkin Iacsion nunihers between Vanod~nc and untreated 
groups are presented in Figure 2 .  Afwr onc wcck of t~rcatment, skin lesion numbcrr ucrc sigi~ificantly 
lower in the Vanodine treated group (P < 0 O W Z )  After cross-over. there was an initial reduction i n  the 
degree of statistical separation in the groups followed by a sign~ificantly lower nun~bcr of Iccions i n  the 
Vanodine group by week eleven, with increasing Icvels of significance thereafter. 

DISCUSSION 

Vanodine very effectively reduce skin lesion number compared to the untreated group after one week of 
treatment on turtles which had already developed skin lesions and this difference generally increased with 
time. After cross-over, the significant increasing and declining; trends in the untreated and Vanodine 
groups, respectively. 

Vanodine seems to have two important roles in controllir~g skin lesion disease in sea turtle culture. First, 
the germicidal properties of the iodophor cause a possit~le reduction in the microbial load infiltrating the 
lesions. Second, Vanodine treatment of the water in the holding !Facility permits sufficient time for lesion 
healing by inhibiting the invasion of "opportunistic" pathogens. 

The procedure developed i n  this study for treating an entire gr~oup of sea turtles by adniinistering the 
iodophor directly into the water of the holding facility is very efficient when compared to the labor intensive 
practice, utilized by many previous methods, in which turtles were treated individually. Raising sea turtles 
under captive conditions will remain useful until world-wide conservation practices are established and 
enforced. 
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ECONOMIC ANALYSIS OF SEA TURTLE EGGS IN A COASTAL COMMUNITY 
ON THE PACIFIC COAST OF HONDURAS 

Cynthia J. Lagueux 
Center for Latin American Studies, University of Florida, Gainesville, Florida 3261 1 USA and 
Archie Carr Center for Sea Turtle Research, University of Florida, Gainesville, Florida 3261 1 USA 

The economic importance of olive ridley (Lepidoclielys -.- olivact:a) sea turtle eggs to local inhabitants, the 
inipact of exploitation on the resource, and the ability of the resource to sustain current levels of 
exploitation is discussed. 

Field work was conducted froni July to December 1987. S1.1rveys of potential nesting beaches were 
conducted by boat every two weeks throughout the Gulf of Fonseca, Hon~duras. Nocturnal beach patrols 
were conducted at Punta Rat611 throughout tlie nesting season. At the time: of egg collection, egg collectors 
were interviewed. Case studies were used to calculate the cost of living at Punta Raton. Five households 
were selected to participate and each household was interviewed every 10 days. 

Nearly 100% of the olive ridley eggs laid in the Gulf of Fonseca were collected and sold during the 1987 
nesting season. A total of 742 egg clutches were recorded at Purlta Raton from May to December. Of this 
total, 651 egg clutches were collected and sold to intermediaries. The average nuniber of eggs per clutch 
was 98 for a total of 63,798 eggs. 

Egg prices almost quadrupled throughout the study with a low of $0.08 per egg in the middle of September 
to a high of $0.31 per egg at the beginning and end of tlie nesting !reason. Egg collectors earned 
approximately $10,000 through the sale of sea turtle eggs froni the beach at Punta Raton. There were at 
least 224 different egg collectors at Punta Raton; of these, 15.2% were not residents of the community. 
These non-residents earned $2,320 of the total income earned through the sale of sea turtle eggs from 
Punta Raton. 

The community of Punta Radn is comprised of 93 households, of which 88.2% have at least one member 
participating in the collection of turtle eggs. Total income earllied through the sale of turtle eggs by the 
residents of Punta Rat6n was $7,680 or 76.8%. The income carried pelr household by residents ranged 
froni $3.75 to $684.56 per household. In 1987, the majority of the houselholds (80%) earned $160 or less 
through the sale of sea turtle eggs. 

Allnost 100% of the olive ridley eggs laid i n  the Gulf of Foriseca over the llast 40 years have been collected 
and sold. Although the majority of households receive some income tliroulgh the sale of turtle eggs, only a 
few earn a substantial quantity. Unless a considerable nuniber of egg clutches are protected, nesting 
activity will diminish and tlie reproductive effort of the olive ridley will be divided amongst an ever 
increasing human coastal population. 

For niore information, please refer: Lagueux, C.J.  Economic analysis of sea turtle eggs in a coastal 
conimunity on the Pacific coast of Hontluras. In: Neotropical Wildlif~e Use arid Conservation, J .G .  
Robinson and K.H. Redford (eds.). IJ~iiversity of &icago Press. Chicago ( i n  press.) 



ENVIRONMENTAL REGULATION OF GREEN TUIRTLE BREEDING IN 
EASTERN AUSTRALIA 

Colin J. Lin~pus 
Queensland National Parks and Wildlife Service, Townsville, 48 10, Australia 

The number of female green turtles, Chelonia mydas, nesting annually at Heron Island in the southern 
Great Barrier Reef has fluctuated through three orders of magnitude from year to year (Figure 1) since 
monitoring of the Heron Island population became a Queensland Turtle ]Research Project in 1974. The 
numbers of green turtles nesting annually on the other major eastern Australian rookeries fluctuate 
approximately in parallel with those at Heron Island (Linipus unpobl. data). No corresponding relationship 
has been identified for the other sea turtle species. Large fluctuations in numbers of nesting green turtles 
in successive breeding seasons are not just a recent event. "Great Numbers" of green turtles (=courting 
and migrating turtles) were available for capture by aboriginal turtle hunters in southern Torres Strait in the 
spring of 1846, but the 1847 and 1848 seasons were both "very bad seasons", and the 1849 season had 
"not been a very good season" (Moore 1979, p.210). Moorehouse (1933) describes reduced numbers 
nesting at Heron Island in the 1928-1929 season and approximately average nesting numbers in 1929-1930 
(when compared to recently recorded nightly nesting numb'er!i). In 15149-1950 there were very low 
numbers of green turtles nesting at Heron Island and Northwt:st Island, but average to above average 
numbers nesting at Northwest Island the following season (Limpus unpubl. data). 

Using Darwin atmospheric pressilre as an index of the ENSO (El Niiio Southern Oscillation) weather 
phenomenon, Limpus and Nicholls (1988) demonstrated a positive correlation between the numbers of 
green turtles nesting at each of Heron Island and Raine Island ar~d the ENSO effect. These rookeries lie 
towards tlie opposite ends of the Great Barrier Reef. The strongest correlation was found with the Darwin 
atmospheric pressure averaged over the November-January period 2 years before the nesting season 
(r=0.78 for Heron Island where total annual nesting populations were recorded; r=0.74 for Raine Island 
where the nightly average number of nesting females ashore on tht: island in early December was used as a 
measure of annual nesting density; see Figure 2.) 

In recent decades there has been no indication of significant annual fluctuations in tlie numbers of green 
turtles resident in feeding grounds that supply females to these rookeries. Since 1983, studies have been in 
progress in eastern and northern Australia to assess the annual breeding status of adult female green turtles 
in their feeding grounds. Adult female green turtles that live year round on Heron and Wistari Reefs 
adjacent to Heron Island and which nest at the southern Great I3arrier Reef rookeries (including Heron 
Island) were examined by laparoscopy (Linipus and Reed 1985a). Adult female green turtles from the 
coastal area of the southwest Gulf of Carpentaria include females which migrate to nest at Raine Island, and 
some of these turtles were dissected to determine their breeding sta~tus after their death following a cyclonic 
stranding (Limpus and Reed 1985b). The proportioli of adult female green turtles present in each of these 
widely separated feeding grounds that was recorded in vitellogenesi:r, or reco~rded as having bred in any one 
year, varied widely from year to year (Figure 3). These data indicate that ch~anges in annual breeding rates 
of adult female green turtles as recorded in their feeding grounds (range: 50-60% in 1984, < 10% in 1983) 
are large enough to accou~it for the annual fluctuations in nesting numbers recorded at the nesting beaches. 

Tlie individual female green turtle does not breed annually. For each there is a sequence of preparation 
spanning more than a year that precedes tlie first nesting for a breeding season: a fat depositiori phase 
begins niore than a year before the first nesting:  itel el lo genesis begins approximately 10 ~iiotiths before: 
niigration to courtship occurs some weeks before: coul.tship occ:urs approxiniately four weeks before: 
ovulation occurs approxiniately two weeks before. Tlie E N S 0  effect apparently l.egulates annual green 
turtle breeding ~iurnbers at tlie rookeries by influencing tlie proportion of adults in tlie feeding ground that 
corn mences preparation for breeding i n  ally olie yen 1.. l'lie two veal. t i  rile delav between tlie nieasuretl 
climatic event (November-January Da~.witi at~iiosplieric pressure) and micl-nesting sensol, results ~iiostly 
from the extended tinie needed by the fe~iiale to prepare for a breeding season. The niechanistn by which 



the ENS0 effect operates on the environment andlor green lurtles to initiate preparation for breeding h a  
yet to he determined. 

Because cliniatic effects can influence annual breeding numbers, therle i s  a need for cautiori when \rcirig 
only a few years of observations of annual breeding numbers as the basis for judging whether or not a 
nesting population of green turtles is changing in numbers. Using that parameter by itself, i t  i s  probably 
necessary to maintain decades of monitoring of annual breeding numbers before the stability of a population 
can be determined ~~eliably. By linking the number of breedir~g females at the rookeries with the proportion 
of adults in the feeding grounds that were breeding for that season, iit should be possible to estimate the 
total number of adult females in  the entire feeding range. Through this approach to estimating population 
size, i t  may be possible to identify population trends in a shorter period (of time. 

I n  the short term. identification of a correlation between an index of the ENS0 effect and green turtle 
nesting density at individual rookeries two years later has the potential for improved planning for turtle 
management. especially in the Australasian region where eggs), courting; turtles, andlor nesting females are 
harvested. For example, i t  could allow better anticipation of  the logistical support needed i n  egg 
protectionlhatchery projects or could allow for the setting of a1 harvest quota tuned to the particular nesting 
season. 
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Figure I. Fluctuations i n  annual nesting populations of sea turtles at Heron Island. Closed circles 
represent data collected within the Queensland Turtle Researcll Project since 1974. Open circles represen.t 
approximate values obtained from various publications by Dr. E1.R. Busta~rd. 

Figure 2 .  Scatter diagram showing correlation betweeti riie;lli Nove~iiber-January Darwin at~iiosplieric 
pressure and green turtle nesting numbers 2 years later. After 1,impus and Nicholls (1988). 

Figure 3. Data illustrating the correlatio~i between t l i r  p~.oportion ol adult feniale gl.eeli turtles tliat bred ill 
nriy one season year froni each of 2 utirelated teeding ground5 aiid tl ie ~iriiiiher ot greeii turtles that nested 
on Heron Island in the same season Squares deiiote He~.on a~ id  W~<II;~I i Kerf fre(ling ground sa~iiples. 
Triangles denote cyclone Kathy stranded turtles froni soutIiwesft~~'~i Gull of Carpentaria 
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FORAGING AREA FIDELITY FOLLOWING BREEDING IV[IGRATIONS IN 
CAREITA CAREITA 

Colin J. Llmpus 
Queeiisland National Parks and Wildlife Service, 'Townsville, 4810, Australia 

The marine turtles resident on the coral reefs adjacent to Heron Island i n  the southern Great Barrier Reef 
have been under continual research since 1974 (Limpus and Walter 1980, Limpus et al. 1984, Limpus and 
Reed 1985). Also included among these turtles were adult femalie Caretta !:arena that were recorded during 
breeding migrations away from the foraging area. Tliese turtles are the subject o f  this report. 

METHODS AND STUDY SITES 

The turtles were captured by the rodeo capture method, tagged with one or more monel and/or titanium 
flipper tags and, i n  sollie instances, exariiilied laparoscopically to determine current breeding status (Limpus 
atid Reed 1985). Turtles were captured regularly on Heron Reef and adjaceht Wistari Reef, lagoonal 
platform reefs within the Capricorn Group o f  the southern Great Barrier Reef i n  Queensland, from 1974 to 
the present time. Heron Reef has an area o f  approximately 28 kni2 surrounding Heron Island. Wistari 
Reef is slightly snialler and lies I. 1 km west of  Hero11 Reef. Turtle nesting; has been monitored on beaches 
and islands encompassing the niajor part o f  the nesting distril3ution of  - -  C. caretta i n  eastern Australia: 
annually on several islands o f  the Capricorn Group, including Heron Island and Wreck Island, since 1974; 
annually on several beaches on the adjacent n~a i l~ land  to the solrth o f  Herron Reef, including M o n  Repos 
and adjacent Kellys Beach near Bundaberg and Wreck Rock, since 1968; occasionally on islands of the 
Swain Reefs, includii ig Pryce Cay and Moon Cay, to tlie north o f  Heron Reef since 1976. The nesting 
season for - -  C. caretta in  this region extends froin late October to al~proxiniately late February. 

RESULTS 

D u r i n g  1974-1985, which was the period o f  niost intense :ampling o f  He ron  and Wistar i  Reefs, 
approximately 300 _C. caretta were captured, including nine adult female _C. carena that lived on these reefs 
outside o f  the liesting season and subsequently were recaptured at a nesting beach. The history o f  captures, 
including captures Lxfore and after the main study period, of each o f  these nine females is summarized i n  
Table 1. Laparoscopic exa~ii inatio~i o f  sonie females in the latter years o f  tlhe study showed that each turtle 
did not breed annually (turtles 2912, X54, X2031, X2606, X2777). The females inhabit ing the one 
foraging area were not synchronized i n  their breeding years ant3 bred at irregular remigration intervals. 
Turt les f rom the one foraging area were not a l l  recorded nesting at the one rookery but dispersed 
throughout the 350 km north to south breeding range for the species i n  eastern Australia. Individuals were 
recorded nesting 97-192 km and in  different directions from theii- home reefs. I n  addition, these feniales 
were not recorded nesting on the Capricorn Group - -  C, caretta rookeries o f  Heron, Wreck, o r  Erskine 
Islands which l ie within 2-16 km of the foraging area for each of these turtle:~. 

Eight o f  the nine feniales recorded on a breeding migration froni these reefal foraging areas subsequently 
returned at tlie end o f  their post-breeding migration to the same reef at whiclh they were originally captured. 
Contact with the nirith female (turtle X198) appears to have beell lost. Returns to the sanie reef following 
up to three colisecutive breeding migrations by tlie saliie female (turtle 5330) were recorded. These turtles 
displayed a similar degree of fidelity to their lionie foraging area as they did to their respective nesting 
beaches. Each was able to locate and returtl to a specific reef among a 1~1rge array of reefs after having 
travelled 97-192 kni away frotn that reef. 

DISCUSSION 

'The presence o f  an adult f'eriiale sea turtlc livitig for years witliiri sight of a rookery used bv her species 
cannot by itself be used as evidelice for tion-migratory hehaviclr by sonie females. The present study 



indicates that, when she does breed, she does not nest at the closest a~vailable, suitable rookery but migrates 
to a niore distant site and subsquently returns to her home foraging area. All females inhabiting the one 
foraging area do not necessarily nest at the same rookery, but the onle female typically returns to the same 
rookery for successive breeding seasons. This study has demonstra~ted that the failure to record each C. 
caretta annually at a nesting beach was not primarily the result of their changing rookeries or k i n g  niissed -- 
in beach surveys but resulted from individual females not breeding a~nnually. The fidelity to a rookery by 
tlie breeding adult sea turtle has traditionally been presented as evidence that the female returns to breed at 
the rookery of her birth. This study has demonstrated thac at least <:. caretta can have comparable fidelity 
to a foraging area and to a distant rookery. If she can learn to assoctlte with one area at which she was not 
born during tlie course of her life, it is reasonable to assume that she could be capable of learning to 
recognize and relocate additional sites - perhaps even a rookery where she was not born. A study of the 
mechanism by which the adult or  near adult turtle learns to recognize a specific foraging area and 
subsequently relocate it during a migration may provide some new insights into sea turtles navigation. Such 
new insights are needed for designing new experiments for testing theories to increase our understanding of 
sea turtle rookery selection. 
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Table 1. Foraging area and nesting beach capture records for nine .Caretta caretta resident on Heron 
and Wistari Reefs. 

Tag Capture Records 

2912 RECORDED nesting at Mon Repos in the 1968, 1970, and 1973 breeding seasons (2 and 3 
year remigration intervals). RECAPTURED at Heron Relef 03 Nov. 1974, 156 km from Mon 
Repos. Captured 17 times at Heron Reef during 1974- 1984. LAPAROSCOPIC examination 
(Feb. 1984) showed she had not bred i n  1981, 1982, or 1983 but she was vitellogenic i n  
1984. Returned to Mon Repos 16 Dec. 1984 (1 1 year re:niigration interval). Laid 3 clutches 
for the season. RECAPTURED several times annually at Heron Reef during 1985- 1988, and 
annual laparascopic exaniination showed that she did not breed in these 4 years. 

5330 FIRST tagged while nesting at Mon Repos 24 Nov. 1972. Laid at least 2 clutches at Mon 
Repos and adjacent Kellys Beacli (approx. 4 kt11 fro111 Moll Repos). RECAPTURED once on 
Wistari Reef, 156 km from Mon Repos, during 1975. Recaptured nesting at Mon Repos on 14 
Dec. 1975 (3 year remigration interval). Also nested at Kellys Beach. Laid at least 2 clutches 
for season. RECAPTURED ollce at Wistari Reef during 1976-1979. Returned to Moll Repos 
10 Dec. 1979 (4 year ren~igration interval). Lait1 3 clutch~~s for seasoli at Mon Repos. Bargara 
(a beach between Mon Repos and Kellys Beach) and Kelllys Beach. RECAPTURED once at 
Wistari Reef during 1980-1982. Returned to K1:llys Beacli 20 Dec. 1982 (3 year remigration 
interval). Recorded laying only 1 clutcli for ceason RECAPTURED once at Wistari Reef 
during 1983-1985. Returned to Mon Rel~os ;!7 N o \ .  1985 (3 year remigration interval). 
Recorded laying only one clutch for season 



Table 1 .  continued. 

10779 FIRST tagged while nc-ling at Mon Repos on 16 Ian. 1974. Appears to have laid only one 
clutch for season. RFKAPTURED 3 times at Heron Reef during 1975- 1982. Returned to Mon 
Repos 09 Dec. 1982 (9 year reniigration interval). Laid three clutches for season. 
RECAPTURED at Heron Reef 13 Feb. 1985. Laparoscopic examination showed she had not 
bred in 1983 or 1984 seasons and she was not v~tellogenic in 1985. RETURNED to Mon 
R e p s  16 Dec. 1986 (4 year remigration interval). Laid three clutches for season, nesting on 
Mon Repos and nearby Kellys Beach. Returned to Mon Repos in Dec. 1988 (2 year 
remigration interval). Laid three clutches at Mon Repos and K.ellys Beach. 

FIRST tagged while nesting at Mon Repos on 15 Jan. 1975. Appears to have laid only one 
clutcll for season. RECAPTURED 4 times at Heron Reef, 156 km from rookery, during 1975- 
1978. Departed Heron Reef on approximately 26 Oct. 1978. Arrived at Mon R e p s  on 02 
Dec. 1978 (approx. 37 days later) (4 year remigration interval). Laid five clutches for season. 
RECAPTURED once at Heron Reef during 1979- 1981. Returned to Mon Repos on 6 Dec. 
1981 (3 year remigration interval) and recorded to lay one c l ~ ~ t c h  for season. RECAPTURED 
29 times at Heron Reef and one time at adjacent Wistari Reef during 1982-1985. Annual 
laparoscopic examination showed that she was not vitelloge~lic in 1982, 1983, or 1984, but was 
vitellogenic in 1985. Departed Heron Reef 24-26 Oct. 1985. Returned to Mon R e p s  on 30 
Nov. 1985 (approx. 36 days later) (4 year remigratio~i interval). Laid 4 clutches for season. 

XI98 FIRST tagged while nesting at Mon Repos on 15 Dec. 1974. Laid at least 2 clutches for season. 
RECAPTURED 2 times at Heron Reef, one time at Wistari Reef and 3 times at Heron Reef, 
156 km from Mon Repos, during 1974-1984. Returned to Mon Repos on 3 Dec. 1984 (10 
year remigration interval). Recorded laying one clutch for season. (No subsequent recaptures.) 

X2031 FIRST tagged at Heron Reef 12 May 1975. Captured 25 times on Heron Reef during 1975- 
1985. Laparoscopic examination (July 1985) showed she had not bred in 1983 or 1984 but was 
vitellogenic in 1985. Recaptured nesting at Moon Cay on 07 Jan. 1986, 192 km from Heron 
Reef. RECAPTURED three times at Heron Reef during 1986-1987. Laparoscopic examiliation 
(Mar. 1987) showed she did not breed in  1986 and was not vitellogenic in 1987. 

X2352 FIRST tagged at Wistari Reef 06 May 1976. Captured 4 times at Wistari Reef during 1976- 
1978. Recaptured nesting at Wreck Rock, 97 km away, on 20 Dec. 1978 and 17 Jan. 1979. 
RECAPTURED two times at Wistari Reef during 1979-1982. :Recorded back nesting at Wreck 
Rock on 27 Dec. 1983 (5 year remigration interval). RECAPTURED at Wistari Reef 16 Aug. 
1985. 

X2606 FIRST tagged 10 May 1976 at Heron Reef. Next captirred nesting at Mon Repos, 156 km 
distant, I I Dec. 1976. Laid four clutches for season. RECAPTURED 19 tinies at Heron Reef 
during 1977-1983. Laparoscopic examination (Feh. 1983) showed that she had not bred i l l  

198 1 or 1982 and that she was not vitellogerlic i n  19811. 

X2777 FIRST tagged at Wistari Reef 23 May 1977. Captured three times at Wistari Reef during 1975- 
1978. Recaptured nesting at Wreck Rock. 97 k n ~  from Wistari Reef on 23 Dec. 1978. 
RECAPTURED at Wistari Reef 24 Oct. 1979. Reca~ltured nesl'ing at Wreck Rock on 30 Dec. 
1982 (4 year remigration interval) Laid at least two clutchc~ for season. RECAPTURED at 
Wistari Reef on 30 Aug. 1985. Laparoscopic exa~nination sllowed she had not bred in 1983 or 
1984 but that she was vitellogenic in 1985 (No subsequent neqting records.) 



MAGNETIC ORIENTATION BY HATCHLING LOGGERHE'AD SEA TURTLES 

Kenneth J .  I ~ h m a n n  
ru'cural and Behavioral Biology Program, University of liiinois. Champaign-Urbana, Illinois 61 820 USA 

Laboratory experiments were conducted to test the ability of loggerheacl sea turtle hatchlings (Caretta 
caretta) to orient using the magnetic field of the earth. Hatchlings were tethered to a rotatable lever-arm 
apparatus which tracked swimming orientation in complete darkness. The orientation tank was enclosed by 
a Rubens coil that could be used to reverse the horizontal cornpollent of the geomagnetic field. All turtles 
were initially placed into the tank in the earth's magnetic field (coil off) with a light in the east. Hatchlings 
were permitted to swim toward the light for one hour or longer be,fore it wa:s turned off. The orientation of 
turtles swirliming in complete darkness under one of two ambient niagn~etic field conditions was then 
monitored for several hours. Half of the turtles were tested in the unaltered magnetic field of the earth. 
The other half were tested with the horizontal component of the ea~rth's field reversed by the Rubens coil. 

Initial experi~nentsndicated that turtles usually swam around the perimeter of the circular orientation tank 
repeatedly after 1i"hts were turned off. From time to time, however, turtles stopped circling and swam 
toward a specific ection for several (usually 3-10) minutes beiore circli~ng again. In darkness, turtles W thus typically alteffiated between relatively short periods of oriented swimming and longer periods of 
circling. A singlerean angle (representing the average direction a turtle swam toward when not circling) 
was calculated for ach of 16 turtles tested in the earth's field and 16 turtles tested in the reversed magnetic 
field. 4 

+! 
Turtles were non-$andon~ly oriented in both fields. The mean angle for the (group tested in the earth's field 
was 42 degrees, apd 14 of 16 animals had individual mean angles between magnetic north and east. The 
group tested in thC reversed field had a mean angle of 197 degrees. Thus, when the magnetic field was 
shifted 180 degrees, the mean angle of turtle orientation showed a correspon~ding shift of 155 degrees. The 
distributions under' the two magnetic field conditions were significantly different, indicating that loggerhead 
sea turtle hatchlin can detect the magnetic field of the earth and use it as <a cue in orientation. The role 
of magnetic field $ection in the migrations of sea turtles has not been determined. 

?. < 



ARE SFA TLTRTLES ATTRACTED TO PETROLEUM PLATFORMS? 
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39568- 1207 USA 

INTRODUCTION 

More than 4,000 platforms are documented i n  the 1988 U.S. Coast Guard data base offshore of Louisiana. 
Current regi~lations require the removal of nonproductive pet~roleun~ platforms from federal waters. A 
common niethod uses explosives to shear the platform's support ~~'ructures below the sediment line. 

Ldoggerhead (Caretta -- caretta) and hawksbill (Eretmochelys -- imbricata) sea turtles have been reported to 
frequent hard bottoms and underwater structures. In the northern Gulf of Mexico, loggerheads are 
probably the nlost common sea turtle; hawksbills are believed to be uncommlon. All sea turtles in the Gulf 
are federally protected species. The probability of sea turtles being near platforms, and perhaps impacted 
by the explosions used to remove platforms, has not been reportecl. 

In June 1988. supported by Minerals Management Service's Environmential Studies Program, we began a 
12 month study of the association between sea turtles and platforms offshore of Louisiana. Our study was 
pri~narily designed to study whether sea turtles are attracted to platforms. There are three other research 
questions having direct bearing on sea turtle conservation and addressed by our study: I) are sea turtles 
similarly abundant anlong different habitats, 2) are sea turtles sin.~ilarly abundant seasonally, and 3) are any 
other marine animals reliable indicators of habitats preferred by sc:a turtles? 

METHODS 

Five study areas, ranging from about 900 to 1300 km2, offshort: of Louisiana were selected. Areas with 
varying platform densities, ranging from none to many per unit area. occur in each study area. Sediment 
types vary anlong study areas. Water depths range from about 2 to 200 nl  but, in each study area, water 
depth is a constant anlong the differing platform density areas. One study area is east of the Mississippi 
River and near the Chandeleur Islands. These islands are used by nesting loggerheads. The other four 
study areas are west of the river, not near any known sea turtle nesting beaches, and range froni near shore 
to about 150 km offshore. 

We used data from the June through December surveys for analy:iis. Each study area was surveyed 4 or 5 
times, depending on randoni selection, per month. Each survey consisted of a series of systeniatic transects 
from a single randon1 starting location in each study area. Systenlatic transects insured similar coverage of 
the different platforni density areas. 

A Twin-Otter aircraft was flown at 229 m altitltde and about 204 km/h ground speed. Two observers. one 
on each side of the aircraft, reported observations to the computer opel.ator. Two types of sea turtles. 
leatherbacks (Dermochelys coriacea) and Cllelonids (hard-shelled sea turtles), were easily differentiated. 
Chelonids were segregated to most probable species or classed as unidc~ltiti~ed. The nla,jority of Chelonids 
were either loggerheads or not identified: Ilerein Cllelonids are treatctl as a group. Tile conll)uter was 
interfaced with a LORAN-C receiver and autonlaticall!, r.ecortlet1 tllr study area. date. tinle. a11tl locatioll for 
each data record. Many observer supplied variables descl.ibed the sur\,e! environnlen t and ani nlal bellavior. 
A high resolution video camera, mounted i n  a open portllole. reco.ded the ttansect tracklines. 



Line transect data analysis methods were used to estimate surfaced s a ~  turtle abundance. For this paper we 
used two methods to study sea turtle association with pl~ttforms. We generated 10 repetitions of 100 
ratidoni points in  each study nrea. Correlations betweer~ the diste~nces from each point to tlie nearest 
platform and the nearest turtle location were tested with Kendalll's measure of rank association arid 
Spearman's measure of rank correlation. The cumulative ~probabiliti~es of observed and expected distances 
from turtle locations to the nearest platforms (Haniill and Wright, 1986. Ecology 67:952-957) were 
compared. We used radii increasing in 100 m increments tl3 compare observed versus expected numbers of 
turtle sightings per distance interval. Evidence of attraction or repulsilon was examined for significance with 
the Kolmogorov test statistic. 

From June through December, a total of 142 sea turtles have been sighted. Thirteen have been 
leatherbacks, the other 129 have been Chelonids. Eight (62%) of the leatherbacks have been observed in 
one study area west of the river, usually associated with jellyfish. Surfaced Chelonid abundance was 
dissimilar among study areas. Seventy-eight (60%) of the Chelonids have been observed in the study area 
offshore of the Chandeleur Islands. In that study area, the average:d June through November density of 
surfaced Chelonids was 0.028 turtles/km2, much greater th~an the average surfaced Chelonid densities for 
the same time period in the other four study areas (range 0.007 to 0.001 turtles/krn2). 

Chelonids offshore of the Chandeleur Islands have been significantly associated with platforms. Both 
Kendi~ll's and Spearman's tests found Chelonid locations p~sitively correlated witli platforms (P < 0.01). 
Hamill and Wright's (1986) test for dispersion indicated the associatio~n became significant in the 900-1,000 
m distance interval (P < 0.05), and maxiniu~n significance 'occurred in the 4,800-4.900 m distance interval 
(P < 0.001). 

Surfaced Chelonids were not associated with platfor~ns in the other study areas (Kendall's and Spearman's 
tests; P > 0.20 for these studies). Results from the tests for dispersion indicated Chelonids were somewhat 
repulsed from the platforms in two of the study areas and randomly dispersed in the other study area. Too 
few sea turtles have been sighted i n  the deep water study area to allow significance testing. 

Surfaced Chelonids in  the study area offshore of the Clian(leleur Isla~nds have been most abundant in the 
southern portion, tlie area where platforms are most abundant. Fourteen percent of the turtles have been 
within 500 ni of a platform, 30% within 1,000 m, and 45% within 1,500 m. West of the river, 7% of the 
surfaced turtles have been within 500 m, 14% within I ,OCO m,  and 23% within 1,500 m of the nearest 
platform. 

If we assume adult loggerheads spend about 8% of the daylight hours on the surface (Nelson et al., 1987, 
NOAA Tech. Rept. NMFS 53:31), we can use a factor of 12.5 to calibrate estimated surfaced turtle 
abundance to total loggerhead sea turtle abundance. If we assunle that the Chelonids are not territorial, that 
is, one turtle being near a platform does not affect tlie probability of another being nearby, and then 
randomly pick a Chandeleur Island study area platform, t1.1e probability of one or more Chelonids being 
within 500 m would be about 0.27, within 1,000 m about 08.50, and ~witl i in 1.500 ni about 0.65. West of 
the river, the probability of one or more Clielonids being within 500 m of a randomly selected platform 
would be about 0.04, within 1,000 m about 0.08, and within 1,500 rn about 0.13. 

DISCUSSION AND CONCLUSIONS 

Offshore of the Chandeleur Islands, tlie greater abunda~ice of sea turtles. along with either an attraction for 
platforms or an attraction for the platforni area, increases tlie probability that a Chelonid. probably a 
loggerhead, will be near a platform. West of the river. because Chelonids are more unconinion and 
because they do not appear to be attracted to platfol.nis or platfo~rii areas. the probability of a sea turtle 
being near a platform is much less, hut not inconseq~~c~~tial. 



LOGGERHEAD SEA TURTLE NESTING: KIPARISSIA BAY,, GREECE 

Dimitris Margaritoulis 
Sea Turtle Protection Society. Y.O.  Box 51 154. GR- 145 10 Kifissia. Greecr 

Three species of marine turtles are found in  the Mediterranean; t8he loggerh~ead turtle (Caretta caretta), the 
green turtle (Chelonia rnydas), and the leatherback turtle (Der~nochelys - coriacea). Of these, only the 
loggerhead turtle is known to nest on the Greek shoreline. Extremely imprtant nesting areas for Caretta 
were discovered in  1977 on the island of Zakynthos (Margaritoulis 1982), where the n ia i~ i  co~iservation 
effort and research concentrate. Nevertheless, regular nesting by Caretta occurs in  other areas, too. One 
of them i s  the coast of Kiparissia Bay (Figure 1) on the western f'eloponnesus. This area i s  characterized 
by extensive sandy beaches and very low housing and tourist develc~pnient. 

Dur ing 1987, 44 krn of sandy beach along the Bay were surveyed regullarly using A l l  Terrain Cycles 
(ATCs). Nesting started on 10 June and ceased on 24 August. D ~ ~ r i n g  this period, 1,534 loggerhead turtle 
emergences, including 598 successful nestings, were recorded. Nesting co~nce~itrated in the southern part 
of the Bay where nesting density reached 86.8 neststkm. 

A 3 kni beach length, at the most turtle-frequented sector, was patrolled om foot during the night by two 
tagging teams. Turtles were allowed to nest and were then tagged: i f  the turtle was already tagged, tlie tag 
number@) were recorded. Tags were applied to tlie trailing edge of the fbre or hind flippers. Prior to 
tagging, the flippers were examined at the standard tagging sites for scars or t callouses attributed to lost tags. 
Three types of tags were used: monel No. 49, nionel No. 681, and plastic "rototags". Seventy-four adult 
female turtles were encountered during the season. O f  these, 27 individuals were seen again during the 
sanie season. The mean inter-nesting interval was found to be 15.2 days. ]Prior to (or following) tagging, 
four carapace dimensions were measured. Mean curved carapace length was 83.1 cm (sd=4.7, n = 72). 
which confirms further the fact that loggerheads nesting in Greece are snialler than loggerheads nesting in  
other parts of the world (Margaritoulis 1982). 

A l l  nests laid in  a 1.6 km sample beach sector were monitored during the :season to determine their fate. 
From 9 1 nests found in  this sector, 44 (48.4%) had been distl~rbed by predators (but orily three were 
totally destroyed) and 27 (29.7%) had been inundated at least once by seawater. The primary nest 
predators were the red fox (Vulpes vulpes) and stray dogs. I!xcavatiom o f  uridisturbed nests, after 
termination o f  hatchling, showed that the percentage of emerged hatchlings was 54.9%. Most of the 
depredated and/or inundated nests also produced hatchlings, but their hatch rate was lower. Clutch size. 
determined by excavation o f  nests after termination of hatching, was found to be 1 17.7 eggs (sd = 22.7, 
n=52 clutches). Incubation period, i.e., the elapsed time in  days from oviposition until the appearance of 
the first hatchling on the surface, was 55.5 days (sd=6.2, n=50). 

An experimental beach hatchery was established on the high bt:ach where 10 nests (1,079 eggs) were 
transplanted within 12. hours of oviposition. The overall hatch rate in the hatchery was 63.7%; higher than 
the mean hatch rate of nests incubated in situ (54.9%). Taking into account the loss due to nest predation 
and inundation, the difference becomes even more significant. 
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NOTES ON THE REPRODUCTION OF THk ht:hlI"S RID1,EY AT RANCHO \CJE\'O 
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It has been observed for sonietime that fecundity seems related to age. Older turtles are more prolific, in 
that they lay more eggs per nest and more nests per season than younger turtles. During tlie 1988 season, 
survivorship arid clutch size were analyzed as a function of age (number of seasons that a feniale turtle is 
observed at the nesting beach). Hypotheses derived froni these analyses must be tested with further 
statistical studies. 

METHODS 

The reproductive behavior of two age groups was analyzed during the 1988 season. the neophytes (or 
"young") nesting turtles and the remigrants (or "old") nesting turtles. Our sample size comprised 390 
neophyte and 120 reniigrant Kemp's ridley (Lepidochelys ken@) turtlea and the nests and hatchlings 
produced by each of these groups. A turtle is c o n s i d e r e d ~ ~ e ~ i i i ~ r a n t  or "old" turtle if  i t  nests at the 
Rancho Nt~evo beach and bears a tagging scar or a flipper tag of any kind that is recognized as our tag. 
Any turtle that arrives to nest but does not have a tag or tagging scar is considered a neophyte or "young" 
turtle. 

RESULTS 

TIie nuniber of eggs (clutch size) is affected by i~iternal phys~ological factors, one being tlie age of the 
turtle. As i n  previous years, reniigrant females exhibited higher fecunldity than neophytes. The mean 
number of eggs laid per clutch by reniigra~its and neophytc:~ for totitl visits was 104.6 and 101.5, 
respectively (Table I). A better rate of hatching success for large clutches () I20 eggs) laid by reniigra~its 
was observed (8.5% for remigrants versus 73.9% for neophytes) (Table 2) indicating that older turtles lnay 
achieve more reproductive success. However, predation should also be included in these analyses to avoid 
biased results, but the effect of predation has not yet been measured statisticillly. 

Individual females laid from one to three or (sometimes) four nests during the season. The mean obtained 
for 1988 was 1.47 neststturtle for all females, 1.55 neststturtle for remigrants, and 1.45 neststturtle for 
neophytes (Table l ) ,  but these ratios are expected to change each season and must be evaluated annually. 
From these ratios i t  is possible to estimate tlie total quantity of eggs produced annually by each age group, 
with remig~,ants and neophytes laying an average of 162.1 eggstturtle and 146.7 eggstturtle, respectively. 

The majority of sea turtle species exhibit a relatively constant internesting interval between corlsecutive 
nestings throughout a season and for all ages of turtles, but tlis may not be the case witli the Kenip's 
ridley. If  we analyze the internesting interval of all Rancho I\luevo nesting females, we find tlie nlost 
coninion intervals to be 26-30 days. However. if  we analyze sepn~ately for tlie two age groups (Figures IA. 
IB), differences of beliaviour between the old and y o u n g  tul.tles call be found. 111 this case. tl~ere are 
apparently two internesting intervals comnlonly exhibited by the rc.111 igrnn ts. one internesting inter\lnl Iwi ng 
18-20 days and the other being approximately 38 days. This hehn1:iour is le:ss clear for neophytes. 

Because weather at ttie nesting bench cl~nnges tlu~.i~ig tile ~irstilig c t ~ ~ s o l ~ .  I'l.orii ccml to u:ar.lii ant1 Il.orn dl.? -. to wet, i t  rollows that tlie elal)sed time of i~lcuhation i s  nrfectecl In tlirse c.lia~~ges. 111~1s. iiests tlint are Initl 
at the beginning of the season (cool and dry) will exliibit a longer periocl of  incubation than nests laid at the 
end of the season (warm and wet). We observed that tlie variatio~i i l l  iric~rbatioli prrintl is greater lor 



neophytes than remigrants. Furthermore, in the case of the neophyt~:s, the nests obtained during July were 
maintninecl in  l~olyuretliane boxes and did not follow the normal pattern of incubation exhibited by the 
renrigrnnts. 

Mean clutcli size affects the elapsetl time of incuhatiotr. in that incubation timc i s  inversely related to clutch 
size. Again, this behaviour is shown more clearly by the remigranl turtles than by the neophytes. 
Incubation time decreases at tlie rate of T = -0.032 days for each increment of five eggs in the clutch, and 
this rate is valid for clutch sizes of 25-150 eggs, resulting in a range of 48-55 clays of incubation. 

I n  addition, incubation success i s  directly related to clutch size for artother reason, in that the proportion of 
hatclilings increases directly with the number of eggs in a clutch itp to an optimal range between 102-1 1 1  
eggs. Smaller clutches are, perhaps, niore vulnerable than larger cl~~tclies to the wetness or dryness of the 
weather. Similarly, in  larger clutches ( >  106 eggslclutch), the  eight of tlhe upper layers of eggs may 
damage the lower layers. Therefore, during the 1988 season, all Rancho Nue:vo clutches in exccss of 119 
eggs were subdivided for incubation to enhance the hatching success rate of the larger clutches (Table 2) 
which normally exhibit lower hatching success rates than medium sized clutches. I n  previous seasons, 
mean hatching success for all nests was 570%. while mean hatching success of tlie larger clutches was 
<60%. - 

The mean nuniber of hatchlings per nest is related to an optimum elapsed time of incubation as well as to 
clutch size. I n  1988, optimum hatching success occurred within a range: of 48-52 days for neophyte 
ridleys and 50-53 days for remigrants. Over and under these ranges, hatching success decreased. 

Hatching success varies with season. I n  1988, tlie best yieltl was obtained from those nests laid during 
May, but a clear difference between neophytes and remigrants for this behavior was not apparent. 
Remigrants but not neophytes exhibited higher hatching success in May relative to other months. May and 
the beginning of June were also the months when the "old" turtles exhibited the highest nesting frequency. 
Hatching success was affected adversely by the weather; April was cold and dry and July had heavy rains. 

I n  summary, remigrant ("old") Kenip's ridleys exhibited higher fecundity than ~teophyte ("young") animals 
because of a more condensed (short) nesting season, larger clutch sizes, and shorter internesting intervals 
between consecutive nestings (Table I ) ,  but the vagaries of weather also play a big part in  overall hatchling 
production. I t  is also necessary to investigate whether the nest site chosen by remigrants is, in general, 
niore fit than tlie average nest site chosen by neophytes. I f  so, a behavior pattern of this kind would be 
expected to affect the differential survival rates of the two age groups. 



Table 1. Relation of egg and hatchl~ng produalon. between neophyte ("young") and remlgrant ("old") 
Kemp's ridley tunles dunng tht 1988 Rancho Nuevo~ nesting season. 

I 1st Nesting Visit I 2nd Nesting Visit I 3rd Nesting Visit I 7 h ~ 1  v~<irs 
--- - -- - -- -. - . - -- - - - - - - . . . . - - 

NEOPIIYTES I Nests Eggs Hatchlings 1 Nests Eggs Ilatchlings I Ncsts Eggs llatchlings I Ncsts Eggs lllttchlings 
Total 1271 27352 21393 1 96 10080 8241 1 25 2347 1675 1 392 39779 31309 
Mean 1 100.93 78.94 I 105.00 85.84 1 93.88 67.00 1 101.48 79.87 
R.F. (1 .00  1.00 1.00 1 0.354 0.37 0.39 ( 0.092 0.09 0.08 11.446 1.45 1.46 

REMIGRANTS I I I I 
Total ( 80 8329 6464 ( 34 3722 2903 1 10 916 736 1 124 12967 10103 
Mean I 104.11 80.80 I 109.47 85.38 1 91.60 73.60 1 104.57 81.48 
R.F. I1 .00 1.00 1.00 1 0.425 0.45 0.45 1 0.125 0.1 1 0.11 1 1.55 1.56 1.56 

ALL TURTLES I 1 I I 
Total 1 351 35681 27857 I I X ,  13802 11144 135 3263 2411 1 516 52746 41412 
Mean I 101.65 79.36 I 106.17 85.72 1 93.23 68.89 1 102.22 80.26 
R.F. 11.00 1.00 1.00 1 0.37 0.39 0.4 1 0.10 0.09 0.09 1 1.47 1.48 1.49 
-- 

R.F. (relative fecundity) = Propollion (relative to 1st nesting visit) of nests, eggs, and hatchlings produced on fiqt, second, 
and thitd nesting visits and (cumulatively) for total visits. 
Number of nests is equivalent to number of turtles except in the case of total visits. 

Table 2. Relative fecundity between neophyte ("young") and remigrant ("old") Kemp's ridley 
females and between large and small clutch sizes during the 1988 nesting season. 
Clutches > 120 eggs were divided in half prior to reburial 

Clutch Siu: Categories; 

(NU (< 120) (> 1 201 
Clutches Eggdclutch Eggdclutch 

Total ~lutchcs 390 330 60 
Total Eggs (E) 39536 32046 7490 

NEOPlIYTES Mean Eggdclutch 101.37 97.11 124.831 
Total Hatchlings (1-1) 31250 257 1 1 5539 
Mean Hatchlingdclutch 80.13 77.91 92.32 
%S [l00*(IUE)l 79.04 80.23 73.95 

Total Clutches 1 20 95 25 
Total Eggs (E) 12568 9352 3216 

REMIGRANTS Mean Eggdclutch 104.73 98.44 128.64 
Total Hatchlings (1i) 10028 7287 2741 
Mean I-latchlingdclutch 83.57 76.71 109.64 
%S [l0Or(IIlE)] 79.79 77.92 85.23 

Total Clutches 5 10 425 85 
'I'otal Eggs (E) 52104 41398 10706 

ALL TURTLES Mean Eggs/clu~ch 102.16 97.41 125.95 
Total Ilatchlings (11) 41278 32998 8289 
Mean tiatchlings/clutch 80.94 77.64 97.41 
%S (100*(II/E)1 79.22 79.71 77.34 



Fig. 1 A: El;lpsed Time in Days Between Nesting Kemp's RitiIey Neophytes, Rancho Nuevo, 1988 
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Fig. 1B: Elapsed Time in Days Between Nesting Kemp's Ridlley Remigrants, Rancho Nuevo, 1988 
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LONG-TERM TRENDS IN SEA TURTLE NESTING ON HUTCHIKSON ISLAND, 
FLORIDA 

R. Erik  arti in' 
Robert G .  ~rnest '  
Nancy Williams-walls1 
J. Ross wilcox2 
' ~ p p l i e d  Biology, Inc., P.O. Box 974, Jensen Beach, Florida 34958 USA 
' ~ l o r i da  Power and Light Company, P.O. Box 14000, Juno Beach. Florida ?I3408 USA 

Hutchinson Island, a barrier island 36 km i n  length located on the southeast coast o f  Florida, has long been 
recognized as an important rookery for loggerhead turtles. Systennatic sea turtle nesting surveys began on 
Hutchinson Island in  1971 when the island was relatively undeveloped. During the 18-year study period 
(1971-1988), considerable coastal construction has taken place. I n  this paper we relate several aspects of  
coastal development to the spatial distribution of loggerhead nesting on the island and examine the long-term 
trend i n  loggerhead nesting. 

I n  1971, nine survey areas (each 1.25 km in  length) were established along Hutchinson Island. These 
areas were monitored for nests and non-nesting emergences (false ~crawls) five mornings pel- week (Monday 
through Friday) throughout the nesting season. Surveys were conducted every other year from 1971 
through 1979. I n  1981 a number o f  changes were made to the program. Rather than monitoring just the 
nine survey areas, the entire Atlantic coastline o f  the island was monitored using 36 survey areas each 1 km 
long; the original nine areas were retained for comparative purposes. I n  adclition. 198 1 - 1988 surveys were 
conducted seven, rather than five, days per week and on an annual, rather than every other year. basis. 

Spatial trends in  nesting may be related to conditions encountered by turtles prior to or after emerging on 
the beach. Since the distribution of total emergences on Hutchinson Island followed the same trend as the 
distribution of nests (Figure I), the observed spatial patterns apparently ressulted from conditions affecting 
emergence rates rather than conditions encountered by turtles after they emerged. 

Extremely low emergence rates i n  the northernmost areas may be related to coastal development in  those 
areas. Areas A and B are highly developed and characterizetl by l i t t le or no dune and very sparse 
vegetation. These conditions may result i n  an i~nacceptable horizon for reproductive females (Hughes 
1974) and thus may explain low emergence rates in  these areas. Also, Areas A and B and the northern 
portion of Area C have historically been characterized by intense beachfront lighting. Since these areas are 
highly accessible to the public, i t  is probable that beachfront lighting madle human activity on the beach 
more conspicuous to turtles and therefore more o f  a deterrent to emerging. A similar combinatiorl of 
lighting and human activity was apparently responsible for conspicuously low numbers o f  elnergences and 
nests i n  Area Z. This area includes a motel with intense beachl-ront lighting adjacent to a large public 
beach which was also illuminated. 

The effects of  lights and hun~an activity on turtles were also i11ve:stigated i n  the vicinity of  a power plant 
near the center o f  the island. D u r i n g  years o f  power plant intake and discharge pipe installation. 
emergence rates were reduced on beaches adjacent to the power plant. Apparently. lights ant1 nighttime 
construction activities deterred turtles from emerging. However. afier constru~ction activities were completed 
and all structures were removed from the beach. no effect on sen lurtle nesti'ng was indicated dui.ing years 
o f  power plant operation. This lack o f  effect i s  attributable to the following factors: I )  the power plant i 5  

located more than 0.5 km west of  the beach. 2) tliel-e i s  n vrgetatec.l tlrilie between tlie p ln~ i l  and tlie beach. 
3) there is no beaclifl-otit lighting in the vicinity of' tlie plant. ancl 4)  access to the bench i s  l i~ni ted at iiigllt. 
Thus, potential disturbances to turt le nesting he l in \ io~ .  ut,it. t-illicl. e l i ~ i i i ~ i n t e t l  or  n i i~ i i r i i i zed aftel. 
construction activities were completetl. 



Similar conditions may explain why emergence and nesting rates were generally high on the southern half 
of the island where considerable development exists. Much of the development in this area is buffered by 
vegetated dunes and beachfront lighting is minimal in most areas. Though nest densities have been high on 
the developed southern half of the island, this situation is sul3ject to change. Additional residential 
structures are being built and occupancy rates of existing stru~ztures continue to increase. Associated 
increases i n  human activity on the beach at night are inevitable and maiy result i n  a decrease i n  nest 
densities. To date, the use of erosion control structures which may deter turtles from nesting has been 
limited on Hutchinson Island. However, because of the dynamic nature of' the island's Atlantic coastline, 
there is the potential for increased impacts on nesting from future c:rosion control measures. 

Long-term trends in annual nest counts may provide information concerninlg the suitability of beaches for 
sea turtle nesting. Prior to establishing the long-term trend in nesting on Hutchinson Island, we had to 
resolve differences in n~ethodologies lxtween the 197 1 - 1979 and 198 1- 1988 surveys. Since the same nine 
survey areas were monitored throughout both periods, we used nine-are:a nest counts as the basis for 
examining long-term trends. Nine-area trends paralleled whole-i!rland trends between 1981 and 1988 and 
were assumed to have represented whole-island trends throughout the entire study. Analysis of annual data 
collected from 1981 through 1988 indicated that every-other-year nest counts were not biased towards high 
or low nesting and. therefore. 1971-1979 data could be combined with 1981-1988 data to establish the 
long-term trend in nesting. Finally, we had to address the lack of weekend monitoring during the earlier 
surveys. We found that the proportion of nests recorded on weekends during 7-daylweek surveys (198 1 -  
1988) remained constant from year to year. We therefore used this proplortion to estimate total nesting 
from 5-daylweek nest counts (197 1 - 1979). 

Estimates for 1973 through 1979 (1971 data were i n  a format that precluded calculation of estimates) were 
combined with recorded data for 1981 through 1988 to establish the 16-year trend in loggerhead nesting 
(Figure 2). When the data were fit to a linear regression model and tested by means of a t-test, no 
significant (p < 0.05) increase or decrease in nesting was indicated. Though no long-term decline in 
nesting has been indicated during this period of coastal development, increases in human activity on the 
beach at night as well as additional erosion control measures are c:xpected in the future and may negatively 
impact nesting. It is imperative, therefore, that systematic sea turtle nesting surveys continue on 
Hutchinson Island. 
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A METHOD FOR EVALUATING THE EXCLUSION O F  JCII'ENIIAE SEA TURTLES 
FROM TURTLE EXCLUDER DEVICES (TEDs) 
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INTRODUCTION 

The incidental capture of sea turtles in  shrimp trawls is a significant cause: of sea turtle mortality. All sea 
turtles in IJnited States waters are Federally listed as endangered lor threatened. Current regulations require 
the use of Turtle Excluder Devices (TEDs) in specified watelrs during: certain seasons. Regulations 
requiring TED use in other areas are pending. 

TEDs evolved from simple webbing barriers to solid deflector gr,~ds and more complex "trap door" devices 
(Watson and Seidel 1980, ICES, CM 1980/B:31). Currently, six TED designs have been certified for 
colnmercial use. A candidate TED must exclude 97% of captured turtles when tested near Port Canaveral, 
Florida USA. Turtles which are captured during certification tc:sts have lbeen primarily large loggerhead 
turtles (Caretta -- caretta). Concern over TED effectiveness on :mall turtl'es, i n  particular the endangered 
Kemp's ridley (Lepidochelys kempi), prompted the need to conduct our study. 

We studied the efficiency of six TED designs. Major research questions we:re: I )  were tlie TEDs similar in  
ability to exclude sniall turtles?, 2) was the time tlie turtles spent in the TEE) siliiilar among TEDs? 

METHODS 

We used underwater observation and videography to document ?'ED performance. Six currently certified 
TEDs were selected representing three categories of TED design (Table I).  A commercial shrimp trawler 
was used to test TED-equipped trawl nets in water 6-7 m deep just offshort: of Panama City, Florida. The 
trawling speed was 4.5 kmth. Each TED was installed in a 19.8 m (65 ft) headrope length trawl in 
accordance with the TED manufactrlrers specifications. Frame and grid TED designs were tested with 
accelerator funnels. Designers of TEDs were invited to participate: i n  the trials and, at the end of the study, 
efforts were made to enhance the turtle exclirsion abilities of some TEDs. 

We obtained 150 juvenile green sea turtles (Clielonia m s )  f'rom Clearwater Marine Science Center 
(Clearwater, Florida) and used the111 as surrogate wild small sea 'turtles. T'lie turtles were about two years 
old and had a mean carapace length of 34 cm. A total of 20 turtle releases comprised each TED test. 
Each TED test was divided into two release trials (10 turtles per trial). Order of TED trial was randonily 
selected. 

Turtles were kept in  an open water enclosure in St. Andrews Diiy. Each morning turtles were removed 
rrom tlie per1 atid placed aboard the vessel. Turtles were niaintaincd on hoard i n  n covered holding tnr ik  
partially filled with circulated sea water. Once ofrsl1o1.e. individual turtles were  laced in  a weighted bag 
and sent down a niessenger wire. A diver at the nioutli of [lie trawl released tlie turtle bellitid tlie nets 
leading edge. Once i n  the TED. if tlie turtle tlid 1101 cscal)e w i t l l i ~ i  two niinittes. the turtle was nianttally 
released. Data recorded included: time from turtle release t o  T'EI) encounter. time from encorltiter to 
escape or removal, subjective turtle vitality and  u,ntcl. trt~.bitlit\ 1.n11kings. Chi-sclr~n~'e tests and Fis11c.t.'~ 
Exact Probability tests were used to conipare tlie exclusio~i nbilitir: of tile si!; TEI) tlesigns. A o~le-sitletl k -  
sample Sniirnov test was used to compare the length of time turtles sl)ctit i l l  tlie 7'17l)s. 



RESULTS 

The Chi-squ:~re test for differences i l l  probabilities indicated that 1mt all TEDs were sit~lilar i n  srllall turtle 
excli~sion (I' < 0.001, Table 1 ) .  Comparison betweeti TEDs for sninll turtle exclusion found two 
dissimilar groups of TEDs (Table 2). The Morrison. NMFS [Irlational Marine Fisheries Service], and 
Georgia top-opening TEDs were sin~ilar and fairly efficient in excluding small turtles. The Georgia bottom- 
opening, Parrish, and Saunders TEDs comprised the other group which were similar and relatively less 
efficient in snlall turtle exclusion. The times small turtles spent in the 'TEDs were not similar among 
TEDs. Significantly less time was spent in the more efficient TEDs. Most escaping turtles escaped in the 
first minute after TED encounter. Post testing nlodification to some TED designs seemed to improve their 
exclusion efficiencies. 

DISCUSSION and CONCLUSIONS 

When captured in trawls, sea turtles look for openings. In our stl~dy, the relatively clear water may have 
enhanced turtle escapement. We wanted to ensure that no turtles were killecl by our experinlent and some 
turtles might have escaped if they had been left in the TED for more than two minutes. The juvenile green 
turtles were in good health and generally very active, but it  is not known how their vitality would compare 
to wild juvenile turtles. Our experiment indicated that currently certified TEDs are not equally efficient in 
small turtle exclusiot~. Further research using this technique could improve the exclusion efficiency of 
present and future TEDs. Reducing juvenile sea turtle nlortality caused by shrimp trawls may enhance the 
survival of sea turtles. 



Table I .  Compariwn among TEDs for ability to exclude small ~rurtles I'uenty turtles were used to test 
each TED. TEDs were nu sim~lar i n  exclusion abilities (Chi-square tezt = 25.8. 5 df, P < 0.001). 

TED TYPE 
NUMBER OF TURTLES PERCENT 

ESCAPED RETAINED ESCAPED 

Soft TEDs 
Morrison 
Parrish 

Rigid Frame with Door 
NMFS* - 
Saunders -- 

Simple Grid 
Georgia Top Opening 18 
Georgia Bottom Opening** 13 

* NMFS= U.S. National Marine Fisheries Service 
** The Georgia Jumper was tested with an accelerator funnel which is not recommended by the designer. 

Table 2. Conlparisons between TEDs for efficiency of small turtle exclusion. Probability values are results 
of Fisher's exact probability tests and test the hypothesis: the TEIDs are similar in small turtle exclusion 
abilities. We accept the hypothesis if P < 0.05, the Morrison, IVMFS, and Georgia Top Opening TEDs 
were similarly efficient. The Georgia Bottom Opening, Parrish, and Saunders TEDs were similarly less 
efficient. 

TED PROBABILITIES: 
TEST NMFS GA TOP GA BOTTOM PARlRISH SAUNDERS 

MORRISON 0.05 0.24 < 0.01 < 0.01 < 0.01 

NMFS 0.38 0.02 < 0.01 < 0.01 

GA TOP 

GA BOTTOM 

PARRISH 0.24 



OCCURRENCE OF LEATHERBACK TURTLES (DEIRMOCHIELYS CORIACEA) IN 
THE BRITISH ISLES IN 1988 WITH REFERENCETO A RECORD SPECIMEN 

Peter J. Morgan 
Keeper of Zoology, Department of Zoology, National Museum 01' Wales, Cathays Park. Cardiff CF I 3NP 
Wales 

This paper presents a very preliminary analysis of British Isles turtle rec~ords received to date for 1988. 
Previously, only 2-3 individual turtles were recorded (1987), a l l  in the English Channel, although fair 
numbers of jellyfish were present. An enormous influx of m~tdusoids characterized 1988, especially 
Rhizostoma octopus and Cyanea s ~ ,  moving into the South-Western approaches-, the Celtic Sea, and the - 

English Channel. The first sighting of a leatlierback turtle (Derrnochelys coriacea) was in June, 40 miles 
northwest of Bishop Rock, and no additional sightings were reported until I August. From then until 2 
October, a total of 24 sightings and strandings were received, all in the :southwestern sea areas. Of I I 
strandings, six mortalities were directly attributable to entanglement in fishi~ng nets or lines. Another five 
strandings were too decomposed to assess cause of death. Altho~~gh ship propeller daniage was apparent, 
the animals may have been struck after death. One live specimen was recorded on a beach at Llangranog, 
Wales, on 10 September; it returned to sea before dawn on I I September. 

This number of sightings in 1988, including male and female inclividuals all in  excess of six feet carapace 
length, is almost equal to the total number of records for the same region up to 1970, as reported by 
Brongersma (1972). Interestingly, no records for 1988 have been collected from the North Sea, Scotland, 
or Northern Ireland, although 31 records for these areas were reported up to 1970. No species of turtle 
other than leatherback were reported in any of the regions. Lazell (1980) links movements of leatherbacks 
off the North American coast northwards to Iceland and Norway with the frequency of Cyanea sp. The 
1988 occurrence of leatherbacks in the British Isles is obviously linked to the concentration of medusoids. 
The main concentration of European sea turtle records in the past, however, has been in  the Bay of Biscay, 
especially in the Loire-Gironde (Chante-Maritime) (Duguy 1986) The 32 French records for 1985 were 
collected primarily in August and September, tlie same period as for the British 1988 records. 

A cursory look at published records up to 1970 (Brongersma 197;!; Figure 32) shows different occurrence 
peaks between the northern (British) areas and central areas. O r ~ e  may postulate that the record influx in 
tlie southern part of the northern zone in 1988 represents those animals normally recorded off the mid- 
French coast. This can be tested when the French records for 1988 become available. This explanation 
for the observed distribution may be too simple, however. It coulcl be that the leatherbacks normally off the 
coast of North America came across i n  larger than usual numbers in 1988 on a more southerly Gulf 
Stream track, following movenients of a major food source. It may be that there is a correlation with 
broader oceanographic shifts, the southwestern areas of Britain being affected both by the Gulf Streani and 
the Mediterranean Lusitanian influences. When more data are available, this can be checked, and it niay 
be useful to examine records of titrtles and some of the procellarid shearwaters to see if occurrences in peak 
years match. The 1988 records of leatherbacks were distributed as follows: Eire (2), Wales (9), Bristol 
Channel (3), Cornwall (3), South DevonlDorsel (7). 

It was one of these specimens which created tremendous publicity in  Br.itai#n and elsewhere. as tlie aninial 
proved to be the largest authenticated leatherback ever recorded. 'The turtle publicity gained i n  this inanner 
induced three additional sightings from yachtsmen. The 'record turtle' was a ~nale  who died u.lien i t  
became entangled in whelk fishing lines four niiles off Po!.tliniadog. C;wvnedd. Wales. on the afternoon of 
22 September 1988. It was dead when cut fro111 tlie u:inch lines by lis1ier:men and was washed asI101'e at 
Harlech Beach. opposite the castle. where i t  was found o n  23 September. Because the turtle uias so f~.esli. 
the National Museum of Wales agreed to collect i t  so t l in t  both ~issur sarliples and niorpliology could be 
studied. Approximately 36 hours after death. the animal was ct,nnsf'er.red to cold store at -10°C. While 
being transferred, i t  was lifted by weighing crane (since checked fcr accuracy!) atid was found to wcigli 



18cwt (= 2,016 pounds, or 916 kg). It was not measured immediately because the primary objective was 
to freeze the animal. The specimen was measured after defrosting and prior to necropsy. 

Total length over carapace (nose to tail) = 113.5 in (291 cm). 
Dorsal width (flipper tip to flipper tip) = 108 in (277 cni). 
Ventral length (nose to tail) = 101 in (259 cm). 
Ventral width (flipper tip to flipper tip) =99 in (254 cm). 
Body depth (max. anterior) =37.5 in (96 cm); body width (max. anterior) =56 in (144 cm). 
Flipper length (wrist to tip) =36 in (92 cm). 
Nuchal\ carapace points = 35 cm. 
Carapace (median dorsal curve) = 159 cm. (This is a correction from the curved carapace 

length reported in Eckert and Luginbuhl 1988, of 256.5 cm). 
Carapace (paramedial to carapace edge; not tip) = 148 cm. 
Carapace (straight ventral width) =96 cm. 

Carapace measurements were taken after the internal organs had been removed and are, therefore, smaller 
over the curve but possibly greater on the straightline width than what woultl be expected before the animal 
was eviscerated. [Note: carapace was measured along the top of the mediarn carapace ridge, as opposed to 
alongside tlie ridge as is standard.] The work on the carcass was directed tmth for tissue sampling and for 
eventual display. Dr. John Davenport and Dr. David Holland of the School of Ocean Sciences, University 
College of North Wales Bangor took samples of fat, heart, lung, muscle, and other tissues for heavy 
metals, PCBs, and chlorinated hydrocarbon analyses. These results are expected in two months and will be 
published with additional measurements. The lungs were Found to be collapsed and completely 
hemorrhaged. The heart was preserved in formalin, and the gut wfas measured and preserved along with its 
contents. Gut measurements were as follows: esophagus = 184 cm; stomach (proximal) -37 cm; stomach 
(central) =77 cm; stomach (distal) =53 cm; small intestine =863 cm; large intestine =238 cm; rectum 
=52 cm. No large cestodes were found, but preliminary findings include jellyfish in the esophagus, a 
piece of polyethylene 9 in x 6 in (23 cm x 15 cm) compressed into a very small ball and found directly 
posterior to the stomach in the small intestine. Also found was a circular ball of unknown content at the 
ileo-caecal junction, as reported by other workers. Ventral skin ossicles were removed hopefully to assist 
in aging. A four hour video has been made. With the help of Chris Luginbuhl of the David Luginbuhl 
Research Institute for Endangered Species, Jim Hubbard and Ann Heinlaan filmed and color photographed 
the necropsy to preserve a complete record. 

Work on the specimen continues. The flippers have been molded in silicon rubber, and the carapace, skin, 
and skull are now being carefully degreased as a single unit. If all problems are solved, the actual 
specimen will be the centerpiece of an exhibition in December 1989. It is hoped that such an exhibition 
will increase people's knowledge of turtles and the need for conservation of these animals and of the marine 
environment. 
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SEA TllRT1,FS IN LONG ISLAND SOUND, N E W  J'ORK: PLN 
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The Okeanos Ocean Research Foundation has been studying the: occurrence, distribution and behavior of 
sea-turtles in Long rsland, New Yortwaters  since 1985. During the four years of intensive research;-- -- - 

Okeanos has encountered many more sea turtles than were PI-eviously reported, or expected, from this 
region. Although sea turtles were found to be coninion i n  Long Island waters, tliere existed a possibility 
that this abundance represented a new phenomenon of sea turtle distribution. 

The objective of this study was to search historical records for any indications of sea turtles in Long Island 
waters prior to our studies. We were specifically interested in deterniilning differences or similarities 
between liistorical patterns of occurrence, abundance, and distribution and current patterns. 

Sources of historical information on Long Island sea turtles were widespread and varied. Museums and 
archives tliroughout New York State provided specimens, old manuscripts and scientific publications. 
These well-documented records provided good quantitative dati~ from wh~icli graphical analyses could be 
performed. 111 addition, other more qualitative sources such as photographs, personal letters, logbooks and 
non-scientific writings were examined. All of these sources were useful in determining past usage of Long 
Island water by sea turtles. 

Tlie information presented here includes only sea turtles of the taxonomic family Cheloniidae. 

The earliest record of a sea turtle in Long Island was a carapace of a small Kemp's ridley or a loggerhead 
uncovered in a prehistoric Indian archaeological site (Fig. I ) .  Ma~liy more records of turtles were found for 
the early 1900's. In a general account of reptiles in Long Island (Engelliardt 1913), loggerhead and green 
turtles are noted as drifting up from the Gulf States during the summer months. Murphy (1916) described 
loggerheads, hawksbills and green turtles as regular sunimer visitors to thc: Long Island area; he reported 
finding five small loggerheads on the same beach in one day in  late November. During the same period, 
Latham (1969) reported many observations of sea turtles on the least end alf Long Island. Walking just a 
few miles of beach, he often saw 4 to 6 loggerheads and Kemp's ridleys per year. In 1924, Latham 
encountered 103 dead Kemp's ridleys arid loggerheads on a 3 mile stretch olr beach in one day. 

Although tlie Kemp's ridley was described by Garman in 1880, it is likely that this species was confused 
with the loggerhead and the hawksbill in the early 1900s. Hawksbills were listed as common, but we have 
only been able to verify one specimen from New York waters. In retrospect. Lathani wrote that he did not 
recognize the Kemp's ridley as a distinct species prior to 1925. Since then he noted that Kemp's ridleys 
and loggerheads were both common in eastern Long Island. 

Loggerheads and Kemp's ridleys historically occurred throughout the Lalng Island Sound and along tlie 
south shore, especially in the New York Harbor (Fig.2). De Sola (1931) reports that the Kenip's ridley 
was the sea turtle species most conimonly found i n  New York Harbor and that the loggerhead was the 
second most conilnon . 

Tlie historical data include records up to the earlv 1970 s Thi$ ~>~.o\,ided n continuum to which O L I I  current 
data could be added. Since 1985, we have encountered more th  In 280 sea turtles i n  Long Island waters 
and more than 220 of these have been Chelo~iid turtles (Figs. 3.4) .  Overall. the Kenip's ridley lias been 
the most frequently encountered, followed by tlie logger'heatl. 



The current distribution of Kemp's ridleys and loggerheads resc:mbles the historical distribution. These 
turtles are frequently encountered in the New York harbor and surrounding area and regularly occur along 
the Long Island Sound. There is also a heavy representation of Kenlp's ridleys on the northeastern end of 
Long Island. This pattern is strikingly similar to the historical dislribution pattern. 

Major changes have occurred in the Long Island area over the past century, and these have affected the 
habitats in which sea turtles have occurred. Given these changes, one might expect to find corresponding 
differences in patterns of sea turtle utilization in this area. Instead \we found many similarities in 
abundance, timing, distribution and size structure between past ant1 present sea turtles of Long Island. It is 
possible that these turtles have not been able to adjust their behav~or despite: changing conditions. In light 
of other current research, however, i t  is likely that the sea turtles in Long Island waters are unaffected by, 
or have adapted to the environmental changes and successfully utilize Long Island waters. 
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EFFECTS OF BEACH NOURISHMENT ON SEA TlJRTLESi 

Davld A. Nelson 
Dena D. Dlckenon 
U.S. Army Engineer Waterways Experiment Station. Vicksburg. Mississippi 391 8 1-063 1 USA 

Nourished heaches provide important nesting substrate for a large percentage of the four species of sea 
turtles which nest along the United States coastline. Sand density (compaction). beach shear resistance 
(hardness), beach moisture content, beach slope, sand color, sand grain iiize, sand grain shape, and sand 
grain mineral content can be potentially changed by beach noilrishment. These physical changes in the 
sand could also potentially have negative effects on the nesting activities of these threatened and endangered 
animals. 

Harder or more compact nourished beaches result primarily from angular, finer grain sand dredged from 
stable offshore borrow sites; whereas, less compacted beaches result from1 smoother, coarse sand dredged 
from high energy locations (e.g., inlets). Hardness of beaches can be mleasured for differences in shear 
resistance (ability to penetrate the sand) with a cone penetrometer (cone index values). Figures I and 2 
show a survey of shear resistances of 15 natural beaches and 10 nourished beaches along the east coast of 
Florida. Only four of the 10 nourished beaches were extremely compact. These four beaches, Jupiter 
Island, Pampano, John U. Lloyd, and Haulover, had shear resistances in (excess of 750 cone index values. 
Based on observations of these hard beaches, the compacted characterist~ic can last from one to seven or 
more years after nourishment depending on the rate at which the beach is eroded and reformed by weather 
and waves. 

When nourished sand is taken from offshore borrow sites, i t  may have a ~ ~ e r y  dark gray color. This sand 
color may affect ambient sand temperatures and thus affect incubation time and sex ratios of hatchlings. 
Altllough scarps also form on natural beaches, steep scarps may occur as ;1 result of nourishment when an 
abrupt transition occurs between the steep fill slope and a flatter natural offshore slope. 

Beach nourishment may result in sea turtle nest burial, increased numher of false crawls or decreased 
number of nests, a change in hatchling sex ratios, or impingement of turtles in the dredge. In addition, 
beach nourishment may affect nest contents, location, depth, and excavation. Adult females may be 
subjected to increased physiological stress since it takes longer to dig a nest cavity in hard nourished 
beaches (Figure 3). 

Most of the negative effects of beach nourishment can be corrected by the: use of management techniques 
such as nest relocation, tilling of compacted beaches, use of naturally compatible sand for nourishment, 
smoothing of scarp formations, and careful equipment selection arid placement. 



NOURISHED BEACHES 

Figure 1. Sheer resistance measurements in cone index valuc5s a t  the depth 
interval 12 inches below the beach sand surface for the following 10 Florida 
east coast beaches: 1) Fernandina, 2) Jetty Pnrk. 3) 11 utchinson Island, 4) St. 
1,ucie Inlet. 5) Jupiter Island, 6) Boca Raton, 7) Pompano, 8) John U. Lloyd, 
9) Haulover, 10) Key Biscayne. 

NATURAL BEACHES 

Figure 2. Shear resistance measurements in cone index va1ue:s a t  the depth 
interval 12 inches below the beach sand surface for t11e following 15 Florida 
east coast beaches: 1) Little Talbot Island, 2)  ('anaveral Nntiolral Seashore. 
3) Melbourne Beach, 4 )  Sebastian Inlct, T,) \'rro I?c;lch. 6 )  Ilutc~hinson 
Island. 7) F t .  Picrcc. 8) St.  1,ucic Inlet. ! ) )  . I o h n  1). ;Il;lci\uthor SRIZ. 
10) IIobe Sound N W R ,  11) Jupitc~r Islantl. I t ' )  f l ~ r h i ; l r i c l  Ih~t(.Ii, 1::) Boca 
J?;iton, 1.1) Port Ever,ql;~(it>s, 15) ~ ; o l c l ( ~ r i  I h  . i  





MANAGEMENT IMPLICATIONS OF RECENT HA,TCHLIIUG 
ORIENTATION RESEARCH 
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Artificial lighting has a definite effect on correct hatchling orienltation for :sea turtle species. These lighting . 
sources may include streetlights, beach lights, home liglits, beach vehicles, and even flashlights. 
Hatchlings are disoriented by these light sources and may even I)e drawn out of the water after entering the 
ocean. Many coastal communities have developed "lights out" ordinances m a management alternative to - 

tile problem. Although an unlighted beach is the easiest to monitor, least costly, and best condition for the 
sea turtles, this is not always the most practical and safe option. 

Shading of lights is recognized as a management alternative for beachfronlt areas which must have lighting. 
Altllougll this would allow the use of already existing lights, r~ionitoring and enforcing these regulations 
would be extremely difficult. Since hatchliligs have been found to be disoriented by extremely low light 
intensities, hatchlings would still potelltially be disoriented by shaded liglits unless the intensities were 
reduced to levels impractical for human use. 

Our results indicate that properly positioned lights whicll excludt: the blue wavelengtlls (55.30 nm) could be 
used, even at high intensities, on the beach and not disorient hatc:hlings. Idow pressure sodium vapor lights 
are the only lights commercially available which conipletely exclude the hlu~e spectral bands. Low pressure 
sodium lights are n~onochron~atic, emitting only the yellow vlavelengths (589-590 nm). The two low 
pressure sodiunl lights tested (18 and 55 watts) would be the wattages generally used for beach lighting. 

Existing lights potentially could be used if filters were available which excluded wavelengths shorter than 
530 nm and would adapt to fit over the different types of liglhts. At plresent, no filters of this type are 
known to exist. Preliminary tests show long wavelength lights (low pressure sodium) will override the 
effects fro111 shorter wavelength lights if the lolig wavelength ligIll!s are at a higher intensity. This may also 
be a management alternative after additional tests are conducted. 

The yellow incandescent "bug" lights predominately emit the lor~ger wavelengths, although, they also emit 
very small amounts of the shorter (blue) wavelengths. ?'he 100 watt "bug'" light tested did not significantly 
disorient the hatchlings at a low irradiance level (0.3 x 1 0 ' ~  quantalseclcm2). Yellow incandescent 
floodlights have the full spectral range of visible liglit even tIio11g11 the bt~lb is yellow. The yellow flood 
lights are not a filtering light, therefore, these should not be used as a source of long wavelength lights. 

Since hatchlings orient away from lights which exclude the shorter wavelengths, these liglits could also be a 
potential for hatchling disorientation i f  improperly positioned along the beach. More tests need to be 
conducted on the correct positioning of these lights for beach use. Studies which investigate the effects of 
long wavelerigth lights on green and leatherback turtle hatchlings, as well as adults of all sea turtle species. 
are critically needed before large-scale use of long wavelength lights on turtle nesting beaches is considered. 

When making management decisions on beachfront lighting. the option~s should be inlplernented in  the 
following order: 

I. turning the light off; 
2. replacing existing lights with low Ilr.rssrlst, cotlir~~~~/"Iir~:;" l i ~ h t ~ :  
3. shading lights such that 110 light i.eaches tl~c Ileacll: 
4. covering existing lights with long wavelengtll e~liittillg l i l l e~ .~ :  ; I I I C ~  

5. overriding short wavelength lights with long wavelengtl\ lights of higher intensity. 



NEST TEMPERATURES AND DURATION BETWEI3N PIPP'ING AND EMERGENCE 
IN THE LOGGERHEAD SEA TURTLE IN SOUTHEASTERN NORTH CAROLINA 

Ann Neville 
William David Webster 
William B. Brooks 
Department o f  Biological Sciences, University of  North Carolina, Wilmington, North Carolina 28403 USA 

The interval between pipping and emergence has been reported tc~ be 1 - 14 days with an average o f  five days 
(Kraemer and Bennett 198 1, Demmer 198 1, Mrosovsky 1988, IVeville et al. 1988, Webster and Gouveia 
1988), but no field methodology has been developed to documer~t when pi~pping occurs. Demmer (1981) 
monitored the behavior o f  hatchlings i n  nests using a glass cover and noted that niost hatchlings i n  the 
clutch pip together. Neville et al. (1988) compared nest temperittures at the top and middle o f  the nest to 
soil temperatures at sini i lar depths. The temperature i n  the middle o f  the nest was parallel to and 
consistently warnier than the temperature at the top o f  the nest or~ce metabolic heat became evident, usually 
mid-way through incubation. Five days before eniergence there was an unexpected change i n  temperatures 
where the top became warnier than the niiddle. This fluctualion was believed to signify the onset o f  
emergence due to the additional metabolic heat generated by the upward movement o f  hatchlings i n  tlie nest 
cavity. 

The purpose o f  this investigation was to develop a field technique base on nest temperatures that would 
predict when pipping occurs. Data were collected on Bald Head Island. North Carolina, during tlie 1988 
nesting season. Fou r  randomly chosen control  "nests" (containing no eggs) were equipped with 
thermocouples at tlie soil surface and at depths of 5-65 cni at 10 cni intervals. They were monitored twice 
daily (5-7 A M  and PM)  from June to October with a Bailey Bat-12 microprobe thermometer calibrated to 
tlie nearest 0. I "C. Thermocouples were placed in  tlie top and middle o f  1 8 loggerhead nests laid between 2 
June and 22 July and were monitored twice daily (5-7 A M  and PM) throughout incubation. When top and 
niiddle nest temperatures did not react predictably to changes in  ambient soil temperatures at similar depths, 
a sriiall vertical hole was dug adjacent to the nest i n  the A M  to confir111 that pipping had commenced, 
following tlie procedure o f  Kraemer and Bennett (1981). 

Tlie period o f  time between pipping and emergence is shown in  Table 1 .  Variation between A M  and P M  
observation is tlsually one day and probably represents tlie time o f  day when pipping begins and variability 
aniong nests. Itiastiiuch as sea turtles use temperature as the cut: for emergence from tlie nest (Mrosovsky 
1968, Nevile et al. 1988)- i t  seenis reasonable to believe that tlie pippiing process would be cued by 
teliiperature also. Deninier ( 1  98 1) indicated that pipping was not related lo ambient soil temperature, but 
he did not relate pipping to daily variation i n  nest temperatures. Tlie mean interval between pipping and 
emergence, based upon A M  and P M  analyses, is 5.7 and 5.9 days, respectively, i n  North Carolina, almost 
a ful l  day more than has been previously recorded (Mrosovsky et al. 1984, Neville et al. 1988, Webster 
and Gouveia 1988). There is distinct seasonal variation i t1  these data as vvell. The titile interval between 
pipping and emergence is greater in  nests with longer incubatio~i durations and less i n  nests with shorter 
iricubation durations, as predicted by Webster and Gouveia (1988). 

I n  conclusion, nest temperatures can be used to cleterliiine the t i lr~e interval between pipping arid emergence 
in  loggerhead sea turtle nests because o f  intrinsic variations in ne:,t temperarures. 

We thank tlie U.S. Fish and Wildlife Service, Nol.tli ('ar.oli~in M'ildlitc Resources Com~iiission. Uni\.ersity 
o f  Nort l i  Carolina at Wilniington. atid tlie Bald Hentl ( ' o~~sc~ . \~n~ ic . \  lot. tl~c,il. sol)l,or.t of  this il~\iestigatiol~. 
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Table I .  Predicted interval (in days) between pipping and emergence based aln changes in liest teniperatures 
on Bald Head Island. North Carolina. 

DATE NEST INCUBATION NUMBER DAYS BEFORE HATCH 
LAID NUMBER DURATION AM TEMP. PIM TEMP. 

1 June 
3 June 
6 June 

13 June 
19 June 
20 June 
25 June 
26 June 
29 June 
2 July 
5 July 
6 July 
13 July 
13 July 
16 July 
17 July 
18 July 
22 July 

MEAN = 



SEA TURTLE REPRODUCTIVE CHRONOLOGY: THE MCIDEL AND 
THE QUESTIONS 
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Because sea turtles deposit multiple clutches i n  a nesting season arid because they often skip one to several 
years between nesting migrations, the chronological relationship between mating, fertilization o f  ova and 
nesting has been an interesting question. Carr and H i r t h  (1962) salw feniale Clielonia rnydas being 
mounted as they returned to the water after nesting. O n  the other hand, i n  the same species Booth and 
Peters (1972), Bustard (1972) and U l r i ch  and Owens (1974) observed functional mating only prior to 
nesting. I n  separate reviews Frazier (1971), Ehrhart (1982) and Owens (1980) each concluded that the 
bulk o f  the observational data available supported the idea that mating occurred during a distinct receptive 
period prior to nesting. At Cayman Turtle Farm, female - C. - nlydas are now well docu~nented to enter a 
receptive period o f  a few days about 30 days pr ior to the first nest (brood and Wood 1980, Coniitzzie 
1987). Rostal (unpublished data) has made similar observations in  a captive colony of Lepidochelys kemyi. 

The work o f  L icht  and our group has also provided an increasingly more refined understanding o f  the 
endocrine and reproductive events in  the production of the several clutches of eggs. The following "Model" 
is presented as an approxiniation o f  the chronological events as W'E now i~ite~rpret them. 

A. After suitable gametogenesis on the feeding ground, a distinctive testosterone peak is correlated with 
migration away froni the feeding ground in  both sexes. 

B.  Either during the migration or near tlie nesting grounds a ft:niale enters her receptive period i n  which 
one or niore males mates her ior  up to several hours each. 

C. During the following week or more the sperm move up the very long oviducts (4.5 m or longer) and 
lodge i n  albumin glands wlie~:e they are stored to iert i l ize each subsequent ovulation o f  the season (see 
Solomon and Baird 1979, Gist and Jones 1987). 

D. Luteinizing Hormone and progesterone surge dramatically resulting, i n  a very rapid ovulation from 
both ovaries. I n  o ~ i l y  24-36 hours the follicles are expelled from the ovaries, fertilized (presumably in  the 
infundibulum o f  the oviduct), the albumin coat i s  secreted i n  the niid oviduct, the protein membranes are 
deposited on top o f  the albumin and the eggs are transported to tlie ba~se o f  the oviduct where calciuni 
secretion occurs. 

E. Calciunl secretion appears to be the rate l imit ing step. requiring about 10 days for conipletion of the 
eggs (note exceptions below). 

F .  Dur ing  the calcification phase. final growth of tlit. ncxt Int.gtast set o f  follicles has occurred i t )  the 
ovaries. 

G. Within a few hours after oviposition of the clutch. tllc l i e \ (  o\,ttlntio~l surge ocru1.s to refill tlle o\,itlucts. 
Stored sperm fertilize the follicles as they entcr the o\itluc~ts ant1 tlit, cbgg cycle i s  repeated itliti l tlie o\.at.it:s 
are exhausted o f  large sets of  follicles. With each o\,ulation t1ie1.c art; a few mntut.t: iollicles which do not 
ovulate. These become the characteristic dark colorcd ntretic follicles which are slowlv reabsorbed. 



Two obvious exceptions to this pattern occur. First, in Derlnochelys the egg cycle is faster, with 
calcification apparently taking only 5-7 days. Second, in the Lepidochelys species, the eggs are prepared at 
the same speed as the other genera, however the females may retain the eggs in the base of the oviduct to 
wait for the behavioral cues involved in the arribada. Even though the eggs may be in the oviducts much 
longer than in other species, they do not appear to experience extra calcification. The Lepidochelys females 
appear to move quickly through the egg cycle so that their next clutch will be ready whether the arribada is 
sooner (14 days) or later (30-40 days). 

Questions: Harry and Briscoe (1988) used isozyme electrophoresis to describe multiple genotypic ratios 
within clutches from Caretta females. This seems to be strong evidence for multiple paternity within a 
season for an individual female. On the other hand, they also suggest that mating may have taken place 
after nesting in Caretta since the ratios changed in subsequent clutches from the same female. We believe 
a more reasonable explanation may be that all mating occurred prior to the first clutch, but sperm from 
different males may not be equally available during each sequential ovulation. Thus the different males 
would have variable percentages of fertilizations in each clutch depending on where their sperm were stored 
in the oviduct. 

Alvarado and Figueroa (1988) have recently published a very interesting study of the black turtles (Chelonia 
agassizi) in Michoacan, Mexico. They report several lines of evidence that mating in this species may 
occur either before or after nesting. Several individuals which were tagged wh~ile nesting were later captured 
while mating, nesting females have fresh claw scars on their carapaces thro~ughout the nesting season and 
males are generally much more obvious late in the nesting season than at C. mydas nesting areas. Since 
these observations do not appear to fit the above "Model", two suggested explanations come to mind. First, 
i t  is possible that the reproductive chronology of C. agassizi is strikingly different from other sea turtles. 
Second, an unusually skewed sex ratio dominated by males may give the impression of altered mating 
patterns when actual effective mating is still as suggested in the model. Regardless of what is happening, 
this population represents an unusually interesting situation which should be carefully evaluated. 
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LEATHERBACK TURTLE SIGHTINGS - 22 FEBRUARY 1988 
Tracklines at 1/4 mile and 1 1/2 miles parallel to coast 
solid dots lndlcate siqhtinqs along trackline 1/4 mile 

from coast 
Triangles indicate sightings along trackline 1 1/2 miles 

from coast 



Frazier. J 1971. Observations on sea turtles at Aldabra Atoll. Plqil. Trans. Royal Soc. London B, 260:373- 
410 

Gist. D . H .  and J . H .  Jones. 1987. Storage of spertii i n  the reptilian ovidulct. Scanning Microscopy 1 : 1839- 
1 849. 

Harry. J .L .  and D.A. Briscoe. 1988. Multiple paternity in the loggerhead turtle. -- Caretta caretta. J .  
Heredity 79:96-99. 

Owens, D. W. 1980. The comparative reproductive physiology of sea turtles. Am. Zool. 20:549-563. 

Solomon, S. and T. Baird. 1979. Aspects of the biology of -- Chelonia ~ d a s  - (L.) .  Annl. Rev. Oceanogr. 
Mar. Biol. 17B:347-361. 

Ulrich, G.F. and D.W. Owens. 1974. Preliminary observations on the reproduction of Chelonia nlydas 
under farm conditions. Proc. World Maricult. Soc. 5:205-214. 

Wood. J .R.  and F.E. Wood. 1980. Reproductive biology of captive green sea turtles. Chelonia mydas. Am. 
Zool. 20:499-505. 



FEEDING ECOLOGY OF THE LOGGERHEAD SEA TURTLE IN 
THE NORTHWESTERN GULF OF MEXICO 

Pemele Plotkiri 
University of Texas at Austin, Marine Science Institute, Port Aransas, 'Texas 78373 USA. and 
National Marine Fisheries Service, Galveston Laboratory, Galveston, Texas 77553 USA, and 
Texas A & M University, Department o f  Biology, College Station, Texas 77843 USA 

The loggerhead (Caretta caretta) is the most common sea turtle i n  tlie northwestern G u l f  o f  Mexico 
(Rabalais and Rabalais 1980) yet, despite its abundance, surprisingly little is known about its activities or  
niovenients in  this portion o f  its range. This is due in part to the lack o f  areas i n  which sea turtles are 
usually studied. There is no nesting population that can be followed from year to year, nor are there any 
known feeding grounds where they can be observed. The one place where turtles can be found with any 
certainty o r  regularity is washed ashore dead on the beach. These carcasses can be salvaged and when 
utilized can provide a great deal of information. From 19B6- 1988, tlie gut contents of 88 loggerheads 
found stranded along the south Texas coast were collected to identify food items, to determine principal or 
preferred prey species and, most iniportantly, to relate this information to the turtles' environment and 
identify foraging areas. 

The esophagus, stomach and intestinal tract of each turtle were removed during necropsy. Gut contents 
were rinsed over a fine-mesh sieve and preserved in  10% buffered formalin. Food items were sorted i n  the 
laboratory, identified to the lowest taxon possible, and baked in  a drying oven for 24 hours to obtain dry 
weights. Saniples were collected from turtles stranded during every month of the year except for January 
and February. The majority (93%) o f  the turtles were subadul~ and adult animals (7% were post-hatchling 
and advaliced pelagic stage turtles) and most were females (73% fernale, 19% male, 8% unknown). 

Because tlie feeding habits o f  the young loggerheads collected during the study were distinct from that of the 
subadult and adult loggerheads, data from tlie two groups wlere analyzed separately. Qualitative data 
collected from tlie gut contents o f  the 6 smaller turtles (Ttable I) indicate that sniall loggerheads in  the 
nortl iwester~~ Gulf  of Mexico associate with Sargassuni. These turtles are feeding at or near the surface of 
the water colunin and tlie likelihood that they wi l l  encounter marine debris is quite high. Quantitative data 
collected from the gut contents o f  82 larger loggerlieads (Table 2)  indicate that the larger turtles are feeding 
pr imari ly i n  a benthic environment. but on some occasions they feed at the surface as is shown by the 
presence of jellyfish, floating vegetation atid floating debris. 

The loggerhead fed upon a wide variety o f  food items but, i n  general, only a few o f  the food items were 
eaten i n  any great quantity. Sea pens (Virgularia ~resbytes) and crabs were the major food items. Sea 
pens were eaten by both males and females and were present in  loggerheads stranded throughout the year. 
The average amount ingested per turtle was 303 g (0.7 lb) and ranged from as little as 0.04 g to as much 
as 2,648 g (6.0 Ib). The sea pen is a Cnidarian that lives anchor,ed in  sandy substrate and occurs i n  dense 
stands or beds. Litt le information is available concerning its deprh distribution in the northwestern Gulf  of 
Mex i co .  Data col lected f rom a cru ise aboard t l ie NOAP, [Nat ional  Oceanic and Atmospheric 
Administration] ship 'FERREL' i n  October 1988 indicate that sea pens occur primarily in  shallow water. 
Sea pens were collected from 12 o f  the 44 stations sampled. Ele\len o f  those I 2  stations were located in  9 
m of  water, one was in  18 ni. Sea pelis were never collected fro111 water deeper t l iat~ 18 111. 

'The calico crab (Hepatus epheliticus), spider crab (Libinin w) and ptrr.se crab (Persepliona niediterranea) 
were tlie most comrnori species of crabs fed upon hy tlie loggerliearls. The depth distributio~i of these C I . ~ ~ S  
supports tlie belief that tlie loggerheads are for-aging ncars1iol.e. 'l'his nearshore area. rich in iuve~.tehrates 
is also an important feeding area for the Ken~p's  ridley sea turtle (IIIe~>icIocI~eIys ker~ll>i). The g t ~ t  conterlts 
from 104 Kenip's ridleys strarided in  the same stud!: area co~lsisretl ~ n o s ~ l y  of  crabs (96% of the btllk: 
Donna Shaver, personal comn~unication). Shaver found that the ridleys were feeding on the same crabs as 
the loggerheads, but in additioci also fed heavily on the blue crall (Callinectes -- sayidus) and the speckled 



crab (Arenaeus -- cribrarius), crabs that are characteristic of the surf' zone. These food-habits data are very 
supportive of Hildebrand (1983, personal communication) who contends that loggerheads in this area are 
most abundant in waters out to 18 m deep, while ridleys occur in slightly shallower waters. We need to 
focus our attentions on these nearshore areas if we are to reduce the mo~rtality of loggerheads and the 
critically endangered Kemp's ridley sea turtle. 

ACKNOWLEDGEMENTS 

This work was funded in part by a Grant-in-Aid of Research from Sigmia Xi, The Scientific Research 
Society and in part by a grant from Texas Sea Grant College Program to Tony Amos. The National Sea 
Grant College Program funded five days of ship time aboard the hlOAA ship FERREL. This work would 
not have been possible were it not for the help I received from locial state anid government agencies as well 
as from private individuals in reporting stranded turtles. These included: the Padre Island National 
Seashore, Texas Park's and Wildlife Department's Rockport Marirre Laboraltory and Mustang Island State 
Park, U.S. Coast Guard, Nueces County Parks Department, Pc~rt Aransa~s City Workers, Port Aransas 
Police Department, Pan American University, Don Hockaday, IZosemary Breedlove, Donna Shaver and 
Robert Whistler. I would also like to thank Mary Wicksten. Dave Owens, Tom Bright, Robert Jones, 
Tony Amos and the officers and crew of the NOAA ship FERREL. 

LITERATURE CITED 

Hildebrand, H. 1983. Random notes on sea turtles in the western Gulf of Mexico. In: Proceedings of the 
Western Gulf of Mexico Sea Turtle Workshop, D.  Owens et al.  (eds.)- Sea Grant College 
Program, Texas A&M University, TAMU-SG-84- 104. 

Rabalais, S.C. and N.N. Rabalais. 1980. The occurrence of sea rurtles on the south Texas coast. Contr. 
Mar. Sci. 23: 123-129. 



Tahlc I .  Qualitative description of the food itenls fourid in the ]gut contents of young loggerl~ead sea turtles 
found stranded alorlg the south Texas coast. Carapace length mcxsu red st!-aight-line. 

TURrLE DATE CARAPACE 
IL) # STRANDED LENGTH FOOD ITEMS 

CC-20-86 2 September 5.2 cm 

CC-5-88 17 April 

CC-10-88 23 April 

CC- 12-88 17 April 

Sargass~urn, decapod larvae and 
Litiopa .melanostoma 

Sargassum, feather, wood and piece 
of plastic bag 

Janthina~, Sargassurn, jellyfish, pieces 
of balloon, latex rubber, a lur~~inum 
foil and hard plastic 

15.2 c n ~  Sargass~r t~~ ,  feathers, wood, 
stomatopod larvae, decapod larvae 

13.9 ctn Sargassum, Janthina, styrofoam 

Sargassum, jellyfish, styrofoan~ 

Table 2. Quantitative description of the general food items found in the gut contents of sub-adult and adult 
loggerhead sea turtles found stranded along the south Texas coast (n=82) .  % Occurret~ce = the 
percentage of the turtles that had fed on that food item. % Bulk = relative volunle of a food item; 
calculated from the sur~llned dry weights. 

FOOD ITEM % OCCURRENCE % BULK 

SEA PEN 
CRAB 
MOLLUSK 
DEBRIS 
DIOPATRA 
BARNACLE 
FISH 
SARGASSUM 
VEGETATION 
SEA PANSY 
WHIP CORAL 
ANEMONE 
MANTIS SHRIMP 
PENAEID SHRIMP 
JELLYFISH 
IJNIDENTIFIARL,E 
OTHER 



STATUS OF PROPOSED EAST-CENTRAL FLORIIIA SEA TURTLE REFUGE 

Earl E. ~ossardt  ' 
Dale R. ~ a c k s o n ~  
'u.s. Fish and Wildlife Service, 3100 University Boulevard South. Jacksonville, Florida 32216 USA 
'~lorida Natural Areas Inventory, The Nature Conservancy, 2154 East Sixth Avenue, Tallahassee, Florida 
32303 USA 

A StatetFederaltprivate effort is underway to provide permanent protectioti for 15 km of the approximately 
34 km of' high density sea turtle nesting habitat between Melbourne Beach and Wabasso Beach, on the 
Atlantic coast of east-central Florida. The 17,s. Fish and Wildlife Service proposes to purchase 5.9 km of 
nesting habitat in  northern Indian River Courity and 9.1 km i n  southern Brevard County. The State 
proposes to purchase or otherwise protect 5.9 km within Indian River County and 0.6 km in Brevard 
County, both segments within the proposed Federal project botl~ndaries. Within this area, loggerhead sea 
turtle caretta -- caretta) nesting averages 475 neststkni in Brevard Coun~ty and 140tkm in Indian River 
County. Approximately 3540% of green sea turtle {Cl~elonia niydas) nesting in  Florida and 25 percent of 
loggerhead turtle nesting in the southeastern United States occ&-s i n  southern Brevard and northern Indian 
River County. The Federal proposal received U.S. Fish an13 Wildlife: Service Director's approval i n  
Deceniber 1988, and detailed planning to nieet other adniinistrative requirements begins in February 1989. 
Federal funding for acquisition is currently unavailable. The State land aclquisition proposals were approved 
by the Governor and Cabinet in August 1988 and subsequently (December 1988) were ranked sufficiently 
high to qualify for available funding. Appraisals and surveys have been initiated on 2.4 km, with 
acquisition anticipated to begin during the summer of 1989. In the meantime, the Nature Conservancy has 
begun negotiations with the owner of the largest single propost:d tract (0.6 km) i n  Brevard County in an 
attempt to secure its protection until the State can re-purchase it. 



G. Ed Richardson 
Minerals Management Service, 1201 Elmwood Park Boulevard, New Orleans, Louisiana 70123 USA 

The Gulf of Mexico OCS Region currently has approximately 23.7 milliori acres under 4.748 leases. Over 
3,650 oil- and gas-related structures with approxiniately 7,400 producing wells are located on the 1,585 
producing leases. It has been projected that as many as 2,000 offshore structures niay cease production 
and be scheduled for removal i n  the next 20 years (National Research Council 1985). Though new 
structures may be emplaced on future producing leases, econoniic conditions will determine the number of 
replacements. 

The requirement to remove obsolete structures on the OCS ori1:inates from legal and regulatory mandates. 
Section 22 of the current lease fornl requires removal of all structures within one year after termination of 
the lease. Title 30 CFR 250.143 contains structure ren~oval and site clearance requirements. 

If explosives are used during structure-removal operations, sea turtles that are near the detonations may be 
harmed. The Minerals Management Service consults with the National Marine Fisheries Service (NMFS) 
through Section 7 provisions of the Endangered Species Act of 1973 (16 'U.S.C. 1531-1543), as amended. 
The consultations are conducted to minimize potential impacts t'o these en~dangered species and to establish 
an incidental take for the proposed activity. Consultations were initially c~onducted on a case-by-case basis. 
Since may of the operations are similar, a "generic" consultatiorh was estalblished on 25 July 1988. Several 
li~~~itations were established for a proposal to be considered under the "generic" consultation. These 
lin~itations consist of the following: 

1. Each explosive charges is less than 50 pounds (60 p0l~nd backup), 

2. Detonations limited to groups of 8 or less with a minimum of 900 milliseconds (0.9 seconds) 
between each detonation. 

3. Charges nlust be set 15 feet below the mud line, and 

4.  High velocity explosives with a detonation rate of 7,600 meters per second or greater must be 
used. 

The NMFS requires the following mitigative measures under the "generic" consultation: 

I .  Qualified observers must monitor the area around tht: site prior to, during, and after detonation 
of charges. Observer coverage begins 48 hours prior to detonation of charges. If sea turtles are 
observed and thought to be "resident," pre- and post- detonation diver surveys must be 

conducted. 

2. A 30-minute aerial survey must be conducted witliin one hour before and one hour after each 
blasting episode. 

3. If sea turtles are observed witliin 1.000 yards of the structure prior to detonating cliarges. 
detonations will be delayed unt i l  sea turtles are niovt:d at least 1.000 yards from the blast site. 
The aerial survey must be repeated. 

4. Detonation of explosives will occur 1 1 0  sooncl than olitS Ilotr~. IOlllowi~ig sunrise and 110 later tlinll 

one hour prior to sunset. Justifini~le ~iioditicntioris n i ; ~ v  Ile co~isitlered o n  site. 



5. During all diving operations, divers will look for sea 1:urtles ancl marine n~ammals. Sightings 
must be reported. 

6. Scare charges should be avoided and are allowed by approval only. 

A National Environmental Policy Act of 1969 (42 U.S.C. 4321-4347). as amended, review is conducted on 
each of tlie structure-removal proposals. A prograniniatic environmental ass~essment was prepared to assess 
the spectrum of potential impacts from structure removals and to alllow "tiering" of site-specific 
environmental assessments (SEA's). The SEA's are prepared on e:ach proposal and contain tlie operational 
details for the individual environmental evaluations. 

In calender year (CY) 1987, 81 structure-removal applications were approved and 23 structures were 
actually removed. To date in CY 1988, 94 applications have been approved and 89 structures have been 
removed. * .  



WIDECAST: IMPLEMENTATION OF A CARIBBEAN INIT1,ATIVE 

James I.  ~ichardson' 
Karen L. E.ckert2 
'Institute of Ecology, University of Georgia, Athens, Georgia 30602 USA 
' ~ e ~ a r t n i e n t  of Zoology, University of Georgia, Athens, Georgia 30602 USA 

WIDECAST is an acronyni for the "Wider Caribbean Sea Turtle Recovery Teani and Conservation 
Network". WIDECAST was chartered ia Santo Donlingo, Rep~~blica Dominica, in 1981 at a meeting of 
Wider Caribbean non-governmental organizations (NGOs) on Living Resources Conservation for 
Sustainable Development of the Wider Caribbean. The Minutes of that Meeting note that a 
"recommendation for the establishn~ent of a Wider Caribbean Sea Turtle Recovery Action Plan was 
approved in the context of the concept of sustainable use of slncies and ecosystems and conservation of 
genetic resources as stated in the World Conservation Strategy ... The relevant NGOs sllould prepare a 
Wider Caribbean Sea Turtle Recovery Action Plan in coordinatioa with the IUCN SSC Sea Turtle Specialist 
Group who would be asked to serve as a scientific advisory committee in support of the Plan. The 
Recovery Plan should be consistent with the Strategy for Conservation of L,iving Marine Resources and 
Processes in the Caribbean Region, the World Conservation Strategy, and the Action Plan for tlie Caribbean 
Environment Programme. " 

The Wider Caribbean Sea Turtle Recovery Teani was established at that time to prepare this "Recovery 
Action Plan". The I I member ~ e a m '  and its supporting Network (ultimately including a WIDECAST 
"Country Coordinator" in each of tlie 39 government regions in tlie Wider Caribbean) constitute an 
experimental demonstration project designed to show what can be achieved in endangered species 
i~iternational planning and ioiplementation through collective non -governmental conservation group action in 
cooperation with governnlents and intergovernn~ental bodies. The Country Coordinators and the in-country 
WIDECAST networks are tlie heartbeat of the WIIIECAST effort. Conservation, like most issues of 
national pride and stewardship, is nurtured from within; i t  cannot be coninlanded from the outside. 
Recog~iizing this, WIDECAST sees itself as "regional scaffolding"; that is, a structure to support tlie 
national efforts of NGOs and governnlents and. further, to integrate these efforts into a collective regional 
response to a conllnon problem, the disappearance of sea turtles. 

Anyone can participate in WIDECAST. The network includles scientists, conservationists, fishermen, 
educators and students, government employees, civic and church) groups, lboat captains and SCUBA divers, 
and representatives of national and international NGOs. The: WIDECAST philosophy recognizes that a 
powerful voice for the conservation of endangered species exists within the citizenry of all nations. 
However, concerned people must be provided with a structured approach iin order to be heard, particularly 
on matters of international scope. These are  not new idt:as. The IUCN-comnlissioned "World 
Conservation Strategy" and other landmark docunients also spezik eloquently to these points. WIDECAST 
choose sea turtles as a focus because they are critically endangered througliout the Caribbean and because it 
is very easy for people to identify with them. 

While WIDECAST is autonomous and self-regulating, i t  1s strongly supportive of otlier regional 
conservation initiatives, including the Caribbean Conserva(io11 Association (CCA). the Western Atlantic 
Turtle Syn~posiu~n (WATS), and the UNEP Co~ivetition for the Protectior~ and Developn~ent of the Marine 
Environment of the Wider Caribbean Regiori ('Cartagenn Convention') with its attending Actiori Plan for tlie 

G e n t  ~ ~ ~ e ~ ~ l b e r s  of the WIDECASI' Team: Lic. A~ia Cecilia Chavzs (Coast Kica). Karen Lind Ecltert 
(USA), Jacques Fretey (F~.ance) ,  John 1:uller (Ar~tigua).  Molly (inski11 ('T~.i~,idacl). Julia Ho~.~.ocks 
(Barbados), Maria Teresa Koberg (Costa Kica). SaIIv Hopkills M ut.l,l~y (IJSA). Peter C.  H .  Pritchard 
(UK), Georgita Ruiz (Mexico); the I I "' position is cu~.rently ol,c:n. 



Caribbean Environment Programme. At the Third Intergovernmental Meeting on the Action Plan for the 
Caribbean Environment Programme (Canclin, Mexico, 24-26 April 1986) WIDECAST was highly praised 
by tlie governments of the Wider Caribbean. As a result, a .?-year contract was awarded WIUECAST in 
support of the drafting of a Sea Turtle Recovery Action Plan to i~iclude sea turtle management 
recommendations to each of the 39 government regions of the Witler Caribbean. 

The objective of Phase I of the WIDECAST effort is tlie completicln of this !Sea Turtle Recovery Action Plan 
which will be comprised of 40 chapters (we call them volunles), 21 initial overview and then one volume for 
each of 39 government regions2 in the Wider Caribbean. Each volume is written in four sections: for - 
example, the volume for Barbados (entitled, WIDECAST Sea Tr~rtle Recovery Action Plan for Barbados) 
includes I. Introduction, 11. Status and Distribution of Sea Turtles in  Barbados, 111. Stresses on Sea Turtles 
i n  Barbados, and IV. Solutions to Stresses on Sea Turtles in Barbados. Each section includes subsections 
detailing specific areas of concern (sand mining, reef destruction, inadequate law enforcement, etc.). Each 
volume is thoroughly reviewed by in-country persons. as well as Ihe WIDElCAST Team as a whole and the 
IUCN Sea Turtle Specialist Group. Upon conipletion, the entirc: Plan (in~cluding all 40 chapters) will be 
si~bmitted to the UNEP Caribbean Environment Programme ((3EP) Office in Kingston, Jamaica. The 
Secretariat of the CEP will tllen formally transfer to each Caribbean governmient the overview document, as 
well as the relevant national Recovery Plan volume. 

By summarizing known distribution data, identifying threats to sea turtle survival, and indicating gaps in the 
data, each volunie of the Recovery Plan is uniquely suited to guide in-country sea turtle research and 
conservation into the next decade. The WIDECAST effort represenlts the first time that sea turtle 
management recommendations have been systeniatically developed over so broad a political and geographic 
range. And we believe that the effort is a landmark with respecl to linking local initiative to national and 
regional policy. Phase I1 of the WIDECAST program will involve supporting local and regional efforts to 
implement management recommendations made by the Sea Turtle Recovery Action Plan, and efforts to 
increase our knowledge of sea turtle distribution and status in the 'Wider Caribbean. 

Anguilla, Antigua & Barbuda, Aruba. Baha~iias. Bnrhndos. Belize. Berniuda. Brazil. British Virgin 
Islands. Cayman Islands. Colombia. Costa Ricn. Cuhn. Lloniinica. Dominican Republic. French Guiana. 
Grenada. Guatemala. Guadeloupe. G ~ ~ y a n n .  tlnili. t lo~~tlurns. J;'~maica. h4,artiniqtle. Mexico. Monser~.nt. 
Netherlands Antilles. Nicaragua. Pananla. P ~ I C I - ~ O  'Kicu. St. Kitts J: Ne\is. S't.  Lucin. Sl. Vincent. Su~.inani. 
Trinidad & Tobago. Turks & Cnicos. IIS;\. I '  5 C' l rp ln  Islands. illid Venezuela. 



COMPREHENSIVE MANAGEMENT P W  FOR 'I'ORTUG;UERO, COSTA KlCA 

James Perran Ross 
David Carr 
Caribbean Conservation Corporation, P.O. Box 2866, Gainesville, Florida 32602 USA 

At Tortuguero, on the Caribbean coast of Costa Rica, is the largest nesting ground of green turtles in the 
Caribbean. Between about 5 and 50 thousand female green turtles nest at Tortuguero each year (Carr, 
Carr and Meylan 1978). The average nesting population is about 15 thousand. Since 1956 the Caribbean 
Conservation Corporation (CCC) has supported research and conservation activities at Tortuguero. This 
work and many of its results are familiar to all of you. 

Turtles distribute from Tortuguero all over tlie Caribbean and the long term management and conservation 
of the species must include the maintenance of this, the only remaining large aggregation in the region. 

It is very difficult to discern the trends i n  this population. There is a substantial increase in number of 
turtles recorded this decade compared with the early 1960's hut variations in effort and wide interannual 
fluctuations make interpretation difficult. Several lines of evidence suggest that the population is still well 
below its carrying capacity and is probably still recovering froni over-exploitation earlier this century. The 
density of nesting females is 6-44 Iknilnight, 1-3 orders of riiagliitude less than uriexploited populations in 
the Indian Ocean (Ross 1979) and Australia (Limpus 1981). The incidence of nest destruction by laying 
females is only 1-2% (Fowler 1979). 

Analyses of survival between 1959 and 1972 (Bjorndal 1980) iritlicate that human predation away froni the 
nesting beach continues to limit population recovery. There is still a legal harvest of 1600+ turtles a year 
in Costa Rica, and we kliow that at least 2.5% of neophytes tagged each year are caught by fishermen 
elsewhere. This population continues to merit our concern and require active conservation. 

The CCC has been actively conserving this population, and trying; to react to the most immediate needs and 
threats. We now recognize that conserving the sea turtle population is part of the larger problem of 
maintaining the ecological and economic stability of the whole region iincluding the turtle beach, the 
adjacent village, and nearby ecosystems of forest and river estuary. 

The pristine rainforest of the Caribbean lowlands is greatly threatened as a result of increasing numbers of 
people, improved access, and the demands of the human population for economic well-being. Short-term 
exploitation is destroying the resource base of the region. The CCC believes that short-term economic gain 
by direct exploitation of these fragile resources is both economically and ecologically disastrous. 
Commodity use of sea turtles may be appropriate i n  some places, but vve believe i t  would he counter- 
productive at Tortuguero. 

A clutch of turtle eggs is worth about $8.00 retail in San Josb and perhaps 115 of that on the beach. In 
contrast, we estimate that the same clutch of eggs is worth 100-250 times that much if used as a focus of 
tourist activity. There is a clear desire of people at Tortuguero lie 'cash in' on the tourist boom, but the 
experience of these people is that economic booms are short-lived (e.g., lumber. turtle meat. bananas). It 
is necessary to develop the infrastructure to enable a long-term no11-consumptive use of these resources. 

To meet this need, tlie CCC has embarked on a large scale nianal:enierit plan for the Tortuguero region i n  
conjirnction with the Costa Rican National Par-k Service. I'undacion Nacional (Costa Rica) and the I1.S. 
Agency for Interriational Development. This plan inclrrdes: 

- A regulatory plan for land use and land acquisitior~ to I>r.itsel.\,c ~xcsent values and qual i ty .  



- An Environmental and Interpretation Center to provide information for visitors and training for 
local people. A first step is our information kiosk. 

- Coordination with the Park Service for approved and ecologically sound visitor access. 

- Improvement of facilities for visiting scientists and educa1:ional groups. 

- Acquisition of a wildlife corridor to join the Park with the Barra del Colorado wildlife 
management area. 

- Land management research, analysis and implementation for Ihe upper watershed involving 
protection of riparian zones and experimental agro-forestry . 

- Continuation of research on the turtle population to maintain and evaluate conservation action, 

- Training for regional turtle managers. 

These efforts are neither cheap nor fast. The CCC has invested > $1,000,000 and 30 years of effort at 
Tortuguero and we expect It will take even greater commitments of' energy and money to continue. 

We believe that a comprehensive program recognizing local nee:ds for economic stability will ensure the 
preservation of the whole Tortuguero ecosystem including the turtle population. In addition to conserving 
this turtle population, we believe that the solutions we develop at Tortuguero will be transferable to many 
other locations. 
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POPULATIONS OF ATLANTIC RIDLEY SEA TIJRTLES (LEPIDOCHELI'S - KEMPI) IN 
APALACHEE BAY, FLORIDA, C O W A L  WATE:RS 

Ann ~ u d l o e '  
Jack ~ u d l o e '  
Larry ogren2 
' ~ u l f  Specimen Marine Laboratories, Inc., P.O. Box 237, Panacea, Florida 32346 USA 
2 ~ ~ ~ ~ / ~ ~ ~ ~  Panama City Laboratory, 3500 Delwood Beach Road, Panama City, Florida 32408 USA 

A total of 106 Kemp's ridley sea turtles, (Lepidochelys  ken^^), was captured, measured, tagged, and 
released from 1984-1988 in Wakulla and Franklin counties~lorida. Turtles ranged from 20.3 to 57.9 c n ~  
straight line carapace length (mean 36.4 cm), and weights ranged from 635 grams to 13.7 kg. All turtles 
were immature and were captured in all months of the year. Turtles taken in winter were significantly 
larger than those taken in summer. Carapace epibio~its and niud stains suggested that two individuals had 
over-wintered. Turtles were taken over sand, mud, and seagrass bottoms and at depths ranging from 30 cm 
to 32 m. A significant length-depth relationship was observed. The smallest turtles were taken from depths 
< 9 m. Four recoveries were made, three of which returned to their point of capture upon release. 
Offshore occurrences during winter months to depths > 30 ni lor three irldividuals were observed. 



OFFSHORE ORIENTATION BY LOGGERHEAD HATCH1,INGS 

Michael ~ a l n i o ~ i '  
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Hatchling loggerhead sea turtles emerge from nests at night, crawl down the beach, enter the ocean and 
swim directly away from shore. Light cues are known to guide their malvements from the nest to the surf 
zone. However, the stimuli directing the orientation o f  swimrr~ing hatchlings are unknown. Others have 
hypothesized that the brighter seaward horizon, the experience of the down-beach crawl, contact with the 
surf zone, or  wind-directed waves could serve as guideposts. Here, we report that surface waves (oceanic 
swells and waves produced by local winds) are important orientation cues for hatchlings once they loose 
contact with land. Close to shore, however, hatchlings may use different cues, at least during the day. 

METHODS 

Hatchlings were captured from relocated nests just prior to emergence, kept i n  empty styrofoani coolers, 
and taken within 12 hours by small boat to locations ranging from 100 m to 13 nautical miles (NM) from 
shore at Ft. Pierce, Florida. Each individual was tethered within a floating circular orientation "cage"; its 
swimming direction was recorded at I -minute intervals over a 10-min~ute period before the cage was 
retrieved and the hatchling replaced by another subject. Wind dlirection and speed, as well as the direction 
o f  approach for surface waves were recorded while experinients were i n  progress. We distinguished 
between swells (caused by prevailing winds) and waves (produced by variable local winds), as hatchling 
orientation was affected by both o f  these surface wave stimuli. Ekyleigh tests were used to determine mean 
headings and significance levels for groups of hatchlings tested at one time and location. 

RESULTS 

Hatchlings tested during the night at locations 0.9-6.0 NM from shore consistently swam to the East (E) or  
Southeast (SE). Mean headings for hatchling groups were strongly correlated with direction o f  surface 
waves. Swells fro111 the SE were always present at night, eve11 in  the absence o f  wind. Wind-generated 
waves most coninionly approached from tlie S; when they did, mean headiings were typically between those 
o f  approaching waves and swells. On one evening, the wind shifted from the S to the W while tests were 
i n  progress. Before the shift, hatchlings headed SE; afterward, they were equally divided between 
individuals orienting toward the waves and those which responded to the swells. 

Dur ing the day, hatchlings tested 0.7 or more NM from shore behaved much like those tested at night; 
their orientation appeared directed by waves, swells, or both wht:n they were simultaneously present. On  
two testing days, we released hatchlings when neither waves nor swells were evident. Neither group 
showed a statistically significant tendency to swim in  a particular compass direction. However. when tested 
again later that day (after surface waves produced by onshore breezes were evident), both groups were 
significantly oriented in  offshore directions. 

Hatchlings tested during the day within 100 n~ of shore were str.c~ngly oriented to tlie E even when swells 
were absent or waves approached from tlie S or W. 

DISCUSSION 

Our  data indicate hatchlings tested at distances of' 0 . 7  NM or n1ol.e I~.orn s l~ore co~>siste~~t ly suim illto 
surface waves. wl~ether these are generated by swells. ut:~\~cs. 01. 1 ~ 0 t h .  Hatchlings behaved 3s if' both 
stimuli were equivalent; i.e., they did not prefer one for.111 of' surfice sl i rnl~lr~s to a~iotl ie~.. 



For such an orientation system to function effectively, surface waves m~ust reliably indicated offshore 
directions. On Florida's east coast, where prevailing winds are from the SE, this is osually true. 
Prevailing winds are reinforced by afternoon sea breezes from the E or SE. These arise as a consequence 
of land heating near shore. Together, prevailing winds and sea breezes ge.nerate swells strong enough to 
persist througll the night, even if winds shift or disappear after sunset. Since loggerhead hatchlings 
typically enter the ocean between dusk and midnight, swells are important guideposts. 

Waves generated by local winds, in contrast. are much less reliable as cues. At night, land cooling can 
lead to the generation of offshore winds (land breezes) which, when they meet prevailing winds, typically 
generate breezes from the S or SW. By continuing to respond to swells even in the presence of erratic 
winds and the waves they produce, hatchlings reduce the influence of waves upon their orientation 
response. Since land breezes are usually weaker than the prevailing winds, they rarely come directly from 
the W at night (they did so on only one evening out of tlie 13 in which we ran experiments). 

Surface waves may be reliable guideposts during the initial portion of hatchliing migration (i.e., the 24-hour 
"frenzy" period). Their utility at greater distances from shore is unknown. On nesting beaches north of 
Florida, prevailing winds are from the SW. Sea breezes are also produced at these latitudes but the extent 
of their influence, especially with regard to offshore distances where they might affect swell and wind 
propagation directions, remains to be determined. It is, however, likely that on all continental shorelines, 
sea breeze winds generated by afternoon land heating lead to the formation of persistent nocturnal, onshore 
swells. These might reliably direct hatchlings at least several kilometers away from the coast and to the 
relative safety of deeper waters by daybreak. At that point, other orientatilon mechanisms (such as those 
dependent upon a magnetic compass; see Lohmann. this volume) rnay beconl~e primary. 

During the day, surface waves did not appear necessary for hatcl-ding seaward orientation when they were 
tested within 100 m of shore. The cues of inlportance are unkno\vn. Visual1 detection of shoreline features 
is but one of several possibilities. Thus for loggerhead (and othcr sea turtle) hatchlings, orientation cues 
used while swimming may depend upon where hatchlings are located. Ha'tchlings niay use different cues 
near the beach, inlmediately after contact with land is lost, and in  the open sea. 
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INTRODUCTION 

Because the proportion o f  marine turtle nests plundered on jUexiquillo Beach had approached 100% in  
recent years, i t  became necessary to inlple~nent a conservation pl-ogram whose principal objectives are to: I )  
protect a significant number o f  nests and nesting females; 2) contribute  to the understanding of the many 
biological aspects o f  marine turtle populations in  the area; and .3) evaluate conservation techiiques used on 
the program. The species of interest i n  this study are the leatherback sea turtle (Dermochelys coriacea) and 
the olive ridley (Lepidochelys olivacea). 

STUDY AREA 

The Mexiquillo Beach is located 80 km to the northwest o f  the city of k a r o  Cardenas, Michoacan, on tlle 
Pacific coast o f  Mexico. I t  is approxioiately 17 km i n  length, with the first 5 km (the portion located 
towards the southeast) representing the center of our investigations. 

METHODS 

The study site has been divided into two areas. Area I for natural incubation o f  -- in situ nests and Area I 1  
within which nests are relocated to the hatchery. A l l  nests laid outside o f  Area I are collected in  plastic 
bags and transported to a hatchery located within Area I (eggs natually laiid within Area I are not moved). 
I n  order to evaluate the techniques used to collect and rebury the eggs of relocated nests, a con~parison o f  
the hatching success of relocated and -- in situ nests was achieved using the Z statistic. Hatching percent is 
equal to the number o f  hatchlings that emerge without assistanc~:, divided by the clutch size and multiplied 
by 100. An  estimate of total hatchling production i n  the study area is calculated based on the number of 
nesting crawls, taking into account the proportion o f  'false crawls' (unsuccessful nesting attempts) and 
using values for hatching success (hatchlings produced and hatchlings relleased) obtained during the study 
period. A series o f  other parameters were measured concurrently with our conservatio~l work, including 
temperature and humidity at the study site. 

RESULTS AND DISCUSSION 

The nesting season for the olive ridley begins i n  July. 'The end of the ridley nesting season in  October 
corresponds with the beginning o f  the leatherback nesting season. The elid of  the leatherback nesting 
season is in  February. During these rnontlls the teniperature ranges 17"'-36" C. witli an average relative 
humidity o f  87%. Based on observations o f  5.02 1 leatl~erhaclc craw~ls and 502 ridlev crawls. a positive 
correlation between a peak nesting niglit mid tlie plinse (waxing ancl wa~ii~.ip) of  tlie l i ioo~i  was obsel.vecl for 
both species. The frequency of false crawls increases at the encl of tlit. ~iesti l ig season. 'This ~~Iienonienon. 
in lieu o f  ally other reason for its occurre~ice. ~ i iay  Oe  elated lo the l~livsiological condif io~i o f  the turtle. 
given the seemingly extelisive amount o f  energy that iiiilst be exl~enclecl Oy tlie turtle wliile eniergitlg and 
crawling to a nesting site on the beach. 



I t  also has been observed that the turtles have a preference for nesting, within an area of the beach 
represented by a band of habitat located seaward of the berm crest and approximately 20 m in width. 
During the nesting season, there is an annual accretion of sand that adds another 40 m of beach width. 
Because the emerging tirrtles still seek the original 20 nl band. there i s  almost no loss of nests from 
erosion, which i s  why Mexiquillo Beach provides such high quality nesting habitat for the production of 
hatchlings. 

Estimating the Production of Hatchlings 

Because of the protection effort provided by the project, 54,785 leatherback hatchlings (2,238 nests) and 
4,883 ridley hatchlings (93 nests) were able to emerge successfir1l:y and reach the sea. I f  all of those nests 
had been allowed to develop -- in situ, based on the mean nunibt:r of eggs per clutch and mean hatching 
success under natural conditions, an estimated production of 54.51 8 leatherback hatchlings and 5,479 ridley 
hatchlings would have been realized. Thus, we are able to say that our management techniques are 
adequate. as can be seen from a comparison of the means of the two methods ('I'able I). Furthermore, i f  
we extrapolate these figures to the number of verifiable nesting crawls, we: are able to estimate a total of 
145,753 leatherback hatchlings and 29,574 ridley hatchlings that should have been produced on Mexiqi~il lo 
Beach. We can deduce, therefore, that 62.6% of the leatherback nests were plundered. Although this 
proportion of plundered nests seems high, it is, in fact, a noticealSle reduction when compared to previous 
seasons when the proportion of plundered nests approached 100% The corltinuous participation of student 
and volunteer groups and several local children interested in  our turtle conservation program helped 
significantly with achieving our important goals. 

Applying the test of significance of the Z statistic to -- in situ and relocated nests, it can be seen that hatching 
success of natural (in -- situ) nests (51.83%) is significantly greater than relocated nests (49.30%), 

where Z(c) = 2.9; Z(t) = 1.96; Z(C) > Z(t) at P = 0.05. 

From these results it should be possible to evaluate the effectiveness and appllicability of relocating nests to a 
hatchery, and then to be able to ask the salient management question, "Is this technique the most 
appropriate for protecting the nests?" The answer would be "yes" i f  the intensive take of eggs occurring in 
the area is a motivating part of the decision. However, we must not forget other issues that caution against 
a hatchery management plan, such as natal beach imprinting, temperature lnodulation of sex ratios (Anon. 
1984, Bul l  and Vogt 1979). and lethal damage to embryos as a result of rnoving the eggs (Limpus et al. 
1979). Even i f  we take the greatest of care to minimize these deleterious factors by carefully selecting the 
site of the hatchery and by promptly reburying the eggs to avoid the da~maging effects of movement, to 
expand the area o f  beach where nests are allowed to develop -- in situ st i l l  appears to be the better 
management decision, but i t  will require exhaustive vigilence and more pe~rsonnel on the beach to protect 
the nests. 

Simulat i~lg the look of a pilfered nest with telltale marks applied to the: turtle crawl has proved very 
successful for protecting tests. This is achieved by placing an "X"  in the sand on a crawl or, even better, 
leaving a few nonviable eggs lying around the nest site. both indications that a nest has been pilfered. I n  so 
doing, we have been able to reduce to 50% the probability that a nest will be pilfered, being careful not to 
give away the credibility of the trick (misleading marks and egg tr;ac,es) by enlploying it when corlditions for 
collectillg eggs are inappropriate and the egg collectors are not present on the beach. By means of these 
methods, hatchlings from nests laid outsitle of orlr protected stutly sitc have been protected and allowed to 
develop naturally and witllout the r~eetl for relocation. 

Ha t c l ~ i ~ i g  Success 

Variations in hatching sllccecs (XCIII. at different tinlCs (luring tllc rlcstirl~ scn~oil. We encounter the higllest 
period of leatherhack Ilntchlng s~~cccss for nests I;litl to~far t l  tilt. erlr l  of 1111- sccnnd llnlf of No\-ember (Figure 
I )  and the highe<~ pcc~trf of rtdley hatching succcss for nests Initl in I)eccinl?t.r (Figure 2). We also 



encounter hatching sitccas < 10% for h ~ h  species during cerlain periods of thc wason For ridleys. low 
hatching success occurs in  those m n  present on tlie beach during Septcrnbcr. a ttmc uhcn cyclonic storms 
inundate the study area. For Icathcrbck nests (natural and hatchery). there i s  a tendency for increased 
mortality o f  very small embryos ( *  10 days of development) during Scptclinber. Octolur. arid the f i r w  half ot 
November and o f  term embryos (f 50 days of development) from nests laid during hlarch. Throughout tlie 
nesting season, embryos may be found dead at different stages of development. but the cause atid timing of 
mortality is never as clear as the two examples discussed above. 

Throughout the season, as much as 50% o f  the eggs of both species may not produce viable young. We 
believe that much o f  the nonproductivity o f  tlie eggs and the mo~~tal i ty o f  tlie embryos may be caused by one 
or both o f  the following reasons. First, physiological conditions inherent i n  the adult females or in  the 
embryos may negatively affect development. Second, e~~v i ron t i~en ta l  causes such as excessive moisture 
dur ing the months o f  September and October or  severe drought dur ing March  and Apr i l  tnay also be 
affecting viability. With the experience and knowledge gained from our work, we have assembled a plan to 
focus our  research efforts more efficiently and to guide us i n  the selection o f  different management 
techniques that may be used, such as the relocation o f  nests to i~icubators or polyurethane boxes. Our  goal 
is to ensure that an adequate production o f  hatchlings wi l l  be achieved IIOHI and in  the future. 
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Table I .  Fate of nests by leatherback (Dermochelys coriacea), olive ridley (Lepidochelys olivacea) and black 
turtles (Chelonia agassizii) at Mexiquillo Beach, Michoacan, Pacific coast of Mexico. 

Category Dermochelys A Lepidochelys Chelonia 
-- 

In Situ Nests -- 
Relocated Nests 
Total Nests 

Hatchlings Released 
Estimated Hatchlings 

Total Crawls 
Percent False Crawls 

Study Area Nests (4.5 km) 
Estimated Hatchlings * 

Percent Pilfered Nests 62.6% 

* Estimation of hatchlings is based on the average percent hatching success of in situ nests. 
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1988 FALLIWINTER STRASDfNGS OF MARINE TURTLEIS ALONG 
THE NORTHEAST FLORIDA AND GEORGIA COPLSTS 
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[Jnprecedented numbers of Kemp's ridley turtles (Lepidochelys kenipi) and significant numbers of 
loggerhead (Caretta caretta) and leatherback (Derniochelys cor~acea) - turt'ies stranded on the beaches of 
northeast Florida and Georgia during tlie last quarter of 1988. (Of 588 total strandirigs documented in this 
area by participants of the Sea Turtle Stranding and Salvage Network (STSSN) during 1988, 201 (34%) 
occurred during the nionths of October, November, and December. The species co~nposition during this 
thirteen week period was: 90 loggerheads. 79 Kenip's ridleys, 17 leatherbacks. 3 green turtles (Chelonia 
mydas), and 12 unidentitied turtles. Fourth quarter Kenip's ridlleys conip~~ised 80.6% of all Kemp's ridley 
strandings reported during 1988 (N=98). This paper primarily focuses on the 79 Kemp's ridleys stranded 
during October-December 1988. 

The carcasses which washed ashore during this period were typical of stranded sea turtles documented 
from this area and other areas since the establishment of tlie STSSN in 1980. The majority of the 
carcasses were moderately to severely decoriiposed and exhibited the n'ormal range of external carcass 
a~iomalies such as flipper damage, minor carapace damage, etc. They did not exhibit external lesions, tar 
or oil fouling, nor were they generally characterized by a healy epizoa load or severe emaciation which 
might indicate chronic debilitation. Additionally, these carcasses were not generally characterized by severe 
external trauma such as that exhibited by the tliree Kenip's ridlt:ys recovered from the dredges working in 
the St. Mary's entrance channel froni 6 November through 10 D~~cember 1988. 

The size distribution of stranded Kemp's ridleys documented during this event is consistent with that 
described by Henwood and Ogren (1987) for trawler captured Kemp's ridlleys i n  tlie Cape Canaveral area 
between 1978 and 1984. Mean curved carapace length of our 65 measured individuals was 41.25 cm 
(range 22.8-57.2 cm, sd = 7.6  1). There were no adults represented, consistent with the apparent 
confinement (except for very rare occurrences) of sexually maturf: individua~ls to the Gulf of Mexico. 

Strandings of Kenip's ridleys in  the study area occurred during all weeks, with strandings events shifting 
progressively southward during the entire thirteen week period. This shifting temporal pattern of Kemp's 
ridley stratidings most likely illustrates the nearshore sot~therly migration of the species along the southeast 
U.S. coastline and, in general, the southerly migration of the shrimping fleet. 

Monthly trends i n  strandings of Kemp's ridleys for 1988 vs. 1980-198'7 are shown i n  Figure 1. Total 
Kemp's strandings during the period 1980-1987 is 112, vs. 98 for 1988 alone. While the frequency of 
Kemp's strandings during 1988 was significantly higher than previous years, the monthly and seasonal 
trends are consistent from year to year with tlie highest peak occurring during tlie period October- 
Dece~uber and a secondary peak observed during the summe:r months. These data indicate that the 
overwhelming majority of Kemp's strandings during tlie period 1980-1988 are not resulting froni disease or 
other non-periodic activities (e.g., dredging) but are priniarily 1111: result of trawling activity which varies in  
intensity of effort but does not vary significa~~tly in  seasonality. 

Data on nortlieast Florida shriniping effort nieasored as tlic nuniher of t~.ips was ~)ro\lided by the National 
Marine Fisheries Service (NMFS). Fig111.e 2 depicts tot;ll 1088 :t~.andi~lgs (by mo~itli) for nortlieast I;lo~.idn 
and shrimp trawling effort over tlie sariie ti~iie pcriod. '1'Iic Il.c~irl of i~icl.eased st~.anclings du~.ing incr.ease(l 
levels of trawling effort is clear. 'Hie six nionths du~.ing wliicll (lie grealest frequency of strandings were 
reported coincides with the six highest levels of ~nontlily sl~rimping effb1.1 (July-Decemhe~.). 



TED REGULATIONS 

In response to the unprecedented high levels of Kemp's ridley strandings in northeast Florida, and after an 
examination of historical stranding patterns and the distribution of shrini~p trawling effort, the Florida 
Marine Fisheries Commission pronlulgated an emergency TEE) [Turtle Excluder Device] rule on 24 
January 1989. The rule requires all trawlers fishing in Florida state waters north of the BrevardIVolusia 
County line to utilize TEDs as of I February 1989 and is in effect for 90 clays. Additionally, the Florida 
Marine Fisheries Commission will consider permanent year round TED regulations for this area. The 
National Oceanic and Atmospheric Administration promulgated a similar emlergency rule effective 9 March 
1989 requiring TEDs on all shrimp trawlers fishing in northes~st Florida and southeast Georgia waters 
(NMFS statistical zones 29 and 30) for a period of 240 days. Permanent federal regulations require TED 
usage in this area annually from I May through 31 August ant1 do not encompass the fall/winter white 
shrimp fishery. The data presented herein strongly indicate that 'TEDs should additionally be required in 
all Georgia and Florida waters during the season of greatest ridley abundance in order to adequately protect 
this species and all other threatened and endangered marine turtles. 
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Figure 1. Monthly frequencies of marine turtle strandings reported from northeast Florida 
and Georgia (Zones 29,30,31). Data for 1980-1 987 (N == 112) vs. 1988 (N = 98). 
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Figure 2. Marine turtle strandings vs. shrimp trawling effa'rt (number of trips) reported from 
northeast Florida (Volusia - Nassau Counties), 1988. 



RESULTS FROh1 El-EVEN YEARS OF INCUBATIIVG KEhIlP'S RIDLEY SEA 
TURTLE EGGS AT PADRE ISLAND NATIONAL SEASHORE 

Donna J. Shaver 
Padre Island National Seashore. 9405 South Padre Islalid Drive. Corpus ('hristi. Texas 78418-5597 USA 

An international multi-agency prograni to restore and enhance the Kemp's ridley sea turtle (Lepidochelys 
kenipi) population began in 1978. A portion of this program was an experiniental attempt to establish a 
secondary breeding colony of this species at Padre Island National Seashore (PAIS), Texas, USA. Each 
summer, approxi niatel y 2,000 eggs (20 clutches) were collected at Rancho Nuevo, Mexico, packed in  Padre 
Island sand in  Styrofoam boxes, and shipped to Padre Island. 

Froni 1978 through 1988, 22,507 eggs were sent to Padre Island (Table I ) .  Tlie overall hatcliiag rate 
dur ing the 1 1  years was 77.1 %.  Yearly hatching rates ran,:ed from 12.1-91.6% (Table 1). A l l  live 
hatchlings were released on the beach at Padre Island. crawled dow~i the beacli and entered tlie surf. Tliey 
were allowed to swim approxiniately 5-10 ni and were recapturt:d using aquarium dip nets. A total o f  278 
hatchlings (1.7%) escaped in  the surf during release and 381 li,stclilings (2.2%) died at Padre Island either 
p r io r  to o r  after release (Table I ) .  Fron i  1978 t l i roupl i  1988, 15,875 recaptured hatchlings were 
transported to the National Marine Fisheries Service laboratory lor  one yecar o f  'headstarting' (Table I ) .  

A nuniher of  parameters were monitored For the Kemp's ridley eggs and hatchlings. Data were collected to 
evaluate incubation conditions and clutch and year class viability and to irn~prove management techniques. 

Beginning in  1982, incubation temperatures were measured twice daily at Rancho Nuevo and once an hour 
at Padre Island. A variety o f  techniques were used to determine the sex o f  dead individuals and older 
captive turtles that had been headstarted (Shaver et al. 1988). Males pr~edoniinated i n  most of tlie earlier 
year classes. After 1984, incubation facilities and practices at Rancho Nuevo and Padre Island were 
~iiodif ied i n  an attempt to raise incubation teniperatures and increase tlie proportion o f  feniales produced. A 
preponderance o f  the turtles examined from the 1985-1988 year classes were identified as feniales (Shaver 
et al. 1988). 

Incubation duration was defined as tlie total number o f  days from nest deposition to hatching detection. 
Yearly mean incubation durations ranged from 46.7-52.0 days. Incul?ation periods arid percent females for 
all 1982-1988 year classes i n  which 10 or more individuals were positively identified to gender (n=31) 
were correlated (y = 772.343 - 14.643x, r2  = 0.61, P < 0.001). 

Mean temperatures during the middle third of  the incubation period and percent feliiales for all 1982-1987 
clutches in which 10 or more individuals were positively identiGed to gei~der were correlated in  an attempt 
to derive the first estimate o f  a pivotal temperature for Ke~ i i p  s ridley (Shaver et al. 1988). Tlie pivotal 
teniperati~re was estimated to be 30.2"C, with 95 % confidence intervals froni 29.9-30.5"C. A beach 
temperature profile survey was undertaken during the summer o f  1986 to examine temperatures at which 
Kenip's ridley sea turtle eggs would incubate if laid on PAIS (Shaver et al. 1988). Temperatures were 
conipared with simultaneously measured temperatures a t  Rancho PJuevo and tlie estimated pivotal 
temperature for Kenip's ridley. Clutches undergoing tlieir middle third o f  incubation early in tlie i iesti~ig 
season at Padre Island or  Rancho Nuevo should produce pr irnar ilt r~nale~.  later ~~o~. t ior is  o f  the seasot1 
primarily females, and middle of tlie season a mixture. 

A total o f  3.902 unhatched eggs from tlie 1080 and 1082-1088 \c.:rr classes u e r r  cxaniinrtl lo qt~;trltify 
fertility rates and embryological stages o f  develol~ment a l  l i r~ ie  o' tlc;~~lt (Slt;r\~er. ;trid Cllnney ill I~r.el ,  ) .  I h r a  
were grouped according to thirds of incuhntio~i during u , l ~ i c l ~  tlc;111i o(x r~~~.~x*c l .  Significa~itly 1ilor.e enill~.\,os 
ceased development during tlie first tl1i1.d of incuhation i l l  1083 tl~;rn d t ~ r i ~ ~ g  thc firs1 third in an!; other !car 
(Newman Keuls' Multiple-Range 'I'est. P = 0.01). Ilxccssiv~: sand moisture antllor sand or hox fungal 
contariiiriatio~i probably caused the low hatching success alitl liiglt ear.l?f-stage niortality in tlie 1983 veal. 



class (Shaver and Chaney in  prep.). Significantly more embryos ceased  development during the last 
trimester of incubation in 1987 than in any other year (Newman KI:u~s' Multiple-Range Test, P = 0.01). 
High (>  38.0°C) and excessively fluctuating incubation temperatures prior to shipment to PAIS probably 
caused the relatively low hatching success (64.3%). high late-stage mortality. and other anomalies in the 
1987 year class. A markedly siniilar pattern of embryonic death wa.s found in 1982, 1984, 1986 and 1988 
year class eggs, with highest mortality early in incubation and lowest mortality in the middle of incubation. 
This pattern may be typical for Kemp's ridley. 

Straight-line carapace length and weight were recorded for each hatchling from the 1983-1988 year classes. 
Mean straight-line carapace lengths and weights of the 1984-1988 year classcs were significantly different 
from one another, with the 1987 year class being the smallest and lightest (Ne:wman Keuls' Multiple-Range 
Test, P = 0.01). 

Beach patrols have been conducted for nesting wild and headstarted sea turtles and nests have been 
protected and monitored. Although a number of tracks, nesting turtles and nests have been found on the 
Texas coast during the past 10 years, no confirmed headstarted L. k-I halve nested on Padre Island to 
date. Efforts have been made to educate the public about the KGG'S ridley sea turtle project, sea turtle 
conservation and the need to report sea turtle sightings. Pursuant t c ~  a decision made by the Kemp's Ridley 
Sea Turtle Working Group in 1986, no additional Kemp's ridley eggs will be transferred from Rancho 
Nuevo to Padre Island after 1988. However, PAIS will continue public educa~tion efforts, beach patrols for 
nesting turtles and protection and monitoring of sea turtle nests laid in Texas. 
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Table 1. General results of 1978-1988 Kemp's ridley incubatiot) and imprinting at Padre Island 

National Seashore. 

Number Number Number Number 

clutches eggs Number (percent) (percent) Number Mean 

from from (percent) hatchlings hatchlings hatchlings incubation 

Rancho Rancho eggs died at lost during to period 

Year Nuevo Nuevo hatched Padre Island release Galveston (days 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Total 

a Calculated excluding 810 hatchlings from 11 clutches intentionally released into the Gulf of 

Mexico. 

Calculated based only upon the 9 clutches that hatched. 
Calculated excluding 69 hatchlings from a Padre Island natural nest head started at the 

Galveston NMFS laboratory. 



POSSIBLE EFFEC'I'S OF ARTIFICIAL FOODS ON SEA 'T'UKTLE HEALTH 
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While i t  appears an obvious fact that animals in captivity live under diflferent conditiohs from those in the 
wild, the corollary assumption that captive conditions are generally healtll~ier (i.e., no predators or parasites. 
an abundance of food) is not ~~ecessar i ly  true. Such conclitions are: invariably different. and this is 
especially true of diets. The increasing use of soybean prodr~cts as protein substitutes in formulated foods 
for captive animals such as sea turtles may present sonie surpr~sing hidden dangers. Soybeans contain high 
levels of the pllytoestrogens diadzein and genistein (Walz 193 1 ). These two plant estrogens in turn liiay be 
found in conlmercially prepared aninial diets containing soy products (Setchell ct at. 1987). 

The problem is that exogenous estrogens can exert biological activity. Tlie fate of ingested estrogens is 
dependent both on the animal species and the estrogen's structure. In mice and men, at least, exogenous 
estrogens are generally broken dow~i by intestinal rnicroflora or degraded in the liver to be excreted in tlie 
urine as glucuronides (Figure 1). Some exogenous estrogens, however, are siniilar enough in  structure to 
endogenous species that they pass into the bloodstreani and exert biological activity. Problems arise when 
circulating estrogen levels are too high, creating u~idesirable or even pathological effects (Gosselin et at. 
1987). Phytoestrogens may lead to false co~iclusio~is in blood hornio~~e assays: for example, if exogenous 
estrogens are mistaken for endogenous ones. Pathological effects include liver diseases induced by 
th~.ornbosis and hypercoagulation. Phytoestrogens also niay strongly depress the hypothalamic-pituitary- 
gonadal axis, leading to the depression of ovulation, an increas~:d frequency of ovarian cysts. or possibly the 
depression of male sexual conipetence (Gosselin et al. 1987). 

'I'llese possibilities become an area of concern when working with endangered species such as sea turtles, 
especially where captive breeding 01- hatchling release programs are i l l  effect. While turtles i n  the wild 
consrlme a variety of prey items, ani~nals i n  captivity commonly receive only commercially prepared feed of 
which soybean meal is the primary constituent. This raises the question. "Are the phytoestrogens in soy- 
based food acting as an exogenous source of estrogens i n  the blood, and thus potentially available for 
biological activity?" A preliniinary experinie~lt was perfo~.nied based on the hypothesis that if the estrogens 
detectable in the blood were in fact phytoestrogens from soy-based food, then fasting the aninials for a short 
period would lead to a decrease in detected plasma estroger levels. 'This i n  fact did occur with plasnia 
levels dropping froni approximately 22.0 pg estradiol/ml to nearly 12.0 pg/ml over a 10 day period. While 
tlie results are p~.eliminary and are not statistically significant, they do i~l~dicate a need for further study. If 
phytoestrogens are enhanced in turtles fed artificial food, then we must 1:lay serious attention to the potential 
health and reproductive problenis in these and other captive animals. 
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A few years ago we first reported that some stranded sea turtles on C:umberland Island, Georgia. had 
suffered severe trauma to the skull and that some of tlie stranded sea turtles may have beet1 debilitated by 
traunia and therefore more likely to die in  fishing gear. Consequently, we initiated an investigation of 
trauma to stranded sea turtles and attempted to define the arnount of trauma suffered, determine if the 
trauma was correlated with species, size, sex, or date of stranding, and determine the cause, kind, extent, 
and time of trauma. 

Of the 1.33 sea turtles stranded o11 Cniiil~erlantl Island t l t ~ r  ilig 1986 and 1987, loggerhead? (C'aretta caretta) 
and ICenip's ridleys (Lepidochelys - -- kelnpii) were most common ( 1  17 and 12. respectively) while green 
turtles (Chelonia W s )  and leatherbacks (Dermochelys -- coriacea) were few (2 each). One loggerhead was 
removed from th;: beach before we col~ld exaniiile i t .  14 loggo~.heads were in  such poor colidition they 
provided only rninimunl information, and one ridley was illegally taken by a National Park Service ranger 
and was later fou~ld disca~ded with tlie head nlissing. 0 6  tlre 119 tul-tle catcasses useful for study, 84 
(71 %) had suffered some sort of trauma prior to necropsy. Since we did not regularly prepare 
appendicular skeletal material, antemortern traurna was not fu l ly  assessed. 

We were unable to correlate traunia with sex of animal, specie$ of turtle. fi;ize of turtle. or date of stranding, 
except that ridieys show a seasonal pattern of stranding. The seasonal pattern may be an artifact induced by 
size, as discrlssed ljelow. 

Of the animals with tr-auma, postmortem traurna was found in 65%. antemortern. 44 %, and trauma judged 
to have taken place at the tinic of death, 4% Most postmortem trauma was attributed to sharks. Of those 
loggerheads with Ireads. 24% (17170) had suffered antemorleni dalna,ge, of which I I were assigned to 
unknown causes. 5 to severe impact, and I to a blow with a sharp object. Antemortem trauma to the heads 
of all species combined was 23%. 

Shark damage was greatest to limbs. Thirty-six percent of loggerhead carcasses were missing limbs 
attr.ibutable to shark attack, while 32%, of all species suffel.ed removal bv :sharks. 

The most frequent kind of damage was reniovill (and ofieu rel:~ted to sharks): fractures and lacerations were 
the next most frequent kinds of traunla. Severe ilnpacts and iir~krlown causes were responsible for most 
fractures and 1;rcerations. 

Of all loggertieads with partial or coniplete digestive tracts. 44% contained intact sllritnp andlor fishes 
which we beiieve: were ohtailled i n  shrimp irawls. Onlv 14% of tlie riclleys llad such items. We believe 
our indirec.1 evider~ce of association with slirinll) trawls rllakes associatiorl of antenlortern trauma to human 
activities quite likely. 

The ramlricatinns of these data arc. many. '1'11~. Ilij:.h f~.cclt~c:nc\ of sl1;11-k attack o n  C:II-casses could sltc\4, size 
distributions of strantled sea t[~r.~les sin(:? snlall t i ~ l . t l i . i  ~lrigl~t Ilc n1ol.c likely to he lotally consrr~ned when 
sharks are present. T'hc seasonal s t~ -and i~~g  I ) ; I ~ ( C I . I I  of $ I ~ ~ ; I I I I . I .  i ~ l ( l i \ i i I~~;~ ls .  esl,eciall>. ritllcys. ma! r.eflect 
I r k  i c ,  1 t i  s i c  I :  I I I I ~ O  ; I I I I I I .  Coll\,er-sel\. ~.itllc!,s 111;1! 

be nlore abundant wllerl sl1al.k~ : I I . ~  1i.s:; ;~l~und:iilt. 



Sharks re~iioved limbs from 32% of the carcasses, reducing any chances of discovering flipper-tagged 
animals. As we suggested last year at these meetings. the optimal location for a transponder tag is not the 
flipper, but the shoulder because it is likely to survive shark attack. 

Of particular concern is the frequency of antemortern trauma and the possible correlation to subsequent 
mortality. That so niany sea turtles have survived such damage, orrly to die later i n  a subsequent event, 
suggests a high probability of multiple encounters with sources of trauma. It wi l l  be especially enlightening 
to determine if such trauma is reduced when use of turtle exclude~r devices by shrimp trawlers beconies 
mandatory. 
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Aves Island i n  the eastern Carihhc;rn ( lS"40  15" N n i ld  h3'37'00" TN) is a sniall sandy island with 
fringing reef. The island is locatecl ap;)i.oximately 300 k n ~  fron~ t'uerto Rico. 200 km from Dominica, and 
648 k n ~  from La Guair-a. Venezuela. Since 1979, the Foundarion for- tlie Defense of Nature (FUDENA) 
has been studying the Aves Islarid green tc~rtle population by ni~nnitoring. tagging, and nieasuriug tlie adult 
feniales that arrive on the is ln~~tl  to ~ i r s t .  Froni 1984 to 1088, there have been FUDENA research 
personnel present on the isla~rtl tl!~rirtg fl lc elit i re  nestirlg season (Fe11ruiat.y to November). In 1982, tlie 
nesting season was monitored except for November. I n  1979, 1980, 1981, and 1983, the turtles were 
monitored for only tlirer or four n ~ o ~ ~ t l i s  during the nesting season. There have never been personnel 
present on Aves Island in  Y>ecember atid January. because few ell. no turtles arrive to nest al this tinie of tlie 
year . 

The present worAk su~i~marizes  data ~ J I I  nesting pt:~,ioiliciry. sc:asonality, r.en~igration intervals. ancl lo~rg 
distance tag returns. II is impo~.tant to point out that the i11rorln;ition gathered over the last ten ycars is only 
IIOW being entered in the conIput~:r-. '3'lnrl.s. 111uch of  the ana1y:;i:s in this paper is based just on l l~e  1985, 
1986, and 1987 season reports. 

Aves Island is a caic;*,.eous s:inrl islrtrid oil a hcnclr-rock platforn~ tioutided to the nortli. east, and south by a 
fringing reef. It is irt the shape of a Irunint l  footp1.int. A topol;rapllic survey carried out by the Direcci6n 
de Hidrografia y NaliegaciSn (Con~anda~i:in General de In Marina) in 1983 showed that the island had an 
area of 4.2 h a .  a length of 664 m (N-SI .  anti ;I wiclth (E-W) (Ilat varield from 33 ni al the center of the 
island to 272 131 - t  !fir. 11orthei.n end. 7'ile inaxi~rirr~n r:levation was 3.72 m above mean sea level. 

RESULTS 

Nesting Rehnvicrr 

Figure 1 slr(iws tile seasc~~~;ii tlfstr-ibui~o:i o;  green turtle mestin,; activity observed during 1985. 1986. and 
1987. 7'hr. ncsii;;g scason begin5 in Febrraary, peaks i l l  August, and einds i n  November. Figure 2 is a 
cornpilation of the ii~ter-irestiirg Irivecv;~Is j i i ~ =  1714) r-ct:ordeci during 11985, 1986. and 1987. Turtles 
appearing within six or telvcr days  atte't' last being seen w r e  ~ioted as re-emergences following an 
I I I I S L I C C ~ S S ~ U I  c ? ( ' s ~ I ! ? ~  a?ter!apt. 

A rnajoiiiy of i!,i;: tui'r?;:v ~.e!);.cs(:olt~cj 1):; il\,.' irr.:it pcah irl iigr11.e 2 renested after intervals of 10-14 days 
(60.57%). 'I'h? ~l~.eJ<~ri,i~nicnt 3z,Zi.rv:4i w a s  I ! ti:$?:; (20 ,305 , ) .  Followed by 12 clays. Thc mean internesting 
intcr.vnl was IS.'ji! tirays ( s r l -~a . iR~ ' R ' i r i ;  ~ : ; r l \ r c :  i s  greater. ,h:rii lrieali internesting intervals recorded 
elsc:w2ier-e for- pi-t:r.,, rirnrie:: :set: t</?c:i-ficiicr. ;rrt(E i ' ; i r , i .  1987 (or- a review* of these values) arid is caused by tlie 
occurience of so~iic very i!~!;!, i : l r ~ :  i~t'iling E~r\viv;~ls :r: i\\,r:s isi;~~id. 

Estilnatcs of  mc.;tti r? t i ! f i i r t : i .  oi i r,jlchcs l:iitJ 11i.1 fc~iizrlr ( l , i g ~ r r . ~ ~  .$) \h'ci.c calculatctl flo~li 1985. 1986. and 
1987 cfatn. A niajoi ifv (5.5 i Y  I ! i f  li:ri~:?Ic~, l a \  i i ) l .  2 c.lutcllcs. nlltl  tllr. meail llur-llhe~ of ohserved clutches 
pel' tilrtles is ;.!' iv . -- .  E : IXt 



Long Distance Movements 

Since 1979, a total of 1,975 turtles have beeti tagged at Aves Island. At the present time. a total of 25 
long distance recoveries have been recorded. Tell of these reccveries were turtles tagged by Railley 
between 1973 and 1976 (Carr et al. 1978). All of the recoveries l~ave taken place in the Caribbean Sea. 
except for one recovery along the Atlantic Ocea~l on the coast of Brazil. Caribbean recoveries have come 
from Mexico, Nicaragua, Cuba, the Dominican Republic, Puerto Rico, St. Kitts, Grenada, Las Islas de 
Tortugas (Venezuela), and Guyana. This information, although scarce, indicates that Aves Island is an  
in~portant nesting ground for a significant portion of the Chelonia m)ldas -- population in the Caribbean. 

Population Estimates 

Due to the snlall area of Aves Island, almost all the turtles that arrive on the beach are counted (observed). 
Investigators check the entire perimeter of the island every 1 .O-1.5 hours. Since 1984, investigators have 
been present throughout the nesting season, so stock assessment counts during those years have been quite 
accurate. There seems to be a cycle occurring on alternate years., with a greater number of females (in 
excess of 400 individuals) in some years, followed by years with fewer turtles (300 individuals or less). 
The number of turtles nesting in 1988 was 400-500 individuals, further suppo~rting the above idea. 
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GROWTH RATES OF JUVENILE KEMP'S RIDLKYS ANlD THEIR MOVEMENT 
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During the summer and fall of 1988, sonic and/or radio transmitters were attached to seven Kemp's ridley 
turtles released in the waters surrounding Long Island, New York. Four of these turtles were rescued 
"second year" animals (mean straight-line carapace (SLC)=3'1.0 cm) which had been cold-stunned during 
November and December of 1987 and held for approxin~ately 7 months in the Aquarium of Niagara Falls, 
New York. The remaining three turtles, "first year" animals, (mea~n SCL=29.4 cm) had transmitters 
attached immediately upon their capture in tlie Long Islantl Sound/F'econic Bay area. Because i t  was 
i~npossible to sin~ultaneously track several turtles, four were selected for intensive nionitoring while the 
others were tagged and released with plans to re-establis1.1 contact at a later date. Tlie four turtles 
continuously tracked were monitored for 7 ,  25, 26 and 89 (lays, respectively. All turtles which were 
closely monitored had sonic transmitters attached. Two of th~e sonic transmitters contained depth sensors 
which niade it possible to precisely locate the turtles' positions in the water column. 

For five out of seven turtles for which data were available. the direction of movement at the point of last 
contact was eastward. One radio transmitter which had broken free from a turtle was found on a beach 
located on the south shore of Long Island. Because currents in the: area would not transport a freely 
floating object ro this area, it was assumed the tagged turtle left the soumd/bay area and was in tlie Atlantic 
south of Long Island prior to transmitter separation. Tlie farthest distance traveled by a turtle was 193 lun. 
This turtle, a second year animal, traveled 60 km westward, moved northward along tlie Connecticut shore, 
and was found alive 82 days later in a cold-stunned condition approxin1,ately 40 km froni the eastern tip of 
Long Island. 

The mean distance traveled by a ridley in this area was 8.3 ktnlday. will1 most of this movement occurring 
during daylight. Total distances traveled were 5-26 titiles the final net displacement distance. In one 
experinlent to compare the behavior of a first and second summer animal, one of each was tracked 
simultaneously. During the 25 days of monitoring both showed stmilar behavior and occi~pied similar 
habitats, on some occasions occupying tlie sarne habitat concurrently. During this experiment the first 
summer turtle also simultaneously occupied an area with another transmitter equipped second summer 
turtle. 

A first year turtle outfitted with a depth sensing transmitter was monitorled during 78 dives over a period of 
13 days. Maximum dive depth was 12.5 In: in over 75% of the dives (lie turtle was within two nieters of 
the hottotn as determined by comparing telemetered depth inforniation and fathotlieter readings. Fecal 
samples obtained from recaptured turtles and stomacli analyses from cold-stunned ami~i~als revealed that 
75% of the sa~nples contained crab parts. The slow-moving s~lider cl'ab (Libinia sp.) was tlie niost coninion 
prey item. The mean growth rates for three freely-swinlnling anitilals was 547.7 pimo~itli (Figure I ) .  Five 
cold-stunned animals held in a 10,000 gallon tank showed no mean weight increase for the initial three 
months post-stunning (January-March) (Figure 2). Weight &;tiins durin,g tlie next four nionths had a mean 
of 321 glmonth. Although turtles did not increaso iri mass (luring tlic irli t inl  period of captivity. they did 
exhibit continuous increases in carapace le~igtll (~iie:i~l= 0.  .!O cnii'nlonth) (Figure 3). Carapace lengtlls 
increased 2.8 times faster in the field than in  captivity. I t  is !lot kliowl~ i f  this disparity in  growth rates Mias 
due to recovery from cold-stunning, adjustments associated wli t l i  captivity. or seasonality effects. 



Radio and sonic telemetry has been an effective tool to not only determine turtle location but also to directly 
observe the behavior of the turtles both at and below tlie surface. The ability to recapture specific 
individuals at desired times can greatly facilitate diet and growth studies. Basedl on the rapid growth rates of 
tlie freely swiniming Kenip's ridleys we studied, these animals are successfully exploiting the resources 
available to them in the marine habitats surrounding Long Island, New York. 
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GROUTH RRTES OF 
FREE-SWlf l f l ING KEflPIS R I D L E Y S  'I - - I 

Fig. 1. Field growth rates deter- 
mined by multiple recaptures. 
Turtles A, B, and C were second 
season animals, turtle D was a 
first season animal. Turtle C 
was recovered suffering from 
hypothermia . 
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Fig. 2. Changes in mass of five 
captive 4. ridlevs. Regression 
equation is for data included in 
solid line. 
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Fig. 3 Changes in standard 
carapace length of five captive 
K. ridlevs. Monthly means are - 
averaged from weekly readings. 
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STATUS AND CONSERVATION OF SEA TURTLES IN SRI LANKA 

Charles R. Tambiah 
Center for Special Studies, Davidson College. I)a\,idson. North Carolina 28036 USA 

STATUS AND DISTRIBUTION 

Of the seven species of sea turtles in the world. five species are confirniecl nesters on beaches in Sri Lanka, 
an island situated east of the southern tip of India. At the beginning of the century, Sri Lanka was 
considered to include prime nesting beaches (rookeries) for all sea ti~trtle species nesting in the Indian 
Ocean (Deraniyagala 1953). Sea turtles were abundant and distributed throughout the country. Current 
estimates indicate that tlie populations are sniall and declinir~g rapidly. However, no precise numerical 
evidence as to popitlation sizes and trends are available at this time. Historically, Deraniyagala reported 
that Sri Lanka was the major breeding ground for tlie leatherback sea turtle (Dermochelys coriacea) in the 
Indian Ocean (Deraniyagala 1953). Currently this species is rare with infrequent nesting (Frazier 1975). 
The loggerhead (Caretta caretta) is the rarest of sea ti~rtles ill Sri Lanka. The hawksbill (Eretmochelys -- 
imbricata) was once very abundant i n  southern Sri Lanka, but recent nu~libers from the area are extremely 
low (Mager 1985). Green turtles (Clielonia mydas) are reported as uncommon with a greatly reduced 
population throughout the island (Frazier 1975). In terms of nesting; and occurrence, tlie olive ridley 
(Lepidochelys olivacea) is the most common. Contrary to Deraniyagala (1953), the 'flatback' (Natator 
depressa) is not foulid in Sri Lankan waters (Limpus 1988). 

EXPLOITATION AND HABITAT DESTRUCTION 

The biggest threat to sea turtles in Sri Lanka is exploitation. All five species are exploited, but not i n  equal 
quantities nor for the same purposes. Currently exploitation is for meat, eggs and shells. Such products 
are used for their nutritional, medicinal and cultural values. These products are collected by fishermen and 
their families for sale at local and international markets. Turtle flesh is believed to have strong medicinal 
powers. Turtle meat also serves as a cheap source of protein aniong the coastal people of Sri Lanka. 
However, i t  is not the primary source for any individual Similarly the eggs are consumed as an 
aphrodisiac and for nutritional purposes. On a majority of beaches, 100% percent of all eggs laid are 
collected. 

The exploitation of nieat and eggs in Sri Lanka was previously described by authors as strictly for 
subsistence purposes (Salm 1976, Frazier 1980). However current e~.plo~~tation is directed only towards the 
local market. The exploiters are priniarily fishermen by profession. To these people, the nieat and eggs 
are not a primary source of protein, nor is the illcome from tht: sale of such products their sole livelihood. 
The inconie only serves as an additional bonus to their fishing. Large quantities of eggs arid nieat are 
collected from these fisliernien by local fish dealers and tranzported to local niarkets to be purchased as 
delicacies. 

Tortoiseshell is the most valued of turtle products i n  Sri Lanka. Carapace scutes are used i n  tlie 
nianufactitre of curios, jewelry and display ornaments: scutes fro111 the pla~stron are used for furniture inlay. 
Although tortoiseshell items had great cultural and social significance during tlie early arid mid-1900's. 
current exploitation is exclusively for the internatiotial mar'itet. In Sri L,anka tortoiseshell itenis are 
currently an important part of the tot~rist trade. The governnient o l  Sri Lankn participated in the industry 
through the Tortoise Shell Industrial School. wllicli has nou, heel1 closed d i ~ c  to a shortage of raw 
materials. Tortoiseshell items are sold opetilv to tou~.ists at state and private t ~ ~ l ~ p o r i u ~ i i s .  Ha~vkshill 
popitlations have been de\/astate(l by tlie tortoisesliell i~l(lr~st~-!; 'Tllc la~gest nesti~lg cor~cetitl.atio~i of tllis 
species on tlie soutliern coast of Sri Larika has heen totally drr;tt.oyt.(l l i w  tliis I N I I - O O S ~ .  Not only Iia\.e all 
the nesting adults beer1 removed. ji~ver~iles with C ; I I . ; I ~ ) ~ C ~  11iei15t1 t.t'~ilc~lt.'; of' 40-50 ctli ;111d scttte yields of' 
0.85 kg are now being extracted. Tlie prese~it returlis are tliel-cfore ahout four tinles less per tot.tle than 
they were at the turn of the century. 



In addition to exploitation, the development of coastal areas has imposed great pressures on sea turtle 
habitats. Tourist resorts and settlements have reduced nesting space and incre:ased artificial lighting on the 
beaches. In addition, the mining of beach sand and coral for construction purposes has caused the erosion 
of prime nesting liabitat and the accidental catch of sea turtles by the fishing industry is widespread (most of 
the meat is sold clandestinely at the fish markets). 

CONSERVATION EFFORTS 

Ironically, under the Fauna and Flora Protection Ordinance, sea turtles are protected in Sri Lanka. Sri 
Lanka is also a signatory of CITES. The lack of implementation o f  the law ,and conservation policies has 
been attributed to a shortage of trained law enforcement personnel, to obsolete, inconsistent and insufficient 
clauses, and to a lack of administrative support and political coordiaation. h![anagement efforts have been 
limited to hatcheries, most of them initiated by private parties. Unfortunately, most of the hatcheries were 
manned by personnel who lacked training in sea turtle biology or hatchery management and hatch success 
at these facilities rarely exceeds 25%.  

The situation in Sri Lanka indicated that for the conservation of sea turtles a joint recovery effort by 
relevant government and nongovernmental agencies was urgently needed. To meet this urgent need, several 
organizations (National Aquatic Resources Agency, Sri Lanka Environmental Congress. March for 
Conservation) established the National Sea Turtle Survey of Sri Lanka. However, all government agencies 
and nongovernmental organizations associated with sea turtles have not joined the Survey. The Survey will 
be responsible for the national policy for the conservation and manag,ement of sea turtles in Sri Lanka. The 
policy will include the implementation of scientific studies, idemification (of problem sites, initiation of 
action plans, evaluation and coordination of management efforts, and the establish~nent of a grassroots 
conservation network. 

The Survey should harness the support of over 130 nongovernmental and 17 governmental agencies nation- 
wide to establish an effective network. Established organizations should be tapped for sea turtle education 
and other specialty support. Survey and network participants need lo train fishermen and present hatchery 
employees in the correct techniques for research and management. The use of hatcheries as education 
centers and tourist attractions should be pursued as an income :;ource to the sea turtle program. The 
Government should be pressured to abide by national laws and international conventions. Some efforts to 
survey beaches, study hatchery management, evaluate laws and prolpose recorn~nendations, and educate the 
public a re  c u r r e ~ ~ t l y  underway. These efforts should be encouraged by the international sea turtle 
community in order to ensure the protection of the dwindling sea turtle populaltions of Sri Lanka. 
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SO MANY TURTLES, SO LITTLE TIME: UNDERESTIMATING FECUNDITY 
AND OVERESTIMATING POPULATIONS? 

Anton D. Tucker 
Department of Zoology, University of Georgia. Athens, Georgia 30602 USA 

In deriving popi~lation density and abundance estimates for species, adequate sampling regimes niust be 
nlet in order to obtain non-biased population parameters. Tine sampling of sea turtle populatio~ls generally 
occurs at rookeries for that proportion of reproductive females nesting in a given year. Acknowledged 
problems inherent to adequately sampling these populatio~ls include tag loss, incomplete capture-recapture 
records, variation in remigration schedules, variable fenial~: reproductive output, and unrecorded nesti~lg 
events occurring outside the sampling area. Despite these reason~s, a common approach for annual 
population assessment is to count tracks, nests, or female turtles on nesting beaches (Carr 1980). Meylan 
(1985) indicates the additional difficulties associated with estimati~~g size of nesting populations by these 
methodologies since "remigration intervals, average number:$ of nests per season per female, and the ratio 
of successful to unsuccessful emergences are all poorly known." IZookeries with high nesting densities 
often have population estimates which are multiplicative and are based on track counts (Pritchard 1982). but 
which ignore o r  make assumptions concerning clutch frequency as a calculating factor. Net rates of 
reproductio~l, R,, are derived from survivorship and reproductive output data (Wilbur and Morain 1987). 
Female reproductive output is a function of clutch size and frequency and although estimates of niean clutch 
size and remigration intervals can be obtained by even infrequent beach surveys, accurate clutch frequency 
data is highly dependent upon the frequency of beach patrols (Fraze:r and Richardson 1986). Fecundity 
data has been incorporated in both age-specific fecundity niodels (F~,azer 1984) and demographic models 
(Bjorndahl 1980, Crouse et al. 1987). Fecundity data resulting from a saturation tagging project for 
Caribbean leatherback sea turtles, Dermochelys coriacea, is presented and compared to other published 
estimates for the species. The alternative use of fecundity data (when available) is discussed as a divisive 
factor for obtaining annual population estimates from track counts. 

The reproductive biology of leatherback turtles has been intensively monitored by a saturation tagging 
project in the northeastern Caribbean. Turtles were studiexl at Culebra National Wildlife Refuge, Isla de 
Culebra, Puerto Rico from 1984-1987. The rookery supports only a minor Caribbean nesting population 
(Carr et al. 1982), but is unique in being patrolled frequenrly to insure that all nesting females are double- 
tagged and each subsequent nesting at the study site recordled during the season. The practice of double- 
tagging helped to alleviate tag loss, a common occurrence ~ ~ i t h  the soft-skinned leatherback. Leatherbacks 
require at least an hour to complete a nesting sequence and so patrols were scheduled at hourly intervals 
each night of the nesting season (1  April-8 July). The shortness of the study beaches (both < 2.4 lun), 
lack of nearby alternative nesting habitat (91 %-loo% of all ~iesti~ig i n  archipelago occurred on study site). 
and frequency of coverage resulted in a high probability 01' encountering each female to verify all seasonal 
nesting events. A very complete census of individual turtle data was obtained in this manner. All recorded 
annual nestings for an individual were calculated as ob!ierved clutch frequency (OCF), following the 
nlethodology of Frazer and Richardson (1  985). 

Data recorded for i~idividr~al liest frequency are prescnt1:d that indicate new upper limits to the species' 
fecundity. Annual OCF averaged over the four year pe.riod was 6.1 nests per fe~liale (range 5.2-7.0. 
sde0 .74) .  Most estimates of intraseasonal nesting frequency are based on return intervals followirig an 
initial tagging and overlook nesting that occur-s outsicle the study site. A<lcfitionally. the initial taggirtg of a 
female may not occur until one or more clutches have beer] deposittxl. Missed nestings due to incoriiplete 
beach coverage result i n  an underestimate of an~irral rel)rotluctive ocrtl7rrt per iridividual. OCF's are seen to 
be underestimates of the true reproductive oritput. Altlioupli tlic polwlntiori for Culebra ( ~ 2 0  (,el. year) is 
substantially less than populations utilizirig larger yei Icss thororr~l~ 1 1  ~x~ti.olled heaches. a satur.ation trtggi~ig 
program yielded a higher percentage of encoirriters wit11 r,t:sti~lg felii:llcs and l.esrrlletl in fecuntlity cstiliiates 
greater that previously reported. 



The discovery of higher mean clutch frequencies for leatherbacks suggests that fecrlndity for additional 
turtle species may also be underestimated at beaches which cannot be intensively sampled. Fecundity as 
referred to in this note represents only the number of annual clutchcs per fem~ale and not the total number 
of eggs per clutch for which abundant data already exist. Higher fecundity nqaxinia for additional species 
have been established as a result of saturation tagging projects: seven clutches for Caretta caretta in Georgia -- 
(Lenarz et al. 1981), eleven clutches for Chelonia niydas in Malaysic1 (Hendrickson 1958), and six clutches 
for Eretn~ochelys imbricata in Antigua (Corliss and Richardson, unpubl. data) have been recorded. Recent 
information provided for Rantau Abang, Malaysia, by Chua (19118) indicates that -- D. coriacea will on 
occasion deposit up to twelve clutches per season, but no information on average nesting capability has yet 
been provided. Ehrhart (1 982) has noted the difficulty in qi~ant fying fecundity despite the volume of 
available data. Fecundity maxima are reflective of optimal acquisition of energy reserves to meet demands 
imposed by reproductive expenditures and may not be as valuable a metric for comparison as are mean 
fecundity values. A comparison of data from several leatherback rookeries indlicates that the rookeries with 
most coniplete levels of coverage; i.e., Puerto Rico (Tucker 1987). St. Croix, U.S. Virgin Islands (Eckert 
and Eckert 1984), and Mexico (Sarti et al. 1987) all have higher estinlates olf female fecundity (6.1, 4.9, 
and 5.7 nests per female, respectively) than recorded for leatherback beaches with less coverage; i.e., Costa 
Rica (Hirth and Ogren 1987), French Guiana'(Fretey and Girondot 1988), and Malaysia (Chua 1988) with 
2.7, 2.8, and 2.9 nests per female, respectively. It is interesting to further note that the percentage of total 
nesting occurring within study site boundaries at the first three rookeries ment~~oned are estimated at =91 %, 
=60%, and -95%. Data on nest site fidelity and degree of beach coverage al, the latter three rookeries are 
unavailable. Sampling effort expended as a proportion of the pol)ulation quantified would intuitively be 
directly proportional. Despite several orders of magnitude difference in abundance and density at major vs. 
minor rookeries, data obtained via intensive, tagging studies of relatively small but thoroughly covered 
populations have great utility. 

Nesting behavior for the Culebra population was not found to be significantly different than at other major 
rookeries. It is then reasonable to maintain that the differem values recorded for fecundity are 
representative of sampling effort expended per female. The lack oi' information concerning annual mean 
reproductive capacity for many leatherback rookeries underlines the need for consideration of the 
in~plications of' these findings, particularly when popi~latio~l estimate:; are based upon nest or track surveys 
rather than timelenergy consuming verification of individual female nesting histories involving a virtual 
census rather than a sample. Saturation tagging data for leatherbicks suggests that nli~ltiplicative world 
population estimates may be overestimated, although i t  is difficult to say to what degree. Although i t  is 
recognized that leatherbacks from different geographic regions may eventirally Ibe found to be heterogeneous 
in their behavior and variable in fecundity, estimates of leatherback abundance: may be less than previously 
thought. As surveys of seasonal track counts can be divided by a !]lean value for female fecundity, an 
abundance estimate for the annual nesting population may be calculated. This value in turn would be 
nli~ltiplied by the estimated proportion of females nesting for each st:ason based upon remigration intervals 
to give a total number of reproductive female for a given rookery. 

Many rookeries exist that have higher nesting densities but they may not be as; spatially limited to available 
nesting habitat as are smaller insular populations. Without sufficient personnel to tag and thereby quantify 
the frequency of individual nestings. saturation tagging studies and the gleaning of individual nesting 
histories are precluded. Although not all beaches or populations, lend themselves to this strategy, the 
benefits of gleaning "census" information can validate its use cln a beaclh capable of supporting the 
substantial logistic effort required to undertake a saturation tagging pc~pr~lation study. 
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ASSESSMENT OF JUVENILE GREEN TURTLES AND THEIR HABITAT 
IN BROWARD COUNTY, FLORIDA WATERS 

Robert W. Werslioven 
Jeanne L. Werslioven 
Broward County Audubon Society, 2962 Waterford Drive South, Deerfielcl Beach, Florida 33442 USA 

Divers frequently encounter juvenile green sea turtles (Chelonizl niydas) along the hardbottom reef areas of 
Broward County, Florida. Habitat related research has been pursued in other areas of the state by Carr 
and Caldwell (1956) in the Cedar Key area and Mendonca and Ehrha~rt (1982) within the Indian River 
system. The current study is the first to study the population of juvenile green turtles and its foraging and 
resting habitat in Broward County, Florida. 

The offshore sea floor of Broward County consists of a series of limestone ledges running parallel to the 
shore. The first of these ledges begins approximately 75 m offshore, and is continuous for the duration of 
the county coastline. Offshore depths range from 7 rn or less for nearsI101.e sites to 20 m for those reefs 
farthest seaward. 

METHODS 

Three primary study tools were utilized to produce information on this population. Capture of sleeping or 
swimming juvenile turtles was accomplished by using SCUBA apparatus at night. Turtles thus captured 
were brought to the surface, examined, tagged with #681 Inconel tags, measured and released. Dive entry 
was accomplished from shore or from a small inflatable boat. Approxinlately one mile of hardbotton area 
off central Broward County was surveyed at least twice a week as weather permitted. A similar area at the 
north end of the county was also surveyed on a regular basis. Diurnal S'CUBA surveys were conducted to 
document behavior patterns of green turtles during the day, and to lo~cate algae species and determine 
relative abundance of these food sources. 

Necropsies were performed upon stranded juvenile green turtles. S1:omach contents from I8 turtles 
stranded in Broward County of the same size class as those tagged were taken for analysis. 

RESULTS 

One hundred and five juvenile green turtles have been captured and tagged during nocturnal diving surveys 
conducted between I March 1986 and 31 December 1988. Four juvenile hawksbills were also captured. 
Capture success rate was 45% with a calculated effort of 4.08 man hours per capture. June and October 
were peak capture months; September and December resulted i n  the fewest captures. 

Curved carapace lengths (notch-to-tip) for captured turtles rangt:d from 26.4-67.0 cm. The majority of the 
population falls between the 30 cnl and 60 crn size categoric:~. Turtles < 35 crn are more frequently 
captured in the spring months. 

'lor was Recaptures were made for 25 green turtles for a total recaplure rate of 23.8% Homing beliar' 
displayed by one green turtle, tagged in  August 1987. Aftc~ sl-endrng 5 nionths at a rehabilitation facility. 
this animal was released in May 1988 and. within three wecks. returned to thc original capture site 10 
miles to the north of the release point. 

Growth rates for green turtles, calculated for rccapturcs with at least olie riiontli total interv:~!. rangecl fronl 
0-0.48 cnl per mot~th. 'I'l~e average growth rate was 0 . 2 4  cni l~cr. r i io~i~ l~ .  ('oniparable grou'tli rates haye 
been recorded for juve~iile green turtles in  the Hawaiian Arcl~il~elago (Ihlazs 1982). B.jorndal and Bolter1 
(1988) reported a decrease i n  growth rates wit11 an incrcas~: i n  size. Rates Inay be dependelit rrpofl 
~~utritional value of diet (Balazs 1980, 1982). 



Stomach contents from the 18 necropsied green turtles were analyzed by Steve Bla i r  o f  Dade County, 
Florida. Department o f  Env i ro~ in ie~ i ta l  Resource Management and Detinis Russell o f  Seattle Pacific 
University. Algae o f  the family Gelidiaceae. in  particular Pteroclatlia. Gelidium, and Gelidiella species, 
were identified as the predominant food consumed i n  tlie 17 sanGles colitaining algae. Gracillaria. 
Bryothamnion, and Hypnea species were also ingested i n  significant amounts. One turtle had exclusively 
ingested seagrasses o f  Thalassia testudinum, Syringodium filiforrne, and Halodule wrightii, and one - -- 
stranding had been feeding on both algae and sea grasses. 

Daytinie SCUBA surveys resulted in  the observation of juvenile green turtles feeding upon algae, ust~ally at 
tlie base o f  soft corals. Turtles were also observed engaged i n  this activity at night. A l l  algae identified i n  
stomach contents are common to Broward County offshore areas, however, there are no known seagrass 
beds offshore or  i n  tlie two estuarine areas of Port Everglades and Hillsboro Inlets. Results o f  four surveys 
i n  the main study area to determine algal density indicate a ~~redoniinance o f  Gelidiaceae (85%), Pterocladia 
spp. most common, on the substrate with Dictyopteris sp. (15%) also occurring. I t  appears that turtles are 
engaging in  highly selective feeding behaviors, cropping primarily those algae desired. Hypnea spp. were 
also present i n  two green turtles sampled. Mortimer (1982) and Balazs (1987) note consumption o f  this 
species by turtles i n  their respective study areas. Bryothamnion seaforthii, also a food o f  choice, and 
Hypnea spp. are conimon to areas of sand and reef rubble ir~shore of tlie first reef. 

CONCLUSIONS 

D i i ~ r ~ i a l  and nocturnal SCUBA surveys indicate that the reef areas of IBroward County, Florida, serve as an 
important development habitat for jtlvenile green turtles. The prese:nce o f  substantial numbers o f  green 
turtles engaged in both feeding and resting activities support this conclusion. Samplings o f  algae indicate 
the availability o f  considerable biomass o f  desirable forage for these turtles. 

None o f  the captured or stranded turtles evidenced papillon~as. Although the size class o f  this population 
has been observed to be between 25 and 65 cni (over the curve), durz~tion o f  residency for these aliinials is 
unknown at tliis time. Future surveys wi l l  hopefully shed some light on this question. The source o f  
recruitliient to the popi~latiori and their ulti~nate destination i .s  unknown. as is the relationship o f  the nesting 
population to the juveniles. 

The quality o f  tliis habitat should be n~aintained. At present, there are several threats to the integrity o f  tliis 
habitat. Recreational diving pressure niay be displacing grec:n turtles from optimal forage and resting sites. 
Boating activities are also disrt~ptive and appear to be a major cause of ~iiortal i ty to the population. Future 
beach renourishment projects need to be mo~iitored closely so as to prevent impact upon food sources. We 
wi l l  continue this study to monitor the population and its habitat as long as it is feasible. 
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BEACH LIGHTING AND THE SEAWARD ORIEPJTATIOIV OF HATCHLING 
SEA TURTLES 

Blair E. Witheringto~l 
Archie Carr Center for Sea Turtle Research, Department of Zoology, University of Florida, Gainesville, 
Florida 3261 1 USA 

To determine the role of color and intensity in how, and the extent to which, artificial liglit affects hatchling 
sea turtle orientation, I conducted a series of experi~iients both under controlled laboratory conditions and 
on a dark nesting beach. In the laboratory, the behavioral sensitivity of newly emerged loggerhead (Caretta 
caretta) and green turtle (Chelonia mydas) liatchlings to liglit color ant1 intensity was determined using a 
modified T-maze. Hatchlings placed within tlie T-niaze could respond roward a window transmitting light 
from a standard lamp (same intensity and color throughout the experiment) or a window transniitting light 
varying i n  color and intensity with each treatment. Monochromatic light for tlie latter window was 
generated using interference filters (total bandwidth 10 ntn). Intensities at each wavelength were varied 
with neutral density filters and measured as photon flux with ;I spectrorndiometer. Five colors (360. 400, 
500, 600, and 700 nm) and five intensities (logarithmic scale) coristitutedl 25 treatments. Thirty loggerhead 
hatchlings from each of 30 clutches and ten green turtle hatchlings from three clutclies were run 
individually per treatment. 

Loggerhead hatchlings displayed equally strong preferences for light at 360, 400, and 500 nm. At these 
wavelengths, a positive relationsliip was observed between intensity and preference. No significant 
preference for 600  or  700 nni light was seen. Green turtles showed a pattern siniilar to that of 
loggerheads; however, the small number of green turtles used precludes a statistical comparison. 

In an additional laboratory experiment, hatchlings were offered a choice between a dark window and a 
window lighted with monochromatic light of eiglit wavelengths (360, 400. 500, 540, 560, 580, 600, and 
700 nm). Of 30 liatchlings tested individually per wavelength, 30 orie:nted toward each of tile wilidows 
transmitting 360 and 400 nm light and 29 oriented toward tlie ti00 nm light. At 540 and 700 nni, window 
choice was random (binomial 2-population test, P < 0.05). A1 wave lengths of 560. 580 and 600 nni, the 
numbers of loggerhead hatchlings orienting toward tlie liglit wilidovi were 2 ,  1 and 0 ,  respectively, 
significantly less than would be predicted from ra~ido~nness (P < 0.01), indicating a negative response to 
these wavelengths. Green turtle hatchlings tested i n  tliis arrangement using only 600 or 700 nrll light 
responded randomly to either window (P < 0.05). 

The study area for tile beach experiments was a dark, undeveloped beach i n  Indian River County, Florida. 
Loggerhead hatchlings used in these experiments were released individually at night (2200-2300 hrs) in the 
center of a circular arena surrounded by a trench dug into the berm. The trench was divided into 32 
compartments. The compartment into which a hatchling fell at the end of a trial determined its orientation 
direction. Hatchlings were exposed to five different commercially available light sources mounted similarly 
in windowed boxes. Light sources used were low (LPS) and high (HPS) pressure sodium vapor and yellow 
"bug" (BUG), red (RED) and white (WHITE) incandescent lamps. Each light source was presented at 
azitnutli YO0 (ocean = 0")  and at two illumina~ice levels (1.9 and 6.2 l u x ) .  Thirty hatchlings fro111 30 
separate clutches were used individually in each of I I treatments including a control (lights off ). 

Hatchlings in tlie control trials dispersed little (mean vcctol. Ic:ngtli 1. = 0.99) and oriented i n  tlie ocean 
direction (0") .  In comparisons with the control. cach lig:lit source significa~itly affected hatchling 
orientation either in direction or in witltli of dispersio~i (~ioti~);tr;~~iietric tests of direction and dispersion for 
circular data, P < 0.05). Only the BUG source at Iiigli illoniinn~ice ditl 1101 sigtiificnlitlv affect directioli ( P  
= 0.1 I )  and otily the LPS source at low illu~iii~ia~ic~c (lid ~iot ~ i ~ ~ i i f i c n ~ i t l v  affect tlispersio~i (P = 0.08). 
HPS, RED and WHITE sources attractetl Iiatclili~~ps. 111 tri,ils witli 1,I'S sources. tiowever. Iiatclilings 
angled away from the light but in  a generally seaward direction. kIntclilitigs exposed to the BUCi source 
showed no sucli clear pattern and dispersed widely. 'l'lic aversion for the yellow (590 nm) light emitted by 



the 1,PS source corroborates what I observed in laboratory trials. In an additional experiment, an LPS 
zource was placed between orienting loggerheads and th~: ocean. Hatchlings in control trials (light off) 
orlcntcd seaward (12") and dispersed little (r = 0.93). With the: LPS source on, bowever, llatchlings 
dispersed widely (r = 0.18) away from the light and the oct:an ( 1  4 1 "). 

Hatchling loggerheads and green turtles are able to see liglit outside llie range of hurnan spectral sensitivity 
(near ultraviolet, or 'UV'), are positively phototactic with respect to UV. violet and blue-green light, and 
apparently use these wave lengths in sea-finding. Loggerheads orienit negatively, however, to intermediate 
wavelengths (yellow-orange). Thus, the human eye (or a photometer) is inappropriate for assessing beach 
lighting problems relative to sea turtles. Although LPS luminaires placed on beaches may disorient 
hatchling loggerheads, LPS lun~inaires set sufficiently behind the dune may affect hatchling sea-finding 
insignificantly. However, the fact that loggerheads can see LPS light, indicates this light may negatively 
affect adult nesting behavior. It is also evident that photic behavior and solutions to artificial lighting 
problems call not be generalized among sea turtle species,. 
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BOCA RATON SEA TURTLE PROTECTION PROGRAM (1988) IN 
CONJC'NCTION WITH THE NORTH BEACH NOURISHMENT PROJECT 

R.E. Wolf 
City of Boca Raton Environmental Division, Boca Raton.  florid;^ 33432 USA 

The City of Boca Raton Sea Turtle Nest Protection and Relocation Progre~m was conducted on five miles of 
beachfront i n  1988. For several years the shoreline in  this city has been suffering from severe erosion 
problems. During the latter part of the sea turtle nesting season. tlie North Beach Nourishment Project 
restored 1.45 miles of shoreline by hydraulic dredging of an offshore blorrow area. Extensive sea turtle 
nest relocation and protection activities were initiated because of the erosion problems, as well as the 
restoration project. Monitoring arid nest protection were done i n  compliance with various permit 
requirements of tlie Florida Department of Natural Resources, the Florida Department of Environniental 
Regulation, the U.S. Army Corps of Engineers, and the U.S. Fish and Wildlife Service. 

The purpose of this study was to document the action talten for permit compliance, describe the 
methodology and procedures used for the 1988 sea turtle protection prog,ram, and to assess the impacts of 
beach nourishnlellt projects on sea turtle nesting. 

It was determined that the conservation efforts to protect sea turtles and their nests were successful during 
the 1988 nesting season in Boca Raton. The nourishment operation i n  the latter part of the nesting season 
had only a very minimal impact from the physical dredging operation witlh the loss of one nest. Relocation 
efforts for the majority of the nests were necessary even if tht: restoration had not taken place due to the 
eroded conditions and threat of tidal inundation. Eggs remaining in the natural state had less chance of 
hatching success than eggs relocated to the hatchery, verifying, egg relocation as an effective conservation 
method if done properly. Nesting density in 1988 was 178 nests per mile, which was higher that the 135 
nests per mile (average) for Boca Raton. The sand source from the borrow area was found to be good in 
quality and compatible with tlie existing beach sand. The minimal compaction did not appear to be a 
problem for nesting sea turtles, however additional cone penetrometer tests shall be done prior to the next 
nesting season to verify this conclusion. 

A three year follow-up of post-nourishment data on the 1985 South l3e:acli Nourishment Project in Boca 
Raton showed that nesting densities and nesting success have continually improved indicating that the 
increased dry sand area on South Beach had a positive impact on turtle nesting. Monitoring for several 
years will be required to determine if this holds true for the North Beach in Boca Raton. 
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THERE'S MORE TO ORIENTATION THAN hlEETS THE EYE 

Jeanette Wyneken 
Michael Salnion 
Department of Ecology. Ethology and Evolution, Universit!: of Illinois at Urbana-Champaign, Urbana. 
Illinois 6 1801 USA 

The offshore migration of hatchling sea turtles represents one of tlie most amazing examples of orientation 
seen in vertebrates. Hatchlings lack exposure to obvious potential orie~l~tation cues such as the sun, stars, 
or moon prior to exiting their nests and migrating offshore. 

The studies described here address the roles that two orientation cues play in guiding hatchlings offshore 
during their migration from the surf zone to deep water nursery alreas. Specifically, we tested the 
in~portance of horizon brightness and waves as guideposts for orientation. Horizon brightness was 
examined because light cues play a major role in sea finding, lhe activity just prior tlie hatchlings' offshore 
migration. Hence, i t  is reasonable to hypothesize that light cue:s (such a:; differences in horizon brightness) 
might play some role after hatchlings enter the water. 

Waves have been proposed as potential cues that hatchlings coilld rely upon to guide them offshore (Witham 
1980). Similarly, Wibbles (1984) noted that wind generated currents (a form of directional water 
movement) were important in maintaining oriented swimming by juvenile Kemp's ridley sea turtles 
(Lepidochelys kempi). 

METHODS 

All studies used hatchling loggerhead sea turtles (Caretta ca,retta) from Florida's east coast obtained just 
prior to emergence and tested the same night (during their swinGng frenzy). 

Experiments addressing the roles of horizon brightness were corlducted i n  a circular, water-filled orientation 
tank (see Salmon and Wytieken 1987). The tank was equipped with a 360" projection systelii and 
surrounding screen. A light source filtered to give green light (around 520 nm) produced tlie horizon 
image. Horizon intensities matched those measured in the field. Four treatments were tested. A 360" 
horizon, an analog of the offshore horizon hatchlings experience after swimming several km offshore, tested 
for uniformity of horizon intensity and served to determine if the hatchlings could orient in the presence of 
an evenly lit horizon. Total darkness controlled for nonvisual orientation cues. An asymnletrical (180") 
horizon served to examine the form of hatchling orientation in the "near-shore" environment, sinlulating a 
brighter area toward "sea" and darkness near "land." Either the east or west side of the tank was 
darkened. 

The role of waves i n  hatchling orientation was tested in a wave tank ( 9 . 1 ~ 0 . 9 ~ 0 . 6  m). Wave amplitude was 
0.03 111, wave length was 2.0 m, and freqirency was 111.4 s. Ilatclili~igs were tethered to the center of tlie 
tank. They could orient in any horizontal direction, as well as dive and surface freely. 

Several treatments were presented ill  rand0111 ordcr. Three tr.eatnients served as controls: total darkness 
tested for nonvisual orientation cues; dim light alone served as an assay for. tlie hatchling's ability to orient 
at all: and exposure to sounds of the niotor when meclianically disconnected controlled for orielitation 
relative to the motor's low freqi~e~icy vibrations. 111 rllc cul~eri~iiental tr.cntmerit. lintclilings were pr.ese~itecl 
with waves in total darkness. 



RESULTS 

The Role Of Horizon Brfghtncw Differences I n  Orientation 

Dimly lit, 360" horizon. There was no significant orientation by lthe 2 5  hatchlings tested. Thus, the 
horizon provided no clear orientation cue to the hatchlings. Fourteen turtles circled while 1 I picked 
scattered headings and niaintained them. 

Total darkness. The group showed no significant orientation. Eight of 15 hatchlings circled continuouqly 
and seven held random headings. 

Darkened west, 180" horizon. Hatchlings oriented toward each of the margins where the lit and darkened 
sectors of the two 180" horizons abutted. The group response was significantly bimodal. Eleven of 13 
hatchlings held headings. The significance of this pattern of orientation is unclea;. Hatchlings in the field 
do not show this pattern; rather, they head directly out to sea (i.e., toward the center of the brighter 
seaward horizon). 

Darkened east, 180" horizon. Again, hatchlings oriented tovvard each of the margins. However, this sample 
showed a more variable response than the "darkened west" group. 

The Role of Changing Horizons In Sequence. 

As hatclilings swini offshore, they should initially see a brighter seaward (180") horizon. But when they 
distance theniselves from land, the horizon beconies uniforrnly bright (360" horizon). i f  turtles "calibrate" 
a compass when near-shore, while visual cues are still available (180" horizon), they might be able to 
continue on oriented headings even away from land. To lest for such a calibration, hatchlings were first 
exposed to a 180" horizon for 20 minutes, then a 360" horizon for 10 minutes. However, the orientations 
of individuals in the 360" horizon bore little resen1blanc:e to thei~r previous orientations with the 180" 
horizon. Thus it does not appear that hatchlings quickly calibrate ;a conipass when the initial horizon is 
asymmetrical. 

The Role Of Waves In The Orientation of Hatchlings. 

Total darkness. No turtles were significantly oriented. 

Dim light alone. All but one hatchling oriented relative to a dim light or its reflection on the opposite tank 
wall. The remaining turtle oscillated between the light and its reflection. Hence, all hatchlings tested were 
able to orient relative to a visual stin~ulus prior to being tested with a r~onvisual stiniulus (waves). 

Motor alone in total darkness. This treatment controlled l'or the potential use of motor vibrations as 
orientation cues. None of the animals were oriented; all circled. 

Waves alone in total darkness. As a group turtles were significantly oriented toward the waves. Ten of 16 
individtials held courses at a low angle into the waves. Tlre remaining individuals were more variable in  
their headings, but tended not to circle. 

DISCUSSION 

The results of the horizon brightness tests suggest that light cues. such as differences in  horizon brightness. 
can play some role in orientation. However. orientatiorl relative to the border$ of the horizon is not 
consistent with the responses of hatclilings in the field. Her~ce. at night when hatchlings nornially enter the 
ocean, either visual stiniuli are not the priniarv ol.ie1itatio11 cues or this responses of hatclilirigs to visual 
stiniuli are modified by responses to nonvisual stiniuli. 



The results of wave tank experinlent< indtca~ that saves alone provide sufficient iriforniation for orientation 
and can serve as guideposts to lead harchl~ng. ntfqhnrc 
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BIOLOGY AND CONSERVATION OF SEA TURTLISS NESTING IN QUINTANA 
ROO, MEXICO, DURING 1988 

Tundi ~ g a r d ~ '  
Reyna Gil ~ e r n a n d e z ~  
'woods Hole Oceanographic Institution, Woods Hole, Massachusc:tts 02543 USA 
' ~ e n t r o  de Investigaciones de Quintana Roo, Apartado Postal 886, Cancun. Mexico 

The Caribbean beaches of the state of Quintana Roo, Mexico, provide important nesting sites for the green 
(Chelonia mydas) and loggerhead (Caretta caretta) sea turtles, ant1 associated waters are important foraging 
habitat for subadult and adult hawskbill turtles (Eretmochelys imbricata). - 1111 addition to these three species 
which occur i n  large numbers, the leatherback (Dermochelys coriacea) aud Kemp's ridley (Lepidochelys 
kempi) turtles have also been found in  the area, although only sporadicall~y and in  low numbers. Recent 
surveys by personnel from the sate para-governmental research agency CIQRO indicate that ten beaches on 
the Yucatan Peninsula's east coast are utilized by these species. 

D u r i n g  the summer nest ing season i n  1988, 68 people volunteered the i r  e f for ts  d u r i n g  f o u r  
EARTHWATCH-sponsored expeditions i n  Quintana Roo. The expeditiiolis were designed to provide 
intensive studies at two nesting beaches and to boost already existing sea turtle conservation efforts being 
undertaken by CIQRO. The EARTHWATCH-assisted project spanned the period o f  most intensive nesting, 
beginning 20 June and ending 8 August 1988. Concurrent with  his work, CIQRO investigators continued 
their survey work at the eight remaining nesting beaches. 

The cumulative data from 1988 suggest that both the number O F  turtles nesti~ig on X-Cacel and Akumal 
beaches i n  Quintana Roo and the fecundity o f  these nesting femiales were far greater than previously 
recorded. Although real population fluctuations and a naturally-induced change i n  clutch sizes could 
account for this increase, it is far more likely to be the resu!t of  greater research effort and better protection 
o f  relocated eggs. I n  previous years, fishermen had been hired to move and protect eggs in  hatcheries, and 
now i t  appears that some o f  these guardians considered clutch-skimming a special "perk" o f  their jobs. 
The presence of volunteers prevented similar poaching activities from occurri~ng in  the 1988 season. 

Poaching, inundation o f  nests by seawater, and natural predation seem to seriously threaten the sea turtle 
species o f  Quintana Roo. Resort development, and with i t  associated disturbances to sea turtles and their 
habitat, appear not to have impacted these populations. However, the rate of tourism is growing, and 
although most construction is taking place i n  and around Cancun, tlre plague is unmistakably heading 
southward. Since the southern beaches o f  Quintana Roo support viable popu~lations of both loggerheads and 
green turtles, and since this locale represents a soulhern extreme o f  concentrated loggerhead nesting and a 
norther11 extreme of mass green turtle nesting, every effort should be expended i n  trying to conserve these 
habitats. 

EARTHWATCH volunteers obtained information from >270 nesting episodes on X-Cacel and Akumal 
beaches. Complete data sheets containing information on tag nunlber, size, condition o f  the animals. and 
clutch size, were collected for 145 feiiiale loggerhead and 40 green turtles. One hundred and ninety 
clutches of eggs were translocated into four hatcheries on tlie two beaclies (164 loggerhead arid 36 green 
turtle). Mean clutch sizes for t~.anslocated nests were 107.6 for loggerheads (sd= 17.96. n =  144) and 
I 16.0 for green turtles (sd = 16.47, n = 33). N o  incidence of poaching or depredation were observed in the 
hatcheries, and pre-hurricane hatching success in tra~lslocnted liest.; u a s  89%. . 

Unfortunately, Hurr icane Gilbert ?truck tlie Quintnna Roo co<l';l liear the l iqpol l iesi~ed tinie of pealc 
hatching for both species. Based on a co~lset.\ativc estiliinte of incuh,ttion periocl at 50 days. sotile 97 (7  1 
loggerhead and 26 green turtle) translocated nests were lost due to hut r ica~le- i~l t luced destt-uctio11 of tile 
hatcheries. This figure represents >9,700 eggs lost to the storm. 



Given the catastrophic effects of Gilbert. the conservation worl: undcrtaktn h\ EARTHWATCH volunteers 
and CIQRO researcllers is especially important. Had none of the eggs front thcv beaches been protected. 
the otl~erwise high natural and human-induced nlortality would have caurcd \cry few early clutches to 
survive to hatching. Although our efforts could not mitigate the enormoulz Impact of Hurricane Gilbert, the 
intensive conservation effort guaranteed that at least some tlatchlings from the 1988 season survived, 
possibly to be recruited into the future breeding population. 

This project will be continued in  the coming years. We intend to conti~nue hatchery work, strengthen the 
Adopt-A-Turtle program, which we helped initiate last year, and derive more information on the 
loggerheads which curiously seem to prefer rocky nesting hab'itat in this area. Stock identification work, 
using analysis of blood proteins, will also continue. We hope not to dal a comparative study of hurricane 
damage, however! 



DISTRIBUTION OF RIDLEY, GREEN. A N D  12EATHERBACK TURTLES 
IN CHESAPEAKE BAY AND ADJACENT \VA'I'ER:S 

D. E. Barnard 
John A. Keinath 
Jack A. Musick 
Virginia Institute of Marine Science, College of Williani and IvIary, Glou~cester Point. Virginia 23062 USA 

INTRODUCTION 

Since the conception of the Virginia Institute of Marine Science (VIMS) Sea Turtle Project, we have found 
that the Chesapeake Bay is an important foraging area for an estimated 10,000 loggerhead turtles, Caretta 
caretta, each summer (Bellmund et al. 1987, Byles 1988, Keinath et al. 1987, Lutcavage and Musick 
1985). Three other species of sea turtles also inhabit tlie Bay .and adjace,nt areas during the warmer nionths 
(Keinath et al. 1987, Lutcavage and Musick 1985). In or~jer of decreasing abundance they are ridleys 
(Lepidoclielys kenipi), leatherbacks (Derniochelys coriacea), and green turtles (Chelonia mydas). 

Ridleys were historically found i n  Chesapeake Bay (Hardy 1962). as were leatherbacks (Hardy 1969) and 
green turtles (Brady, 1925), although the green turtles may have been misidentified loggerheads. There 
have been no verifiable records of liawksbill turtles (Eretmochelys - imbricata) it1 the Chesapeake area 
(Musick 1972). This abstract represents data taken by VIh4S person~nel and stranding cooperators froni 
1979 through 1988. 

MATERIALS AND METHODS 

Data taken from dead and live stranded turtles were collected by VIMS personnel and their cooperating 
stranding network. Live turtles were captured by coopera1:ing pou11,d net fishermen and turned over to 
VIMS for examination. When possible, carapace and plastron measurements, weight, and location of the 
animals were among the parameters recorded. Animals were from th~e Chesapeake Bay and the Atlantic 
coast froni tlie Virginia-Maryland border to Corolla, North Carolina. 

RESULTS AND DISCUSSION 

We have examined nine green turtles (two live, seven dead), 23 leatlie~rbacks (two live, 21 dead), and 108 
ridleys (39 live, 69 dead). Not unexpectedly, niore dead than live turtles were examined. Although ridleys 
appear most abundant, many leatherbacks were observed off the mouth of Chesapeake Bay during our aerial 
surveys (see below). 

Most dead ridleys washed up along Virginia's southerti seaboard and i n  the lower Bay. Most live ridleys 
were captured by fishermen in the York and Potoniac River?,. The number of ridleys observed has bee11 
inconsistent between years, while monthly occurrences re:;emble that of loggerheads (Bellniund et al. 
1987). High mortality occurred in June, which coi~icides with tlie spring immigration. The cause of tlie 
spring niortality is uncertain. In some years, fall ridley (and similar loggerhead) ~iiortality coi~icides with 
the flounder fishery off southeast Virginia. Since ~iiost f a l l  strandings were off southeast Virginia arid 
northeast North Carolina (some with signs of net entanglenient). the turtles liiay have drowned i n  trawl 
nets. 'The possibility of tlie bottom trawl fishery drou!ning turtles ~ieecls investigation. Ridley tu~lles tnost 
often encountered were 30-50 cm subadults (range 22-57 cni). larger than tlie ridleys found i n  Long Island 
Sound and Cape Cod Bay. One ridley was a lieadstn~.ted turtle. Iwt tl~c ot1ie1.s were not pre\liously tagged. 
suggesting they hatched naturally in Mexico or Texas. 

Leatherbacks were rr~ost common in  tlie lower Day arld nlor~g the Atlantic coast. A few dead leaherbacks 
wash ashore each year, while live captures are rare. A live animal found i n  the upper Bay near Maryqlarld 
was stranded on a shoal; i t  was pushed off the shoal into deeper water and swam sluggishly into the open 



Ba! Thc 1-t-r ~ I W  leatherhack. tagged i n  1985 i n  the loucr Bay. was reported butchered for food i n  Cuba 
in 1980 Vent Lotherbacks seen on VIMS aerial surveys wtrc observed off tlie Bay tnoutli. while relatively 
few werc wen In the lower Bay or farther south along the COIU~. Leatl~erbacks may congregate off the Bay 
niouth ( c  g . tour leatherbacks were observed within  two nltnutes atn an aerial survey) to feed on the 
abundant jellyfish which breed in the Bay and flush into the Atlantic i n  great numbers. Most leatherback 
strandings occur between May and July, but some strand well into winter months (which is not unexpected 
for an endotherm). Of the leatherbacks we examiaed, a few c,howed constriction marks around the flippers, 
suggesting entanglement in crab pot lines or similar obstructions and subsequent drowning. Leatherback 
carapace lengths ranged froni 124- 159 cm. 

Few green turtles were observed, although more encounters have occurired recently, and usually later in the 
season, again coinciding with the fall bottom fishery. Although we have little supportive data, the increased 
number of green turtles encountered may be coincident with seagrass resurgence in the Bay. The increased 
number of green turtles may also reflect positive conservation effort on nesting beaches. All the green 
turtles examined were sub-adults (carapace length range 28-42! cm). 

Leatherback turtles appear to utilize food resources from the Bay, alth~ough their (as well as green turtle) 
contribution to the total sea turtle population i n  and adjacent to the Bay appears small. if green turtles are 
entering the Bay due to the resurgence of seagrasses, we should encounter more green turtles in the future. 
It is important to continue monitoring strandings and caplures of green turtles and ridleys, since the 
outcome of conservation efforts at nesting beaches will most likely be observed in these areas where 
immature turtles occur. i t  is also important to determine cause for the fall stranding event along the 
Atlantic coast. If the bottom fishery is the cause of mortality, appropriate conservation efforts may need 
implementation. 
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THE EFFECT OF EGG RELOCATION ON DERMlOCHEL\'S COUIACEA 
HATCHLING SEX DETERMINATION ON SANDY P O I N T K T ' R O K  

Susan   as ford' 
Robert ~ r a n d n e r ~  
' ~o rdham University 
2 ~ h e  New York Zoological Society 

An intensive study of Dermochelys coriacea has been conductled on San~dy Point. St. Croix (U.S. Virgin 
Islands) since 1982. The beach is dynamic, with a yearly cycle of severe erosion and accretion. The 
regularity of this pattern has encouraged an aggressive egg relocation program which has doubled the 
number of hatchlings entering the water each season. Eggs laid in the erosion zone or near the high water 
mark are routinely moved to the rookery. 

Does egg relocation affect the natural sex ratios of De rmoc t9s  coriacea -- hatchlings on Sandy Point by 
changing the incubation temperature? In an attempt to answer this question the followi~lg steps were taken: 

- 8 transects were run perpendicular to the beach with temperature sensors every 5 m from 
vegetation line to high water mark, at 60 ctn depth. 

- -- In situ, relocated, and original locations of relocated nests were monitored with temperature 
sensors located mid-clutch. 

- Temperatures were nlonitored from April through Aul;ust, 1987. 

No statistically significant temperature differences were recorded' spatially. 

Seaso~lal variation in temperature was significant, indicating tlle percentage of females produced increases as 
the season progresses. 

Early data indicate that egg relocation has no effect on the nat~.iral sex ratio of the hatchlings. Predictions 
of sex ratios were made by estimating the numbers of males and femalles produced from the duration of 
incubation, and from nests where temperatures had been monitored. Indications are that the Sandy Point 
population is heavily weighted towards females. 



Transect I 

Transect 8 

Placement of  t r a n s e c t s  on Sandy P o i n t ,  S t .  Croix,  1987. 



VIRGIN ISLAND TURTLE TAG RECOVERIES OIJTSIDE OF THE U.S. 
VIRGIN ISLANDS 

Ralf H. Boolon, Jr. 
Division o f  Fish and Wildlife, 101 Estate Nazareth, St. Tlionias, U. S. V~irgin Islands 00802 

Since 1981 the U .  S. V i r g i n  Is lands D iv is ion  o f  F ish  and W i l d l i f e  has tagged 164 leatherback 
(Derniochelys coriacea), 73 Gwksbil l  (Eretmochelys imbricata and 357 green (~ l ie lon ia  mydas) sea turtles. 
A l l  leatherbacks were tagged during nesting on Sandy Point, St. Croix. Wi th  the exception of 81 green 
turtles, al l  green and hawksbill turtles were imniatures captured and released in  the coastal waters o f  St. 
Thomas and St. John. The other 81 green turtles were hatched in  Florida, raised at Coral World aquarium 
on St. Thomas, and then tagged and released nearby. Although releasedl in areas where many wild greens 
are resident, o f  which approximately 20% have been recaptured repeatedly, none o f  the captive-reared 
turtles have ever been recaptured i n  Virgin Island waters. 

To  date, nine turtles tagged in  the Virgin Islands have been recovered i n  locations outside o f  the Virgin 
Islands. The majority o f  these have been recovered by fishermen or  divers, who captured the turtles for 
food, The most distant recoveries (n=2) have been leatherbacks, which is consistent with their pelagic 
existence. 01 ie  recovery (tag AAG 313) was a leatherback which stranded in New Jersey 85 days after 
leaving Sandy Point, St. Cro ix .  Th is  probably represents the migration north after nesting i n  the 
Caribbean. The other (tag V I  1120) was captured by a fishel-man off Mexico two years after nesting on 
Sandy Point. As most o f  these turtles nest on a two year cycle, she may have been in  Mexican waters to 
nest, which could indicate low between season nesting site fidelity for this individual. 

The second niost distant group o f  recoveries (n=3) were green turtles, all of  which were captive-reared and 
released at approximately one year o f  age. This may indicate (3 lack o f  tjevelopniental habitat fidelity, or a 
coniplete lack o f  geographic orientation due to captive rearing. Two o f  the three green turtles travelled 
north along the island chain while one went south, which demonstrates their disorientation. 

Based on  tag recoveries, i t  is apparent that hawksbills do not migrate as do the other two common 
Caribbean species. However, a greater proportion of hawksbills have been recovered outside o f  the Virgin 
Islands than o f  the other two species. Although it has been suggested that hawksbills are niore sedentary 
than green turtles, these data denionstrate that wild hawksbills 'tagged in the Virgin Islands are much niore 
likely to be found outside o f  the Virgin Islands than are wild Virgin Island green turtles. 

Tag recoveries are invaluable i n  determining migration and movement patterns in  sea turtle species. The 
recoveries repor ted here fo r  the U.S. V i r g i n  Is lands have provided in fo rmat ion  on silspected 
migration/niovement patterns i n  leatherbacks and captive-reared greensni and has revealed greater 
movement than previously thought for immature hawksbills. Coriti~nued tagging and long-range tag 
recoveries wi l l  hopefully provide a more detailed and comprehensive understanding o f  the migration and 
movement patterns o f  sea turtles. 







FIGURE 1. Eald Heaa Island., h'orth C a r o l h ,  with twenty 1 km sectors, 
showinq nestinq activities, 1934--1985. 



NESTING ACTIVITY OF THE LOGGERHEAD SEA TURTLE (CAREITA CARE'ITA) 
O N  BALD HEAD ISLAND, NORTH CAROLINA 

William B. Brooks 
The Bald Head Island Conservancy, Bald Head Island, North Carolina 28461 USA 

With future development targeted for the Cape Fear Point area c ~ f  Bald Head Island, North Carolina (sectors 
9-14, Figure I), and a beach renourishment project being debated for the developed portion o f  the Island 
(sectors 15-18), the distribution o f  nesting activities by the loggerhead se,a turtle, Caretta caretta, became a -- 
very pertinent question. 

The total number of activities (nests and 'false crawls') on Bald Head Island between 1980 and 1988 are 
shown i n  Table I. These numbers were determined by nightly beach patrols at 45-75 minute intervals 
from late May  through August as part o f  a nest protection project tliat began i n  1980. 

A chi-square test was applied to nesting and false crawl data to determine if they were i tn i for~nly distributed 
along the 20 km of beach, 1984-1988 (Table 2). A l l  activities were significantly non-uniform (P < 0.05) 
for al l five years. Nest concentrations were most evident during 1985, 11986 and 1987. The area around 
the Cape Fear Point (sectors 9 4 3 )  had values much greater than expected and the sectors that bordered the 
Cape Fear River (18-20) consiste~itly had lower values than expected. Nesting concentrations around the 
Cape Fear Point could be associated wi th  several factors: 1 )  this area is relatively isolated f rom 
development. 2) Cape Fear Point is a prograding beach. 3) iis~vigational use o f  the Frying Pa11 Shoals (a 
depositional feature that extends 34 km south-southeast from tht: Cape Fear Point) by the turtles, andlor 4) 
a large area o f  hard bottom and reef structure due east of  the Cape Fear Point. 

A chi-square contingency table was used to look at uniformity o f  nesting within each sector over the five 
year period. Nesting percentages for each year were used to partitioti out seasonal variation. Only sectors 
4 and 16 were significantly non-uniform (P < 0.05). with nest percentages decreasing over the time period. 
This is probably correlated to a large washover area in sector 4 and the rapidly eroding beach (5 m yr-l) i n  
sector 16. The remaining 18 sectors of beach were coiisisten~t i n  the percentage of nests tliat were laid 
within that sector. 

I t  is suggested that future development in  close proximity o f  the Cape Fear Point follow the management 
recoinlnendations established relative to -- Caretta caretta, especially beach front lighting. 

ACKNOWLEDGEMENTS 

The author would like to acknowledge the North Carolina Wildlife Resoulrces Commission, The Bald Head 
l s la~ id  Conservancy, and all the people who have worked on this project. 



Table 1 .  Nesting Activity on Bald Head ~sland. North Carolina. 1980-19188. 

Year 
Total 
Activity Nests 

False 
Crawls 

Table 2 .  Chi-square table showing spatial nest distribution cln Bald Head Island, North Carolina, 1984- 
1988. Chi-square values at the bottom of the table indicate whether secitors were significantly differeat (*). 
Values with superscripts indicate sectors which had higher (i.) or lower (-) nesting activity than expected. 
Level of significance P = 0.05. 

-- 

Sector 1984 1985 1986 1987 1988 

Chi-sq. 40.67* 59.66": I l4.60!1' 63.5"' 47 ,934: 
value 



SATELLITE BIOTELEMETRY O F  A LOGGERHEAD SEA TURTLE (CARETTA 
CARETI'A) FROM THE EAST COAST OF FLORICIA 

Richard A. ~ ~ l e s '  
C. Kenneth   odd^ 
'u. S. Fish and Wildlife Service, Endangered Species, P.O. Box 1306, Allbuquerque, New Mexico 87103 
2 ~ .  S. Fish and Wildlife Service, 412 N.E. 16th Avenue, Room 250, ~ainesville,  Florida 32601 USA 

INTRODUCTION 

One of the major obstacles to understanding and managing seal turtles is the paucity of data on the at-sea 
activities of the various species. The goal of this study was to examine the movements and behavior of a 
mature female loggerhead turtle (Caretta caretta) away from the nesting beach. Mark-recapture, aerial 
survey and biotelemetry can be used to obtain migratory and behavioral information, but have inherent 
problems for long-term monitoring. Tracking turtles via orbital satellites reduces the need of an extensive 
outlay of manpower and equipment to follow free-swimming turtles. 

MATERIALS AND METHODS 

This study used a satellite tracking equipment adapted for sea turtles by the U. S. Fish and Wildlife 
Service. The program used the Tiros-Argos satellite system. The transmitter used was constructed by 
Telonics, Inc. of Mesa, Arizona USA. The transmitter was 11.4 x 7.0 x 1.3 cm, powered by three D-cell, 
3-volt lithium batteries and required a housing 8.5 cm in diameter and 37.0 cm in length. The satellite tag 
was attached to a female loggerhead, which was monitored in the western north Atlantic off the east coast of 
Florida from 26-32"N and 76-81 "W during September 1988 to January 1989. The positively buoyant 
package was attached to the turtle by a stainless steel cable with an eyebolt fastened through holes drilled in 
tlie pygal bone. 

RESULTS AND DISCUSSION 

Three  categories of data were obtained from the telemetered turtle: positions, a record of the 
surfacelsubmergence times, and temperatures. Positions were determined 136 tinies in 136 days of 
transmissions. Zero to six data messages (submergence, temperature) were received each day even when 
the turtle was not at the surface long enough to calculate a position. The map depicts the route taken by the 
loggerhead upon release after her last nesting south of Cape Canaveral. Florida. The turtle stayed 
nearshore south of the nesting beach in shallow water for a m~ontli before entering deeper waters and the 
Florida Current on 10 October. The clockwise loop made by the turtle covered more than 1,500 km in 40 
days over the Blake Plateau in waters of 800-1,000 m in depth. Re-crossing the Florida current brought 
the turtle inshore (22 November) where she moved south. The loggerhead spent most of its nearshore time 
in waters of 60 m or less. 

Submergence data are summed over a 12-hour period before being transtnitted to the satellite from tlie 
turtle. Table 1 lists the nieans and standard deviations for the nunibel- of dives per 12-hour period. tlie 
mean dive duration per 12 hours and the product of tlie two or total suhmergence per 12-llour period. 
Ovel-all mean dive durations were usually less than 40 minute:;. The number of dives per 12-hour period 
ranged from zero to over 500, but the predominate patterti was less tlia~t 80 dives pel I2 horrrs. The total 
time spent submerged was skewed towards the upper part of thc range ( > 600 minutes). During the time 
the turtle was in  deep water, her surface behavior i~~ureasecl niarkedlv: sobniergence decreased from a mean 
of 676.2 minutes. with very little variation. to a Illeat1 of 426.5 ~ i i i l i~~~tes  and the data sliowed greater 
variation (Table I ) .  Nearly all of tlie suhniergence times per. 12-liorrl. periotls less than 600 niinutes 
occurred while in deep water. The deep water subniergence heliavior was significantly different from 
shallow water behavior (T-test t=8.74. p=0.05). The number of dives also increased in  tleeper water and 



Table 1. Suhmergence behavior for the entire study and with the shallow water ( < 60 rn) and deep water 
( > 500 m) portions separated. The mean is followed by the ,standard deviation (SD) and sample size (N) 
in parentheses. 

Group 
Number 
of Dives 

Meall Divt: per 
12 hrs (rnin) 

Mean Submergence 
per 12 hr (min) 

Entire Study 57.8 (80.8,152) 25.7 (25.S1,155) 528.4 (212.0,152) 

Shallow water 45.5 (77.2.62) 39.6 (31.7l.63) 676.2 (37.3,62) 

Deep Water 66.2 (82.5,90) 16.1 (15.0.92) 426.5 (222.6.90) 

the mean dive duration was less than hjllf that in shallow water. Nearshlore submergence behavior after 22 
November was similar to the previous shallow water behavior before 10 October. 

Analysis of the temperatures collected over the study period show that the turtle remained in relatively warm 
water (19-27°C) throughout the study except for one occasion. Cold air moved through the area on 2 
December, again on 13 December, and it remained cold for a !week beginning 19 December (map points A, 
B, C). Tlle only time water temperatures below 18°C were recorded was during the final cold front. 
Coincident with the drop in water temperature, no trans~iiissions were received for five days. Althougll 
brumation was not demonstrated conclusively, neither can it bt: ruled out. On 2 December (map point A), 
the turtle was in the vicinity of the Canaveral Channel, Florida, during a cold front passage. When the 
second cold front moved through 13 December, the turtle had tiiovetj away froni the area. She moved 
approximately 50 km between morning and afternoon on the 13th (map ploints B, C) ,  again to the Canaveral 
Channel area. Even though the water teniperatures did not drop appl-eciably during these two events, the 
turtle may have bee11 affected by respiring cold air. 

The study was terminated when the transmitter hecame detached from the turtle 12 January 1989 and began 
transmitting continuously on land fro111 north of West Palm Bexh.  

The satellite system has proven successful, and data have been collected that could not have been otherwise 
obtained without a much greater investnient in time and money. The techniques employed are experimental 
and presently the state of the art in biotele~netry and are readily applicable, if somewhat experimental. 
More satellite telemetry of east Florida loggerheads is needed before extrapolations can be made to the 
population. 
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THE MARINE TURTLE NEWSLETTER 

Karen L. Eckert 
Scott A. Eckert 
Department of Zoology, University of Georgia, Athens, Georgia 110602 USA 

The decade of the 1970's was a critical time for sea turtles, ant1 an important time for sea turtle research 
and conservation activities. It was widely recognized that sea turtle populations were declining around the 
world. Some populations had been extirpated entirely and many others were threatened by commercial 
exploitation and habitat loss. In 1969, a Sea Turtle Specialist Group had been established under the 
auspices of the IUCN Species Survival Comn~ission; in July 1975 all species of sea turtle were listed by the 
Convention on International Trade in Endangered Species (CITES). An increasing alnoullt of attention was 
focused on the problem as scientists and managers around the world struggled to design and i~nplen~ent 
research and conservation programs on the basis of very limited knowledge about the biology of these long- 
lived marine creatures. There was no doubt that the survival prospects for sea turtles would be enhanced 
by the international and timely sharing of ideas and techniques. 

Dr. Nicllolas Mrosovsky (University of Toronto, Ontario, Canada) rose to the occasion. In August 1976 
he published the first issue of the Marine Turtle Newsletter (MTN). He designed the MTN to be an 
i ~ ~ f o r ~ n a l  publication which would serve the needs of a growing sea turtle research community by providing 
a forum to discuss emerging ideas and techniques. The charter Issue opened with these editorial remarks: 

"Efforts are going on all over the world to save marine turtles from extinction. 
Marine turtles are  widely distributed and their mi<grations take them across 
international boundaries. These facts complicate both arriving at an understanding 
of their biology and devising the necessary measures fot their conservation. Given 
this situation, the autllorities at IUCN and the menit)ers of the IUCN Marine 
Turtle Specialist Group felt that better co~li~ilu~licatio~i b~chveen wa~rkers i n  different 
parts of the world was needed. 

The aim of this Newsletter is: 

I )  to provide a forum for exchange of information about all aspects of marine 
turtle biology and conservation, 

2) to alert interested people to particular threats to n~aritie turtles, as they arise." 
(N. Mrosovsky, Editor) 

The Newsletter was a great success, and as the list of recipients grew so did the list of discussion topics. 
By the end of the decade, sixteen issues later, readers had beer1 alerted to problems confronting sea turtles 
in Malaysia, the Solomon Islands, Sri Lanka, the USA, India, South Africa. Natal. Oman, Mexico, 
Suriname. Senegal, Ecuador. Costa Rica. Ascension Island, RtSunion Island, and the Cape Verde Islands. 
Incidental drowning, tagging (including flipper tagging. carapace t~otching, atid tattooing). tag loss. 
i~iternational trade, sonic and radio tracking. artificial incubation of sea turtle eggs. temperature and 
hatchling sex, growth rate and maturation. diet. captive rai:ing of sea turtles. and the critical status of 
Lepidochelys kempi had been discussed. By 1980. circulation had rise11 to include sotne 700 people in  70 
different countries. 

In Noveniber 1984. Dr. Nat Frazer took over as t l ~ r  Ncu,$lcttc~.'c srco~itl etlitor. Mc ~ioted in  I i i ~  opening 
editorial that, "Under [Dr. Mrosovsky's] editor-shi~. [lit, h41'FJ I)c~c:tr~~t. n source doct~ment of' inrstir~iable 
value to all who study sea turtles -- so ~ i~uc l i  so tlint i l  is difficrtll to I>c.lic-\e that allyone could c!,el. Iiope to 
maintain a current understanding of sea turtle hiolopy and conse~.\;iiti~on witliout regulal.ly reading the 
MTN." He ended the editorial by quoting S .  C. Stearns ("Tlie prohleln is not to establish who is right. 



because no one is. but to identify the portion of truth perceived by each. and to discover how to connect 
those portton<') and predicted that. " I f  the M T N  continues to Ix a thread connecting the truths perceived 
by each of us. then niy editorship will be a successful one." 

His editorship was indeed a successfirl one. Circulation rose, and authors contributing from around the 
world assured that the Newsletter remained of "inestimable value". As 1990 approaches and the threats 
confronting sea turtles are no less alarming than they were 15 years agal, the role of the Newsletter is as 
important as ever. As the MTN's current editors, we strongly support the founding principles, including 
the Newsletter's timeliness, international scope, and free distribution. We invite you to share the results of 
your research on a regular basis! I n  addition, we welcame general notes o f  interest to readers 
(conferences, literature reviews, employment). 

We also encourage you to write editorials. There are several crucially important issues that we as a 
conimunity need to discuss, and eventually to resolve. These include maturation age, natal homing, tag 
loss, the sex ratio(s) of wild populations, and management issues such as harvest (proportion of eggs, turtle 
size, seasonality, quotas) and beach lighting. We invite dialogue on  conservation options, international 
initiatives, trade, and research techniques. Should sea turtle conservation "pay its own way"? How? We 
also welcome notes on successful fund raising, public education, and/or legal campaigns. The M T N  i s  
puhlislied quarterly (January, April, July, October) and is supported by donatioris. Your contributions 
(words or money!) are always welcome. 



INCIDENTAL CAPTURE OF SEA TURTLES AT SALEM GENERATING 
STATION. DEI-AWARE BAY, NEW JERSEY 

James M. Eggers 
Public Service Electric and Gas Company, Hancocks Bridge, New Jersey 013038 USA 

Juvenile loggerhead (Caretta caretta) and Kemp's ridley (Lepidoclielys keryj) sea turtles are sporadically 
captured at the circulating water intake of the Salem Generating ~tation,Telaware Bay, New Jersey. Both 
species occur at the station primarily during the month of July when these species are foraging northward 
along the coast. Later in the summer and early fall these species are stiil observed i n  the Bay and coastal 
New Jersey and Delaware but seem less susceptible to capture at the intake. Administrative controls and 
daily cleaning of the trash racks at the station's circulating water intake h~ave reduced the mortality of sea 
turtles incidentally captured on the intake. However, a portion ~f tlie turtles have been obviously dead for 
sometinie prior to being captured at the intake. Evidence of propeller daiiiage (deep cuts on carapace) have 
been noted in several specimens. 
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DEFORMED REJECTS(?) OR AI1IBASSAI)ORS FOR CONS;ER\'ATION 
A Sea Turtle Program of Environmental Education arnd Stewardship for 'Third 
Grade Children of the Clarke County Public School IXstrict, Georgia 

Letty Fitcll 
Pete Schrantz 
J. Michael Wharton 
Jarnes I. Ricllardson 
Northeast Georgia Nature Center, Old Coninierce Road, Athens, Georgia 30607 USA 

Since 1983, a number o f  hatchling loggerhead sea turtles, -- Caretta - caretta. from Little Cumherland Island, 
Georgia, have been bringing a very special message to children i n  Clarke County, Georgia. These turtles 
were developmentally deformed at birth and could not survive i ~ r  the wild, Instead o f  beconling a meal for 
gulls on the beach, they (4-6 aniliials annually) are rescued from their fate and used i n  a u~ i ique  multi- 
media, hands-on, environmental educatioti program developed ti-~rougli tlie efforts o f  the Georgia Sea Turtle 
Cooperative at the Institute o f  Ecology (University of  Georgia) and the Northeast Georgia Nature Center, 
Athens, Georgia. 

This prograni, "Kids for Turtle Rights," is conducted by naturalists froni the Northeast Georgia Nature 
Center and presented annually to about 700 children in  all of tht: third grade public school classes i n  Clarke 
County, Georgia. I n  a two-hour prograrii the students learn about the needs. habits, and dangers which 
face sea turtles on the beach and i n  the ocean. Children are given opportunities to propose solutions to 
such problems as ocean pollution. drowning in fishing gear. beachfront development, and nighnillie lights 
on beaches which disorient hatchlings. imaginary journeys, murals, puppets, a video. arid a skit are used 
to view the world through the eyes o f  a loggerhead sea turtle. Tlle presence o f  live sea turtles greatly 
enhances the program. Thus, througl~ this program, turtles which have \~irtually no chance for survival i n  
the wi ld  are instrumental i n  br inging awareness o f  the need for sea turtle conservation to the human 
conimutiity i r i  a draniatic way. 

Feedback on the program in the forni o f  letters froni children, teacher evaluation reports, contacts with 
parents, conversations with members o f  the community, and other personal testinionies indicates that this 
prograni has a powerful and long-term impact on the stude:nts. I n  addition, the chi ldren take their 
enthusiasni and new knowledge out o f  the classroom and illto their hollies and comniunity. As a result, 
there are now niany more parents and other adults i n  Clarke (County arid across Georgia who understand 
the need for sea turtle conservation. 

Loggerhead sea turtles are classified as a threatened species under the U.S. Endangered Species Act of 
1973. Thus, tile Northeast Georgia Nature Center turtles are accompaniied by the proper state and federal 
permits at all times. They are kept in  large saltwater aquari.3 at 28% salinity and 80°F. They are fed 
Purina sea turtle "chow" obtained from HEART (Help Endangered Aniriials - Ridley Turtles) atid receive 
niedical attention as needed fro111 the University o f  Georgia College o f  Veterinary Medicine. Healthy 
itldividuals are ttsually placed with pttblic etlttcatiotial aquaria at the end o f  the prograni. Otllers have been 
released off the Georgia coast i t1  sargassutii drift lines to the eac8t o f  the Gul f  Streani. 

Recently. two o f  the Nature Center turtles were flown. co111.tcsy o f  I)~clta Ai1.1ines. to tlie West Coast to 
beconie part o f  an environmetital education prugranl cotiduc:ted Iy hiliicliael Ktlgge. Director of  tlie Sea 
Turtle Center in  Nevada City, Califor.nia. I n  their nev. Iiome these loggcrhends wi l l  co~it i t iue their roles as 
anibassadors o f  conservatioti for threatenecl sea turtles ot' all sl.lccies by taki ng tliei~. e~~\~ironrnental  nlessage 
to even more school children. Deforn~ed logge1.1ieod reject? I r o ~ i i  (;co~.gia :ire ~ i o w  helpill& California 

n eous children learn about the pressing needs for sea trrrtle conser\;l io11 o ~ i  hlcxican I~eaches and tlie cour g 
efforts o f  a few individuals to protect nesting leatherbacks. oli\,c ~.i(llcv:;. and Pncilic black turtles in that 
country. 



HYDRODYNAMIC FACTORS INVOLVED IN CHCIICE OF' NESTING SITE AND 
TIME OF ARRIVALS OF LEATHERBACKS IN FRENCH C;C7IANA 

Jacques ~retey'  
Marc ~irondol'  
'~closer ie  des Hattes, Ya:lima:po, 97360 Mana, French Guiana 
'~aboratoire de biochimie du dCveloppement, Institut Jacques Mlonod, CNRS et Universitk Paris 7, 2 place 
Jussieu, 7525 1 Paris Cedex 05, France 

In the Atlantic, the favorite beaches of leatherbacks, Dermochel:ys - -. coriacerr (Vandelli, 1761), for nesting are 
those of French Guiana. The time of arrival of turtles on a beach is ma~inly influenced by the geographic 
localization and structure of the beach and the amplitude and time of high tide. 

For this study, two beaches were patrolled: Ya:lima:po-Les Hattes (located on the mouths of Maria and 
Maroni Rivers) and Apo'fifi-Pointe Iskre (not influenced by the fluvial riaces; cf. map). The Ya:lima:po 
beach was patrolled from the night of 20 April 1987 to the ni,ght of 7 August 1987 (Fretey and Girondot 
1988). Volunters worked two hours and were relayed. For the 28,000 turtles seen, the time of observation 
and the stage of the nesting process were entered in a computer. Then, ltnowing tlie length of each nesting 
stage (Fretey 1981), estimated times of arrival were computed. The Apo'ti'li' beach was patrolled from the 
night of 6 June 1988 to the night of 22 June 1988 and the same procedures were followed. 

On Ya:linia:po beach there is a relationship between high tide and the time of leatherback's arrival on the 
beach. This phenomenon is visualized with !lie linear regression of the nuniber of turtles per hour as a 
function of the date. However, for the seven lunar cycles, these regressions have slope values higher than 
the slope obtained with the times of high tide. The difference betweerr the tinie of maximun number of 
animals arriving and the time of high tide is null wlien the high tide is in the evening, and from 3 (Vigie) 
to 5 (Rois Tombe 2b, or 'BT2b') haul-s when tlie high tide is in the morning (Figure I).  

We explain these observations by two antagonist mechanisms. On one hand, the carrier effect of the rising 
tide facilitates the arrival of turtles. 011 the other hand, the fluvial currents prevent tlie leatherbacks from 
arriving on Ya:linia:po beach. The Apo'fili' beach is only subject to tidal currents. The northwest 
direction of the longshore Guiana current (Prost 1986) carries the fluvial currents far from Apo'fili' beach. 
So, the turtles can arrive all the night on this beach with a slight peak at rising tides. 

The hourly difference between high tide and tlie time of arrival can be interpretated by the same 
niechanisms. The fluvial currents are inversed earlier in the nlor~iing fior spring-tides than in tlie evening 
for neap-tides. As referred to the high tide, the leatllel'backs will arrive on the beach sooner in the 
morning than in the evening. 

For morning (AM) high tides, we explain the difference between time of' arrival in Vigie and i n  BT2b by a 
specific effect of these mechanisms on different parts of Ya:lima:po beach. We propose two explanations 
for this: 

- The fluvial current is higher i n  Vigie than i n  RT2h (Girondot. personal observation). 

- A sand bank appears i n  front of Vigie dt~r.inp locv tides. slid niany turbulences are pr~ \~oked  
during neap-tides. 

Figure 2 presents the percentage of  arrivals {,el. rliglit o n  dilfcl.cnt p;~l.ts of ya:lirna:po beach. Tile 
maximuni of frequentation in Vigie was seen lor f ' r ~ l l  all(\ neul ~lloolls (,\l)l.i~lg-tides). This arri\~nl i n  Vigie 
appears to be faciiited when there are spring-titles. 'I'lliz effect i s  not observed for other parts of this heacll. 
These observations suggest that access on Vigie is subnlitfed to Iligli coristrair~ts that prevent the 
leatherback's arrivals. 



The objectives for this stud) arc 

- To understand h o w  thc d l f f r r c n ~  currents in  the eFtua1.y of Maroni .lnd ~ 1 , 7 1 1 ~  Hi\'ers interact to 
influence arrival time of leathcrback turtles, 

- To study simultaneously the distributio~l of arrival time on all the estuary's beaches. 
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Map of t h e  region of Ya:lima:po beach in  frenc:h Guiana. 
A , Fluvial race ; B , Direction of t i de  ; C , %ream of Guianas. 

f l m o  and nvlber of turtlao arrlvsd Imr hour 

Figure 1: Frequentat ion of t h e  Ya:lima:po beach in 1987 - 'Vigie'. 

Figure 2: Percen tages  of a r r i va l s  on t he  d i f f e r en t  ]par ts  of t h e  
Ya:lima:po beach in 1987. 



A COMPARATIVE ANALYSIS O F  MARINE TURT'LE REP'RODUCTIVE S U C C F S  
AT PATRICK AIR FORCE BASE, FLORIDA, 1987-88 

J. L. Guseman 
Llewellyn M. Ellrhart 
Depanrnent of Biological Sciences, University of Central Florida, Orlando8, Florida 32816 USA 

Patrick Ai r  Force Base (PAFB), on tlie central east coast o,F Florida, i s  located within the region that 
supports more marine turtle nesting than any other in tlie United States. I t  is o~ i l y  25 knl north of a 21 kin 
area near Melbourne Beach which supports greater loggerheaij sea turtlle (Caretta caretta) nesting density 
than any other beach in  the Western Hemisphere. While PAFB's proxiniity to the highly developed resort 
area of Cocoa Beach niay have cast sonle doubt on i ts  iniporta~ice as a siea turtle nesting area, preiimiuary 
surveys by base personnel suggested otherwise. 

The shoreline at PAFB does not look like good sea turtle nesting beach. The profile of tlie beach i s  
relatively flat between the surf and a steep wall of compact, shelly material that i s  apparently the legacy of a 
previous beach restoration project. I n  1987 and 1988, however, there wals a low terrace of accreted sand at 
various widths and depths in  front of tlie wall. Even so. it seemed niuch less than an ideal place for marine 
turtles to nest and, especially, for clutches of eggs to incubate safely and hatch successfully. For the past 
two nesting seasons, we have surveyed the beach at PAFB in o~~der  to catalog the marine turtle reproductive 
activity that occurs along this 7 km stretch of beach. 

METHODS 

The study area was divided into seven I-kni sections, with Section 1 beginning at the southern end of 
PAFB. opposite State Road 404, and Sections 2 through 7 extellding northward. Out assessment of nlaritie 
turtle nesting activity was done by counting nests and false crawls on walking surveys conducted five days 
per week, beginning on 15 May and ending on 22 August in 1987 and beginning on 17 May and ending 
on 31 August in 1988. 

To assess the fates of clutches deposited within the st~rdy area. we marked 32 loggerhead nests and eight 
green turtle nests in 1987 and 50 loggerhead nests in 1988 ;and motiitored them throughout incubation. 
After the last eliiergelice of hatchlings, each nest was excavated atid inventoried. Hatching success was 
defined as tlie fraction of eggs in  which hatchlings sarvive to tern) and free themselves from the shell; 
enlerging success i s  the fraction of eggs which result in hatclili~igs that erlierge fro111 tlie nest. 

RESULTS 

Overall, from some standpoint in  the future, we may well be able to look back upon 1988 as a fairly 
"typical year" for sea turtles at PAFB and look back upon 1997 as an "exceptional year". The two years 
were characterized by the following. 

I. High hatching and emerging rates. pronioted by the total lack of raccoon predation. I n  1987. 
tliese high reproductive rates were fi~rther protnoted by a sunlnler that was cli~~iatically benign 
(Figure 1). 

2. A loggerhead density (1 1 1  nests/kni in 1987: 87 nrstsiltr~i ill 1988) that places i t  in (lie "second 
tier" of loggerhead nesting heaclles of the Wcstcl.~~ Atla~ltic. a de~isity that is exceeded oti ollly a 
few of the very best beaclles in  the 1.t.gior1. I:ipt~r.c* -7 I)r-~..;c.rllq tlrsting totals by \veek fo~ '  170th 
years. 



3. The fact that several of the few remaining Florida green t u n h  alw nested here in 1987 adds to 
the significance that we now perceive for this beach. Ten ncrn were observed at PAFB in  1987. 
Although a very low level of green turtle reproducr~ve aclt\tl\ occurred here this past season 
(I-esulting in  only five false crawls and no nests), I988 was characterized by a depressed green 

. turtle nesting season throughout the region. 

I t  is reasonable to conclude that the 7 km stretch of beach at PAFB supports more sea turtle nesting than is 
cotnmensurate with its size. Considering this and the threatened/endan,gered status of the species involved, 
it seems equally clear that efforts to protect atid enhance sea turtle reproduction at PAFB are justified and 
worthwhile. 



Fig. 1. Hatching and emerging success 
in 1987 and 1988 
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BUCK ISLAND REEF NATIONAL MONUMENT SEA TUR'I'LE PROGRAM, 
1987-1988 

I 

Zandy Marie Hillis 
Aniy L. Mackay 
National Park Service, Buck Island Reef National Monument, P.O:Box 160, Christiansted, St. Croix, 
U.S. Virgin Islands 00821 

Tlie program objectives were to collect basic biological info~.niation on hawksbill sea turtles (Eretmochelys 
imbricata) nesting on Buck Island Reef National Monument (BUIS), test the feasibility of tagging turtles for 
a long-term population study, and identify management concerns. BUIS is a park of approximately 800 
acres located north of St. Croix (U.S. Virgin Islands) and managed by the National Park Service. There 
are three principal sea turtle nesting areas; tlie north shore, West Beach, and tlie south shore (Fig. I ) .  
The north and south shores are typical hawksbill nesting habitat (beach forest. low k r ~ n s ,  cobble or sand 
beaches. offshore coral reefs), while West Beach has a wide, explosed beach platforni and no offshore reefs. 

Turtle nesting activities were recorded daily during diurnal and/or noct~.~rnal monitoring patrols. When 
nesting turtles were encountered, activity, time and location were noted and all subsequent stages of the 
nesting cycle were tinied and logged. Diagnostic markings were recorded during egg deposition; during 
covering, tlie turtle was measured and tagged with inconel tags provided lby the National Marine Fisheries 
Service (PPW 800 series). Seventy days after nesting, eggs were excavatetl to determine hatching success. 

Twenty-three hawksbill activities were observed during noctur~ial monitoring periods: 18 resulted in the 
deposition of eggs. An additional 33 activities occurred unobserved. Twelve hawksbills were inconel- 
tagged and six of these were also painted-tagged. Eight tagged individuails were observed only once, two 
were observed twice. and two were observed on three occasions (Table I ) .  The average internesting 
interval was 15.8 days ( sd=0.83 ,  n = 4  intervals). Carapace length ranged from 83.5-94.0 cm and 
carapace width from 76.3-90.0 cm (Table 2).  The nesting season peaked between July and September 
(Figs. 2, 3). In 1988, 88 nests were confirnied, the average clultcli size was 140.3 eggs (sd=24.0. 11 =75), 
niean hatching success of nests surviving to term was 80.9'%, arld approxilmately 6.800 hawksbill hatchlings 
were released from BUIS. In 1987, 46 nests were confirnied and nnean hatching success for nests 
surviving to term was 83.5%. The number of confirmed nests increased miore than four-fold between 1985 
and 1988 as a result of intensified diurnal arid tiocturnal monito~,ing efforts (Fig. 4). 

Several nianagement concerns were identified: ( I )  beach debris limited access to stable nesting grounds in 
the beach forest, (2) predation reduced nest success; seven nests 'were lost to the great land crab 
(Cardisoma) i n  1988, although historically the mongoose (Herpestes) has been the primary predator, (3) 
poaching, a serious concern i n  tlie past, was virtually eliminated in 1987-1988 by program publicity and the 
presence of research personnel, (4) the effects of recreation were minimized by prohibiting all types of 
activities using poles, stakes, or digging on nesting beaches during the nesting season. (5) erosion reduced 
nest success; in 1988 approximately 8% of confirmed nests were lost to e:rosion; nornial rainfall and storni 
flooding eroded the shoreline vegetation, expositig roots and preventing access to stable nesting areas in the 
beach forest. 

'Tlie biological data collected during the 1988 season 1ias es~ahlislietl ;I hnseli~ie of inforniation oti the 
hawkbill nesting populatioti at BUIS. Tlie retirr~i of tagged :it.itiials will ~iou, pro\ide inforniation on site 
tenacity, remigration, fecundity, and tag loss for this e11daligc.1.c.d atid ~)oo~.ly docutiie~itetl species. 111 light 
of tlie continued loss of nesti~ig liahitat to tle\~clol~~iic:~it i l l  t l i c .  wic1c.t. (';~l.ihhcali. 1)r.otectetl areas sucli as 
RUIS play a significant role i n  the conser\latioli of' th t .  l1;iu ksI7iII \t';t I ~ I I . I ~ ~ : .  I'lit- 1988 dat:l i~idicate that a 
long-term monitoring prograni is riot olily kasil3le. 17111 \ r  ; ! I-I  ; t l ~ ~ c . t l .  I-Ii(. N;t~iolial Park Scr\ ice \!'ill ollce 
again suypo~.t a program of diurnal aed noctuvtial 11ionito1.ing ~ ) 1  1311IS dut.ing tlie 1089 hau,ksbill nesting 
season. 



Table 1. Tagging information on hawksbill sea turtles nesting on 
Buck Island Reef National Monument, U.S. Virgin Islands, 1988. 
NMFS - U.S. National Marine Fisheries' Service. 
-------------------------------------.------.---------------------- 

Painted NMFS Date l'agginq 
Number Tag* Tagged 1,oca tion 

Other Dates 
Observed 

South e;hore 
South shore 
North shore 
!South shore 
!;outh shore 
South shore 

South shore 
West Beach 
south shore 
South shore 
South shore 
North shore 
Morth shore 

A National Marine Fisheries Service inconel tags, series PPW 
* *  Paint tag was applied to carapace during the turtle's first 

visit (6/5) and the inconel tag was applied later (6/21) 
when it became apparent that tihe paint was only temporary; 
for all other turtles, paint and inconel tags were applied 
simultaneously 

* *  Number 6 was the last paint tag applied because the 
technique was deemed unsuccessful 

Table 2. Carapace measurements of lnawksbill sea turtles nesting 
on Buck Island Reef National Monument, U.S. Virgin Islands, 1988. 
O.C. = over-the-curve. 
------------------------------------.------.----------------------- 

Dimension N mean (cm) sd range 

O.C. nuchal notch 12 87 .;I 3.8 83.5 - 9 4 . 0  
to posterior notch 

O.C. maximum width 12 81. ti 4.0 76.3 - 9 0 . 0  
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NEST SITE L.,OCAllON AND CLUTCH MORTALllY OF HI/i\VKSRIL,L 
TURTLES (ERETMOCHELYS A IMBRICA'I'A) IN BAIRBADOS, WEST INDIES 

Julia A. Horrocksl 
H.A. oxenford' 
S. willoughby3 
' ~ e ~ a r t r n e t ~ t  o f  Biology, University o f  the West Indies. Barbados 
2~e l l a i r s  Research Institute, St. James, Barbados 
3~isher ies Division, Ministry o f  Agriculture. Food and Fisheries, Bay Street, St. Michael, Barbados 

BACKGROUND 

Morator ia on fishing and stricter enforcement o f  fisheries lel;islation are planned by several Caribbean 
countr ies and may decrease f i sh ing  pressure on  hawksbil ls e n o c h e l y s  imbricata). However,  
environmental  and habitat characteristics may constrain recovery. I n  particular, tourism-related 
development in  the Caribbean appears to be decreasing the availability of  suitable nesting beaches for sea 
turtles. The objectives o f  this study were to estimate abundance o f  hawksbill turtles i n  Barbados, to 
characterize seasonal and spatial variation i n  nesting activity, to quantify the conlponents o f  mortality 
affecting hawksbill clutches, and to comment o f  the conservatio~~ efforts currently underway to rehabilitate 
hawksbill populations in  Barbados. 

METHODS 

Two approaches were used to estimate spatial and seasonal variation i n  hawksbill nesting in  Barbados. 
First, the general public were requested through the media to report all nesting and hatching events ill 1987 
and 1988. Second. once a month for 3 months of the reproductive season (June-August) i n  both 1987 and 
1988, trained volunteers from the Barbados Environmental A.ssociatiol~ surveyed the entire coastline of 
Barbados for turtle tracks. Clutch size, incubation time, percent egg and percent hatchling mortality were 
obtained from 27 nests excavated after hatching, and clutch !size was obtained from a further six nests. 
Unhatched eggs were classified as either undeveloped or  as dead embryos. These data were used to 
calculate emergence success (percent o f  all eggs that emerged f~,oni the nest as hatchlings), which consists 
o f  two components: I) hatching success (percent o f  all eggs that hatched) ;and 2) escape success (percent of 
all hatchlings that escaped from the nest). The data are presented i n  Table I, separately for nests made less 
than and more than 5m above the high tide mark (HTM), and nests on beaches with high human activity 
(public parks and large hotel beaches) and those on quiet beache:;. 

RESULTS 

Hawksbil ls prefer to nest on leeward coast beaches (west ant1 south) rather than on windward beaches. 
Nestings occurred pr imari ly between May  and August i n  both years (Figure 1 ) .  The public reported 
25.1 % (1987) and 33.1 % (1988) of  the nests estimated from the beacli silrveys to have been made over the 
two three-month periods (June-August). These percentages wert: used to estimate the total number of nests 
in  1987 and 1988 from the data presented in  Figure 1 .  The estimates obtained are 239 nests in 1987 and 
157 in  1988 (mean= 198 nests). Allowing for 2-3 nests per fer~iale per sleason. 200 nests per year implies 
an annual breeding population o f  67-100 female Iian,ksbills i n  13arbndos. The hreetiing female population 
in  any one year is only a sub-set of the total population of feniales hl.eetlillg ill the country. With a rileall 
interval of  3.5 years between breeding. an annual 11eqting po l~r~ l ;~ t ion of 67-100 ilnplies 3 total 111-cctli~ig 
popi~latiori of  235-350 in  Barbados. 

Three major mortality factors affect eggs alid Iiatclili~ig.;: 

I) Flooding mortality: Hatching success in  nests < !5m above t l i e  H T M  (80%) tended to be lower than that 
i n  nests > 5111 above tlie H T M  (89. I % ,  Mann  Wli i tney test, T =  101. P=0.1) .  The percenl o f  

239 



trndeveloped eggs in nests < 5m a k \ c  tile H T M  (16%. Table I )  was significantly h i g l i c ~  th;r~\ i n  nests > 
Sni above the H T M  (8.6%. T =  IOU. f'< O 0 5 .  l'ahle I ).  By contrast. the percent of  eggs t l~at died during 
dcvelopnient ('dead embryos'. Tahlc I ) did not differ in nests c 5111 above tlie H T M  (4.3%) ant1 those > 
5111 alwve the H'I'M ( 5 . 8 % .  1'=57.5. I' >U.05).  .l'liis sugge!;ts that fla'oding niortality affects eggs only i n  
the early stapes of development. 

2) Conipactioti mortality: Enierge~ice success on heavily used beaches (64.9%) was significantly lower than 
on quiet beaches (83.8%; T =  133. Yc0.05. Table I ) .  En~er:$ence success o f  nests c 5ni above tlie H T M  
and those > 5ni above the H T M  did not differ (T=79.5, P>0.05. Table 1). 

Hatching success and escape success together determine emergence success. Hatching success on beaches 
heali ly used by the public (83.2%) did not differ froni tliat on quiet beaches (84.7%; T=78, P>0.05), 
itliplying tliat tile lower emergence success ohserved on heavily used beaches results from a lower escape 
success o f  hatchlings. Escape success on heaches heavily used by the public (77.9%) was significantly 
lowel. than that on quiet beaches (98.8%: T =  135, Pc0.05).  The lower escape success on heavily-used 
beaches presumably results f rom increased conipaction of sand; death probably occurr ing through 
exhaustion and suffocation. 

3) Disorientation mortality: O f  the 27 nests str~died, 14 (!i5.6%) were affected hy beach l ight ing at 
hatching, resulting in  up to 100% o f  emerged hatchlings in some nests orienting inland rather than towards 
the sea. 

Conservation activities in  Barhados include tagging of nesting females. relocation of nests considered to be 
i n  danger from tides, beach erosion, or  brrilding construc~ion, and collection o f  disoriented hatchlings. 
Hatchlings that appear too exhausted andlor i~i.iured to he released are kept and 'head-started' at Bellairs 
Research Institute unti l  they reach 20cm SCI, arid are suffic:iently large to be tagged. The cotiservation 
campaign in  Barbados has used the niedia to explain why attempts to conserve the hawksbill populatio~i are 
necessary. Cooperation by the public in  cotiservation activities for hawksbill turtles has been good. Wi th  a 
rapidly growing tourist industry, i t  is unlikely tliat legislati011 wi l l  be passed solely for tlie protection of 
turtles at the expense o f  revenue earning, e~iil)loy~iie~it-getierati~ig blusinesses. The tuture of hawksbill 
nesting in Barbados wi l l  therefore be heavily dependent on the: activities of  non-governniental organizations, 
tlie interest o f  the public, and tlie goodwill of  owners and managers o f  beachfront properties. 



Table I .  Clutch size. incubation l ime dnd * ~ ~ , h r . ~ \ r * h ~ l ?  races ol egg! and hatchlings of thc h:iukcbill turtle in 
Barbados. 

- - -  .- .- - - - 

h hiean SD Hangt 

Clutch size 33 127.8 28.9 64- 175 

Irlcubation time 13 62 5.3 55-75 

Emergence success 
Heavily used 
Quiet 
<5m above HTM 
>5m above HTM 

Hatchling success 
Heavily used 
Quiet 
<5m above HTM 
>5m above H'TM 

% Undeveloped 
< 5111 above HTM 
> 5m above HTM 

% Dead embryos 
<5n1 above HTM 
>5m above HTM 

Escape success 
Heavily used 
Quiet 
< 5m above HTM 
>5m above HTM 

FIGURE 1. The number of hawksbill nesting8 per month 
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LOGGERHEAD HATCHLING SUCCESS RATES IPI VIRGINIA, 1985- 1987 

Bill Jones 
John A. Musick 
Virginia Institute of Marine Science, College of William & Marly, Glo~ces~ter Point, Virginia 23062 USA 

- 

INTRODUCTION 

Virginia waters are a summer foraging ground for up to 10,000 subadult and adult loggerhead sea turtles, 
Caretta caretta (Belimund et al. 1987, Keinath et al. 1987, L~itcavage and Musick 1985). However, the -- 
abundance of nesting loggerheads on Virginia shores is rare to scarce. With an average of 2 to 3 nests per 
year (Jones unpublished), Virginia constit~rtes the northern limit of nesting activity for the Western Atlantic 
population. One nest was reported froni New Jersey ill  the 1970's. A program to transplant loggerhead 
eggs from Cape Ro~nain (South Carolina) to Chincoteague (Virginia), Back Bay (Virginia), and Pea Island 
(North Carolina) was initiated by the Fish and Wildlife Department from 1969-1979. A total of 23,322 
eggs from 222 nests were relocated to these areas. A hatch success of 63.4% was reported. 

MATERIALS AND METHODS 

The nursery site for 1985-1988 was located on the Back Bay National Wildlife Refuge, Virginia Beach, 
Virginia. Nests were relocated due to beach traffic (44 permitees) and sewere beach erosion. The location 
of the nursery was 3.5 km from the nortl~ access ramp and 20 m behirrd the dune ridge. Beach patrols 
from Back Wildlife Refuge and False Cape State Park located sea ti~rtle crawls and marked nest sites. The 
nest was excavated and the eggs were removed and plnced in a styrofoam cooler with danip sand and perlite. 
Each egg was marked to prevent an orientation error and to note its location within the nest. The clutch 
was then placed in a cylindrical wire cage 35 cni x 75 cni to protect it from predators (ghost crabs, foxes, 
raccoons). From the surface the top of the egg rnass was approximately 15 cm. and tlie bononi 60 cni. At 
the time of hatching the hatchlings were counted, weighed and measuredl. Dead hatchlings were collected 
and formalized for later sex determination. Live hatchlings were released at night on an outgoing high tide. 

RESULTS AND DISCUSSION 

Both nature and nian affect sea turtle eggs on tlie nesting beach in Virginia. If the nests aren't located 
quickly, the evidence disappears under the tires of the permitees or the ocean's tides. The beach should 
have restricted passage during the critical nesting months. 

Eggs are removed from the natural nesting site. Relocated nests may increase hatchling success rates 
(Wyneken et al. 1988). The first step is to place the eggs in d;imp perlite and sand to prevent dehydration. 
The next step is to mark each egg for orientation. The mark is a code as to the location of each egg during 
tlie incubation period. If the enibryo matures but is still- born, informe~tion can be collected as to its sex 
and depth within the nest. 

Eggs are relocated i n  tlie nursery area i n  Back Bay National Wildlife refuge. The isolated area prevents 
any human contact from sunimer visitors. This area has beel,) used by the Refuge for many years. As 
temperature profiles are collected, the impact of the tra~ispla~it prograni f~.o~ii 1969 to 1979 a11d tlie  resent 
relocation of natural nests will be examined. 

Hatchling loggerheads emerge liealtliy nlitl  f u l l y  tlevc1ol)rtl ill tliis I ~ O I . I I ~ C I . I ~  range. Tlieir liatcll si~ccess 
ranges between 75% and 90% in Virginia: lioweve~.. tlit:ir dist:~~ict: to tl.:i\,el to tl1r safetv of the Sa~'gasl;ulll 
Sea is 100-200 miles. The trip in  the southe1.11 ~.;ingt: ~ 1 1 1  Ot- it< littlc ;I.; .50 ~ i i i l t : ~ .  

Automatic recording devices will be used to collect tlle ~)Iiysicsl 1,al'anletc:l.s at this latitude. Tile al)paratlls 
records teniperatures from the surface, various depths. and intc:rtial rlietaholic lieat in each nest. Radiation 



(wattsitn:,. ra ln  mmrture in the sand at various depths. wind d~rection. and wind speed are recorded. Tli is 
wi l l  vcrif! rhc p r a I  temperature for this range o f  incubating loggerheads. 

Table I is the data collected during 1985-1987 (no liesting olncr\ccd in Virginia in  1988). Figures I 
and 2 show the mean success rates and mean inculrition len~ ths  hv year for Virginia. The success rates 
are high. However. the length o f  i~~cuhat ion is long. This is a result of  low i~icuhation temperatures due 
to the northern latitude. Low incubation temperatures increase the probability of  more males. A l l  males 
from late nests have been recorded from exan~ination of go~ia~ds from still-born and dead hatchlings (Jones 
unpublished). 
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HATCH DATA FOR '85, '86, ' 87  

-NOTCW/MOTCH- CARAPACE Wl DTH - - - - +  WEIGHTS----- 
fl % DAYS LENGTH (mm )  (mm) (gmsl 

EGGS 9ATCHED INCUBATION (N) MEAN RANGE MEAN RANGE MEAN RANGE 
9 3 8 0 6 3 4 0 4.97  4 . 7 - 5 . 1  4,03 3 . 0 - 4 . 2  20,71 19.2-23.2 
9 3 3 9 6 4 36 4 . 6  4.3-4.8 3.50 2 . 8 - 3 . 7  10.50 15.4-21.4 

114 9 7  6 7  5 0 4 . 8 7  4 . 7 - 5 . 1  3.70 2.5-3.9 19 .60  17.2-21.8 
127  6 1 67 3 0 4 . 3 8  4.2 -4 .5  3 . 3 4  3.1-3.9 17.64 13.9-21.1 

KO NESTING OBSERVED ON V I R G I N I A  SIiORES I N  l ?eR 



DEVELOPMENT OF A VIDEO-COLLAR TO S'I'UDI' SEA TURTLES 1 t  THE M'ATER 

Greg Marshall 
Marine Sciences Research Center. SUNY at Stony Brook, New York 1 1  794 USA 

Sea turtle behavior in the water is poorly understood because of tlie difficulty of ohserving animals at sea. 
Some of tlie questions about immersed behavior. as i t  develops over time and in response to environmental 
factors, can now be addressed using a newly developed video-collar. Harnessed to tlie apex of turtle shells, 
the video-collar obtains a visual record of activity from the animal's approxiniate perspective. We can thus 
begin to better understand feeding selectivity, habitat fidelity, social behavior and other motivational states. 

The video-collar consists of an 8 mm video camcorder with a charged coupled device (CCD) imaging 
element. This was reduced to its barest components and reconfiporetl to fit a liydrodynaniic profile. Such 
stl.eamlined profile is achieved in a custoni built epoxy-fiberglass housing having walls capable of 
withstanding some 1000 psi of hydrostatic pressure and a 1 inch thick, 2 inch diameter, Lexan lens port. 
Initiation of the recording period is achieved at any specified date atid time using a simple electronic tinling 
circuit. Once activated the unit records ani~iial activity for two Iiours. Work is underway to significantly 
extend this period by time-delay recording. 

The video camcorder is attached to animals rtsing a rapidly deployable harness designed to accommodate 
turtles of a variety of sizes. Two anterior and two posterior wire straps secure tlie collar to tlie apex of tlie 
shell. The anterior straps are actively secured by means of small hooks which penetrate approximatrly 
Inini into the outer cuticle of tlie forward edge of the shell. Connecting these hooks to the anterior wire 
straps are magnesium elements of known dissolution times in sea water. 

The posterior straps are on an adjristable pulley system to accomrtiodate different sized animals. The liooks 
on these straps are placed over tlie shell and held securely by tension against tlie anterior straps. The 
video-collar is released from animals by dissolutioti of the anterior magiiesiitni elenients. thereby 
undermining the tensile attachment of the posterior hooks. Following detachment. the buoyant video-collar 
floats to the water surface where the radio transmitter, housed within its tail section, is activated for 
retrieval. 
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MARINE TURTLE NESTING AND REPRODUCTIVE SUCC:ESS IN SOUTH 
BREVARD COUNTY, FLORIDA, 1982-1988 
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INTRODUCTION 

Since 1982 the University of Central Florida's marine turtle research group has conducted surveys of 
marine turtle nesting in a 21 km long study area in south Brevalrd County, Florida, extending from a point 
5 km south o f  the eastern terminus of U.S. 192 i n  the town of Indiatlantic to a point just north of tlie 
Sebastia~i Inlet State Recreation Area. 

I n  1985 studies were begun of reproductive success (i.e., the percentage o f  yolked eggs that yielded 
hatchlings which enierged from the nest) for loggerhead (Caretta caretta) and green (Chelonia niydas) sea 
turtle clutches deposited within tlie south Brevard County study area. 

METHODS AND RESULTS 

Nesting Survey 

Using data gathered by five day per week surveys, the numher of loggerhead clatclies deposited in  the 21 
kni study area was estimated to be 7,995 i t1  1982. 9,423 in  1983, and 7,753 i n  1984 (Ehrhart and 
Raymond 1987). I n  1985, seven day per week surveys enahled an absolute count of 10,240 clutches 
(Ehrhart and Witherington 1987). Estimates from the past three years were 10.745 in 1986 (Ehrhart and 
Witherington 1986), 9.780 in 1987 (Ehrhart et al. 1987). and 8,838 in 11988 (Ehrhart et al. 1988). The 
mean count of loggerhead clutches for the seven years the south Rrevar'd County study area has been 
surveyed i s  9,253 f 1035 using a confidence interval based on a students' t distribution (P = 0.05). 

Because of their very distinctive tracks and nests and their rela~ively small numbers, an absolute count of 
green turtle clutclies deposited each season was made. Ehrliart and Ra:ymond (1987) reported 47 green 
turtle clutches deposited i n  1982, 43 i n  1983, arid 32 in  19134. A large increase to 281 clutclies was 
reported in  1985 (Ehrhart and Witherington 1987). a drop to a total of 616 clutclies in 1986 (Ehrhart and 
Witherington 1986), another large increase in 1987 to 206 clutclies (Ehrliart et al. 1987). and a drop to 77 
clutches in  1988 (Ehrhart et al. 1988). The mean green turtle clutch count for the seven years surveys 
have beeti conducted in  the study area i s  107 f 8 9  using a ~confidencce interval based on a students' t 
distributio~~ (P = 0.05). 

I n  addition to the loggerhead and greet1 turtle nesting that occurs in south Brevard County, two leatherback 
(Dermochelys coriacea) clutches were deposited i n  the study area and one just beyond the northern 
bou~~dary of the study area in  1985 (Ehrhart and Witherington 1987). Two more leatherback clutclies were 
deposited in the study area in 1987 (Guseniati, personal commur~icatio~l). 

Reproductive Success 

From 1985 through 1988 tlie locatio~ls of sanlple nests n,ere nl:l.kecl th~.o~.lgIiout e;~cli season. The eggs ill 
each sample clutch were counted eitlie~' as they were llcilip tlt.po:itcd In IIN: felnnlc or I,? n careful i~l\'elltol.! 
of tlie nest within I 2 hours of depositio~i. Tlie c o ~ l  tcnts ol :%;tcll ~ i ~ c t  u'e1.e ~.ci~l\,e~itot.ied 60 da!.s after 
deposition. Tlie nuniber of infertile or atltlled eggs. eggs coll l i t i l i~lg o;t~.ii;tll!/ (leveloped embryos or fetuses. 
eggs col~tainirlg hatchlings that died wl~i le  pipping atld llatclllirlgs u,llicll llnd estr-icated tlienlselves from 
their egg shells hul died while still in tlie nest were: counted. I ' l l i s  rlurlihel. was subtracted froni the total 



number of yolked eggs in the clutch to obtain the numhcr of hatr hi~ln j r  u hich had success full^ emerged 
froni the nest. 

The niean emerging success for sample loggerhead clutclic\ III 1 Q 8 F  *,I\ 6 1.62.. 58.87:- for sanil)le green 
turtle clutches (Ehrhart and Witherington 1987). For I9llh. khrhar~  and Witheringto11 ( 1986) reported 
niean emerging success for sample clutches to be 66.9% and 75.27 for loggerheads arid green turtles, 
respectively. I n  1987, the figures were 64.5% for loggerheads and 73.8% for green turtles (Ehrhart et al. 
1987). For 1988, the sample loggerhead clutches had a riiean enierging success of 56.8%; green turtle 
saniple clutches had a niean emerging success of 54.6% (Elhrhart et al. 1988). Using a confidence level 
based on a students' t distribution, an overall average enierging succ~ess for saniple loggerhead clutches is 
62.95% f 6.9% (P = 0.05). For green turtles the overall average e~nierging success for sample clutches is 
65.6% f 16.6% (P=0.05). 

There are several variables which might affect tlie liatchlin~g production of any given nesting beach for a 
given season. With tliis in mind, a rougll estimate of the average se;*sonal production of hatchlings which 
successfully emerge from their nests in the south Brevard C:ounty study area was calculated by multiplying 
tlie overall niean clutch size (1985-1988) by the overall mean e~iierging success (1985-1988) multiplied by 
tlie mean number of clutches deposited (1982-1988). For loggerheacls 116 x 63% x 9253 = an estiniated 
676,209 hatchlings. For green turtles 134 x 66% x 107 = an estiniated 9,463 hatchlings. 

DISCUSSION 

Tlie beaches along tlie southeastern coast of tlie United States providje nesting sites for one of Earth's two 
large aggregations of adult female loggerhead turtles (Ross 1982) Within the southeastern U.S., tlie 
greatest loggerliead nesting densities occur froni Brevarcl County, Florida, south to Broward County, 
Florida (Hopkins and Richardson 1984). The beach incli~ded i n  thie 21 km study area i n  south Brevard 
County has been shown to have the greatest density of loj;gerIiead nesting i n  tlie southeastern U.S. and 
probably i n  tlie entire Western Atlantic. An  average olF 441 cluvclies of loggerhead eggs have been 
deposited on this beach per kni during each o f  tlie past seven years. Dur ing  an "average" year, 
approximately 675,000 loggerhead hatchlings enter the pelagic habitat from tliis beacli. Unquestionably this 
beach i s  critically important to the recovery of tlie Wester11 Atlantic population of this threatened species. 
Although green turtle nesting activity i s  niucli greater on tiiany other beaches in the tropical regions of tlie 
world, this beach does provide nesting habitat for a significant nt~niber of "Florida green turtles," an 
endangered species in  the United States. 

Tlie h~ture  of tlie ~011th Brevard County beacli as uesting liahitat has to be questioned. Each successive 
year is marked by the co~istri~ctioti of additional single family homes and condoniiniulns within the study 
area. A proposed causeway linking tliis relatively isolated stretch of barrier islalid to the mainlarld would 
open to developnient tlie resort potential of tlie area. 

I t  i s  reasonable to conclude as human popirlation in the south Drevard area continues to increase, so will 
human activity on tlie beacli at night. What i~iipact will t l i i s  activity have on marine turtle nesting? 

Tlie depredation of riiarine turtle nests by raccoons i s  also an increasing problem within tlie stlrdy area. 
Elirliart and Witherington (1987) reported that 7% of the nests ma,rked for reproductive success studies 
were partially or totally depredated by raccoolis in  1985. 111 1988, al~iiost 19% of the nests marked for 
reproductive success studies were partially or totally depretlated by raccoons (El1rlia1.t et al. 1988). 

Perliaps the niost serious long tern1 threat to tlie liesti~ig Ix~ncli in zot~tli Dre\lat.d Cou~ity i s  tliat of sea level 
rise and beacli erosion. Several areas alo~ig tlie 2 I k ~ i i  Icti,;tli of tlic bcncli Iia\lc alt.cndy experienced severe 
erosion in tlie past. I f  'arnioririg' of tile soutli I3r.evat.tl ( 'ol l~i(y r,cr:l~( i s  ;~llowetl. i t  tnnv eventually 1.t.sttl1 i r l  
tlie loss of tliat stretcli of tlry sand abovc tlic ~ i i t > ; t ~ l  Iii<gI~ liclc. l i ~ ~ v  s o  t *~s~~ i t i ; i I  (O ~ii;il.i~ie ttt~.tlt' 11t-sli~ig. 
Tliere is no dry beacli at liigli tide in liiailv otllc~. :II.C%;IY LIIICI.~ ; i~.~l lot. i t~s I~:IY nlt.cady taken ~ ~ l a c c .  I f  tliis 
beach disappears because of hur~inn effor.ls to cont~.ol ct.osiori ;311d ~,r.orccc hcacl~fro~it property. ~ j l ia t  will be 
the fate of the loggerheads and green turtles tlint utilize tlic critical so111tl1 13re\,n1.tl County nesting habitat? 
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DEMOGRAPHIC PATTERNS OF CARIBBEAN HAINKSBIL,LS, JUMBY 
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James 1. Richardson 
Lynn A. Corliss 
Clieryl Ryder 
Rebecca Bell 
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Recovery and management of an endangered species requires precise understanding o f  its population 
ecology. However, nleaningful demographic studies of sea turtlt:~ take many years to complete because sea 
turtles are very long-lived animals. Caribbean hawksbills are particularly diff icult to study; their low 
numbers, dispersed nesting beaches, and elusive nesting behavior accoullt for the lack of population data 
available i n  the literature. This poster session presents pre1imin;lry (2 yr) results o f  a demographic study of 
nesting hawksbills at Jumby Bay (see Corliss et al. i n  these Proc1:edings). 

METHODS 

We use saturation tagging with intensive nighttime patrols to sludy nesting behavior (see Tucker i n  these 
Proceedings). During the 15 1 days of continuous patrol i n  1988 (2 July - 29 November), only six o f  156 
nests (4%) on Pasture Bay beach (Juniby Bay, Antigua, West I~ndies) were discovered after the female had 
departed. This permits us to obtain an accurate measure o f  seasonal fecundity per turtle, arrival and 
departure o f  individual females at the nesting beach, and total stock numbers. 

RESULTS 

The pr imary nesting season runs from June through Novenlber, although occasional nesting occurs 
throughout the year. The 1987 season (Figure I) started veary late in June, peaked in  September, and 
ended the middle of November. We gambled on a repeat of  this behavior in  1988 and lost(!); there were at 
least 10 females active in June before the start o f  the survey on 2 July. 'This accounts for the abrupt start 
o f  nesting activity observed in  Figure 2 (1988) which is. of  course, an anomaly of our experimental design 
arid riot hawksbill behavior. Whereas 1987 nesting activity peaked in  Septeniber, 1988 nesting activity was 
distributed rather evenly from July to November (Figure 2). The dramatic weekly ~nodulation o f  numbers 
of active females in  lmth 1987 and 1988 is apparently a rand0111 phenome:non induced by a precise 2-week 
internesting interval (Figure 3) and not an indication of group nesting behavior: the choice of a seven day 
interval o f  measurement is a human prerogative and not an attribute o f  turtle biology. The modal shift i n  
the internesting interval from 14 days (1987) to 15 days (1988) has not yet been explained (Figure 3), but 
may be related to water temperature. 

Because each turtle nests an average of five times per season (Figure 4) ton two week intervals (Figure 3). 
the distribution o f  nesting activity dur ing a 180-day season is determined by the initial arrival dates of 
individual females (Figure 5). Arrival rates for the 1987 nesting population accelerated in  early July and 
again i n  early August and then decelerated for the rest o f  the season. As a result. the overall nesting rate 
i n  1987 (Figure 6) peaked i n  September when a maximum riunlher o f  feniales were active at the sariie time. 
I n  1988, arrival rates accelerated in  late Junelearly July alitl th1.n again ill1 Septe~nher (Figure 5). Thus. i t  

can be seen why the overall nesting rate i n  1988 reinairled tair ly steady from J (~ l v  to early Novenlbes 
(Figure 6); the two largest groups of ar.~.iving turtles u1ci.e reoa~.c~ted h! t~11o ~ i io~ i t l i s  aritl. tl1erefo1.e. did not 
overlap their nesting activity. 



DISCUSSION 

We predict that the initial arrival times o f  ~iestitig hawkshills at Past111.1e Ra! lu .~ch  Illat Inrgelv random 
from June to September and, as a result. that tlie shape of a June-Nowember IIC~IIII~ acc~\~r \  curve (Figure 
6) wi l l  probably vary draniatically and unpredictably each seasoti. The fewer tlie nciinialc in !he population. 
the more unpredictable wi l l  be the schedule o f  a nesting season; potentiill egg predatory . . take note! 

Except fo r  in i t ia l  ar r iva l  t ime at the nesting beach, Jumby Bay hawksbil ls are l i igl i ly regular and 
predictable. Individuals lay niore clutches per seasoti (f 5) than we expected. Similarly. a lot o f  activity 
(156 nests dur ing the 1988 survey) proved to be the effort o f  a relatively few animals (39 turtles). We 
estimate 40 actively nesting turtles and 190-200 nests for tlie 1988 calendar year at Pasture Bay beach. 
Stock assessment forniulae that use less than 5 clutches per turtle are in  danger o f  grossly overestiniating 
total numbers of nesting females, the price to be paid for an inadequate sampling plan. We have much still 
to learn: additional studies o f  hatchling sex ratios atid adult remigration intervals w i l l  begin i n  1989. 
Estimates o f  recruitment and loss o f  adults to the Jumby Bay populatior~ wi l l  require I 0  years o f  continuous 
surveys. 



Fig. 1: Active Adult Females at Pasture Bay During Perk Nesting Season (1987) 

r 16 7 

t:; 

- I 1 l 1 1 1 1 1 1  
17 11 19 20 11 21 21 14 21 

June July August Scpteniber October November 
> 

Weeks 

Fig. 2: Active Adult Females at Pasture Bay During Peatk Nesting Season (1988) 

Fig. 3: Duration in Days Between Nesting Events 
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Fig. 4: Midseason Nests Per Turtle (Missing 111tervals Fiilled) at P'asture Bay 
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Fig. 5: Cumulative Adult Female Turtles in Pasture Bay Populati~on During Peak Nesting Season 

Fig. 6: Cumulative Nests at Pasture Bay During Peak Nesting Season 
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Fig. 7: Clutcli Dcveloymcnt Tinic (1988) 
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INTRODUCTION 

The development of non-invasive and low risk techniques for studying the reproductive biology o f  sea turtles 
as well as other endangered species is a high priority. Radioinimuno~assay techniques for measuring 
c i r cu la t i~ lg  hormone levels provide only part o f  the overall picture required to properly understand the 
reproductive systems o f  marine turtles. X-ray has long been available to detect the presence o f  eggs i n  
turtles but i t  is cunibersome and ineffective for studying ovarian structures. The most effective technique to 
date for studying ovarian niorphology has been laparoscopy. I,aparoscopy, al thoi~gl i  very useful, does 
involve risk o f  in jury  or  death to tlie animal and is considered an invasive technique. We have been 
developing tlie use o f  ultrasound techniques to improve our ability to monitor follicular development more 
acci~rately and at more frequent intervals, as well as for tlie detection of oviducal eggs. Ultrasound also 
reduces risk o f  injury to tlie turtles and has application towards monitoring general health o f  both captive 
and wild populations. 

METHODOLOGY 

Ultrasoi~nd units vary in their specific modifications but overall function is similar. The most important 
factors involved are the type o f  transducer and magnitication capi~hilities of' the unit itself. Transducers are 
available in  varying wavelengths (2.5 to 7.5 MHz) and types (i.e., sector scanner). Depth o f  penetration is 
inversely related to the quality o f  resolution (i.e., 7.5 M H z  prolbes have higher resolution quality but less 
penetration depth than a 2.5 M H z  which has significantly greater penetration depth but less resolution). 
Lower  wavelengths (2.5-3.5 M H z )  are more suitable for  larger species, such as green turtles and 
loggerheads, while, higher wavelengths (5 M H z )  are very effective for smaller- species, such as Kemp's 
ridleys and liawksbills. The procedure involves turning the turtle: over on i~ts back and placing the probe tip 
against the i nq i~ i na l  region anterior to the hindl imb and scanning the available region. The ultrasound 
waves are unable to penetrate heavily keratioized shell or bone. 

RESULTS AND DISCUSSION 

W e  have so far been able to detect fol l icles i n  the three sea turt le species tested (Kenip's ridleys, 
hawksbills, and green turtles). I n  female Kemp's ridleys, we have been able to observe not only varying 
diameters o f  follicles (10-30 mm), but also eggs in the oviduct (Figures 1 .  2 ) .  I'hese observations have 
been validated through the use o f  laparoscopy and water bath co1111parison olF fresh tissues. 

The advantages of ultrasound over other teclitliclues (i .e.. Iaparoscopv) are 11 i t  nlerous 

I )  I t  is totally non-invasive 2nd sig~lif icnn~lv 1our1.s tile lizk lo 111~. Irtt~lles 

2) I t  allows accurate ~ i ieasr~rrn lcn l  01' stt.~~c.lrtt.c.s o l~sc~. \c . t l  (i.c. ... folliclez a ~ i t l  eggs) ;~nd  11l;lke~ 
possible monitoring the turtles' collditiotl ;I[ ~~ l o t . e  ft.rclrrctl~ itl(erva1s uit l lout incl.easing the stress 
factor. 



3) The procedure also is relatively quick (5-10 minutes per turtle. including handling) and requires 
no anestllesia of any sort. 
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Figure 1. Ultrasonic image of a v i t e l l q e n i c  f ' o l l i c l e  ( 2 1  mm d ia . )  in s i t u  fm 
a K e m p t s  r idley.  

Figure 2. Ultrasonic image of an egg (38 mm d i a . )  in  . s i tu  from a Kemp's r id ley.  



THE SEA TURTLE CENTER: AN EDUCATIONAL AND RESOURCE TOOL 

Michael Rugge 
Director, Sea Turtle Center. P.O. Box 634, Nevada City, California 95959 USA 

The Sea Turtle Center is a non-profit organization created to support educational, conservation and research 
programs in  tlie field. The principal Center concern is the protection of' sea turtles and other endangered 
species around the world. 

The Center was established as a resource tool for scientists utho are uriahle to acquire current research 
publications in their fields of interest, and especially to support those operiating on low budgets or no money 
at all for essentials such as postage, duplicating copies, or cor~iputer time. We are glad to support these 
activities, and to assist scientists (especially in  Mexico) in their c:fforts to keep abreast of new information as 
it becomes available. 

Our Newsletter is free to all interested persons who feel a need to he i ~ n  comniunication with the world. 
The Center has acknowledged those scientists who have responded to our requests for up-to-date 
informati011 to share with other researchers in tlie field and with our memlbers. 

This year the Director of the Center was not only ahle to altend tlie 9th Annual Sea Turtle Workshop 
himself, but was also able to spolisor Laura Sarti, Director of the corlservation program in Mexiquillo, 
Michoacan, working with Dermochelys and Lepidochelys. This was a tremendous opporti~nity for Laura to 
present lier data and inforni the scie~itific comniunity of lier efforts in Mexico (see Sarti et al., this volume). 

The Center places strong emphasis on education liere i n  tlie United States and also i l l  Mexico. Our slide 
show progranis on Sea Turtles and Elidangered Species have bee11 well received hy all ages and societies. 
Our broader goals are to contribute to the study of sea turtles in  Mexico and througliout the world. We 
will accomplish these goals with direct action, si~pport and volunteer programs. We are also planning to 
pi~hlish data as it becomes available about the progranis the Cell ter supports. If you would like to beconie a 
niemher of tlie Center (and receive our Newsletter), please write to tlhe Director at the address above. 
Thank you! 



HABITAT PREFERENCE AND BEACH MANAGEMENT FOR 
NESTING HAWKSBILLS, JUMBY BAY, ANTIGUA,, WEST' INDIES 

Cheryl Ryder 
James I. Richardson, 
Lynn A. Corliss 
Rebecca Bell 
Georgia Sea Turtle Cooperative, University of Georgia, Athens, Georgia 30602 USA 

Protection and management of nesting beaches is crucial to Ithe recovery of the endangered Caribbean 
hawksbill. The needs of man and turtle are too often mutually exclusive, and the turtle is comi~lg up the 
loser. This poster session reports on an exciting research and management program to integrate critical 
beach habitat needs for hawksbills with man's economic development needa on a resort island near Antigua. 
The Jumby Bay hawksbills (see Corliss et al. and Richardson et al. i n  these Proceedings) represent an 
extremely important nesting population of Caribbean sea turtles wllose welfare has now become a top 
management priority for the resort. 

Pasture Bay beach has approximately 1700 feet ( ~ 5 1 0  m) of utilizable nesting habitat and an additional 450 
feet (= 135 m) of pasture-fronted beach degraded many years ago by previous owners and now unusable for 
nesting. Within recent memory, the maiority of Pasture Bay beach was a complex thicket of open sand 

seagrape (Cocoloba uvifera), sali shrub (Suriana -- maritima), and a variety of other native woody 
shrubs and trees. Intensive raking for aesthetic purposes has now opened much of the beach in various 
ways, such that there are five beach types (Table 1) that offer a combination of nesting habitat types for the 
hawksbills. The differing response of the turtles to the five habitat types is the essence of our research 
design. 

Nesting is distributed discontini~ously along the beach (Figure I ), such that various habitat types have very 
different importance values (Table I). Mixed shrub thicket witlh a narrow berm (Section I) and scattered 
"islands" of mature seagrape leading to the water's edge (Section 4) are preferred habitats. As the 
shrubbery setback increases (Sections 2, 3). the importance value drops off (Table I), even though these 
sections are backed by excellent nesting habitat. Since the frequency of false crawls (0.53 per successful 
nesting crawl) is low and distributed evenly among beach types (Sections 1-4), the management challenge is 
to entice the turtle onto the beach. Once on the beach, a hawksbill will search persistently for an adequate 
nest site and will usually locate some vegetative cover into which she will crawl several meters to place the 
nest (Figure 2). Occasionally a turtle will nest in the open (Figure 2). Hatching success is high (>SO%) 
across all beach types at Pasture Bay. 

In shrub thicket (Section I), where the distribution of plants dot:s not affect turtle movement, the preferred 
distance from mean high water for nests was 4-6 m (Figure 3). Thus, a 10 m band of persistent vegetation 
would provide adequate nesting habitat if its proximity to the water made it accessible. The discontinuous 
array of seagrape "island" clumps in  Section 4 induces a more even nest clistribution which does not reflect 
a normal behavioral preference by the turtle (Figure 4). Withi,n this secltion, turtles most often choose to 
emerge where vegetation is closest to the water's edge (Figure 5 )  and foll'ow a chain of shrill> "islands" to 
an acceptable nesting site. Since the decision to emerge is the most important factor in  nesting success, a 
study is underway of ambient darkness and horizon height ac the water's edge and offshore. as these 
parameters affect nesting behavior. 

Pasture Bay beach is degrading slowly becai~se of raking and beacli clen~iing. The finite si~pply of sand is 
being wind blow11 to a shrub line too far away fro111 tlie u1atc.r for accleptable nesting habitat. A steep. 
vegetated berm is being replaced by a low. flat beacli uitliout \cyctation Wliere tlie sand has bee11 eroded 
at the water's edge, patches of f l i n t  cobbles and liriiesto~ie reef-lock ale lheing exposed. Remaini~ig trees 
are becoming isolated on pedestals of sand, as the sur~ounding sand is being removed by wind. A single 
tree in sector 15 close to the water's edge is all that is left in the area of wide beach habitat (Section 3) to 



attract turtles out of the water; its loss wi l l  render Section 3 almost i~nusahle for nesting. Remaining 
patches of vegetation are beginning to receive too niucli nesting use, a!s nests are disturbed by other nesting 
turtles. Luckily, the problems have been identified. and Jumby Bay intends to rebuild and protect the 
Iwach for their hawksbills. Replanting wi l l  stop wind erosion, and sand can be replenished from other 
sources. Properly placed seagrape clusters can lead hawksbills to preferred nesting habitat in  a stepwise 
fashion. A steep, vegetated berm wil l  provide a magnificent private swimming beach for guests and a 
quality nesting beach for turtles. Homes are being placed back fronn the beach, with lights screened by 
vegetation. There are plans to convert the additional 450 fe~:t of unusable cobble beach into usable nesting 
habitat. Jumby Bay i s  on the road to becoming a prototype of recreation, industry, and endangered species 
managenlent working in  harmony. The time i s  none too soon for Caribbean hawksbills! 



Table 1: Beach characterization, nesting frequency (1987 + 1'388), and habitat importance values 
for various sections of Pasture Bay beach, Jumby Bay, Antigua. 

Beach Approx. Total Nests Importance Shrubbery 
S e c u o n T v D e S e c t o r L e n e t h D e r A v a l l u e s e t b a c l r  

1 Mixed 23-31 460' 86 1.87 4b.7 0-4m 
shrub 

2 Narrow 17-22 320' 37 1.16 2:.9 10-20m 
beach 

3 Wide 10- 16 400' 32 .80 2:.0 30-40m 
beach 

4 Sea- 4-9 360' 96 2.67 61.7 variable 
grape 

5 Lawn 1-3 150' 6 .40 1 .O >100m 

Fig. 1: Nest Concentration by Beach Sector (1987 + 1'988) 
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Fig. 2: Distance of Nests from Edge of Vegetative Cover 
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Fig. 3: Nest Distance Above High Water Line: Miixed Shrub Habitat 

0.0-2.0 2.1-4.0 4.1-6.0 6.1-8.0 8.1-10.0 10.1-15.0 15.1-20.0 >20.0 

Distance (rn) 

Fig. 4: Nest Distance Above High Water Line: Seagrape Clump Habitat 

Fig. 5: Open Terrain: High Water Line to Cover: Seagrape Clump Habitat 



TAGGING OF ADULT FEMALE LOGGERHEADS ALONG THE SOUTHWEST 
COAST OF FLORIDA 

Vicki ~ l e s e '  
Therese ~ a s t '  
Belinda perr-y2 
' ~ o t e  Marine Laboratory, 1600 City Island Park, Sarasota, Florida 34236 USA 
2~arasota County Department of Natural Resources, P.O. Box 8, Sarasota, Florida 34230 USA 

In the past, extensive tagging studies have been conducted OII sea turtles nesting on the east coast of 
Florida; however, few comprehensive tagging studies have bee11 conducted on sea turtles nesting on the 
southwest coast of Florida. In 1986, the Sarasota County Dlepartment of Natural Resources initiated a 
tagging study on Manasota Key, Florida, and in 1987 Mote Marine Laboratory began tagging sea turtles 
nesting on Casey Key, Florida. Both Keys are i n  Sarasota Cc~unty. Through this tagging effort we are 
attempting to I )  determine sight tenacity among nesting females; 2) define seasonal nesting cycles; and 3) 
estimate nesting population size. 

Over a tllree year period (1986-1988) on the two keys, a total of 304 turtles were tagged, 23% of which 
were resighted. Eighty-five percent (85%) of the turtles that were resighted returned to the same key on 
which they were tagged, There were seven turtles observed that had either been tagged in  a previous year 
or had been tagged in another Florida county. Three females that were t,agged in the Sanibel-Captiva area 
were observed on Manasota Key iu 1986 (a distance of approxir~lately 90 km). There were also 71 turtles 
sighted more than once; 60% of those were sighted twice (Figure 1). 

Straight-line carapace length and width ranged fro111 72.0 crn-104.0 c;m and from 60.0 cm-87.0 cm, 
respectively. Size ranges of turtles tagged on the two keys did riot differ significantly, except in 1988 when 
turtles tagged on Casey Key were significantly larger than thost: tagged on Manasota Key (Figure 2). No 
relationship was observed between size of carapace and clutch size, or between size of carapace and percent 
hatchability. 

Nesting intervals ranged between 10 and 13 days, with a median of 1 1  days (Figure 3). Nesting activity 
increased slightly during the last week in June and in mid-July (Figure 4). 
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Figure 1. Number of  turtles sighted more than one t ime for  
Casey and Manasota Keys, FL (1 986- 1988). 
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Figure 2. Straight line carapace lengths and widths for  turtles 
tagged on Manasotc~ and Casey Keys, FL (1988). 
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Figure 3. Number o f  days between nes t i r~gs  fo r  t.urtles tagged 
on Casey a n d  Manasota Keys, FL (1 986- 1988). 
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Figure 4. Nest and  false crawls fo r  each turtle, tagged on 

Casey and Manasota Keys, F'L (1 986- 1988). 



SKELETOCHRONOLOGICAL AGE ESTIMATES FOR JUVENILE 
LEPIDOCHELYS KEMPII FROM ATLAhiC COAST OF NORTH AMERICA 

George R. Zug 
Heather J. Kalb 
Department o f  Vertebrate Zoology, National Museum o f  Natural Ilistory, Washington D.C. 20560 USA 

Kemp's ridleys are the smallest living sea turtles; adults average 646 mm in  carapace length (range 595-750 
mrn). This small adult size suggests that these turtles attain sexual maturity at a younger age than any of 
the other l iv ing sca turtles. Data on growth rates o f  recaptured nesti11,g females and of captive-raised 
hatchlings provide variable estimates o f  age at sexual maturity: 5.5 years (Mhrquez 1973). =6  years 
(Pritchard and Marquez 1973), arid 8-9 years (MQrquez et al. 1981). The salvage o f  juvenile ridleys from 
tlie eastern seaboard o f  the United States (Long Island, Chesapeirke Bay, (2umberland Island) provided an 
opportunity to use the skcletochronological technique to estimate the ages and to develop growth curves for 
free-living Lepidochelys ketnpii. 

MATERIALS AND METHODS 

Bone sections were removed from the middle o f  the humeral shali and prepared both as thin (0.5 mm) and 
histological (8 um, hernatoxylin stained) sections. The diameters o f  the pe~riosteal layers and the resorption 
core were measured on the short- and long-axis o f  each section (n=30), independently by the two 
investigators. Age estimates were made by assigning the smallest remaining periosteal diameter o f  a section 
to an appropriate growth-layer class (Table I), thus subsequent diameters o f  that section fell sequentially 
into adjacent and ascending classes. The age estimate derives from the class in  which the outside diameter 
o f  the section falls. We make tlie usual skeletochronological as:,umption that one growth layer equals one 
year o f  growth. Statistical tests and growth curve equations derivt: from SY:STAT programs. 

RESULTS AND DISCUSSION 

Although the two data sets were obtained independently (short-axis by Kalb; long-axis by Zug), the bone 
sections examined and measured for each set derived from adjacent areas o f  tlie humeri, The age estimates 
for both sets were made following the same protocol (Table 1). The two data sets have different ranges 
(short. 1-6 years: long, 2-7 years) but similar means (3.3 f 1.38 years and 3.6 f 1.34 years. respectively). 
The means are not significantly different, and a comparison o f  the two sets (Wilcoxon matched-pairs sign- 
ranked test; T=53.5, d f  17) also demonstrates that the two sets are not sign~ificantly different. 

The juvenile turtles (253-433 mni sCL) range in estimated age from 1-6 years (short-axis; Figure 1A) and 
2-7 years (long-axis; Figure IB).  The long-axis ages show greater variation relative to carapace length, but 
neither o f  tlie age sets show any distant outliers. Both sets also demc~nstrate that a 100 mni range of 
carapace length is conlmon for most year classes, suggesting a wide variation i n  annual growth rates of 
individual turtles. 

Both logistic and vorl Bertalanffy curves calculated froni the skeletochronological age estimates possess 
asymptotic values (Table 2) that are not representative of carapace leagths at sexual maturity. hence these 
growth equations cannot be used to predict age o f  sexual nlaturity for free-living Ke~np's ridleys. The 
inadequacy o f  the skeletochronological age-growth equations res~~ l ts  froni the limited age and size range of  
the sample. Older and larger individuals are required to produce asynlpltotes that realistically portrat. tile 
average carapace length at sexual oiatul.ity. Altllor~ph we are not vet ;ll>le to predict accurately the age fol- 
sexual maturity, the data do indicate that Kenlp's r i t l l r \s likelr trcluire 11lo1'e than ten years. perlial~s nlore 
than I 5  years. to attain sexual maturity. 
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Figure 1. The relationship of estimated ages (yr) to carapace lengths 
(mm, sCL) in the short-axis (A) and long-axis ( 8 )  data sets. 

T a b l e  1. S e l e c t e d  e x a m p l e s  o f  t h e  q r o v t h - l a y e r  c l a s e  r a n k i n g  
c h a r t  ( l o n q - a x i s  d i a m e t e r e )  a n d  t h e  r a n k i n g  p r o t o c o l .  

D i a m e t e r s  
lmml 

Bone Age 
ID R e s o r p t n  P e r i o s t e a l  L a y e r s  o r  R l n q s  

C o r e  1  2  3 4  5  6 7 ( y r )  

0 0 . 8  h a t c h l i n g  
0 3 . 5  . 1 0 . 9  . 
0 3 . 6  7 . 1  0 8 . 1  1 0 . 6  . 
0 3 . 9  . 1 2 . 3  1 2 . 7  . 
0 3 . 9  6 . 6  11.1 . 
04.4  . 0 8 . 7  0 9 . 5  0 9 . 9  1 0 . 6  . 
0 4 . 5  . 08.2  0 9 . 7  1 3 . 7  . 
0 4 . 5  5 .2  08 .3  . 
05.4  . 1 1 . 6  . 
0 6 . 1  . 08.2  0 8 . 3  0 8 . 7  0 9 . 0  . 
0 6 . 2  . 08.4  1 0 . 7  . 
06.2  7 . 6  0 8 . 8  0 9 . 1  1 0 . 1  1 1 . 0  . 
0 6 . 7  . 1 2 . 8  1 5 . 1  . 
0 8 . 0  . 08.4 09.7 0 9 . 9  1 2 . 3  . 
0 8 . 5  . . 1 1 . 2  1 7 . 0  . 
09.3  . . 1 0 . 6  1 4 . 9  1 8 . 3  . 
1 0 . 9  . . 1 2 . 7  1 4 . 1  16.9  1 9 . 7  
1 2 . 5  . 1 2 . 9  14.2  1 5 . 4  1 5 . 9  1 6 . 1  

RANKING PROTOCOL 
1. By resorption c o r e  diameter. 
2. A s s i g n  i n n e r m o s t  p e r i o s t e a l  l a y e r  t o  l o v e s t  c l a s s :  

d i a m e t e r s  o f  r e a o r p t i o n  c o r e  a n d  i n n e r m o s t  p e r i o s t e a i  l a y e r  
a r e  u s e d  t o  d e t e r m i n e  c l a s s  a s s i g n m e n t  o f  s p e c i m e n .  C o r e  
d i a m e t e r  o f  s p e c i m e n  s u g g e m t s  t h e  number  o f  p e r i o s t e a l  
l a y e r s  r e s o r b e d  a n d  i n n e r m o s t  l a y e r  d i a m e t e r  d e t e r m i n e s  t h e  
l o v e s t  c l a s s  t h r o u g h  its d i a m e t e r  l y i n g  v i t h i n  t h i s  c l a s s ' s  
r a n g e  as d e t e r m i n e d  by p r e c e d i n g  a s s i q m e n t s .  H y p o t h e s i z e d  
r a n q e  o f  f i r s t  p e r i o s t e a l  l a y e r  d i a m e t e r  is 1 . 0 - 7 . 6  mm. 

T a b l e  2 .  C<,mparison o f  q r o v t h  c u r v e  p a r a m e t e r s  f o r  f o u r  
K ~ m p  r i d l e y  a q e  a n d  d a t a  s e t s .  Age ( y r ,  X )  a n d  
s . i z a  (mm sCI.. Y ) .  D a t a  sets a r e :  n a r q u e z ,  1972:  
t i i b l e  2 ;  n n r q u e z ,  1 9 7 2 : t a b l e  2  6 Ciq .  3 
c8,mbin.d: KallD's s h o r t - a x i s  a g e  e a t i m a t e a :  
Zllq's l o n q - a x i s  a g e  e s t i m a t e s .  

U a r q u e z  z o n b i n e d  700.0  7 . 0 4 7  0 . 6 2 3  
( 1 6 . 4 6 )  ( 0 . 5 9 8 )  ( 0 . 0 3 6 )  

S h o r t - a x i s  3 . 0 ~ 1 0 ~ ~  1 . 4 1 ~ 1 0 ~ ~  0 . 1 8 8  

M~~ 
U a r q u e z  

U a r q u e z  c o m b i n e d  

s h o r t - a x i s  403.4  0.533 
( 2 7 . 8 8 )  ( 0 . 1 0 1 )  
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Ninth Annual Sea Turtle Workshop 

Agenda 

Tuesday, 7 February 1989 

4:00-9:00 p.m. Registration, Conference Center, Villas by the Sea, JekyU Island, Georgia. 

6:00-11:00 p.m. Informal social. Light fare and beverages available. Oglethotpe Condo, Villas by the S e a  

Wednesday, 8 February 1989 

7:30 a.m.- 
1l:OOp.m. 

8:00 am.- 
l2:W Noon 

8:10 a.m.- 
6:00 p.m. 

1 :@I-6:W p.m. 

6:00-8:00 p.m. 

6:00 p.m.- 
1 :00 a.m. 

9:00-11:00 p.m. 

Poster Sessim Open, Conference 
Center. 

Registration, Confererrce Center. 

Technical Sessions, Conference C(enter. 

Late Registration, Oglethorpe Cotado. Villa number to be announced. 

Dinner Break 

Informal Social, Oglet,brpe Condo. 
Additional activities to be announced. 

Audio-visual Presentaim, Conference Center. 

8: 10 a.m. Welcome, James I. Richardson (Georgia Sea Turtle Cooperative), Host. 

Technical Session I: Your Tax Dollars at Work 

8:25 a.m. Session Introduction - Blalr Wltherlngton. Chair. 

8:30 a.m. Richardson, G.E. (Minerals Management Service). Sea Turtles ,and Structure Removals in the 
Gulf of Mexico. 

R:45 a.m. Lohoefener, R., W. H q g a r d ,  K. Mullln, C. Roden, and C. Rogers (NOANNMFS). 
Do Sea Turtles Associate with Oil Platforms in the Northern Gulf of Mexico? 

9:00 a.m. Gltschlag, G.R., E.F. KUma, and M.L. Renaud (N0ANNMFS)l. Sea Turtles and the 
Explosive Removal of Offshore Oil Platforms. 

9: 15 a.m. Kendall, D. (Univ. of Gcorgia Marine Extension Service). TED 'Testing in the Southeast. 

9:30 a.m. Kllma, E.F., M.L. Renaud, and G.R. Gltschlag (NOAAINMFS). Evaluation of Commercial 
Use of TEDs. 

9:45 a.m. Mltcbell, J.F., R. Lohoefener, and J.W. Watson (NOAAINMFS). A Method for 
Evalu.ating the Exclusion 01 Juvenile Sea Turtles f'mm Turlle Excluder Devices. 



10:W a.m. Wdl, R E .  (City of Boca Ratoa, Environmental Div.). Boca Raton Sea Turtle Protection 
Rogmm - 1988 in Conjunction with Ulc North Beach Nourishnrnt Project.. 

10:15 a.m. Nelsw, D.A, and D.D. Dlckemn (Waterways Experiment Slation). Efftxts of Beach 
Nourishmtnt on Sea Turtles. 

10:30 a.m. Break 

Technical Session 11: 1n:ernaLio~l lnifiattves 

10:55 a.m. Session Introduction - Rod Mast, Chair. 

11:W a.m. Canln, J. (Greenpeace). International Trade in Sea Turtle Products. 

11:15 a.m. Donnelly, M. (Center for Marine Conservation). International Trade in Hawhbill Shell in the 
Wider Caribbean. 

1 1 :30 a.m. Blanco-Castlilo, Y. (Greenpeace). The Importance of CITES for Ule Protection of Sea Turtles. 

11:45 p.m. PinteRodrlguez, B. (CHEIDNIA, Prrerto Rico Herpetologic:al Socity ). Sea Turtle Recovery 
Action Plan for Puerto Rim-WIDECAST. 

12:00 Noon Rkhardson, J.I., and K.L. Eckert (WIDECAST). WIDEC,I\ST: 1mple:mentation of a 
Caribbean Initiative. 

12:15 p.m. Berry, F. (Heliconiaceae). WATS 111, STAO 111: Where Do We Go From Here? 

12:30 p.m. 
Georgita Rulz, Chair. 

1:00 p.m. Lunch Break 

Technical Session 111: Kemp's Ridley Update 

2:25 p.m. Session Introduction - Rare Boulon, Chair. 

2 3 0  p.m. Rulz, G. (PRONATURA - Asoc. Mexicuna h o n s e r v a c i b n  de la Natuualeur, A.C. and 
WIDECAST). The Kemp's Ridley Conservation Project in Tecolutla, Keracruz. 

2:45 p.m. M I r q w z  M., R. (Proyecto Tortugas Marinas, CRIP). Facts about Reprmiuction of the Kemp's 
Ridley Sea Turtle. 

3:00 p.m. Cancellation 

3:15 p.m. Shaver, D.J. (Padre Island National Seashore). ,Results from 11 Years of Incubating Kemp's 
Ridley Sea Turtle Eggs at Padre Island National Seashore. 

3:30 p.m. Rudloe, A,, J. Rudloe, and L. Ogren (Gulf Specimens Melrine Laboratory Inc.). PopulaLions 
of Atlantic Ridley Sea Turtles (Lepidochelys mi) in Apalachee Bay, Florida Coastal Waters. 

3:45 p.m. Byles, R. (U.S. Fish and Wildlife Service. Endangered Species). Satellite Telemetry of Kemp's 
Ridley Sea Turtles. 

4:00 p.m. Break 

Technical Session N: Tu!rlles at Sea ( I )  

4:25 p.m. Session Introduction - Charles Tsmblah, Chair. 



4:45 p.m. Margarltoulis, D. (Admin. Council, Sea Turtle Prolcction h r t y  of Guu I Consmation, 
Research. and Management o f C a r e ~ ~ a  carella on Lhe Crcek Islands of w Mdurrancan.  

4 3 0  p.m. Wershoven, B.W., and J.L. Wershoven (Brotvard County Audubon Srsn 1 Assessment of 
Juvenile GreenTunles and Their Habitat in Broward County. Flor~da W a v r s  

5:00 p.m. Limpus, CJ. (Quccnsland Turtle Research Projecl, IUCN, SSC Marine Tunic Specialist Group). 
Forage Ground Fidelity Following Breeding Mi,yations in Carefra. 

5:15 p.m. Morgan, PJ. (National Museum of Wales). Dt~rmochelys coriacea in British Waters 1988. 

5:30 p.m. Schoelkopf, RJ., J.R. Spotila, and F.V. Paladlno (Marine Mammal Stranding Center, 
Brigantine, N.J.). Sea Turtles of New Jersey: Where are the Ridleys? 

5 4 5  p.m. Keinath, J.A., R.A. Byles, and J.A. Muslck, (IIIMS, College of William and Mary). 
Satellite Telemetry of Loggerhead Turtles in the Western North Atlantic. 

6:00 p.m. Dinner Break 

8:00 p.m. Auction, Oglethorpe Condo. Rod Mast, Auctior~cer. 

9:OO-11:OO p.m. Audio-visual Presentations, Conference Center. 

Thursday, 9 February 1989 

Poster Sessiom, Conference Cenler. 

Technical Sessions, Conferenc,? Center. 

7:00 p.m.- Dinner Exlravaganza, South D.unes 

10:OO p.m. Picnic Area, Jekyll Island. T ic~k ls  uvailable al regktration desk. 

Transpor~ation to be arranged. 

Informal Social, Oglelhorpe Condo. 

Technical Session V:  Population Ecology 

8:10 a.m. Session Introduction - Karen Eckert, Chair. 

8:15 a.m. Ernest, R.G., R.E. Martin, N. Williams-Walls, and J.R. Wilcox (Applicd Biology, 
Inc.). Population Dynamics of Sca Turtles Utilizing Shallow Coastal Habitats Off Hutchinson 
Island, Florida. 

8:30 a.m. Tucker, T. (Georgia Sea Turtle Cooperative, Dept. of Zoology, Univ. of Georgia). So Many Sea 
Turtles, So Little Time: Underestimating fecund it:^ and Overestimating Populations? 

8:45 a.m. Bowen, B.W., A.B. Meylan, and J.C. Avise (Depl. of Genetics, Univ. of Georgia). 
Population Structure and Evolutionary History of the Green Turtle, Chelonia mydus. 

9:00 a.m. Congdon, J. (Savannah River Ecology Laboratory, Univ. of Gtxxgia). Life History of Blanding's 
Turtle: A Model for Sea Turtles. 

9: 15 a.m. Frazer, N.B. (Biology Dcpt., Mercer Univ.). Nesl~ng Cyclcs o~f ScaTurtles: Typical, But Not 
Cycles. 



Technical Session VI: Physiology 

9 5 5  a.m. Session Introduction - Scolt Ekkert, Chair. 

10:W a.m. Wltham, R, P. Lutz, G. Bodsart, and S. Shaw (RSMAS, Univ. of Miami). Effects of 
Artificial Food on the Health of Sea Turtlee. 

10:15 a.m. Kochlnsky, L. (Aqua-Med, Inc.). Sea Turtle Diseases Affxting Captive-raised Turtles. 

10:30 a.m. George, R. (VIMS, Dept of Fisheries). AIphaxalonelAlpt~adoloae anti Ketamine HCL as 
Anesthetic Agents in the Loggehead Sea Turtle (Carena caretfa.). 

10:45 a.m. Neville, A., W.D. Webster, and W.B. Brooks (Univ. of North Caroluoa - Wilmington). 
The Effects of Nest Temperature on the Duration between Pipping and Emergence in Hatchling 
Loggerhead Sea Turtles. 

11:W a.m. Llmpus, C. (Queensland Turtle Research Project, IUCN, SSC Marine Turtle Specialist Group). 
Environmental Regulation of Green Turtle Breeding in Eastern Australlia. 

11:15 a.m. Gouvela, J.F., and W.D. Webster (Univ. of North Carolic~a - Wilmington). The Timing of 
Sexual Differentiation in the Loggerhead Sea Turtle. 

11:30 a.m. Wachtel, S, and S. Demas (OBGYNIUniv. of Tennessee:, Memphis)~. Sex-Specific DNA in 
the Sea Turtle. 

11 :45 a.m. Owens, D., T. Wlbbels, C. Llmpus, and D. Rostal (Bio10,gy Dept, Texas A&M Univ.). 
Sea Turtle Reproductive Chronology: The Model and the Questions. 

12:W Noon Stretch Break 

12:lO p.m. 
CoUn Lhpus .  Chair. 

1:00 p.m. Lunch Break 

Technical Session VIZ: Turtles on the Beach ( I )  

2:25 p.m. Session Introduction - Deborah Crouse, Chair. 

230  p.m. Martin, R.E., R.G. Ernest. N. WUUams-Walk, and J.R. Wllcox (Applied Biology, 
Inc.). Long-term Trends in Sea Turtle Nesting on Hutchinlion Island, Florida 

2:45 p.m. Alvarado, J., and A. Flgueroa (Universidad Michoacana) Breeding 1)ynamics of the Black 
Turtle (Cklonin agassizo on the Coast of Michoacan, Mexico. 

3:00 p.m. Chaves Qulr6s, A. (Organization for Tropical Studies, Univ. Costa Rica). Study of Marine 
Turtle Populations on the Pacific Coast of Costa Rica. 

3: 15 p.m. Hall, K.V. (Univ. of Puerto Rico - Marine Sciences). lntrr~seasonal Vtiriation of Dermochelys 
coriacea Reproductive Characteristics at Culebra, Puem Itico. 

3:30 p.m. Sarti M., L., and M. Rugge. (Universidad Nacional Aut6nomo de Mkxico, Sea Turtle Center). 
Sea Turtle Nesting at Coleta de Campos, Michoacan, Mexico. 

3:45 p.m. Cancellatlon 

4:00 p.m. Break 



Technical Session VIII: Turlles on the Beach (2)  

425  p.m. Session Introduction -Jeanette Wyneken, Chair. 

4:30 p.m. Horlkoshl, K. (Archie Carr Center for Sea Turtle Research). Egg Survivorship of Tortuguero 
Green Turtles (Chelonia mydar) During the 1988 Season. 

4:45 p.m. Lara, X. (Escuela dc Biologia, Univcrsidad dc Costa Rica). Nesting Season of Chelonia agassizi. 

5:00 p.m. Corl ls .  L.A., and J1. Richardson (Georgia Sea 'Turtle Cooperative, Institute of Ecology, 
University of Georgia). Biology and Management of the Hawksbill Turtle (Eretnmhelys 
imbricafa), Jumby Bay, Antigua. 

5: 15 p.m. Kontos, A.R., M.A. Nleves, and W. Cardona (B:pt. of Zoology and Institute of Ecology, 
Univ. of Georgia). Nest Site Parameters of the Hi~wksbill Tultle (Eretmochelys imbricafa) on 
Mona Island, Puerto Rico. 

5:30 p.m. Possardt, E.E., and D. Jackson (U.S. Fish and Wildlife Servilce). Status of Proposed 
East-Central Florida Sea Turtle Refuge. 

5:45 p.m. Agardy, T. (Woods Hole Oceanographic  institute:^. What Information Is Really Critical to the 
Management of Sea Turtles and Why? 

7:W-10:W p.m. Dinner Extruvaganza, South Dunes Picnic 
Area, Jekyll Island. 

Friday, 10 February 1989 

Poster Sessionf. Corcference Cerater 

Technical Sessions, Con+rence Center. 

Audio-vi.sual Pre.semlationy, Conference Center. 

Informal social. Oglclhorpe Condo. 

Technical Session IX: Turtles at Sea 

8:10 a.m. Session Introduction - Rohert Schoelkopf, Chair. 

R:15 a.m. Amos, A.A. (University of Texas at Austin, Marine Science Inst.) The Occurrence of Hawksbills 
(Eretmochelys Lrrbricata) on the Texas Coast. 

R:30 a.m. Epperly, S.P., and A. Veishlow (NMFSINOAA, Rcaufort Laboratory). Description of Sea 
Turtlc Distribution Research in North Carolina. 

8 3 5  a.m. Knowlton, A., and 1R. Weigle (New England Aqual-ium). A Now on the Occurrence of 
Leathcrback Turtles (Dermochelys coriacea) along the Florida Coast in February 1988. 

9:00 a.m. Morreale, SJ., A. ,Meylan, and R. Baumann (Okcanos Ocean Research Foundation). Sea 
Tu~tles  in Long Island, New York: An Historical Perspective. 

9:15 a.m. Stnndora, E., S. Morreale, R. Estes, R. Thompwm. and M. Hilhurger (Biology Dcpt., 
SLalk Univ. Collcgc, Buffalo, NY) Growth Ralcs of Juvenile Kcmp's Ridlcys and Their Movcmcnl 
In PJcw York Walcrs 



9 3 0  a.m. Burke, VJ, E.A. Standora, and S J .  Morrede (Okcma Oceaa Research Foundation). 
Environmental Facton and Seasonal Occurrcocc of Sea Turtles in Long Island, New Yo&. 

9:45 a.m. Plotkln, P. (Univ of Texas at Austin-himine Scicacc InstiO~te). Feeding Ecology of Lhe 
Loggerheed Sea Turtle in the Northweatem Gulf of Mexiccl. 

10:W a.m. Lutz, P. (RSMAS, Univ. of Miami). Pollution: The Strange Story of IBalloons a d  Sea Turtles. 

Technical Session X: Orientation 

10:40 a.m. Introduction to Session - Joe Ferrls, Chair. 

10:45 a.m. Dkkerson, D.D., and D.A. Nelson (Waterways Experimen,t Station). Recent Results on 
Hatchling Orientation Responses to Light Wavelengths ancl Intensities. 

1 1:00 a.m. Nelson, D.A., and D.D. Dkkerson (Waterways Experimens Station). ]Management 
Implications of Recent Hatchling Orientation Research. 

11:15 a.m. Wltherlngton, B. (Archie Carr Center for Sea Turtle Reseruch). Artifi.cial Beach Lighting and 
the Seaward Orientation of Hatchling Loggerhead Turtles. 

11:30 a.m. Wyneken, J., and M. Salmon (Dept. Ecology, Ethology, and Evolution, Univ. of Illinois). 
There is More to Orientation than Meets the Eye. 

11:45 a.m. Salmon, M., and KJ. Lohmann (Dept. Ecology, Ethology, and Evolution, Univ. of Illinois). 
Loggerhead Hatchlings Use Surface Waves for Offshore Orientation. 

12:W Noon Muslck, J.A., J.A. Kelnath, D.E. Barnard, V. Hutchlnscl~n, and R. DluBols (Virgina 
Institute of Marine Science). The Effects of Electromagnelic Radiation on Biomagnetism in 
Diamondback T m p i n  Hatchlings as Related to Sea Turtle Migration. 

12:15 p.m. Lohmann, KJ. (Neural and Behavioral Biology Rogram, Univ. of Illinois). Magnetic 
Orientation by Hatchling Loggerhead Sea Turtles. 

12:30 p.m. Plenary Session: J.I. Richardson, 
R. Shoop, and F. Berry. 

l:W p.m. Lunch Break 

Technical Session XI: Amund the World 

2:25 p.m. Session lnmduction - Tony Tucker, Chair. 

2:30 p.m. Eley, TJ. (Dept. of Geography, Univ. of West Florida). Sea Turtles and the Kiwai, Papua New 
Guinea. 

2:45 p.m. Tamblah, C.R. (Center for Special Studies, Davidson College). Conservation of Sea Turtles in 
Sri Lanka. 

3:00 p.m. Rodriguez M., Stanley (Costa Rica). Playa Grande Leatherback Conservation. 
3:15 p.m. R m ,  J.P., and D. Car r  (Caribbean Conservation Corp.). Comprehensive Management Plan for 

Tortugero, Costa Rica. 

3:30 p.m. Sou, C., iind C. Medlna. (FUDENA - Fundaci6n para la Defensa de la Naturaleza, Venezuela). 
Ten Years: of Monitoring Green Turtles (Chelonia mydar) at Aves Islsmd. Venezuela. 

3:45 p.m. Prltchard, P.C.H. (Florida Audubon Society). "Let the Fox Guard thc Chickens." Sea Turtle 
Conservation in Guyana, 1988. 

28 3 



4:00 p.m. Lagueux, CJ. (Archie Carr Center for Sea Turtk: Research). Economic Analysis of Sea Turtle 
Eggs in a Coastal Community on the Pacific Coast of Honduras. 

4:15 p.m. Cruq G. (Universidad de Tegucigalpa). The Impact of h e  Lobstcr Fleet in the Capture of 
Hawksbill Turtle in the Atlantic Coast of Hondurx. 

4:30 p.m. Break 

Technical Session Xl l :  Slmnding 

4 5 5  p.m. Introduction to Session - Charles Maley, Chair. 

5:00 p.m. Wells, P. (Florida Park Service-DNR, Save-A-Turtle, Inc.). !iurnmary of nesting and stranding 
activity in the Florida Keys and Associated Waters--1980 to Present. 

5: 15 p.m. Booker, W.C., and L.M. Ehrhart (Univ. of Central Florida). Systematic Aerial Surveys of 
Marine Turtle Carcass Strandings in NMFS Zone!; 28 and 29; 11 August 1987 to 31 December 
1988. 

5:30 p.m. Heinly, R.W. (Texas A&M Univ.). Size Distribution of Sea Turtles Along the Texas and 
Louisiana Coasts. 

5:45 p.m. Schroeder, B.A., and C.L. Maley (Florida Depar~ment of Natural Resources). 1988 
FidVWinter Strandirrgs Along the Northeast Florida-Georgia Coast. 

6:00 p.m. Shoop, C.R., and C. Ruckdeschel (Dept. of Zoology, Univ. o~f Rhode Island, Cumberland 
Island Museum). Trauma to Sea Turtles Stranded on Cumberlland Island, Georgia in 1986 and 1987. 

6: 15 p.m. CIosing Remark - James I. Richardson. 

6:30 p.m. Dinner Break 

8:OO-10:OO p.m. Audio-visual Presentations, Conference Center. 

Saturday, 11 February 1989 

Early a.m.- TED Demonstration aboard the R.V. Georgia Bullllog. Partici,pation limited, sign-up at registration 
12:OO Noon desk. 

8:30 a.m.- Nccropsy Workshops. 
12:00 Noon 

8:30 a.m.- Atlalomy Workshops. 
12:W Noon 

10:OO-11:OO a.m. Lapamscope dcmonstralion, Colin Limpus. 



Poster Sessions 

h a r d ,  D.E., J.A. Kelnath, and J.A. Muslck (Virgina Institute of Marine Scknce). Distribution of Ridley, 
Gnen and Leathaback Turtles in Chesapeake Bay and Adjacent Watcni. 

Basford, S., and R.L. Brandner (N.Y. Zoological Society and V.I. Division of Fish and Wildlife). The Effect of 
Egg Relocation on Sex Ratios of Leatherback Hatchlings on Sandy Poult, St. Croix.. 

Boulon, Jr., R.H. (Dept. of Planning and Natural Resources, V.I. Division of Fish and Wildllife). Virgin Island 
Turtle Tag Recoveries Outside of the U.S.V.I. 

Brooks, W.B. (The Bald Heed Island Conservancy). Nesting Activity of the Loggerhead Sea Turtle (Carcaa careffa) 
on Bald Head Island, North Carolina. 

Byles, R., and C.K. Dodd (U.S. Fish and Wildlife Service - Endangered Species). Satellite Telemetry of East 
Florida Loggerhead Turlles. 

Chaves Q., A. (Organization for Tropical Studies, Univ. of Costa Rica). Sea Turtles and Nesting Beaches of the 
Pacific Coast of Costa Rica. 

Corliss, LA., J. I. Richardson, C. Ryder, and R. Bell (Georgia Sea Turtle Coaperative, Institute of 
Ecology, Univ. of Georgia). Jumby Bay Hawksbills: An Integrated Approach. 

Eckert, KL., and S.A. Eckert (Georgia Sea Turtle Cooperative, Dept. of Zoology, Univ. of' Georgia). Marine 
Turtle Newsletter. 

Eggers, J.M. (Public Service Electric and Gas Co.. Environmental Affairs, I'IT). Incidental Capture of Sea Turtles at 
Salem Generating Station, Delaware Bay, New Jersey. 

Fitch, L., and P. Schranb (Sandy Creek Nature Center, Athens, Georgia). Kids for Sea Turtle Rights! 

Glrondot, M. (Centre de Etude 6 Protection de Tortue, Yalimapo, Guyane Francais). Nest Site Selection as It Relates 
to Arrival Time of Dermocklys coriocea. 

Guseman, J.L., and L.M. Ehrhart (Univ. of Central Florida). A Comparative Analysis of ldarine Turtle 
Reproductive Success at Patrick AFB, Florida, 1987-88. 

Hernandez, R.G. (Centro de Invest. de Quintana Roo. CIQJ?O). Turtle Protection in the Me.xican Caribbean Area. 

Elillls, Z.M., and A. Mackay (USDIINational Park Service, Christianstad, St. Cn~ix). Hawk:sbill Sea Turtles at 
Buck Island Reef NM. 

Horrockf, J.A., H.A. Oxenford, and S. Wllloughby (Bellairs Research Institute, Dept. Biology, Univ. of the 
West Indies). Abundance, Mortality, and Conservation of the Nesting Population of Hawksbill Turtles 
(Eretmhelys imbricatu) in Barbados. 

Jones, B., and J.A. Musick (Virginia Institute of Marine Science). Loggerhead 14atchling S~lccess Rates in 
Virginia - 1985, '86, '87. 

Margarltoulis, D. (Admin. Council, Sea Turtle Protection Society of Greece). Conservation, Research, and 
Management of Caretta caretta on the Greek Islands of the Mediterraneem. 

Marshall, G. (SUNY at Stony Brook ). Development of a videocollar to study sea turlles in the water. 

Mast, R.A. and F. Berry (WWF). Manual of Sea Turtle Research and Conserva~ion Techniques. I11 Edition. 

Mattlson, C.A. (Nova University). Results from the Broward County Sea Turtle Program. 

Medlna, G. (FUDENA - Fundaci6n para la Defensa de la Naturalew Venezuelaj~. Nesting Eleaches and Breeding Sites 
of Five Species of Sea Turtles Along the Venezuela Coast. 



Pinto-Rodrlgueq B. (Puerto Rico Dept. of Natural Resources and CHYELONIA, t'uerto Rico Herpetological Society). 
CHELONIA Efforts to Save Sea Turtles in the herto R i a  DlrlR Project 

Redfoot, W.E., and L.M. Ehrhart (Seminole Community College). ]Marine Turtle Nesting and Reproductive 
Success in South Brevard County, Florida. 

Rivera Lugo, PJ. (Puerto Rico Dcpt of Natural Resources). Management of Leatherback Turtles along the Eastern 
Coast of Puerto Ria .  

Rostal, D., T. Robeck, D. Owens, E. Louls, and D. Kraemer (Dept. of Biology, Texas A&M University). 
Ultrasonic Imaging of Ovaries and Eggs in Sea Turtles. 

Rugge, M. (Sea Turtle Center). The Sea Turtle Center. 

Ryder, C., J.I. Richardson, L.A. Corliss, and R. Bell (Georgia Sea T'urtle Cooperative, Institute of 
Ecology, Univ. of Georgia). Utilization of Nesting Habitat by Hawksbill Sea Turtles, Jumby Bay. Antigua, 
W.I. 

Smith, F.G. (Dept. of Anatomy and Radiology, Vet. Med., Univ. of Georgia). International Sea Turtle Videodisc 
hogram. 

Tallevast, T. (Florida Cooperative Fish and Wildlife Research Unit). Assessment of Juvenile Marine Turtle Stocks 
in the Culebra Archipelago, Culebra, P.R. 

Wiese, V., T. East, and B. Perry (Mote Marine Laboratory). Tagging of Adult Female Loggerheads along the 
Southeastern Coast of Florida. 

Zug, G.R., and HJ. Kalb (Dept of Vertebrate Zoology, Natl. Museurn of Natural. History). Skeletochronological 
age estimates for juvenile Lepidochely kempi from the Atlantic: Coast of North America. 

Audio-visual Sessions 

Byles, R. (U.S. Fish and Wildlife Service, Albuquerque). Alternative Conservatiom Methods: Sea Turtles in 
Michoacan, Mexico (slides). 

Cottingharn, D. (NOAAINMFS - Office of Ecology and Conservation). Marine fkbris (video). 

Hillis, Z.M., and A. Mackay (USDIINational Park Service, Christians~ad, St. Croix). Buck Island Reef NM: 
Hawksbill Sea Turtles (slides). 

Margaritoulis, D. (Admin. Council, Sea Turtle Protection Society of Greece). Thle Loggerhead Sea Turtles of Greece 
(video). 

Morgan, P., and C. Luglnbuhl ( ~ a v i h  Luginbuhl Research Institute). A Record Ixatherback in Wales (video). 

Pritchard, P.C.H. (Florida Audubon Society). Flatback Turtle Nesting and Emergence in Australia (16mmfilm). 

Rlvera Lugo, PJ. (Puerto Rico Dept of Natural Resources). Management of Leatherback Turtles Along the Eastern 
Coast of Puerto Rico (video). 

Rouse, N. Swimming wilh Turtles (video). 

Rulz, G. (PRONATURA - Asoc. Mexicana Proconservaci6n de la Na~uraleza, A.C. and WIDECAST). The Kemp's 
Ridley Conservation Project in Tecolutla, Vcracruz (video). 

Sartl, L. (Universidadl Nacional Aut6nomo dc Mkxico, Yica Turtle Cetiter). The Life Hisbry of Leatherbacks (16mm 
film). 



APPENDIX 11: REGISTERED PARTICIPAN'FS AND RESPONDENTS 



P P V t  Abbot 
135 Hudin Dr. 
4rhau. GA 30605 

Mr. Hector M. Aguilar Reyes 
ApaartaQ Postal 794 
Oaxaca, Oaxaca MEXICO 

Christopher Alleva 
P.0.1340 
Buies Creek , NC 27506 

Ms. Debbie Angley 
27 13 Cranmoor Dr. 
Kissimmee, FL 32758 

Dr. George Balazs 
NOAA, Natl. Marine Fisheries Service 
SWFC Honolulu Lbaoratory F E SWC2 
2570 DoIe Street 
Honolulu. HI 96822-2396 

Mr. Charles Barrowclough 
Florida Power & Light 
P.O. 1691 
Jensen Beach, FL 34958 

Ms. Anna Lee Bass 
Students for Environmental Awareness 
243 Ruth St. 
Athens, GA 30601 

Ms. Sallie C. Beavers 
Southwest Fisheries Center 
250 Cottini Way 
Santa Cmz, CA 95060 

Ms. Colleen Benner 
DOI, Minerals Mgmt. Service 
Suite 601 
195 1 Kidwell Drive 
Vienna, VA 22182 

Mr. Fred Berry 
6450 SW 81st Street 
Miami. FL 33149 

Mr. William Adams 
U.S A m y  Corps of Engineers 
Wilmingm Dismct 
P 0 Box 1890 
Wilmnnton, NC 28402 

Ms. Sarala Aikanathan 
World Wildlife Fund Malaysia 
P.O. Box 10769 
50724 Kuala Lumpur 
MALAYSIA, 

Javier Alvarado , MS 
Dept Biology 
Univ. of Michoacan 
Apartado Postal 35A 
Morelia, Michoacan, MEXICO 

Mr. James Angley 
27 13 Cranrnoor Dr. 
Kissimmee, FL 32758 

Mr. Peter Bandre' 
Sea Turtle Preservation Society 
P.O. Box 510988 
Melbourne Beach. FL 32951 

Ms. Susan Basford 
V.I. Fish & Wildlife 
15 East 43rd Smet 
Bayonne, NJ 07002 

Mr. Stephen C. Bass 
Gumbo Limbo Nature Center 
1801 North Ocean Blvd. 
Boca Raton. FL 33432 

Ms. Rebecca Bell 
Little Cumberland Turtle Projec:t 
Box 3127 
Jekyll Island, GA 31520 

Major Roger Bennet 
Florida Marine Patrol 
Florida DNR 
25 10 2nd Ave., N. 
Jacksonville Beach, FL 32250 

Mr. Stephen A. Berry 
U.S. Army COE 
Construction-Operations Div. 
P.O. Box 4970 
Jacksonville. FL 32232 

Dr. Tundi Agardy 
Woods Hole Oceanographic Inst 
Woods Hole. MA 02543 

Ms. Martha Airth-Kindree 
Texas A&M Univ. 
Wildlife and Fisheries 
1202A Holik 
College Station. TX 77840 

Mr. Anthony F. Amos 
Univ. of Texas -Austin 
Marine Science Institute 
Channelview Dr. 
Port Aransas. TX 78373 

Dr. Peter Bacon 
Zoology Department 
University of the West Indies 
Box 12 Mona 
Kinaston, JAMAICA. W.I. 

Dr. Debra E. Barnard 
College of William and Mary 
Virginia Institute of Marine Science 
Gloucester Point, VA 23062 

Mr. Paul Basintal 
Turtle Islands Park 
Box 768 
Sandalcan 
Sabah. MALAYSIA 

Ms. Nanci Bateman 
SCPRT 
1205 Pendleton St. 
Columbia SC 29201 

Ms. Sarah Bellmund 
S. FL Water Mgmt. Dist 
P.O. Box 24680 
3301 Gun Club Road 
West Palm Beach, FL 33416 

Seth Benz 
National Audubon Expedition Inst. 
Rt 1. Ne Audubon Center 
Sharon , CT 06069 

Mr. Steve Bezich 
Shedd Aquarium 
1200 S. Lakeshore Drive 
Chicago, IL 60605 



Mr. Kenneth Billin 
The Pitnburgh Zoo 
P.O. Box 5250 
Pittsburgh, PA 15206 

Ms. Elizabeth Bishop 
Public Works Dept. 
Engineering Div.. Code N523 
Naval Submarine Base 
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