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Ansrnncr. - An experimental imprinting and headstart project was conducted to increase Kemp,s
ridley sea tu,rtle (Lepidochelys kempii) nesting at padre Island National Seashore (PINS), Texas,
USA. Frorn 1978-88' 22,507 eggs were collected at Rancho Nuevo, Tamaulipas, Mexico, for
experimental imprinting to PINS by exposure of the eggs to PINS sand and exposure of the resulting
hatchlings to PINS sand and surf. OverallrTT.lVo of the eggs hatched. The pivotal sex determining
temperature for Kemp's ridley eggs was estimated to be 30.2'C and the project turtles had an overall
estimated sex ratio of L.5F:1M. From 1979-89,13,211headstarted yearling turtles from this project
were released, most into the Gulf of Mexico offsouth Texas. An additional 300 headstarted turtles
from this project were released after 2-16 yrs in captivity. Additionally, 10,198 headstarted yearling
turtles that had been obtained as hatchlings from Rancho Nuevo in 1978-80, 1983, and 1989-2000
were released' with the objective that they would return to Mexico to reproduce. Through 20 04,9OVo
of the Kemp's ridley nests ever documented in the USA were in Texas. From 1985-20041 171
confirmed Kemp's ridley nests were found on the Texas coast. From 1996-2004, 13 headstarted
turtles that had been experimentally imprinted to PINS laid 24 clutches in south Texas. These turtles
ranged from 10-18 yrs old when first detected nesting and were the first experimentally imprinted
sea turtles confirmed to have returned to their imprinting site to nest. These turtles also represented
the first confirmed nesting in the wild of headstarted sea turtles and first documentation of known-
aged Kemp's ridley turtles nesting in the wild. Additionally, from 2002-04, eight headstarted
individuals that had been obtained from Rancho Nuevo as hatchlings laid nine clutches in Texas.
Although these findings suggest that the imprinting and headstarting projects enhanced nesting
numbers in south Texas, from 1986-2003, more adult Kemp's ridley turtles were found stranded in
Texas than in any other state in the USA. Strandings became increasingly concentrated on south
Texas beaches during this time, with the largest numbers found between 1994.-2003, generally
coinciding with the increased number of nests. From 1995-20031 152 of the 268 stranded adult
Kemp's ridleys found in the USA were on south Texas beachesl 142 of the 152 were located during
times when Gulf waters off the Texas coast were open to shrimp trawling.

Krv Wonos. - Reptilia; Testudines; Cheloniidae; Lcpidochelys kempii; sea turtle; endangeredl
nesting; sex ratiol incubation temperature; pivotal temperaturel conservation; Texas; USA

The critically endangered Kemp's ridley turtle immediate further steps were taken (Carr, lg77). Abi-
(Lepidochelys kempii) has been the subject of intensive, national,multi-agency,experimentalprojectwasconducted
long-term population restoration efforts. Evidence suggests from 1978-88 to aid in the re"ouery oiK"-p's ridley turtles
thatonlyonegeneticallydistinctstockofthisspeciesexists by increasing nesting and establishing a viable nesting
(Bowen et al., 1991). Most Kemp's ridley nesting occurs in colony at Padre Island National Seashore (PINS) (Fig. l),
the vicinity of Rancho Nuevo, Tamaulipas, Mexico (Fig. l) located on North Padre Island, Texas, USA (Shaver, 1989,
(Mdrquez etal.,l982).In1947, anestimated40,000adult 1990; Shaver and Miller, 1999). The establishment of a
females nested at Rancho Nuevo on one day (Hildebrand, secondary nesting colony could provide a safeguard for the
1963). The Mexican Government initiated protection efforts species, so that if a political or environmentai catastrophe
at the Rancho Nuevo nesting beach in 1966 (Marquez, occurred in Rancho Nuevo, there would be an area in the
1970), and a program was conducted by P.C.H. Pritchard USA where this species could nest and be protected. pINS,
and the World Wildlife Fund in 1968,1970, and 1973, but thelongeststretchofundevelopedbarrierislandbeachinthe
the nesting population had been depleted and continued to United States, was selected because ridleys already nested
plummet. This has been interpreted by Pritchard (1997) as there (Werler, l95l; Hildebrand, 1963; Can, 1967;'Francis,
the usual occurrence when the stress has been massive egg 1978); Rancho Nuevo is the peak of a bell-shaped nesting
collection, with populations continuing to drop until the distribution curve, with tails reaching to south iexas in the
pipelineisfullagain.BylgTT,itwasfearedthattheKemp's north and to Veracruz in the south (Hildebrand, 1963;
ridley would become extinct within a few years unless Shaver and Caillouet, 1998; Burchfield, 2003). Addition-



Figure 1. Map of the western Gulf of Mexico showing the locations
of sites and NMFS Statistical Zones. Padre Island National Sea-
shore is shown as the black shaded area on North Padre Island.

ally, PINS, a unit of the USA national park system, offered
protection to nesting turtles.

Based on the strong nest site fidelity of adult females,
Carr (1961) and others suggested that marine turtles might
"imprint" to, and nest on, their natal beach. Attempts were
made to experimentally imprint Kemp's ridley turtles to
PINS in hopes that they would later return to nest. This
imprinting project involved exposing Kemp's ridley eggs ro
PINS sand and hatchlings to PINS sand and surf. When the
experimental imprinting project was initiated, it was un-
known whether any of the experimentally imprinted turtles
would return to nest in south Texas. Additionally, the role of
incubation temperature in sex determination and the pivotal
temperature (temperature at which a sex ratio of l:l is
produced) for Kemp's ridley were unknown; it has since
been learned for sea turtles that warm temperatures during
the middle third of incubation produce females and cool
temperatures males (Mrosovsky, 1994: Ackerman, rg97).
During this project, data were collected on incubation tem-
peratures, pivotal temperatures, beach temperatures, sex
ratios, egg fertility rates, and embryology of unhatched eggs
to evaluate incubation conditions, improve management
techniques, and enhance understanding of poorly known
aspects of the biology of this species.

Experimentally imprinted turtles were transferred to the
National Marine Fisheries Service (NMFS) Laboratory in
Galveston, Texas (Fig. I ) for rearing in captivity
(headstarting) in an attempt to increase their likelihood of
survival after release and to enable tagging for future recog-
nition. Additional hatchlings were obtained directly from
Rancho Nuevo and transferred to the NMFS Laboratory for
headstarting, with the objective that these turtles would
recruit into the population nesting in Mexico.
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Efforts to detect nesting turtles from the experimental
imprinting and headstarting projects began in 1986 in an

attempt to determine results of these projects and locate and
protect nests to enhance recruitment and thereby aid the
program to establish a viable nesting colony. Most Kemp's
ridley nests found on the Texas coast from 1919-2004 were
transferred to the incubation facility at PINS. Although the
Kemp's ridley population has recently shown promising
signs of increase (Burchfield, 2003; M6rqvez et al., 2005),
mortality of adult Kemp's ridley turtles, particularly in
Texas, could impact the success of the experimental project
(Shaver and Caillouet, 1998) and overall recovery efforts for
the species. This paper review s 26 years of work to increase
Kemp's ridley nesting on the Texas coast, including the
Padre Island imprinting project and associated egg incuba-
tion and other research, nest detection efforts and nesting,
factors affecting the detection of nesting by project turtles,
and strandings of adult Kemp's ridley turtles.

METHODS

Experimental Imprinting and Release of Headstarted
Turtles Beginning in 1918, a program of experimental
imprinting and headstarting was undertaken to increase
nesting by Kemp's ridleys at PINS. From 1918-88, 22,,501
Kemp's ridley eggs (about 2000/yr) were collected in Rancho
Nuevo, Mexico (Fig. 1). The eggs were collected during
oviposition and never allowed to touch Rancho Nuevo sand
and were packed into Styrofoam boxes containing Padre
Island sand. They were held in a concrete incubation facility
at Rancho Nuevo and shipped to a screen-enclosed incuba-
tion facility at PINS during incubation, from a few days after
the eggs were laid to a few days before hatching (Shaver and
Fletcher, 1992).

Incubation boxes were opened about once per week and
distilled water was gently sprayed onto the layer of sand at
the top of the box if needed. Live and dead hatchlings and
unhatched eggs were counted. Clutch and yearly hatching
success were calculated by dividing the number of eggs that
hatched by the total number of eggs. All live hatchlings were
released on the beach at PINS and were allowed to crawl
down the beach and enter the surf. After they swam approxi-
mately 5-10 m, most were captured using aquarium dip nets,
counted, and shipped to the NMFS Laboratory for
headstarting (Fontaine et al., 1985; Fontaine and Shaver,
200s).

Turtles were held at the NMFS Laboratory for at least 9
months. Before release, each was marked for future identi-
fication. Tagging methods varied for the different year-
classes, as new technology developed (Fontaine et al., 1 993;
Caillouet et al., 1995a, 1997; Fontaine and Shaver, 2005).
Turtles received up to four types of internal and external tags
(Table 1). All turtles received external metal flipper tags.
From the 1983 year-class on, virtually all turtles received
living tags, where a small plug of the plastron was imbedded
in the carapace on different scutes to designate different
year-classes. All turtles from the 1984-88 year-classes re-
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ceived internal coded wire tags. Passive integrated transpon-

der (PIT) tags were applied to24l individuals that were held

for extended time periods; these 247 turtles originated from
the 1978, 1982, 1984,, 1986, 1987, and 1988 year-classes

(Caillouet et al., 1997). Most of the experimentally im-
printed turtles were released into the Gulf of Mexico off-
shore from the south Texas coast (Fontaine et al., 1990;

Caillouet et al., 1995a).

From I97 8-2000, over 10,000 hatchlings that emerged
from nests incubated in a coffal, crawled on the beach, and

temporarily entered the surf in Rancho Nuevo, were re-

trieved and transported to the NMFS Laboratory for
headstarting. Prior to release, they were marked with metal
flipper tags, living tags (beginning with the 1983 year-class),

and coded wire and PIT tags (beginning with the 1989 year-

class). Most were released into the Gulf of Mexico offshore
from Galveston Island (Caillouet et al., 1995a; B. Higgins,
pers. comm.).

Incubation Tentperatures, Incubation Periods, and Sex

Ratios Beginning in 1982,, incubation temperatures of
eggs used for the experimental imprinting project were
measured twice daily at Rancho Nuevo and once an hour at

PINS (Shaver et al., 1988). A variety of techniques were
used to determine the sex of dead individuals and older
captive turtles. Sex was identified for dead late-stage em-
bryos and hatchlings using gonadal histology, for larger
dead turtles using necropsy, and for larger live turtles using
laparoscopy, serum testosterone assays, and tail length evalu-
ations (adults only).

Incubation period was calculated for each clutch and

defined as the number of days from nest deposition to
hatching detection; typically hatching was detected at pip-
ping rather than at emergence onto the sand surface. Yearly
mean incubation periods were calculated. Incubation peri-
ods and percent females for all clutches in the 1982-88 year-
classes in which 10 or more individuals were positively
identified to gender (n - 3 I ) were correlated (Shaver, 1989).

Pivotal and BeachTemperatures Mean middle third
temperatures and percent females, for all 1982-87 year-
class clutches in which 10 or more individuals were posi-
tively identified to gender and mean middle third tempera-
tures were below 31.5"C (n = 20), were correlated in an

attempt to estimate the pivotal temperature for Kemp's
ridley (Shaver et al., 1988).

A beach temperature profile study was undertaken
during the summer of 1986 to examine temperatures at

which Kemp's ridley sea turtle eggs would incubate at three
beach locations on PINS and one at Rancho Nuevo (Shaver

et al., 1988). Thermocouple probes, placed in the same

topographical areas at all study sites, were arranged in six
rows ranging from the mid-beach to the middle upslope of
the second foredune. Ambient, sand surface, and 15, 30, and

45 cm substrate depth temperatures were recorded at PINS,
but only ambient, sand surface, and 30 cm depth (mid-nest
depth) temperatures were monitored at Rancho Nuevo.
Temperatures were monitored once a week for a 24-hr
period, from noon to noon, with readings made once every
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2 h. Simultaneous study dates were scheduled from mid-
April to mid-August to collect data for the entire nesting and

incubation season. Data were collected on all 18 study dates

at PINS and I I of those dates at Rancho Nuevo. Tempera-

tures from the four sites were compared with the estimated

pivotal temperature for Kemp's ridley to predict seasonal

trends in sex ratios.
Analysis of Unhatched Eggs from the Imprinting

Project. - A total of 3 902 unhatched eggs from the 1980

and 198 2-88 year-classes were examined to quantify fertil-
ity rates and embryological stages of development at time of
death. Eggs were preserved and examined after full-term
clutch incubation (Shaver and Chaney, 1989). Eggs that did
not contain embryos were either classified as infertile,
fertile, or rotten. Embryo developmental stages were com-
pared to those described by Crastz ( 1982) for the olive ridley
(Lepidochelys olivacea) and were classified accordingly if
they were compatible or were placed in additional erected

stages if they were not. Data were grouped according to

thirds of incubation during which death occurred. Eggs that
were fertile but contained no identifiable embryos were

considered to have succumbed during the first third of
incubation. Student-Newman-Keuls Multiple Comparison
Tests were used to compare embryonic mortality during
thirds of the incubation period in the study years.

Nest Detection. - Efforts to detect and protect nesting
Kemp's ridley turtles and their eggs on North Padre Island,
and to determine results of the experimental imprinting
project, began in 1986 (Shaver, 1990). From 1986-2004,
patrols were conducted along the entire 128 km Gulf of
Mexico shoreline of North Padre Island, including 104 km
of PINS and Z4kmnorth of the PINS boundary. Most of this
area is sparsely visited and has treacherous driving condi-
tions; only one access point to the southernmost 96 km of the

target patrol area exists.
Patrols were conducted during daylight hours from

about April through July. During patrols, the shoreline was

searched for emergent sea turtles or their tracks. Mostly
four-wheel drive trucks were used for patrols from 1986-92
and mostly all-tenain-vehicles (ATVs) from 1993-2004
(Shaver,2004). Patrol effort increased over time (Shaver,

2004). From 1986-94, the entire North Padre Island target
patrol area was covered from 2-5 days each week. From
1995-97 , the entire area was covere d I days each week.

From 1998-2004, the entire area was repeatedly traversed

each day. This repeated coverage increased the likelihood of
observing nesting females and locating their eggs.

From 1986-98, North Padre Island was the only area on
the Texas coast specifically patrolled to detect nesting sea

turtles. However, repeated daily patrols were also conducted
on South Padre Island beginning in 2000 and on Boca Chica
Beach beginning in 1999 (Fig. 1). Educational programs

alerting beach visitors to report nesting Kemp's ridley turtles
were implemented at PINS in the mid- 1980s and later
expanded Texas coast-wide (Shaver, 1990; Shaver and

Miller, 1999; Shaver,2004). Visitor reports were investi-
gated, resulting in documentation of nearly half of the



nesting Kemp's ridley turtles and Kemp's ridley nests found
in Texas during the last two decades.

Wheneverpossible, Kemp's ridleys that nested in Texas
were examined for the various tags used to mark turtles
released from experimental imprinting and headstarting.
Unfortunately, only some of the nesters were examined,
since many re-entered the water before biologists arrived.
Nesting turtles that were observed by biologists were marked
with metal flipper and PIT tags.

Attempts were made to locate nests at all locations
where nesting Kemp's ridleys or their tracks were found in
Texas. Kemp's ridley nests were classified as confirmed
when either eggs or emerging hatchlings were found, and
either the nesting turtle or the hatchlings were examined to
identity species.

Nests in the (JSA, Tag Returns, and Origin of Kemp's
Ridleys Nesting in Texas. - To assess results of experimen-
tal imprinting and efforts to increase nesting in Texas,
information was gathered on historic nesting in Texas,
nesting in the USA since the initiation of the experimental
imprinting project , tag returns in Texas, and the origin of
nesting Kemp's ridleys. Information on historic nesting of
Kemp's ridley at PINS and elsewhere in south Texas was
gathered through literature reviews. Records of nesting on
the Texas coast from 1978-2004 were obtained from the
Texas nesting database and records from other USA states
were obtained through literature reviews and personal com-
munications. Texas nesting records were queried to deter-
mine the origin of Kemp's ridleys nesting on the Texas coast
(e.g., headstarted animals experimentally imprinted to pINS,
headstarted animals that had been obtained from Mexico as

hatchlings, or wild stock). Turtles were deemed to be
headstarted if they possessed a living, coded wire, PIT, andl
or metal flipper tag linking them to headstarting. Age of
headstarted turtles was calculated based on year-class iden-
tified by the tag and nesting date. The number of times that
individuals nested during the same and different years and
the distribution of nest locations were analyzed to assess nest
site fidelity.

Incubation of ESSs from Nestings in Texas. - Kemp's
ridley nests found in Texas since 1978 were protected to
enhance recruitment. Of the 17 4 clutches located on the
Texas coast from 1979-2004, five incubated in-situ (atthe
nest site) on North Padre and Mustang Islands , 22 were
transferred to corrals (screen enclosures) on South Padre
Island and Boca Chica Beach, and 147 were packed into
styrofoam boxes and transported to an incubation facility at
PINS (Table 2). For clutches held in styrofoam boxes at
PINS from 1979-88, incubation procedures and data collec-
tion for incubating eggs, unhatched eggs, and hatchlings
were the same as used simultaneously during the experimen-
tal imprinting project and from 1989-2004 were the same as

used during 1988. Whenever possible, attempts were also
made to calculate hatching success, count the number of
hatchlings released, examine unhatched eggs, and calculate
sex ratio based on gonadal histology from dead late-stage
embryos and hatchings for clutches incubated in-situ and in
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corrals. Hatchlings from all clutches were examined to
identify species. Most hatchlings were released on the beach
at the incubation sites without marking or retrieval in the
surf, but hatchlings from one clutch were released on the
beach at PINS, recaptured after release, and transported to
the NMFS Laboratory for headstarting.

Strandings. Sea turtles found stranded on USA
shores have been documented by the Sea Turtle Stranding
and Salvage Network (STSSN) since 1980 (Shaver, 1998b).
Turtles were found and documented during systematic sur-
veys conducted in some areas and as a result of reports from
the public. For each stranded turtle, information was col-
lected on species, stranding date and location, tag numbers
(if applicable), visible injuries, condition, and final disposi-
tion of the animal. The curved carupace length (CCL) and
curved carapace width (CCW) or straight line carapace
length (SCL) and straight line carapace width (SCW) of
most turtles were measured. Information was recorded on
standardtzed forms that were forwarded to the state and
subsequently the national STSSN coordinators. The num-
bers of dead turtles reported by the STSSN provide mini-
mum estimates of mortality since not all dead turtles actually
wash ashore to be documented (Caillouet et al., I 991, 1996;
Shaver, 1998b).

The STSSN database was queried for records of adult
Kemp's ridley turtles found stranded in the USA from 1980-
2003. The equation published by Teas ( 1 993) was used ro
convert CCL to SCL for large Kemp's ridleys when SCL
was lacking. Kemp's ridleys measuring 60.0 cm SCL or
greater were considered to be adults (TEWG, 1 998). Kemp' s

ridleys measuring less than 60.0 cm SCL have been docu-
mented nesting in both Mexico and the USA (Shaver,
I999b). Size is not always a reliable indicator of maturity
since marine turtles do not begin to breed at a uniform or
minimum size (Miller, 1997; Musick and Limpus, 1997;
Limpus, 1998), but size is more reliable for ridleys than for
other sea turtles because of their more uniform adult size and
less gradual lateral fontanelle closure. Thus, SCL of > 60 cm
was the only consistent criterion available to catego rtzedead
Kemp's ridleys documented in the USA from 1980-2003 as

adults (Shaver, 1991, 1998b; Manzellaand Williams, 1992;
TEWG, lggg).

Adult strandings in Texas were tallied by year and
NMFS Statisti calZone, with Zones 18 and 19 located on the
upper Texas coast and Zones 20 and 2l on the south Texas
coast (Fig. 1). Strandings were also categorrzed as either
offshore (Gulf of Mexico beaches) or inshore (bays and
passes).

RESULTS AND DISCUSSION

Experimental Imprinting and
Release of Headstarted Turtles

Of the 22,507 eggs collected in Rancho Nuevo ,,7i .ITo
hatched (Table 1) (Shaver, 1989). Between 1978 and 1988,
only 287 of the hatchlings released on the beach at PINS
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Table 1. Semp's ridley-eggs that were collected in Rancho Nuevo, Mexico from 1978-88 for experimental imprinting to padre IslandNational Seashore-(PIN!).-gggtrvere hatched at PlNS_,_hatchlings were released ontft. Ueacfr'anO-.rplu..o there, and turtles wereheadstartedattheNationalMarineFisheries.seryrc_e (N!!lS)l-aboritory in Galvision, Texas. Datafrom Shaftretal. (l9bg), Sf,u"iiif bA-9,1990), Caillouet (1995), and Caillouet etal. (t995a., lggl)'.

No. eggs Mean
from incubation

Rancho period No. (Zo)
Year Nuevo (days) eggs harched

No. No. No.
hatchlings hatchlings hatchlings No.

died at lost during to yearlings Release
PINS release Galveston released" locationb

No.
Tag idenffied Vo

Wpes' to gendeC female

t978
1979
I 980
1981
1982
I 983
1984
I 985
l 986
r987
l 988

2191 51.5 1931, (88. 1)20s3 s2.0 1769 (8s.7)
297 6 s0.s 2s02 (84. I )2279 48.3 1898 (83.3)
2017 s l.0 ts63 (17 .6)2006 s2.0 242 (r2.1)
1976 s l.1 1792 (90.7)
1978 48.8 1664 (84. I )20rr 46.7 177 6 (88.3)
200t 47 .6 1288 (64.3)
l0l9 46.9 933 (91 .6)

1266 F, N
1273 F
1526 N
T639 N, B
1324 N, M, B
t72 M

l0l7 N, M
I47I' N, B, G
t629 M
1100 N
794 N

E 32 34.4
E 22 40.9
EO
E 4 100.0
E 94 31.9

E, L 12 50.0
E, L, M 160 2g.g
E, L, M 159 53.9
E, L, M 53 93.0
E, L, M 536 99.6
E, L, M 49 73.5

64
15
t4
11

5
10

239
13
I
5

4

t9 1848
93 t66L
65. 16l I
t9 I 868
34 1524
2 230
9 1544

25 t623f
t6 1159
I 1282
4 925

Total 22,501 49.7 t7 ,,359 (17 .L) 381 287 I 5,875 13,21I tI20 59.69

u Excludes 300 turtles that were heJ{in cgtivity_for 2-16^years,247 of,whichreceived^passive integrated transponder (pIT) tags.
' !:..1!l!liy"ylings were released; F = Gu'Hof Mexico off irlorki", N = c;ii;iM-exico off North padrb Island, Texas, M = Gulf of Mexico
^ 
off Mustang Island, Texas, G = Gulf of Mexico off Galv"rton, T.*ur, und t = Uaf o.pur. in f"iu.. --'-

" Tag types applied to 65vo or more of turtles released from individuat yeai-ctass; e 1 ext'e,rnafnipp;;i.g, L = living tag, and M = internalcoded wire tag.
d Determined for dead late-stage embryos and hatchlings usinggonadal histology, for lalger dead turtles using necropsy, and for larger live
":ltrtl,es,usi$llpargscopy,-serum 

tesiosterone assays]and ta'iliength 
"ualuuiidnr 

(adul"ts only). 
' '--- -----c

;,o::,1Y9:.8"t9^l1l:llt^1c": ft"m I I clutches intentionally released into the Gulf of Mexico at'pINS wirhout rags.
' t'xclucles b9 hatchlings fiom a nest found at PINS that were headstarted at the NMFS Laboratory, from which 63"yearlings were ultimatelyreleased into the Gulf of Mexico off North padre Island, Texas.
g Calculated as a mean of individual year-classes.

escaped in the surf during the imprinting/recapture proce-
dure (Table I ); 8 10 from the I 980 year-class were intenrion-
ally released without capture. From 1978-88, 3g l hatchlings
died at PINS either prior to release or while temporarily held
at PINS after release (Table l). The highesr morrality of
hatchlings occuffed in 1984,, when they were retained at
PINS for up to 5 days to receive living tags (Fontaine et al.,
1993) (Table 1). During other years, hatchlings were gener-
ally held at PINS for only 0-3 days prior ro shipmenr.
overall, 15,875 hatchlings from the 1978-gg year-classes
were successfully transported to the NMFS Laboratory for
headstarting (Fontaine et al., 1985; Fontaine and Shaver,
200s).

After headstarting, 13,5 l1 turtles experimentally im-
printed to PINS were released into usA waters, including
13,21 I released after 9-11 mo in caprivity and 300 after 2-
16 yrs in captivity (Fontaine er al., 1990; Caillouet et al.,
1995a). Most were released into the Gulf of Mexico, ap-
proximately 30 km offshore from Mustang Island and North
Padre Island (Fontaine et al., 1990; Caillouet et al., I 995a).
However, hundreds were released elsewhere in Texas and
most from the 1978 and 1979 year-classes were released off
the Gulf coast of Florida (Florida Bay and Homosassa Buy).

Additionally, 10, 198 turtles that had been obtained as
hatchlings from Rancho Nuevo in 1978-90, 1993, and
1989-2000 were released after 9-33 mo of headstarting
(Caillouet et al., 1995a;Higgin s, pers. comm.). Turtles from
the 1978 year-class were released off Homosassa, Florida (n
- 751) and North Padre Island (n = r), 1979 year-class off

Homosassa (n = 66), I 980 off Campeche, Mexico (n = lgl-),
1983 off Mustang Island (n = I 8), 1993 off Musrang Island
(n - 158), High Island, Texas (n = l), and panama city,
Florida (n -- 29), and I 989-9 2 and 1994-2000 year-classes
off Galveston Island, Texas (n = 8971).

Research on Eggs from the Imprinting project

Incubation Temperatures, Incubation periods, and Sex
Ratios Because of the potential masculinizing effects of
incubating sea turtle eggs in styrofoam boxes (Dutton et al.,
1985), it was essential to determine whether male-domi-
nated sex ratios were being produced and if so, to develop
and implement procedures to increase the production of
females to better aid with nesting colony establishment and
population recovery. Males predominated in most of the
earlier year-classes (Table l). After lgS4,incubation facili-
ties and practices at Rancho Nuevo and PINS were modified
in an attempt to raise incubation temperatures and increase
the proportion of females produced. These modifications
were successful and 77 .sVo of the turtles examined from the
1985-88 year-classes were identified as females (Shaver et
al., 1988). Considering rhe 1978-88 year-classes collec-
tively, 59.67o of the turtles produced were females (Table l ),
for an overall sex ratio of l.5F: lM.

Yearly mean incubation periods ranged from 46.j to
52.0 days and generally decreased throughout the project
years (Table 1). The warmer incubation temperatures of the
1985-88 year-class clutches shortened incubation periods
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ligure 2. Relationship of incubation period to percent of females
for 1982-88 clutches in which 10 or more individuals were posi-
tively identified to gender, 12 = 0.6 I, p < 0.001.

and increased percentages of females produced (Shaver et
al., 1988; Shaver, 1989). The best straight line regression of
percent female Cv) versus incubation period (x) was y =
772.343-14.634x, 12 = 0.61, p
1989). Although this relationship is nor expecred to be
straight-line below and above the incubation periods pro-
ducing }Vo and I007o females, respectively, fitting a variety
of sigmoid curves to the data did not improve the fit. This
equation can be used to estimate percent females for Kemp's
ridley clutches with known incubation periods. However,
for clutches in which hatching is not detected until emer-
gence, the number of days from hatching until emergence
should be subtracted from incubation period, before using
the equation. Additionally, estimates must be interpreted
with caution if incubation temperatures were not relatively
constant during the incubation period (e.g., if they were high
during the critical period for sex determination and low
before or after).

Pivotal and Beach Temperatures All clutches with
mean temperatures exceeding 30.8"C during the middle
third of the incubation period produced 100Vo females. The
best straight-line regression of percent female Cv) versus
mean temperature during the middle third of incubation (x)
was y - -1297.8747+44.7152x, r2= 0.68, p < 0.001 (Fig. 3)
(Shaver et al., 1988). Fittin g a variety of sigmoid curves ro
the data did not improve the fit. The pivotal temperature was
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Figure 3. Relationship of-mean middle third of incubarion period
temperatures to percent of females for I 982-87 clutches in which
10 or more individuals were positively identified to gender, r2 =
0.68,p<0.001.

estimated to be 30.2"C with 957o confidence intervals from
29.9-30.5"C (Shaver et al., 1988). Aguilar Reyes (1987),
using slightly different temperature monitoring and gonad
preservation techniques for nine Kemp's ridley clutches
incubated in the beach at Rancho Nuevo, found that those
with mean middle third temperatures under 28.6"Cproduced
I00Vo males and over 31.2"C produced I00Vo females.
Based on these tindirgs, Aguilar Reyes ( 1987) estimated
that the pivotal temperature for this species is approximately
30.0'c.

Based on findings of the beach temperature profile
study, clutches that develop early in the nesting season

should produce primarily males, later portions of the season
primarily females, and middle of the season a mixture
(Shaver et al., 1988; Shaver, 1989). Beach temperatures
varied slightly with latitude and were warmest at the south-
ern site, Rancho Nuevo, and coolest at the northern site,
Closed Beach, PINS.

Analysis of Unhatched Eggs. - Unhatched eggs from
the 1980 and 1982-88 year-classes were examined to deter-
mine whether procedures employed by the project were
adversely affecting embryonic development and viability,
and if So, to develop procedures to improve incubation
techniques. At least 95 7o of the eggs from the study years
were classified as fertile (Shaver and Chaney, 1989).

Significantly more embryos ceased development dur-
ing the first third of incubation in the 1983 year-class than
during the first third in any other year Q, = 0.01). Excessive
sand moisture and/or fungal infection probably contributed
to the low hatching success ( l2.lVo) and high early-stage
mortality (Shaver and Chaney, 1989). Due ro rhis finding,
procedures were developed and implemented to reduce
factors which might introduce or promote fungal infection,
including using new incubation boxes for each clutch rather
than reusing washed incubation boxes, and transporting
dried sand to Rancho Nuevo for later re-hydration and use in
egg shipment to PINS rather than shipping moist sand in
sealed containers.

Significantly more embryos ceased development dur-
ing the last trimester of incubation in the 1987 year-class
than in any other year (p = 0.01 ). Prior to shipment to PINS,
the incubation temperatures of three of these clutches reached
38.0'C on 4 days; only 2.1-l2.l7c of the eggs in these
clutches hatched and most of the unhatched eggs contained
late-stage embryos. These high temperatures probably caused
the relatively low overall hatching success (64.37o) and high
late-stage mortality of this year-class (Shaver, 1989; Shaver
and Chaney, 1989). Bustard and Greenham (1968) and
McGehee (1979) found no hatching of green (Chelonia
mvdas) and loggerhead (Caretta caretta)eggs, respectively,
incubated at 38.0"C. Subsequently, procedures were devel-
oped and implemented using fans, incubation box lid re-
moval, and ventilation to ensure that incubation tempera-
tures did not exceed 36.0'C at the PINS and Rancho Nuevo
incubation facilities.

A markedly similar pattern of ernbryonic death was
found in 1982, 1984, 1986, and 1988 year-class eggs, with
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highest mortality early in incubation and lowest mortality in
the middle of incubation. This pattern of embryonic death
may be typical for Kemp's ridleys since no factors were
found to adversely influence embryonic survivorship during
those 4 years and the trends of mortality were distinctively
alike. Similar trends were found by Whitmore and Dutton
(1985) in green and leatherback (Dermochelys coriacea)
eggs and Blanck and Sawyer (1981) in loggerhead eggs.

Nestings in Texas

Historic Nesting in Texas. - Historic Kemp's ridley
nesting levels in Texas are unclear and have been discussed
by a few authors. A Kemp's ridley nest found at PINS in
1948 was the first confirmed Kemp's ridley nest docu-
mented in the USA (Werler, 1951). In 1889, Penrose re-
ported observing numerous "34 ft" (ca. 9I-122 cm) long
turtles laying eggs in south Texas, at the mouth of the Rio
Grande, in the sandy riverbank shores (from Fairbanks and
Berkey, 1952). Neck (1978) thought that these were prob-
ably green turtles, but Hildebrand ( 1 9Sz) thought that rhey
were probably Kemp's ridleys. The size described for these
turtles would be more consistent with green turtles rather
than Kemp's ridleys. The recent increase in numbers of
green turtles nesting at Rancho Nuevo (P. Burchfield, pers.
comm.) also supports the hypothesis that green turtles once
nested in greater abundance in south Texas and Tamaulipas,
Mexico, and that these were green turtles. Hildebrand ( 1963)
suggested that scattered Kemp's ridley nesting in south
Texas and a few areas in Mexico other than Rancho Nuevo
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might represent remnants of Kemp's ridley nesting colonies
that existed before the tremendous depletion of the species.
As the Kemp's population has increased during the last few
years, more nests have been found in these other areas

(Shaver and Caillouet, 1998; TEWG, 1998; Mdrquezet al.,
1999, 2001 ), supporting his hypothesis.

Confirmed Nests in the USA Most Kemp's ridley
nests confirmed in the USA were found in south Texas
during recent years. From 1948-2004, 180 Kemp's ridley
nests were documented on the Texas coast (Shaver and
Caillouet, 1998; Shaver, 2000, 2001,2002,2004). Other
possible nests were reported, but could not be fully docu-
mented. Additional nests likely went unnoticed, particularly
on stretches of beach that were difficult to travel and sparsely
visited or patrolled.

Of the 180 nests, 171 were found between 1985-2004,
with an overall increase beginning in 1995 (Shaver, 1995a,
1996a, 1997, 1999a, 2000, 200I,2002,2004; Shaver and
Caillouet, 1998; Shaver and Miller, 1999) (Fig. 4). The
increase in the number of detected nests during that time may
have reflected increased nesting, improved detection ef-
forts, increased awareness and reporting by the public, or a
combination of all factors.

Of the 180 nests, I70 were found in south Texas, in
NMFS Statisti calZones 20 and 2l,rncluding 14 on Mustang
Island, I l9 on North Padre Island ( 106 at PINS),25 on Sourh
Padre Island, and 12 on Boca Chica Beach (Fig. l). The
remaining l0 were found on the upperTexas coast, in NMFS
Statistical Zones l8 and 19, including 2 on Bolivar Penin-
sula, 5 on Galveston Island, 1 on Quintana Beach, 1 in
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Figure 4. Number of confirmed Kemp's ridley nests found on rhe Texas coast, 1985-2004.



Surfside, Texas, and 1 on Matagorda Peninsula. From 1948-
2004, more confirmed Kemp's ridley nests were located at
PINS than at any other location in the USA (Shaver, 1992a,
2000, 2001,2002,2004; Shaver and Caillouet, 1998). The
only published observation of Kemp's ridley turtles mating
in the wild in USA was a pair seen in south Texas, near the
southern end of PINS (Shaver, 1992b).

only 20 Kemp's ridley nests have been documented
from 1989-2004 in other USA locations outside Texas.
These were on the coasts of Flon da (n - 15), South Carolina
(n = 1 ), North Carolina (n = 2), andAlabam a (n = 2) (Meylan
et al. , 1990; Anonymous, 1992; Palmatier, 1993; Godfrey,
1996; Libert, 1998; Johnson et al., 1999,2000; Foote and
Mueller, 2002; Nicholas et al., in press; S. Cashes, pers.
comm.; G. Harman, pers. comm.; S. MacPherson, pers.
comm.; M. Rickard, pers. comm.; J. Steiner, pers. comm.).
Bowen et al. (1994) suggested that these nesting turtles
could have been from the Texas imprinting project, since
there were no previous confirmed records of Kemp's ridleys
nesting in these regions. The nests were found by beach
patrollers who located the tracks left by the nesting females
or by beach visitors who saw and reported the nesting turtles.
Although examinations of available nesting turtles or their
photographs revealed no external metal or living tags that
linked them to the imprinting project, the turtles could have
been from the earliest year-classes that were released with-
out living tags. However, these 20 nests were not concen-
trated around sites where headstarted yearlings were re-
leased in the late 1970s (e.g., Homosassa and Florida Bay,
Florida). Although 15 of the 20 nesrs were found in Florida,
the coastline is substantially longer in Florida than in Ala-
bama, South Carolina, and North Carolina, and the 15 were
widely distributed on both east and west coasts.

Ne sting by P roj ect Turtle s .- Experimentally imprinted
and headstarted Kemp's ridley turtles were documented
nesting on the Texas coast and near Rancho Nuevo, but a

variety of factors possibly limited records and assessment of
project results. Prior to 1985, no released turtles from this
project would likely have been mature and able to nest
(wood and wood, 1988; caillouet et al., 1995b; chaloupka
and Zug, 1997; Schmid and Witzell,lggi;Zuger al. ,1997).
Of the 171 Kemp's ridley nests found in Texas since 1985,
nesting turtles were examined for tags at 89 of the nests (Fig.
a) (Shaver and Caillouet, 1998; Shaver 2000,2001,2002,
2004). At 56 of those 89, the turtles did not possess any rags
linking them to the project. However, 24 of the nests were
conclusively linked to headstarted turtles experimentally
imprinted to PINS during this projecr (Shaver, I996a,b,
1997, 1 998a,b, 2000, 200r,2002,2004;Shaver and caillouer,
I 9 9 8 ) . Thineen different proj ect turtle s I aid the se 24 clutche s .

The 13 individuals were identified by living rags and mosr
also possessed coded wire tags. They represented five year-
classes ( 1983-84 and 1986-88) and ranged from l0 to I 8 yrs
old when first detected nesting. Of the 13 project turtles, 7
were detected nesting once, 3 nesting twice within ayear, I
nesting twice within one year and once during one other
year, and 2 nesting twice within one year and once during
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two other years. The 24 nests were found in south Texas,
including on PINS (n = 15), North Padre Island north of
PINS (n - 4), and Mustang Island (n = 5). Three of the six
individuals recorded nesting more than once exhibited strong
nest site fidelity at PINS (within 6 km), while the orher rhree
nested at two of these three areas

The returns of these turtles from the experimental
project represented the: I ) first nesting in the wild of known-
aged Kemp's ridleys; 2) first confirmed records of headstarted
sea turtles nesting in the wild; and, 3) first confirmed records
of sea turtles experimentally imprinted to an area returning
to that imprinting area to nest (Shaver, 1996a,b, I99l).
These observations provided evidence in support of the
imprinting and natal homing hypotheses (Owens et al.,
1982). Initial supporting evidence that the turtles from this
project may have been successfully experimentally imprinted
was gathered for 4-mo old hatchlings during multiple choice
laboratory studies conducted in the early 1980s (Grassman et
al., 1984; Owens et al., 1986; Grassman, 1993).

However, not supporting the natal imprinting hypoth-
esis, 8 headstarted individuals that had been obtained from
Rancho Nuevo as hatchlings were documented laying 9
clutches in Texas from 2002-0a (Fig. 4). The individuals
were from four year-classes (1989 and I99l-93) and were
10-15 yrs old when first detected nesting.Of the 8 individu-
als, 1 was found nesting twice within ayear and the otherT
once. The 9 nests were found statewide, including on PINS
(n - 5), Galveston Island (n = 3), and Bolivar Peninsula (n -
1). From 2002-04, all Kemp's ridleys examined while
nesting on the upper Texas coast were from this grouping of
headstarted individuals. The location of where these turtles
were released as yearlings may have influenced nest site
selection for some. Turtles from the 1993 year-class were
released off Mustang Island and the only turtle recorded
from this year-class was documented nesting twice at nearby
PINS. Individuals from the 1989, 1991, and 1992 year-
classes were released off Galveston Island and four turtles
from these year-classes each nested once on Galveston
Island or nearby Bolivar Peninsula. However, three other
turtles from the 1989, 1991, and 1992 year-classes laid one
clutch of eggs at PINS.

More turtles from this project might have been detected
nesting in south Texas had the turtles from the earliest year-
classes received living and coded wire tags. Some of the
examined turtles that lacked project tags could have been
members of the earliest year-classes, released without living
and coded wire tags (Shaver, 1998a). Also, more from this
project might have been detected nesting had patrol efforts
been more comprehensive on North Padre Island (Shaver
and Fletcher, 1992) and elsewhere in south Texas. Addi-
tional patrol effort would have increased opportunities to
check the unexamined nesters for tags and perhaps locate
other nestings that went undetected. Nesting observations
were also likely limited by mortality of these turtles in the
marine environment. Virtually all of the turtles imprinted to
PINS were released before mandatory usage of Turtle Ex-
cluder Devices (TEDs), designed to reduce mortality of sea
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turtles due to incidental capture in shrimp trawls. Caillouet
et al. (1995a) reported tag returns for these turtles and

predicted that few would survive to adulthood.
The number of observations of project turtles nesting in

Texas also may have been limited by these turtles nesting
elsewhere. However, of the thousands of Kemp's ridleys
that have been examined for tags in Mexico since 1985 and

the few that were examined when nesting elsewhere in the
USA, only two were conclusively found to possess tags that
connected them to headstarting. One experimentally im-
printed to PINS was observed nesting at Rancho Nuevo in
1998 and was linked to the 1987 year-class by its living and

coded wire tags (R. }dftrquez, pers. comm.). One turtle
obtained from Mexico as a hatchling in 1989 (as verified by
a living tag, coded wire tag, and metal flipper tag) nested

twice in Mexico during I 999 (J. Pefla , p€rs. conun.). Through
2004, no other headstarted turtles experimentally imprinted
to PINS or obtained from Mexico as hatchlings were con-
firmed to have nested in the wild elsewhere.

Tag Returns from Other Nesters Tag returns were
also recorded in south Texas for some Kemp's ridleys that
were not experimentally imprinted or headstarted, with
varying degrees of nest site fidelity found. Of the 40 nesting
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Kemp's ridley turtles not linked to experimental imprinting
or headstarting that were documented on the Texas coast

between 1991 and 2004, tag returns were recorded for 11 of
these individuals. Three individuals nested in both south
Texas and Mexico and thus showed a low degree of nest site

fidelity. One of the three nested at PINS on 10 May I 998 and

had a PIT tag that was implanted while she nested at

Tepehuajes, Mexico, near Rancho Nuevo on23 April 1996
(Shaver and Caillouet, 1998; Shaver, 1999b). The second

turtle was tagged on 31 May 1998 after nesting at PINS and

was observed nesting at Tepehuajes on24 April 2000 and at

Rancho Nuevo on 1 4May 2000 (Shaver,l999b, 2001). The
third was tagged on 26 April 2004 after nesting on South
Padre Island and was observed nesting at Rancho Nuevo on
23 May 2004 (Mays, pers. comm.; Pefla, pers. comm.).
These were the tirst three confirmed records of individual
Kemp's ridley turtles nesting in both the USA and Mexico
and indicate some movement of Kemp's ridleys between
nesting beaches in south Texas and Mexico. Eight turtles not
linked to experimental imprinting and headstarting were
documented nesting more than once (during one year or
different years) on the south Texas coast through2004, some

with very precise nest site fidelity.

Table 2. Kemp's ridley clutches found on the Texas coast from 1979-2004 and held in an incubation facility at Padre Island National
Seashoreo. Data from Shaver (1989, 1990, 1999b,2000,2001, 2002,2004, unpublished data) and Caillouet (1995).

Mean
incubation

No. No. period
Year clutches eggsb (days)

No.
Vo No. hatchlings

eggs eggs died at PINS
hatchedc hatched before released

No. No. No.
hatchlings yearlings identified Vo

released released to gender" female

t979
I 980
I 985
l 988
t99t
1994
1995
t996
t997
l 998
r999
2000
200 I
2002
2003
2004

0
0

63f
0
0
0
0
0
0
0
0
0
0
0
0
0

4
6
9

13

t6
1l
5

28
T7

32

6l
113
97

t04
107
lll
33s
s90
968

t270
l68l
l 086

542
2773
t546
3033

54.0
65.0
48.0
57 .0
52.0
47 .0
46.0
48.7
4t .r
48.2
49.4
48.7
48.4
45.4
46.4
45.4

97.0
s4.9
72.2
91.3
93.5
90. r

90.1
62.1
92.6
63. l
8l .5
86.8
t 6.9
67 .4
84.2
86. l

6s
62
70
95

100
100
302
370
896
801

r370
943
417

r 870
1301
26t t

0
0
5
4
0

l0
3

23
T6

127
22
47
46

167
43

oF

80.0
25.0

60.0
66.7
60.9
68.8
56.7
59. r
53.2
52.2
92.8
79.r
92.0c

0
0
I

0
0
0
2
I
3

I
2
0
4

33
2
3

65
62

0
95

100
100
300
369
893
800

r364
942
4rl

l 833
t299
2608

Totalh t47 14,423 49.8 80.7 11 .37 3 52 rl,24l 63 513 65. r

"Excludes I clutchof I l5 eggs laidin 1980incubated in-situ(l.l%ol'ratch,2hatchlingsreleased), I clutchofT4eggs laidin2000incubated
in a corral (78.3Vohatch,58 hatchlings released),3 clutches totaling 295 eggs laid in 2001 incubated in a corral (58.6%hatch, 173
hatchlings released), 3 clutches totaling 295 eggs laid in 2001 incubated in a corral (58.6Vohatch,l73 hatchlings released), 3 clutches laid
in2o02 incubated in-sirr (est. 74.0Vohatch, est. 208 hatchlings released), 7 clutches totaling 696 eggs laidin2002 incubated in a corral
(74.OVo hatch, 495 hatchlings released), 2 clutches totaling 172 eggs laid in 2003 incubated in a corral (73.8Vo hatch, 127 hatchlings
released), I clutch of 4l eggs laid in 2004 incubated in-situ (95. l70 hatch, 37 hatchlings released), and 9 clutches totaling 854 eggs laid
in2OO4 incubated in a corral (76.5Vo hatch, 653 hatchlings released).

b Excludes broken eggs (including 3 from 1995, l2 from 1997,2 from 1998, 3 from 1999,'7 from 2003, and 4 from 2004).
" Yearly percentages equal the number of eggs that hatched each year divided by the total number of eggs incubated each year.
d Excludes hatchlings that were too weak during release, were transferred to a rehabilitation facility, and subsequently died (including I
from 1998, 4 from 1999, I from 2000, 2 from 2001, and 4 from 2002).

'Identified to gender by histological analysis of gonads from dead embryos and hatchlings.
f Includes all 69 hatchlings that were transferred to the National Marine Fisheries Service Laboratory in Galveston, Texas for headstarting,
from which 63 yearlings were ultimately released into the Gulf of Mexico off North Padre Island, Texas.

eResults ofhistological analysis ofgonads pending; Va female estimated based on incubation period.
h Total percentages calculated as means of yearly percentages.



Origin of Ketnp's Ricllevs Nes tirtg in Texcts. - Based
on tag returns through 2004, Kemp's ridleys currently
nesting in south Texas are probably a mixture of
headstarted turtles experimentally imprinted to PINS.
headstarted turtles that were obtained from Rancho Nuevo
as hatchlings, and turtles from the wild stock, with
varying degrees of nest site fidelity and some wild
individuals nesting both in Mexico and south Texas.
They could also include the survivors or descendants
from ca. I22l hatchlings released in a separate project
conducted at South Padre Island in 1963-61 (Francis,
1978; Burchfield, 2005). In contrast, Kemp's ridleys
nesting on the upper Texas coast may only be headstarted
individuals that were obtained from Rancho Nuevo as

hatchlings, but more years of data collection are needed
to investigate this hypothesis.

Incubatiort of Eggsfront Nestings in Texos. - Hatching
success for the 5 clutches incubated in-situ on North Padre
and Mustang Islands was 56.97c, for the 22 clutches incu-
bated in corrals on South Padre Island and Boca Chica Beach
it was 72.27o, and for the 141 clutches incubated ar the PINS
incubation facility it was 80.7 Vc (Table 2). Overall, 12,991
hatchlings were released on the beach (most at PINS) with-
out retrieval in the surf. An additional 69 hatchlings from a
clutch laid at PINS in 1985 were released on the beach.
recaptured after release, and transported to the NMFS Labo-
ratory. Sixty-three surviving yearlings from this clutch were
ultimately released into the Gulf of Mexico or adjacent bays
(Caillouet et al., I 995a). Considering the I 4l clutches hatched
in the PINS incubation facility collecrively, 65.17o of the
turtles released were females (Table 2), for an overall
estimated sex ratio of 1.9F: 1M.
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Itrandings

Mortality of adult Kemp's ridleys in south Texas waters
may have reduced nesting on south Texas beaches. Two
subadult males known to be frorn the experimental imprint-
ing project and documented by the STSSN in the USA were
found dead at PINS. These males measured slightly less than

60.0 cm SCL and hence were not categonzed as adults.
However. they may have been mature since each possessed

the secondary sexual characteristics of a softened mid-
plastron, elongated tail, and recurved claws on the anterior
flippers. None of the stranded adults of SCL > 60 cm could
be linked to the experimental imprinting and headstarting
project except one that had only been at large for three weeks
(W. Teas, pers. contnt.) and one from the 1985 year-class
that was found at PINS on 14 May 2001 ; both were elimi-
nated from further analyses. However, some could have

been from the project but were unidentifiable because they
had been released without living tags, had shed their metal
flipper tags, or were found stranded without front flippers
and/or carapace scutes and therefore could not be thoroughly
examined for ta_es (Shaver and Caillouet, 1998).

During every year from 1986-2003, more adult Kemp' s

ridleys were found stranded in Texas than in any other state
in the USA (Fig. 5 ). even though adult Kemp's ridleys forage
in. and migrate through, nearshore waters of several other
USA srates (USFWS and NMFS. 1992; TEWG, 1998;
Shaver, 1999b, 2000. 2001. 2002, 2004). Adult strandings
on Texas beaches in Zones 20 and 2l rncreased during this
period (Fig. 5). From 1992-2003, adult strandings in the
USA occurred most frequently on Texas beaches of Zones
20 and 2l (Fig. 5). The largest numbers were found there
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from 199+2003, roughly the same time that increased num-
bers of nests were detected. Of the 268 adult Kemp's ridleys
found stranded in the USA from 1995-2003, 152 (56.7 7o) were
found stranded on Texas beaches in Zones 20 and 21.

virtually all of the adult Kemp's ridleys documented as

stranded in the USA from 1980-2003 were dead. There are
several sources of sea turtle mortality on the Texas coast
(Magnuson, 1990; Caillouet et al., lggl, 1996; Shaver,
1998b, 1999b,2000, 2001,2002,2004). These include borh
natural and human-related factors. Magnuson et al. (1990)
concluded that for juveniles, subadults, and breeders in the
coastal waters, the most important human-associated source
of mortality is incidental capture in shrimp trawls, which
accounts for more deaths than all other human activities
combined. To decrease this mortality, mandatory use of
TEDs began in USA Gulf of Mexico waters in 1990 (Caillouet
et al., 1996). Despite reported high compliance with TED
regulations, a relationship continued on the Texas coast
between Gulf shrimping and strandings on beaches through
2003 (Caillouet et al., 1991, 1996; Shaver, 1994, I995b,
l996c d, I 998b, 1999a,b, 2000, 200 I, 2002, 2004;Lewison
et al. ,2003). Of the I 52 dead adults found offshore in Zones
20 and 2l from 1995-2003 ,, 142 (93.4vo) were locared
during times when Gulf waters off the Texas coast were open
to shrimp trawling. Only 10 were found during the annual
Texas Closure, when Gulf waters off the Texas coast out to
322km from shore were closed to shrimp trawling from mid-
May through mid-July. It could be argued that adults might
be mostly in Mexico fornesting from mid-May through mid-
July, but under that hypothesis they would also be mostly in
Mexico for mating and nesting from March through mid-
May, when strandings typically spiked in zones 20 and 2l
and shrimp trawling was ongoing.

Strandings of adult Kemp's ridleys in Texas peaked at
37 in 1998. Twenty-four of the 37 were found ar PINS,
including 14 found between March and July, during the
Kemp's ridley mating and nesting seasons; 9 Kemp's ridley
nests were located at PINS in 1998. In contrast, at Rancho
Nuevo, where 24Og nests were documented during lgg8,6
dead adults were found between March and July. Thus, the
number of dead adult Kemp's ridleys per nest in 1998 was
625 times larger for PINS than for Rancho Nuevo, where
nearshore waters are closed to commercial tisheries during
the sea turtle breeding season (Mdrquez et al., 1999).

It cannot be proven that the adults that succumbed in
south Texas waters from 1980-2003 would have mated or
nested in south Texas. Gulf waters off the south Texas coast
are also used by Kemp's ridley turtles as foraging habitat
(Shaver,1991) and as a migratory corridor between foraging
grounds in USA waters and nesting grounds on the Gulf
coast of Mexico (Renaud et al. , 1996; Shaver, r999b, 2000,
2001,2002,2004). Slightly more than half of the srranded
adults necropsied in Texas were females (Shaver and
Caillouet, I 998) and the loss of each female represents a loss
of up to three clutches per nesting season, potentially for
many years of nesting. Adult females are more important
than any other life stage with regard to potential immediate
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contributions toward the recovery of the species (TEWG,
1998). The deaths of adult female Kemp's ridleys in south
Texas represents a substantial loss, whether the turtles
would have nested in south Texas or elsewhere. The future
of Kemp's ridley nesting in the USA and in Texas is
dependent on the survival of adult turtles in this area.

Noting the large number of dead adults found stranded
on south Texas beaches, the site of the experimental project
and of most Kemp's ridley nests documented in the USA,
several environmental groups and biologists recommended
the creation of a marine reserve or a closed areato commer-
cial fishing (Plotkin, 1999; McDaniel et al., 2000; Shore,
2000). Texas Parks and Wildlife Department (TPWD) regu-
lations, passed in August 2000 to help sustain the shrimping
industry in Texas, established a new annual closure of Gulf
waters to shrimp trawling off North Padre Island, South
Padre Island, and Boca Chica Beach out to 8 km from shore,
from 1 Decemberthrough mid-May each year,preceding the
existing annual Texas Closure. This regulation went into
effect on 1 December 2000 and may help protect adult
Kemp's ridley turtles in south Texas (Lewison et a1.,2003).
Benefits may have occuffed from 2001-04;the new closure
may have contributed to the sharp increase in nesting docu-
mented in2002 and 2004 (Fig. 4). Also, adult strandings did
not rise from 2001-03 (Fig. 5), even though they might have
been expected to rise due to the increasing size of the Kemp's
ridley population.

More years of data collection for stranded adult and
nesting Kemp's ridley turtles and nests in Texas, as well as

protection efforts for various life stages, are needed to
evaluate the experimental project and TPWD regulations,
and help increase Kemp's ridley nesting in south Texas.
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