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The Kemp's ridley sea turtle (Lepidochelys kempii) is a 
critically endangered species with a primary nesting beach 
near Rancho Nuevo, Tamaulipas , Mexico. Sporadic nesting 
of ridleys has been reported from Veracruz, Mexico , to 
Padre Island, Texas. The Kemp's ridJey occurs in the Gulfof 
Mexico, along the eastern coast of North America to Nova 
Scotia and in European Atlantic waters (Marquez , 1990, 
1994). Since 1977, a bi-national Kemp's RidJey Recovery 
Program has been directed by the Kemp ' s Ridley Working 
Group, composed of representatives of Mexico's Instituto 
Nacional de la Pesca (INP), the U.S. Fish and Wildlife 
Service (FWS), National Park Service (NPS) , Texas Parks 
and Wildlife Departme nt (TPWD), and NationaJ Marine 
Fisheries Service (NMFS). The Gladys Porter Zoo , 
Brownsville , Texas , has also participated in the program 
(Cai lloue t et al. , 1995b). Recen tJy, Mexico ' s Instituto 
NacionaJ de Eco logia (INE) joined the working group. 

Headstarting of the Kemp's ridley was a subsidiary and 
experimental part of the Kemp's Ridley Recovery Program 

(Fontai ne et al. , 1985, 1989) . Il involved collecting eggs al 
Rancho Nuevo, incubatin g them there or at Padre l land. 
Texas, expo sing the hatch lings to eilheroft hese two beaches 
to " imprint" them , captive-reruin g for 9 to 11 months . and 
tagging the tmtles in GaJveston , Texa s, and releasing them 
into the Gulf of Mexico. Although the imprinting portio n or 
the program was terminated in 1992, captive rearin g o f 
Kemp's ridley hatchlings at the NMFS laboratorie s in 
Galveston has continued on an annuaJ basis. 

Among the 200 hatchlings taken from the Rancho 
Nuevo nesting beach during the I 999 sea,;on and brought to 
theNMFS Galveston Laboratory , there were three individu
als that did not seem to "fit" the nonnal appearance of 
Kemp's ridJey hatchl ings. As these turtles became older , 
there were noticeable differences between them and the res t 
of the 1999 year-class both in gross morphology and in 
coloration (Fig. I). Biologists responsib le for the daily care 
of these turtle s began to suspect that they might be hybrid 
offspring of Kemp's ridleys and some other species , possi
bly the loggerhead sea turtle (Caretta caretta). Their cara 
paces were much more elongated than the normaJ oval 
shaped Kemp 's tidley shell (Table 1) and the coloration was 
not the nonnaJ black but was rather an off-color reddish black. 
Additionally , these three individuaJs were heavier relative to 
the other turtles from the 1999 year-class (Table 1 ). 

In order to resolve their questionable taxonomic status . 
blood samples for genetic profi ling were drawn from the 
three suspect turtles as well as two apparently normal Kemp' s 
ridleys from the same year-class. The suspected hybrid 
turtles were released with the rest of the 1999 year-class 
offshore of Galveston Island on 20 June 2000. No recapture 
information has as yet been obtained from any of these 
turtles. 

Methods. - Two sepru·ate methodologies were em
ployed in this effort: I) a segment of the ct-loop region of the 
mtDNA was subjected to sequence analysis, and 2) the 
genotypes at three nuclear microsatellite loci were deter
mined. These techniques were selected due to their differing 
and complementary characteristic s. The mtDNA molecule 
is ideally suited for studies of popu lation structu re and for 
elucidation of maternal Lineage due to its haploid nature and 

Figure I. Photos of (A and B) two hybr id sea turlles (L. kempii x C. caretta), (C) a normal C. caret/a, and (D) a normal L. kempii. Note 
differenc es in head and carapa ce coloration and shell morpholo gy. Turtl es were raised under identical condition s. Photos by JPF . 



702 CI-IELONIA, CONSERVATION AND B IOLOGY, Volume 4. Number 3 - 2003 

Table J. Measurements of the three hybrid animals and two known 
L. ke111pii sea turtles from the 1999 year-class. CL = carapace 
length. CW = carapace width. CD= carapace depth. 

Type CL ( 111111) cw ( 111111) CD ( 111111) Weight (g) 

Hybrid 174 141 71 683.5 
Hybrid 167 148 66 612.5 
Hybrid 167 138 68 605.0 
L. kempii 158 142 68 584.0 
L. ke111pii 163 150 66 608.5 

maternal mode of inheritance. Th e d-loop region evo lves at 
a rapid rate and is therefo re highly informati ve for resolv ing 
questions of relation ship between closely related taxa. In 
contrast to mtDNA , microsatellite loci are dipl oid and bi pa
rentall y inherit ed. Using mi crosatellit e loci . it is possible to 
analyze not only population structure, but to assign parent
age. and in some cases. taxonomic status. Howeve r. the type 
of mi crosatellit e locus that is useful for the analysis of 
population struclllr e diffe rs from the type that is employed 
for the purpose of species identification. Whil e population 
analysis requir es loci that are highly polymorphic. species 
identifi cation is more easil y accomplished wi th loci that 
have very few alleles. The most useful loci for taxonom ic 
identifi cation are those that are fixed for a different all ele in 
each of the species under investigation. 

Blood samples ( I ml) were obtained by venapuncture of 
the dorsal cervical sinus and placed into a 1.8 ml Nunc 
cryovial containin g0 .5 ml ofb loodstorage buffer(Longmire 
et al., 1992). Thi s soluti on lyses the blood cells and main
tains the total cellular DNA in a buffered environment. 
Samples were maintained al room temperature in blood 
storage solution unti I processing at the Center for Conserva
tion and Research (CCR) at the Henry Doorl y Zoo. Total 
cellular DN A was recovered from the blood samples by 
organic-p haseextraction in phenol:chlorofo rm utili zing stan
dard procedures (Sambrook el al.. 1989). 

Using total cellular DNA as a template, 353 nucleotides 
of the mitoch ondrial displacement loop (d- loop) region were 
ampl ifi ed by polymera se chain reaction (PCR) and se
quenced using publi shed prim ers (A llard et al., 1994; Dutt on 

Ta ble 2. Allele sizes in base pairs al mjcrosatellite loci for known 
loggerhead sea turtles. 1.he three hybrids, and known Kemp ·s ridley 
sea turtles. ND = no data. 

Marker 

Individual Klk 314 Klk 315 Klk 325 

L. kempii I 111/111 ND ND 
L. kempii 2 11 1/111 ND D 
L. kempii 3 111/111 ND D 
L. kempii 4 111/ 111 ND ND 
L. ke111pii 369 111/1 11 137/ 137 155/ 155 
L. ke111pii 374 11 1/111 137/ 137 155/ 157 
Hyb1id 316 111/ 127 137/139 155/ 157 
Hybrid 321 111/ 127 137/137 155/ 157 
Hybrid 361 111/127 137/137 155/ 157 
C. care1111 I 127/ 127 137/ 139 161/161 
C. care/la 2 127/ 127 139/139 157/ 16 1 
c: care/la 3 127/ 127 ND ND 
C. rnre11a 4 127/127 ND ND 

el al .. 1996). PCR amplifi cation was carried out with ap
proximate ly 50 ng of genomic DNA in a SO ml reaction 
volumeusingan ABI 480 Lhermocycler (App lied Bi osystems. 
Foster City, CA) . A mplifi cation conditi ons consisted of 50 
mM KCI , 10 mM Tris-HCI (pH 8.0). 0.1% Trit on X - 100, 
12.5 pmol each primer. 1.5 mM MgCl2• 200 mM each dNTP. 
and 0.5 unit s Taq DNA polymerase (Promega. Madison, 
WI ). The thermal profi le forPCR amplificati on was 95°C for 
S min. foll owed by 35 cyc les at 95°C for 30 sec. 58°C for 30 
sec. and 72°C for 30 sec, ending wi th a single extension at 
72°C fo r IO min. Following ampli fication. reaction products 
were cleaned by passage through a Qia-Qui ck column 
(Qiagen, V alencia. CA ) and resuspended in 50 µI of d2H20 . 
Sequenci ng reactions were performed wiLh Lhe ABT dye
terminator cyc le-sequenci ng kit (App lied Biosystems) fol
low ing the manufacwr er 's specifi cations and reacti on prod
ucts were detecLed on an ABI 377 DNA analyzer. Base 
cal ling was conducted by Sequence Ana lysis software (A Bl) 
and the sequences were ali gned using Sequencher (Gene 
Codes. A nn Arbor , Ml ). 

PCR amplifi cation of total cellul ar DNA was carr ied 
out using publi shed primer s (Ki chler et al.. 1999) under the 
same condition s that were utili zed for mit ochondrial DNA 
sequence analysis. The only exceptio n was that for Lhe 
mi crosatellit es. one of the amplifi cation primers was labeled 
wi th a fluor escent dye (Jntegrated DNA Techno logies. 
Coralv ill e. IA). which allowed for automation of the frag
melll analysis. A I lele sizes were determined by separation of 
Lhe PCR products on a 7% polyacrylamidegel run on an AB! 
377 DNA A nalyzer (A ppli ed Bi osystems) using GeneScan-
500 (Tamra) size standard. Fragment length was assigned 
with theGeneScan software program (App lied Biosystems). 

The selecti on of which microsatellite loci to use for 
genetic profi ling was based upon publi shed data indicating 
a heterozygosity value of zero in a sample of 26 adult 
Kemp's rid ley females and 176 of their offsp ring ( Ki chler et 
al .. 1999) . Initi ally , two Kemp's ridl eys, two loggerheads. 
and the three hyb rid anim als were genotyped to detem1ine 
the ut ilit y of each microsatellite locus for species designa
tion. After locus Klk 3 14 had been selected, an additional 
four Kemp·s rid ley and two loggerhead sea turtl es. which 
represented the entire collection of K emp' s ridl ey and log
gerhead sea turtl e DNA in the CCR databank, weregenotyped 
to increase our confid ence that the Klk 3 14 locus had very 
low polymorphi sm in each species. 

Results . - Examination of 353 nucleotid es of mit o
chondrial d-loop sequence revealed that al I of the suspected 
hybrid animals were derived from a Kemp's ridl ey maternal 
l ineage. Th ere was a single nucleotide substitution between 
the d-Ioop sequences for the known K emp's and the hybrid 
animals versus 23 substituti ons between the sequences for 
the hybrid s and the loggerheads. No nucleotid e substillltion s 
were observed among the sequences from the hybrid ani
mals, suggesting that all three hybrid s could have been the 
products of a single clutch of eggs. 

Analy sis of the nuclear genotype data confirm ed that 
the suspected hyb rids were the offspring of a mating be-
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Figure 2. ABI 377 gel image showing rela1ive allele sizes for six Kemp·s ridley. three) hybrid. and four loggerhead sea turtles a1 
microsatellite locus Klk 314. 

tween a Kemp' s ridley and a loggerhead (Fig. 2). While all 
of the known Kemp's ridleys were fixed for a 111 bp long 
allele at locus Klk 314. all of the loggerheads were fixed for 
an allele that was 127 bp in length (Table 3). The suspect 
animals possessed both alleles, indicative of their hybrid 
status (Fig. 2) . Data from the additional microsate llite loci 
that were assayed were in agreement with data from locus 
Klk 3 14, but alleles at these loci were not fixed in both 
species, and so they were not diagnostic for species status 
(Table 2). 

Di.~cussio11. - A combination of data from nuclear 
microsatellite genotyping and mitochondrial sequence analy
sis identified and characterized a natural hybridization event 
between two genera of sea turtles. The data indicated that the 
suspected hyb1id offspring were the resull of a mating 
between a male loggerhead sea turtle and a female Kemp's 
ridley. Each methodology provided unique and critical in
formation for this determination. Due to the maternal trans
mission of mitochondria . the mtDNA sequence revealed that 
the female parent was a Kemp's ridley. Conversely. the 
biparental mode of transmission of the nuclear markers 
allowed for the exami nation of the paternal contribution to 
the mating. Since both of the pecies of interest were fixed 
for alternate alleles at the Klk 3 1-+ locus. the data are 
relatively unambiguous. It is intere ting to note that the 
hybrids appeared to have normal growth rates. indicating 
that they were not simply viable. but were quite healthy. The 
fertility of these runles remains unknown. since Kcmp·s 
ridley sea turtles do not mature until they are at least S years 
old in captivity, and possibly as many as 12 years of age in 

the wild (Caillouet et al., 1995a; Zug el al., 1997). 
Hybridization between a Kemp's ridley and loggerhead 

sea turtle has been documented previously. A single hybrid 
individual was identified in 1992 by Keinath and Musick in 
Chesapeake Bay (Karl et a l.. 1995). Analysis of mitochon
drial and nuclear DNA extracted from the blood of that 
specimen revealed a Kemp· s ridley mtDNA haplorype com
bined with a mixed nuclear component derived from Kemp's 
ridley and loggerhead sea 1u11les (Karl et al.. 1995) . The 
Chesapeake hybrid was observed to be the product of a cross 
between a female Kemp' s ridley and a male loggerhead sea 
LUrtle. which is the same parental linage that was evident in 
our hybrid turtles. Karl et al. ( 1995) theorized that the 
mechanics of mating behavior and the size difference that is 
apparent between a Kemp's ridley and a loggerhead sea turtle 
wou Id Ii mi tan y hybridization event between these two species 
to a female Kemp's ridley and a male loggerhead sea 1u1tJe. 

Although only a small numberofi ndividuals (6 Kemp's 
ridley and 4 loggerhead sea turtles) were typed for the 
nuclear markers utilized in our study. we are confident that 
marker Klk 314 exhibits very low variability in the Kemp's 
ridley. The published source for the p1imer sequences re
ported a heterozygosity value of zero following the screen
ing of over 200 individual haplotypes (Kicl1ler et al., 1999). 
They observed marker Klk 3 1-+ to be monomorphi c in an 
assay of'.26 adull Kemp·s ridley females as well as 176 of 
their offsp ring. for a total of 228 haplotypes. Although it is 
possible that Klk 314 is polymorphic in the loggerhead sea 
turtle. this would not alter the conclusion regarding the status 
of the hybrid turtles. The alternate Klk 3 14 allele that was 
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observed in the hybrid s has never been detected in a large 
group of known Kemp's ridl eys: the mi1ochondrial se
quence data confirmed that the hybrid s had a Kemp' s ridl ey 
maternal l ineage. 

The identification of three known hybrid turtles among 
hatch ling s from the primary nestin g beach at Rancho Nuevo 
is of particular concern. Marin e lllrt !es are be! ieved to breed 
in close proximity to the nesting beach (K arl et al.. 1995). Ir 
thi s is the case with Kemp's rid leys. then the hybrid s resulted 
from an interspecific mating that occurred at or near the 
center of the Kemp 's ridley range. While Karl et al. ( 1995) 
reported that all previou sly observed hybrid s were detected 
in areas of over lapping nesting range, Chesapeake Bay is 
remote from the primary Kemp's ridl ey nesting beach. In 
fact, unti l very recently. Rancho Nuevo was the only known 
nesting site for Kemp 's ridl ey sea turt les. Th erefo re. it is or 
some concern that a female Kemp 's ridley may have been 
mated by an unsuitable loggerhead male during the normal 
ridl ey breeding period in the heart of its nestin g range. 

These hybr id lllrt les were most lik ely the product s of an 
extremely rare. isolated event. Ifthi s is the case, there is li11le 
cause for concern. Howeve r. if hybri dization were LO be
come commonplace among Kemp' s ridley s. the outcome 
could be severe, particularly if the hybrid s are fertile. Con
sidering the relativeabundance ofl oggerheads versus Kemp's 
ridle y sea turtl es. it is possible that widespread hybridi zation 
between these species wou ld swamp the K emp· s ridley gene 
pool , further depressing their already depleted numbers. 
Altho ugh reproduct ive viability is unlikel y since the hybrid s 
were produced by inter-generic hyb ridi zation. even steril e 
indi v idual s could pose a threat if they were Lo become 
numerous. For example, if female Kemp 's ridl eys mate only 
once per breeding cycle, selection of a sterile hybrid male as 
a mate might remove a given female from the breeding 
population for that cycle . In any case. it is c lear that biolo
gists working wi th the Kemp 's ridl ey should remain vig ilant 
for the occurrence of addi tional hybrid individuals. 

Ack11ow/edg111e111s. - Th e authors would lik e to thank 
Cain Bustinza and Andrea Cannon. fi shery biologists. Jul ie 
Sommer. Ryan Huebinger. and Rick Brenneman. conserva
tion genetici sts. as well as Mall Fraser. graphic artist. for 
their contributions to this manuscript. We would also like to 
thank James Ford Parham for his many helpful and construc
tive comme111s. although any shortcoming s in the fina l 
version of this manuscript are the sole responsibilit y or the 
authors. Thi s research was supported by grants from the 
Ahmanson Foundation. which have provided the Grewcock 
Center for Conservation and Research with three AB I auto
mated DNA sequencers. The authors also wish to acknowl
edge Bill and Bernice Grewcock for their generous and ongo
ing suppoit of genetic research at the Henry Doorly Zoo. 

LITE R,\T URE Cmm 

.ALLARD. M .W .. M IY,\~IOTO. M.M .. BJORNDAL. K .A .• BOLTEN. A.8 .. 
AND BowEN. B. W . 1994. Support for natal homing in green curtles 

from mitochondrial DN A sequences. Copeia 1994( I ):34-41. 
CAILLOUET, c. W .. JR., FONTAINE, C.T.. M ,,NZELLA-TIRPAK. S.A .. A:'(D 

W1LL1AMS. T.D. 1995a. Growth or head-started Kemp's ridl e~ 
sea 1urtles (Lepid()(·/zelys kempii) fo ll ow ing relea~e. Chelonian 
Conservation and Bio logy I (3):23 1-234. 

C,,11.Lou1, 1. C.W .. JR .. Fo:-tTAINE. C.T .. W1u.1AMS. T.D. , AND Ku ~i,,. 
E.F. 1995b. Accomplis hments in Kemp's ridley head stan 
experim ent. In: Richardson. J.I. and Richard son. T.H. (Comp il 
ers). Proceeding, or 1he 12th Annual Workshop on Sea Turtl e 
Bio logy and Conservation. NOAA Technical M emorandu m. 
NMFS-SEFC-361. pp. 1-l-17. 

DunoN . P.H .. D\\ ·1s. S.K .. GUERRA, T .. ,\ND OwENs. D. 1996. 
M o lecular phylogeny for marine turLles based on sequem:es of 
the ND4 -leucine tR A and con1rol regions of mit ochondri al 
DNA. Mo lecular and Phyloge netic Evol uti on 5(3):51 1-52 1. 

FON'f,IINI:. C.T .. M,,RVli\, K.T .. WII.LIA~IS. T.D .. BROWNING, W.J .. 
HARRIS. R.M .. INDELIC1\T0. K.L.\V .. S1M1TUCK. G.A .. ANDSADI.ER. 
R.A. 1985. The husbandry or haichling 10 yearl ing Kemp·, 
ridl ey sea tu riles (Lepidochelys ke111pii). NOAA Technical Memo
randum. NMFS-SEFC-158. 89 pp. 

FONTAIN~ .• C.T .. MANZELI.J\. S.A .. WtU .IA,\IS, T.D .. HARRIS. R.M .. 
\ND BROWNING. W.J. 1989. Distribution. g row th and survi val or 
head started. tagged and released Kemp· s ridley sea turtle, 
(Lepidochelys ke111pi) from year-classes 1978-1983. In: Caillouet. 
C.W .. Jr. and Landry. A.M .. Jr. (Eds.). Proceedings of the Fir st 
Internati onal Symposium on Kemp· s Ridl ey Sea Tun le Bio log~. 
Conservation and Management. Galveston: Texa s A & M Uni, .. 
pp. 124-144. 

KARL. S.A .. Bow E:-J. B.W .. AND Av 1sE. J.C. 1995. Hybr idi zation 
among the ancient mariners: characterization o r marine tun le 
hybrid s w ith molecular gene1ic assays. Journal of Hered it~ 
84(4):262-268. 

KICHLER. K .• HOLDER. M.T .. DAVIS. S.K., M ARQUEZ-M .. R .. AND 

Q\\ l' 'IS. D.W. 1999. Dc1ec1ionof111ultiplc pa1erni1y in the Kemp·, 
ridley sea turtl e w ith limited samplin g . M o lecular Ecolog~· 
8:8 19-830. 

L0Nm11RE. J.L.. GEE. G.F .. HARDEKOFf. C.L.. AND M,,RK. G.A. 1992. 
Establishing paternity in whooping cranes (Grn.1· a111ericww) b> 
DNA analysis. Auk I 09:522-529. 

M ,,RQUEZ-M .. R. 1990. FAO spec ies catal og ue. Vol. 11. Sea 
1ur1les of the world. An annota1ed and illustrated cata logue 
of ~ea tunic spec ie~ known to dale. FAO Fisheries Synopsb 
No. 125. 8 1 pp. 

M ARQUl'/.-M., R. 1994. Synopsi s of bio logical data on the Kemp·~ 
ridley turil e. Lepido cltelys kempii (Garma n. 1880). 
NOAATechnical Memorandum NMFS -SEFSC-343. 9 1 pp. 

SAMBROOK. J .. FRITCH. E.F .. ANI) MANl,\TUS. T. 1989. Mo lecular 
Cloni ng: a Laboratory M anual. 2nd editi on. Cold Spring Harbor 
Press. New York. NY. 

Zuo. G.R .. K,,ui . H.J .. A'ID Lu-1J,R. S.J. 1997. Age and grow th in 
wild Kemp' s ridley sea tunics Lepidochelys kempii from 
skelctoc hronologica l data. Biologica l Conservation 80:26 1-268. 

GenBank acce~sion numbers for 111i1ochondria l cl-loop 
sequence fr om two Kemp's ridley. tw o logge rhead. and thr ee 
hyb rid sea turtl es: L. kempii 369, AF37440 I: L. kempii 374. 
AF374400: C. care/la I. AF374399: C. care/la 2 . AF374398: 
XXK 316. AF374404: XXK 321. AF374402: XXK 361. 
AF374403. 

Recei11ed: 30 May 200 I 
Rel'ised and Accepted: 28 Augu st 2002 


	Barber_etal_2003.pdf
	CCBv4n3pg701.pdf

