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Estructura poblacional de 2 IOFtUEE Caguama
(Carerea carerta) en el octano Atlintico noroeste
¥ el Mar Mediterranen

Resumen: Con of propdsito de evaliar fa effruciurg gend
flea de fax pobl. ¥ fas e i enire po-
blaciones anidadoras de la tortuga caguama (Caretia
Caretta), is la o1 el ALY i

(ADNme) de |13 muestras Provenientes de cuatro playas de
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ol Musr Medil Las jvas en la fre-
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Introduction

The loggerhead turtle, Carelts carvila, 5 distributed
widgly in warm emperate and subtropical oceans. At
intervals averaging twi to three years, adult loggerheads
depart fram the foraging grounds Gn reproductive mir
grations that range in distance from 3 few o thousands
of kilameters [ Meylan 1982, Margaritoulis 19884, Tag-
jing data indicate that most females return Qithiully o
ihe same nesting beach, and both Jenes return to the
same foraging sreas
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Including imprinting of hatchlings, genetic program.
ming. or social interaction (see’ Owens et al 1982)
Notably, social Interaction could account for nest-
site fidelity without invoking natal homing, first-time
ncsters may follow experienced females from feeding
grounds to suitable nesting locations. and then focus
on that location for subsequent nesting efforts. Under
this “socil ficilitation™ scenario, recruitment to non-
natal rookeries would provide azn avenue of female-

gene flow rookery | that

{Limpus et al 1992} Lugz;trh.c.ld harchlings leave the
nesting beach (o pccupy GCeanic current systema (such
as the North Atlanne gyre ), where they dnft passively
for five years or more befare recruiting to cosstal neritic
zones (Carr 1986 ) Subadults may occupy coasial feed-
ing grounds for 4 decade or more before their fiest re:
productive migration (Care 1987 ) Estimates of the age
3t maturity for western Atlantic loggerheads range from
12 to 30 years (Frazer & Ehrhurt 1985 Zug et al 1986;
Khinger & Musick 1992)

In recent reports, MDNA analyses have proven useful
for defining demographic and cvolutionary units among
the manne tustles Chelonia mwles (green tantle ) and
Lepidachelys spp, (ridicy wrtlcs) (Bowen ct ab 1991
1992} The matcrnal inhentance of mONA lends this
approach a special significance in evaluating aspecos of
marine turtle |y histary, including the possibilicy of
natal homing by females (Meylan et al, 1990) Tag:
recapturc cxperiments indicite that female lopgerheads
evpically retuen to the same pesting area (Bjorndal et al
19H4 1, but i1 s unclear whether this site Hdelity o 3
product of natal homing hehavier. I principle, varicty
of mechunisms could explan fumale nest-sie Gdelity,

have pping feeding grounds. Altermatively, under
; *natal hnmmg scenario, female-mediated gene flow

ies would be or absent. Thus.
the contrasting models of “social facilisation™ versus
“ratul homing™ generate distinct predictions about the
distribution of mIDNA lineages among nesting assem:
blages.

Based on significant diffcrences in the concentrations
of heavy metals in eges (Stoneburner et al. 19807 and in
the composition of epibiot on adult females (Caine
1986, logg nesting populations in the
ern LS. may be divided into at leas: two demographic
units correspanding to Flonda and GeorgivSouth Caro-
lins. However, metal concentrations and epiblota are
acguired through prolonged conct with & panicular
environment. and therefore are 4 product of the habitis
utilized by females during nom-nesting intervals. Thus,
thise “scquired” markers reflect differences in feeding
arcas oF migration pathways but leave open the question
of whether GeorgivSouth Caroling and Florida rooker-
I8 2re penetically distiner Here we seck (0 add an e
ulutionary. perspective 1o the understanding of logger-
thesatd pog in the US. through
analyses of innate, genetically inherited markers:
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A seeinl concern addreasal in fhis study i (e (L1
stlation stencture of Mediterranen Fepgarhead surtles 1t
s B suggested thist feesling weimds in the wistern
Tranean contin more ju than conbd he
ted by Medaterrinean ronkerios alione { ArgEny &
i VURA; Laurent TR0 TN Sevieral rescr
ers have speculated that North Atlantic wirdes muy e
fer the Mediterrangan system vid cirms Nesrthy
Atlantic gyre (Care 1987, Laurent DI ), Becomie
trapped in the Mediterranean B by MPOng curents
At the Steaits of Gibealtar (Care 1957 ) and gventially
recruit tn Meditereancan nestimg. colontes { Groom:
hridge 1988). IF Atlantic loggerheads receit at Triggh fre
Huency to Mediterenean rookerics, tis face shouid be
reflected in the genetic composition of westeen Athntic
Al M nesting £

Thus, this stuily was designed t assess the Benetic
and demographic integrity of nesting populations both
within one region (the northwestern Atlantic ), and
Among k 30N 3 ooy siatle consistent with
known loggerhead migrations (the North Atlantic
Ocean and Mediterrancan Sca ) Given the magnitude of
lopgerhead movements, both micri- and ecrigeo-
Braphic scales are relevant to loggerhead conservation
As noted by Limpus et al, (1992), “no one country (S8
trols the fate of 4 given turtle population

s il 1l

Materials and Methods

Between 1987 and 1991, 113 nests were samphed from:
(1) Kiparissia Bay, western Peloponnesus, Greece (2=
21 ) (2) Cape Romain, South Caroling, USA, (1 = 19);
{3) Comberland Island and Little Cumberland Island,
Georgia, USA, (m = 44); (4) Broward County and St
Lucie County, eastern Floeida, /S A, (# = |15k and (5)
Key lsland (€ X western Flocida, USA (n

Nests were sampled for two eggs of for one hatchiing
during one typical internesting interval { 12-14 days) o
assure that the same female was not resampled. Two
“Eps were tken 1o offset mortality during transporta-

Momirnt o1 of

thiet, Becanise fopgerhead cpgs are very sensitive to mn-
tiven adieringg the W wecks ol development { Limpus
ctal 1979 Eggs were incubated for six wo clght weeks
Prar i processing, and hatchlings were sacrificed at
Appropeate b Geilities. Because siblings are expected
o e scbentieal with respect 1o muNa penutype, sample
sisen refer to the number of nests sampled

Glised-circular miDNA was isolated from soft tssics
(hatchlings ) or whaole embiyas (eggs ) by CsClethidivm
Bromide density gradicnt centeifugation ( Lansman et al,
1981 ). Purificd mtDNAs were digested with the 17 in-
formative four-, five: and six-hase CULNg restriction cn.
svimies listed in Table 1 In addition, represeniative sam.
ples were digestied with BamH, Clal, EcaRtl, Kpnl, Nal,
Sercl. Siell, and Smal, but these enzymes proved to he
phyle I inifi producing either one
r 0o cuts in logpechead samples. Digestion fragments
were end-abelled with 'S nucleotides and separated on
1 0=1.7% agarose gels. Restriction fragments were visu.
Alized by autoradiography and assigned maolecular
weights on the basis of comparison to a 1-kb ladder
dard.

Istimates of nuclentide sequence divergence (p val-
tes ) were calculated by the “site” approsch of Nei and
L1979 ) haplotype and tentide di ies were
ustimated by the methods described by Nei and Tajima
(1981} and Nei and Li (1979, respectively, Restriction
fragment profiles were described using compasite letter
codes and were joined into a parsimony network that
interrelates observed restriction fragment patterns,

Because we are Interested in genetie relationships
among tuetles from particular paies of nesting beaches
(such as those that may accupy the same feeding
rrounds ), some of the analyses described below include
pairwise rookery comparisons (although results of mul-
tiple pairwise comparisons are not satistically indepen.
dent). Pairs of rookeries were tested for significant dif-
ferences in haplotype frequency by the G test, with
Yates's correction for small sample size {Sokal & Rohif
1981). Pairwise estimates of inter-rookery gene fow
(N ) were also calculpted from G,, values (Nm = 1/2a
(176G, = 1)) wherea = (UL — 1)  and L Is the number

Table 1. Description and distrbation of mDss genatypes abserved |a loggerhead turties.*

Compasite Code FIEONA Genioty e Rookery Location Nurnber of Nests
A DECCCCCOCACECCCHC Georgla, USA, 2
n DECCCCCCCieococnc South Carolina, USA. 19
L USA 41
Exst Florida, LS A +
West Florica, US4 3
C NECCCBCCCHCECCERE East Florida, USA, |
o ACCCODCCCRRCCCCOC East Florida, 1158, 10
West Florida, LS 9
Ripariasia, Greece 21
E ACCCCDCACANCCCECE Georgia, USA. 1
* Mhaaticszed fetters rofier fo met)NA 4 A freven Tt b right) Avadf, eld, Biglt, Bgitt, Baktl BsuvT, Dradf, EcokV,

I il |
Vst Vil M, Nues, Pl Spel. Swtfi Sl anid Xbat For euch e, wdpacens detiors
i ferers differ by it et o iles
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viding 3 snirre compservabive evaliathon of Pwapilanion
structure in the sense that the eesulting N values e
fomir-fald ighce. Finally, an estimate of mean nagsranion
rane (V) among ronkeries was ‘caleulared by the nr
watetllele method (Slackin 1955 ), using the cquation iy
Skatkin anud Warton | 198

Results

¥ Renotypes were observed smong the 11S ygeer:
Hasaud mests samipled { Table 1), with 3 mean of 82 restric
thon sites scored per individual, Digestion protiles
avartable: from the senior author upon request. Al e
Mriction site chunges could be explained by spec
RIS 0 losses of particulir cestection sites.

Turthe species tend to exhibit relatively low levels of
genetlc variation dnd differentiation {Avise ot 2l (992
Karl ct al. 1992 but see Seribner en sl 19861, and pre:
vious studies indicate that loggerhead turtes Have cum-
martively low gencnc diversity at protein clectropho-
retic loci (Smith et 4l 1978, Gyuris & Limpus 19585
The current seudy extends this qualitative conclusion o
loggerhead miDNA: overall haplotypic and nucleonde
diversities in surveyed loggerheads were 0,505 and
(LON018, respectively ( Table 2), These estimates. and the
levels of sequence divergence amony all abserved hap-
lotypes (Table 3), are at the low end of the specteumm of
such values reported for comparisons of conspecific
vertebrates (Avise cral 1987, 1989),

The size of the loggerhead miDNA molccule was es-
timated to be 16.6 kilobases (kb)Y Variation in mul3NA
genome size, however, was revealed by many of the
restriction enzyme fragment profiles, Discrete size
classes differcd by roughly 80100 bases and spanned &
total range of about 0.4 kb in 4 single region of the
mtDNA molecule, Because the evolutionary dynamics of
these size polymorphisms are uncertin, and because
size polymorphisms were distributed more or less con-
tauously across our assayed locations, these variants
were from popul anulyses, All subsey
discusslon will concern restriction-site changes only

bl

Table 2. Loggerhead rartie haplotpe and nuclestide diversities
(Mei & Tajima 1981; Nei & Li 1979),

Haplotype Newcleotie
Biversity Diversity
rhj} f=)

Groece 1000 LM
South Carolina 00 [0 ]
3 0132 0oz
0514 00018
1,495 00015
0505 LT

trggerbesd Turde Mipalsig Srwemee R3=

Table Y. Extimaies of sequence divergence betseen the miliNg
“hnnes dessribeil | Table |, based on the she approsch of Sel
and L (1979)

MDA clane A " « D E
\ — 0O 00028 00089 00100
It — 02 D00TH 00089
c — 00092 pogoy
0 —  aooig
¥

Two distinet groups of haplotypes were ohserved (1
the miDNA phylogeny (A, B, € versus £, E haplotypes in
Figure 1), and these groups differ 3t & mean level of
sequence divergence g = 0008 This magnitude of di-
vuergence {3 similar to the deepest fork observed i g
global phylogeny for green wirtle miDNA (p = 0.007),
which partitioned Atlantic-Mediterrancan from Indian-
Pacific phylads (Bowen ct al 1992) In contrast, both
Majir groupings in the | mtDNA phylogeny
are observed within the Atlantic Ocean and co-occur in
the Florwda and Georgla nesting populations

To some extent, the low level of genctic variation
observed in this study impairs our abiliry to resolve re-
gional papulation issues, Rookery samples are domi-
raared by two mtDNA genotypes (8 and D in Table | and
Figure 2) Nevertheless, the distribution of these geno-
types has 3 steong geographic companent. Genatype D,

Hindll1 BstNI

Figure 1. Py

1y netwark
refationships amorng meDNA baplorypes ohserved in
the survey of northwestern Atlantic and Mediterra
rean loggerbead rookerivs. Letters refer to the com-
Posite genotypes described in Table | Bach dash cor-

g the inber-

10 a single Bain or logs, with
the correspronding enzyme indicated above or (o the
left af the dash

Canservacin Biology
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observed in 67% of eastern Florula samples (i = 157 Florida and western Florida: and (2) Georgia and South
and 6% of western Florida stmples (= 1), s com Farnling, We conclude that loggerhesd rookeries of the
pletely absent from the Georgia (n = i) and South southeastern U S, comprise at least two Benctic popula.
Carolina {n = 19) cotlections (Figy 2). Genotype fro- hons, between which contemporary gene flow is low
Huencics differed significantly in cight of ten pritirovise (Tahle 4) L

rookery comparisons (Tahle ) Notably, the casey The Mediterranean sample was fixed for one miDNA
Where genotype frequencics were not stgnificantly Jif genanype (haplotype £ in Table 1) that was observed at
ferent invalved proximal nesting beaches: [ 1) eastorn =67 frequency in Flarida samples and abscnt in

SOUTH
CAROLINA

— a4

GEORGIA

FLORIDA

- 28+ ! i . #
IR 8 i
o R 8ar a0
L i et 28 1 = o

Figure 2 Cotlection tites and Renabypes abserved at each of five Atlaritic and Mediterranean rookerfes of tie
lopgerbead turtle Each letter refers o the composite meONA P of an dndividual turtle (Table 1)

Ll rvarion Rikogy
Malume =, S 4 Docenber 1993
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aesting braches with 4 ddes ol imbopenidenoe” fabme dis
Al Yo valwes hed o0 the 6, esiimates {bebin gl | **
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approsimately S50 nesting females  Murpliy & Hep.
Kitts 1980 Within this region, howes eting hahitay
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Georgia and South Caroling, Pairwise Cufiparsane of
the Meditereanean versus West Atlintic rookeries
viclded sigaificant & vitlues and how ostimates of inier
rookery migration | rnging from Ver = (1) wNn =
b3 migrants per generation [ Table 41} Thus, the Meg
fterruncan rookery diffees significantly in genetic com.
position from nesting beaches in the northwessern At
Fantic,

Hased on e private allele method (Skikin 1985 ), 4
mean value of Nm o= 20 is estinrted for the asaved
Ioggerhead nisting populitions. This valug is ity
tively similar o values derved from the Gy approsch
(Table <41 In gencral, values of Mo Breater thun about
ane 1o four indicate thae gene flow is suficient 1o min-
fain 4 relatively homogencous gene pool, whereds lower
values indscate that gene Now s not sufficicnr o prevent
divergente of solated gene pools by genetic deift ( Birky
ut al 1983; Stukin 1987) Several caveats concerning
Nm merit L . First, the
estimates generited bere are from i single gene geneal:
Ofy. More accurate estimates of Bene fdow would be
cxpected fram an analysis of multiple independent joc)
Lalthough they would not then apply strictly to female
lincajes that arc of special interest here ). Second. some
of the rookeries surveyed may be the product of recent
colonization events ( see below ), such that assumptions.

of population equilibrium are not met (although Statkin

in e The nesting beaches in Florida s
Genrgasouth Canlig are separated by several hun-
deed kilameters of beach in which logerhead nesting
density i Tow ( Murphy & Hopkins-Mumby 1989} 1
the Mediterrancan, prominens PTG SRETCEIeY e e
purted from Zakvrithos and Pelgpannesis in Grecee and
along the adpeent coatline of Turkey l(‘mmmbrldm
1981 Notably, the loggerhids that nest a these Med.
iterrancan locations arc significantly smaller than those
that nest In the western Atlantic { Margaritoulis 1982,
1A

In erms of the distribution of miDNA lincages, the
varius Atlantic and Med, nesting i
Assived ny this suly are significanily different, 1 con-
clusion consistent with results of a protein clectropho-
retic anabysis of luggerhead - m O B
Australia (Gyuris & Limpus 19857 But we observed
more shring of mtDNA' genotypes amang loggerhead
rookerics than was observed in green turtles, a @t re-
flected in higher esti of mean 1
rate bascd on Slatkin's [ 1985 ) private sllele method. N
= 20 for Atantic loggerheads, compared with N =
0.3 for Atlantic green turdes (Bowen et al. 1992). f¢ i
passible that these migration estimates reflect 3 higher
leveel of dispersal in female Ioggerhead wrtles relative 1o
green turtles; movement beoween spatially distinet
green turtle rookeries is known o be extremely rare
(Mevlan 1982 On the other band, the higher migration
estimate for loggerheads may be an artifact of sampling
design, because faue of the five sampled nesting beaches
are in one geographic province (the southeastern
United States ). Additional data will be required w de-
termine whether nesting loggerhead wrtles are less site-
specific than are nesting green turtles.

Evolutionary History of the Western Atlantic and

and Barton [1989] suggest that the app used

here 1o estimate Nm are y
type of hias). Finally, the theoretical basis for these es.

Mediterrancan Rookeries

Climatic processes have undoubtedly influenced the

© pOrLry and ! af
o this ! Siting g i e

o ges. 1
quire 3 minimum of 60 days above 25°C (o incubate
+ such that cold temperate conditions in the

fimates is still under develop ] cali-
heations are currenty unavailuble, For these reasons,
Nt estimiates should be interpreted as gerera! indica-
vors of the magnitude of genetic exchange.

Discussion
The nesting beaches of the southeastern United Staves,

tiken together, comprise the seconil larggest reprodie.
tve aggregate of foggerhead turtles in the world, with

Mediterrinean { Buckcy et al. 1982; McCoy 1980) may
have precluded nesting here during the most recent
glacial period (18,000 1o 12,000 years before the
present). In the western Athintic, logggerheads possibly
fested in southern Florida during glacial intervals; but
dlmost certainly not at present-day rookery locations in
Georgia, South Carolina, and North Carolina (see Hedp-
peth 1954) Thus, the contemporary distribution of
nesting beaches in the southeastern United States oy
be the product of colonization events aver the base

temmmervasian Rubogy
Wik 7. Nux <, Dcwmmteer 1003
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120600 years, an loggrerhead femabes extended the north.
rn houndary of the ENHIR FINgE. EINe Consequence of
this colomization pricess conld be 2 progresive loss of
mIDNA diversity inmore northerly rokerics, 55 maier-
il lincages dre Altered through a series of colonization
ot - of haplotypic and genotypic di-
versity (Table 2) are consistent with this scenario
In'the LIs,, this col process has
apparently been sufficient 10 extend the northern limity
of nesting by 1000 km within the last 12,000 yeurs
(firwee than 600 loggerhiead generations ) [n the Mol
terrancan, hahitats that were oo cold to SUPPOrE nesting
and feeding 12,000 viars ago are now utilized exten-
sively by | BRt turtles. Furth ,Ahe p
of the 1) genotype at 100% frequency in samples from
Greece indicates that this coloay sharcd a recent com-
man ancestor with western Atlantic populations. Thus,
conclusions drawn from climatic history, miDNA data,
4nd tagging studies are concordant in indicating that
lopgerheads are active colonizers that can occupy newly.
opened habitar over refatively short evolutionany time
scales. In other words, contact between loggerhead
roakesies in the West Atantic and Mediterranean has
been sufi 1o prevent ed evolutionary di-
vergence, despite a restriction of Vv jhent

Mesmpn vt ol

propensity. for nesting rel
change of even ane migant per gencration is sufficicnt
n Y 40 maintain alicles in similar frequencies in
populations ar cquilibrinm (Skitkin 1987; but see Allen.
dort 1983). One possible explanation i that Georgny
south Caroling and Florida nesting populations have not
resched an equilibrium condition. Suppart for this pos.
sibility stems (1) from climatic data: the Geoargla and
Sauth Caroling rookeries were probably ansuitable for
nesting 12,000 years {or sbout G00 loggerhead genera:
thons ) before the present, and (2) from contemporary

wraphic data: nesting | have been re.
tuced in the last several decades by mortality associared
with incidental capture in the sheimp fishery ( Henwood
& Stuntz 1987; National Resetreh Council 1990}, Either
af these [actors could be sulficient o abrogate sssump-
uony of populati A related hypot is
that these nesting relocations are 2 relatively. recent
phenomenon, perhaps induced by human encroach-
IMENE Gn nesting grounds and adjacent intermesting hab-
itat, Inferential support for this scenario is provided by
ficld observations: turtles disturbed during nesting are
more likely than undisturbed turtles to relocate to an
adjacent besch, and they may wse the new beach for

ations, because the ex

How berween nesting assemblages ( Table 4 )

Regianal Population Structure—Southeastern United States

MEDNA data indicate that nesting loggerhead turtles in
the southeustern United States are divided into Georgiy
South Carolina and Florida cohorts, a2 conclusion also

P by subtle diffe in it (Stane-
busner 1980), Many coastal marine organisms of the
southeastern United States show a phylugcographic dis.
Eontinuity in this arca (Rowen & Avise 1990, Avise
1992, including an estuarine termapin (Lamb & Avise
1992}, But the apy in | b is
difficult 1o reconclle with some aspects of Lag-recapiure
data. While most nesting females retuen to the sime
beach in successive nesting seasons, a small fraction of
fagged turtes has been ohserved nesting at alternative
sites (Dodd 1988) Bjorndal et al, ( 1983) reviewed 25
cases of nesting beach relocations in the southeast re-
ion, and LeBuff (1974) reported that 4 female tagged
on a3 western Floridi nesting beach was observed nest-
Ing on the cast coast of Florida {550 km distant) four
¥ears later, More directly relevant to this discussion, 11
tagged loggerheads were observed to nest at both Gear-
¥ia and eastern Florida sample locations during the pe-
riod of 1978-1985 (). L Richardson, unpublished data ),

The signi dliffi in ob d mtDNA haplo.
ype frequencics between Florida and GeorgiaSouth
Carolina rookeries Appears o be inconsistent with this

i rvatiim Haidingy
WMistume 7, N &, Drvomier 1993

i nesting efforts (T. M. Murphy, personal
communkeation ),

The heavy metal concentration of loggerhead cgp
shells differs significantly between Florida and Georgia'
Sauth Carolina rookeries (Stoneburnier et al, 1980}, 3
distinetion that is further supported by differences in
the epiblota assemblages of nesting turtles (Caine
1986). Since both cpibiots and heavy metals accumulate
during non-nesting lntervals, these environmental mark-
ey indicate some level of segregation on feeding
Grounds or migratory routes. Notably, tag recoveries
SUppott 3 similar partition: Florida nesting turtles are
recovered along the southeastern US, in the Bahamas,
and in the Caribbean { Meylan 1982; Meylan et al. 1983,
while Georgia nesting rdes have been recovered al-
most exclusively on the east coast of the LS. (Bell &
(! 1978; Ri 1982, ung d data).
Thus, both environmentally-acquired markers and ho-
muan-applied tags indicate some segregation on feeding
grounds,

Acquired markers (heavy metals, epibiota, and tags)
and inmate genetic markcrs (mMEDNA ) SUppPOrt a concor-
dant partitioning of nesting populations into Florids ver-
sus Georgia/South Caraling units. But these two clusses
of markers clucidate very different sspects of logger-
head natural history, The genetic markers indicate that
loggechead females tend to nest in the vicinity of their
natal rookery, whereas the acquired markers indicate
thar Florida and GeorgiaSouth Carolina nesting populi-
tions tend 1o segregate on feeding grounds as well.
Taken wogether, these distinct classes of information al-
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Medliterranean Recrnitment and Nital Hming

The mtlINA data smdicate that regronal hggetican! tess
g popalations are genctically distinge, hut 4 cimplere
test of matal homing reguices afurtiation on fealing
ground compusidion s well 10 e rirpiilatims
AN separate feeding grounds, then genctic eXpee
triians under the matal homing and social fclicton
muodels converge Because turthes dee a0t coneonted
with the option of following expericnoed brecdees
non-natal pookery. There the aptimal genetic tests
ol these competing hvporheses invilve noesting popula.
tining that share [veding s
The supy it fuvenile |

atls froim Nortly
Atlantic nesting beaches occur on Moediterrnean feed-
Ing grounds s based on three lines of evidence. Fimt,
Carr (1987) nuted that more juvenile oggerbionts e
cupy Mediterraneun fecding grounds thin could be e
crated by the Mediterrancan mokeries alone (see also
Argtng & Baldars 1983, Second, a hingterbead tagged in
the Azores subsequently was recovered in the Mediters
minein (Bolten et al, 1992 Third, the North Alngie
current sysem { belivved to passively transport juvenile
| b ih mto the Medi | Evtrinta
wtal 1985). Groombeidge { 1988 ) speculated that sie
face currents und oceanic topology. muy trap pelagic

Ligorrbwal Turde Wypnilagion Stracmer A

TEPIS ol COnservition genctics o nnisement of ma.
e turtlcs, the populstion stroctire of femabes i of
specil interest A nesting femiles ulmately pov.
urn the reprodisetive success af these specics, Hiwever,
uther aspucts of aririne Wl conservation may hentic
from an undeestinding of the male companent of pep-
ubation genetic structire. Foe-cxample, do males mare
with fensles from other ookerics, facilitating auclhear
sene thow between nesting populations that are isolaed
with senpect w female lineages? If repional nesting pop-
ulations are finked by male-mediated gene ow, then
s sembliges may be buffered 1o some extent from
the reduced geactic diversity associated with popula-
tion bottlenecks, While a paternal unalog to miDNA s
navailable. muny of these Ssues may be dddressed with
amalysis of nuclear (n) DNA loce In green turtles, re.
striction fragment snalysis of nDNA logl demonstrate
that nesting populations are luss structured with respect
1o these biparentally-inherited markers than s the case
far maternally-inherited lineages { Kad etal 1992), The
implications of these data are that male green urtles
provide an avenue of gene ow berween nesting popus
lations. [t remains 1o be seen whether the same conclu-
ston applics o loggerhesd turtles. Nonetheless, ticse
complementary approaches (in this case, nDNA and
mDNA analyses ) are necessary to resolve the complex
Benetic architecture of marine trtle populaticns,

The miDNA data reported here indicate a significant

stige | juverile ) I s in the Medi Husin,
and that some of these strays may remain theee o breeid

IF one accepts the premise that juveniles from North
Athantic nesting beaches occupy Mediterrancn Feeding
grounds, then mtDNA data provide a eritical test of natal
homing for these turtles. Under a social facilitation
model, considerable receuitment of North Atlantic juve.
niles onto Mediterranean nesting beachcs bs expected,
resulting in 2 sharing of common miDNA lincages. Con.
trary 1o these expectations, samples from one of

genetic for log turtle Fook-
crics in the North Atlantie Ocean and Mediterranean
Se. C ¥ femal 1 gene flow b

regions is negligible (Table 4), vet all foggerhead pop-
ulations are related very clasely in an evolutionary
sense. What do these results imply for the management
of thi and g popul Over short
evolutionary time scales (perhaps a few thousand
years), female dispersal apparently is sufficient to allow

I of appropriate habitas in proximicy © es-
Both tag returns and miDNA data

Dlished

the largest Mediterranean keries (Kip Bay,
Greece) contained only genotype D of the two geno-
types (8 and D) that dominated northwestern Atlantic
samples. Thus, the miDNA data indicare that female-
mediated gene fow berween the porthwestern Atlantic
and Mediterranean rookeries & limited (Table 4} These
ata sre inconsistent with 1 mujor role for social faclli.
tation. If juveniles are trapped in the Mediterranesn, o
Groombridge ( (988 suppests, they apparently are not
fecruiting 1o Mediterranean rookerics at levels sufficient
to homogenize haplotype frequencies or to affect cone
temparary demogeaphics.

Conservation Concerns

Mitochondrial lineages are usiful for aduressing the fe-
male companent of papulation structare, bt they leave
parallel questions dbout male dispersal unresolved. In

indicate, however, that female gene flow is oo low 1o
have a si impact on pop ¥ ona
contemporary scale. Therefore, If nesting females are
depleted or extirpated at one rookery, regional dispersal
will not be ient to replenish this aver a
time scale that is o wildlife

dgencies, This conclusion holds regardless of the mag.
aitude of inter-rookery gene flow mediated by males.
Accordingly, nesting pog must be i w0
be demographically independent.
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