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ABSTRACT

The purpose of this study was to identify the natal origins of juvenile
loggerhead sea turtles found in the Charleston Harbor Entrance Channel (CHEC;
Charleston, SC) feeding ground. Restriction fragment length polymorphisms (RFLP)

were 1 from mitochondrial DNA (mlDP:le\] purified from blood samples taken

from thirty-three juvenile loggerhead turtles. These patterns (genotypes) were
compared to haplotypes (groups of genotypes) from previously defined rookeries of
the Southeastern United States (Florida, Georgia, and South Carolina) and Greece, It

was ined that the population structure of the juveniles in the CHEC was not

genetically identical to any one rookery but was a mix of the four rookery haplotypes.
Although this supports the hypothesis of feeding area integration for juvenile
loggerhead sea turiles relative to their natal rookeries, the higher-than-expected
numbers of juveniles from the Georgia and South Carolina complexes indicate some

degree of fidelity 1o feeding areas adjacent to natal rookeries.
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INTRODUCTION

Loggerhead Natural History

The loggerhead sea turtle, Caretta caretta (Linnaeus 1758), is classified as a
threatened species in United States waters under the Endangered Species Act of 1973,
Loggerheads spend the majority of their lives at sea, only contacting land as mature
nesting females or hatchlings. Upon leaving their nests, hatchlings become one of
many nektonic organisms (able to move independently of ocean currents) found along
border currents in the open ocean (Neshyba 1987). A twenty hour initial swimming
frenzy takes the 20g hatchlings to Sargassum rafts along border currents of the Gulf

Stream. Here they climb onto the mats and are at the mercy of the current direction.

Sargassum mals provide | ion to the hatchlings and allow foraging on various

prey items such as worms, and small
fish.

When there are no Sargassum mats, hatchlings aggregate at fronts. Floating

debris at these fronts attract planktonic ¢ i that colonize and make survival of
hatchlings feasible. Loggerheads are presumed to remain in the open ocean for
approximately four or five years before they are seen again along coastal feeding
grounds (Carr 1986, NMFS and USFWS 1991). Once leaving the Sargassum mats of
the open ocean, Southeastern loggerhead turtles inhabit the continental shelf and are

known to migrate as far north as Newfoundland (NMFS and USFWS 1991).



al. 1991) and are regularly found in cstuarine i including the Chesapeal
Bay, harbors and sounds in North and South Carolina and Georgia, as well as the
Indian River in Florida. Migrations of juvenile turtles may take them through many
potential feeding areas. Butler et al. (1987) reported that there can be as many as

three different groups of sea turtles occupying a feeding area at one time (adult males,

adult females, and juveniles). In addition, it is proposed that several genetic
populations may also be in a given feeding area (Smith et al. 1978).

In the Southeastern United States, nesting areas (rookeries) for loggerhead
turtles are located from North Carolina (1.0% total US nests), through South Carolina
(6.5% total US nests) and Georgia (1.5% total US nests), into Florida (91% total US
nests). These nesting beaches total approximately 2,240km and produce 33% of the
world's population of loggerheads. Eighty percent of the nesting in the United States
occurs along the Atlantic coast of Florida, from Brevard to Broward Counties. Other
significant nesting areas are along the coasts of Georgia, South Carolina, North
Carolina, and the Gulf coast of Florida (NMFS and USFWS 1991). Rookeries may be
defined by a single streich of mainland beach or they may be comprised of many
barrier islands. Low-density nesting areas appear to coincide with major beach
development (Figure 1) and include the arca between New Smyma Beach and
Jacksonville Beach, FL, the Grand Strand region on the north coast of South Carolina,
and the coast along the Outer Banks of North Carolina (Hopkins and Richardson

1984).




Lines of Evidence for Natal Homing

There are two hy

T the nesting behaviors of female sea
turtles, the natal homing hypothesis and the social facilitation hypothesis. The natal
homing hypothesis states that females return to their natal rookery with high fidelity

when time comes for them to nest. These return migrations cover hundreds or even

h ds of kil I the nesting beach and the feeding grounds (Bustard
1979, Meylan et al. 1990). On the other hand, the social facilitation model suggests

that i

d first-time breeding females will follow mature females to their

nesting beaches, If that nesting incid is a favorabl i for the new

female, she will then retum to that site to lay egg clutches in the future (Meylan et al.
1990, Bowen et al. 1991). In preliminary analyses of green turtle mitochondrial DNA
(mtDNA) (Bowen et al. 1991), data supported the natal homing hypothesis.

Limpus et al. (1992) cautioned that there is no test that will define a turtle's
natal beach within its rookery. Adult female loggerheads from Georgia and South
Carolina do not necessarily exhibit nesting fidelity to one particular barrier island, but
may have a range of up to fifieen kilometers (Hopkins and Murphy 1981). Limpus
(1985) reported that 98.3% of Australian loggerhead recaptures occurred at the original
tagging locality. The major difference in nesting between these two regions is that
Australian loggerhead nesting beaches are either small cays on the Great Barrier Reef
or small, isolated pocket beaches located on the mainland. Beaches along the
Southeastern United States are either barrier islands of various sizes in North Carolina,

South Carolina, and Georgia, or a nearly continuous mainland shore in Florida.



Nesting Female Migrations
Meylan (1981) and Meylan et al. (1983) showed that mature, Florida-nesting
loggerheads have a tendency to migrate to the Bahamas and the Caribbean. In

contrast, Georgia-nesting loggerheads are only found along the Eastern coast of the

United States (Bell and Richard 1978, Richard: blished data), These tagged
females were recaptured in waters ranging from Jacksonville, FL, to the southern coast
of New Jersev. A migratory path was proposed for Georgia's nesting females that
took them from the local nesting beaches, north to Cape Hatteras (paralleling the Gulf
Stream), and east into the warm mid-Atlantic water of the Sargasso Sea.
Environmental markers such as heavy metal concentrations in egg yolks were
tested from four nesting sites along the mid-Atlantic coast of the United States
(Canaveral National Seashore, FL; Cumberland Island National Seashore, GA; Cape
Lookout National Seashore, NC; and Cape Hatteras National Seashore, NC). The
heavy metals (e.g., aluminum, cadmium, cobalt, copper, iron, lead, mercury, nickel,

zine, ele.) were transferred into the blood system of the turtles afier they consumed

benthic i t that had lated these compounds. Heavy metals were then
incorporated into the yolks of eggs laid by nesting females. The concentration
variations found between the four nesting areas suggest that feeding grounds utilized
by adult female loggerheads were isolated from one another (Stoneburner et al. 1980).
Epibiota has been studied on carapaces of nesting females along a latitudinal
gradient from Pritchard's Island, SC, to Hutchinson Island, FL, Of the forty-eight

species (six phyla) of epibionts, there were two distinet groups: a northern one and a



southern one. The division between these two populations occurs between Cape
Canaveral and Daytona Beach, FL. This separation of "carapace communities” serves
as an indication that there are two distinct nesting populations of loggerhead turtles
along the United States Eastern seaboard (Caine 1986). These four independent data
sets (Florida and Georgia tag returns, heavy metals, and carapace epibionts) tend to

support the concept of feeding area segregation for nesting females.

Endangered Species Act of 1973, Management Procedures, and Concerns

The Endangered Species Act of 1973 (ESA) was designed to identify and
protect threatened and/or endangered species and develop plans for their recovery.
There is a provision for the creation of conservation programs to protect these species
by all Federal departments (USA 1975, 16 U.S.C. §1531 subsections [b] and [c]).

Responsibility for the conservation of all sea turtle species is under direct
supervision of the US Fish and Wildlife Service (United States Department of the
Interior) when sea turtles are on the beach, and the National Marine Fisheries Service
(United States Department of Commerce) while the turtles are in the water. Coastal
states in which sea turtles are found also have a keen interest and have developed
programs o address limiting factors on both the nesting beaches and coastal waters.

The ESA encourages individual states to create and enforce stricter and more

comprehensive conservation To do this, scientific information conceming

specific population status is collected. Great interest in the stock structure of

Southeastern loggerheads has ged genetic h. To deli stocks of sea
5



turtles, significant genetic variation between identified stocks must be demonstrated.
Adequately deseribing a natural population's genetic structure is a major

objective of population genetics (Avise et al. 1986). As a natural population, the long-

lived sea turtle is not ble to dard |

ling-type studies to obtain genetic
information. Conventional isozyme studies of nesting females did not yield sufficient
detail to determine differences in stock structure for Southeastern loggerheads
(Braddon-Galloway and Inabnett 1987). Therefore a different, more informative
approach was needed. :

Comprehensive information about specific species’ genetics is needed to help

strengthen the basis for of tt i and end; | species (Laerm
1982). The conservation of these populations present a "challenging problem for
developing a responsive and ional wildlife program” (Smith et al.

1978). Population management is an important feature of conservation programs.

Management of sea wrtle population ires the d ination of the geographic

stocks of turtles. In instances involving illegal possession, in cases of high mortality,

or collection of life history data, it is important to determine the natal origin of

e a i

juvenile and adult turtles. If nesting females or j iles are or

ata

particular locale, the dispersal rate from other regions may not be sufficiently rapid to

restock the original overati le that can be ingful to wildlife
management agencies (Bowen et al. 1993),
Mitochondrial DNA provides a natural tag to address the issue without relying

on metal or plastic tags or the duration of artificially applied markings. This natural




has even been suggested that since miDNA has a faster rate of evolution, the genetic
differentiation may be seen with smaller sample sizes (Graves et al. 1984, Wilson et
al. 1985, Avise 1986b, Avise et al. 1987). Gorman and Renzi (1979) point out,

however, that the routine use of small sample sizes is not advised due to the loss of

information,

Usefulness of mtDNA in Sea Turtle Rookery Studies

Bowen et al. (1993) suggested that by analyzing the maternally inherited
miDNA and determining genotype differences, it is possible to look at migratory
behavior and define population structures of female loggerheads. Genotypes of
hatchlings from three Southeastern United States geographic rookeries (Florida,
Georgia, and South Carolina) and the rookery in Greece were defined by Bowen et al,
(1993) based on mDNA restriction fragment length polymorphism (RFLP) profiles
(Table 1). This procedure utilizes mtDNA molecules that have been digested into

fragments with a particular restricti ! 1 These frag are separated on

an agarose gel according to their molecular weight which, in turn, relates to the
number of nucleotide base pairs present in the fragment. This process forms banding
patterns, a genotype, that may be used as a type of genetic differentiation between sea
turtle rookeries. For each restriction endonuclease, there may be multiple genotypes

(Table 1) depending on the composition and size of the mtDNA found in loggerheads

from each geographic rookery. When the genotypes of all the restrictions

endonucleases have been determined, a haplotype is assigned (Table 2). These




Research Hypothesis

I'he research described he

ein was conducted based upon the following

hypothesis
The population of juvenile loggerhead sea turtles found in the
Charleston Harbor Entrance Channel will be comprised of individuals from mixed

geographic rookeries due to feeding ground integration.

=10-




MATERIALS AND METHODS

Sample Collection

Juvenile loggerheads were captured in the Charl Harbor Ei Channel

using 18m mongoose-style trawl nets (10cm mesh) pulled by a 22.9m, double-rigged,
St. Augustine shrimp trawler (the R/V Lady Lis'n} with bottom towing times of fifteen
to twenty minutes per tow. Turtles were measured, tagged (inconel series AAC, QQH,

and PPV}, and blood was taken. The thirty-three turtles used in this study ranged in

size from 52.0cm to 88.5cm (straight line p with an g
length of 67.8cm.

A "rtle board” (Figure 3) was fashioned which kept the trile at an elevated
angle and restricted its movement while blood was being drawn (after Owens and Ruiz
1980). Using heavy-duty screws and 90° angle metal supports, two 2" x 4" boards
(approximately 8" long) were attached (approximately one foot from the end)
perpendicularly to either side of a 5' long, 2" x 12" plank. Turtles were placed on the

board with their head t the two The opposite end of the board was

propped up at approximately 45° to ensure that the front flippers could not touch the
deck whereby the turtle might gain leverage and propel off the board. This also

resulted in increased blood flow to the dorsal cervical sinus. The neck was kept as

fully ded as ible by gently pressing the skull against the board and the dorsal
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surface of the neck was swabbed with rubbing alcohol.

The needle (16 gauge, 1% inch sterile hypodermic) was locked onto a 60ce
syringe and carefully inserted into the neck at the location of the dorsal cervical sinus
(Figure 4). The sinus was located about lcm on either side of the dorsal midline of
the neck between the posterior scutes of the skull and the nuchal scute on the
carapace. The needle was inserted laterally to avoid striking the veriebral column and
the angle of entry was perpendicular to the dorsal surface of the neck. If the dorsal
sinus was located, there was no resistance in retracting the plunger. If the sinus was
missed, there was a strong vacuum and the plunger would not move. If the blood did
not flow into the tube, the depth of the needle (lem to 3em) was adjusted while
making sure the needle was kept perpendicular to the dorsal surface of the neck. If

the sinus was not located, the needle was d and the proced dina

more lateral, slightly medial, position possibly on the opposite side of the neck. After

the blood was collected and the needle d, the p site was bbed with

rubbing alcohal.

Approximately 60cc of blood was withdrawn from twenty-nine of the netted
juvenile loggerheads. Blood was divided into six 15ml plastic centrifuge tubes
(10ml/tube) and spun in a Damon IEC Spinette table top centrifuge for five minutes.
The serum was transferred into a second centrifuge tube and the two tubes were
immediately frozen. Care was taken to leave a few millimeters of serum on top of the
nucleated red blood cells (RBCs) to protect the thin layer of mitochondria-containing

white blood cells (buffy coat) that formed at the cell/serum interface.

) i



Blood was also collected from four juveniles in the CHEC by researchers from
the Virginia Institute of Marine Science (VIMS). These samples were place in ACD
solution B (an anticoagulent: 0.48% citric acid, 1.32% sodium citrate, 1.47% dextrose;

White and Densmore 1992) in a 5:1 ratio (blood:ACD, respectively) and stored at 4°C.

Genomic DNA Isolation and Purification
The plug of frozen serum was removed from the top of the RBCs and

approximately Iml (+100pul) of sample was removed from the underside of the serum
plug and from the top of the RBCs. This assured the greatest probability of obtaining
a majority of the buffy coat but also substantially increased the nuclear DNA
contamination. The cell/serum interfaces that formed as a result of settling in the four
VIMS samples were also included in the data set.

Genomic DNA was isolated according to the procedure of White and Densmore
(1992). Specifically, the samples were placed into individual 30ml Corex round-
bottomed centrifuge tubes and 8ml SDS-urea, pH 6.8 (1% w/v SDS, 8M urea, 240mM

Na,HPO,, ImM EDTA) was added. The samples were vortexed until a homogeneous,

viscous liquid was obtained and all d 1o incubate thirty mi at room
temperature with light, occasional vortexing. An equal volume of freshly buffered

PCI' (phenol:chloroform:isoamyl aleohol, 25:24:1) was added to each sample and

*Phenol was buffered in three separate steps using equal volumes of IM Tris (pH 8),
0.1M Tris (pH 8), and chloroform:isoamyl alcohol (24:1) to the original volume of phenol.
At each step, the mixture was centrifuged (five minutes at approximately 1100 x g) and the
aqueous phase was removed after each step leaving the organic phase.
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vortexed again until homogeneous. It was necessary to vigorously vortex each sample

after the addition of the PCI to obtain a uniform mixture. The samples were incubated

for ten mi al room lemf with ional light g

Each sample was weighed and balanced with SDS-urea, placed in an SA-600
rotor, and spun at 11,000 rpm (17,510 x g} at 0°C for thirty minutes. The aqueous
phases were transferred into individual dialysis bags and dialyzed against TE (10mM
Tris, ImM EDTA, pH 8) for twenty-four hours (or until phenol smell disappeared).
The resulting genomic DNA (5ml to 10ml) was removed from the bags and stored at

4°C.

Restriction Endonuclease Digestions
Twenty microliters of each sample were digested for three hours in a 30pl

reaction of each of the f ing leases obtained from New

England Biolabs (Beverly, MA): Ava I, BstN I, EcoR V, Hind [II, and Stu 1. After
digestion, the samples were placed in a Speed-Vac (model AS290, Farmingdale, NY)
and concentrated to 10p! using 3,000p vacuum for ten minutes. Three microliters of
loading dye (5X° TBE [450mM Tris borate, 10mM EDTA, pH 8], 0.25% bromphenol
blue, 0.25% xylene cyanol, 15% ficoll) were added to cach sample. Samples were
then separated on a 0.8% agarose gel (SeaKem ME; FMC BioProducts, Rockland,

ME) using 1X TBE (90mM Tris borate, 2mM EDTA, pH 8) running buffer. Four

of ethidium t ide (EtBr, 10mg/ml) were added to the gel for

*Use of the X implies that this solution is (X) times more concentrated than the base solution.
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visualization purposes. A 1 kilobase (kb) ladder (Gibco BRL, Gaithersburg, MD) was

E)

run on the gel for d base pair Gels were run at approximately
seventy volis for sixteen hours (average 2.16 volts per cm). The bromphenol blue

front migrated ahead of the xylene cyanol front at approximately 517 base pairs;

herefore, the location of the b phenol blue at the edge of the gel was used to

determine the termination point for the run.

Gel Observation and Record
Each gel was rinsed in distilled water and observed under ultraviolet light

(Foto/Prep | DNA UV Transilluminator; Fotodyne, Néew Berlin, WI) to verify that the

les had been di 1. The EtBr fl of the digested les created a

smear across each lane and this was used as an indi Wwp i with the South

blot. The gel was photographed with a Polaroid MP-4 Land camera using Polaroid
667 black and white, low-light, instant photography film (f-stop 11, 5 or 6 second

exposure, 3,000 1SO).

Southern Blot Procedure

Capillary action was used to transfer both nuclear and mitochondrial DNA
from the gel onto Zeta-Probe GT nylon membrane (BioRad Laboratories, Melville,
NY) through Southern blotting (BioRad 1991) (Figure 5). Large DNA fragments were
depurinated by soaking the gel in 0.25N HCI for fifteen minutes. The HCI removes

purine bases (adenines and guanines) which breaks the DNA into smaller fragments

15




and facilitates transfer. The gel was then denatured in a solution of 0.5M NaOH, 1M
NaCl for thirty minutes to separate the double stranded DNA framents into two single
strands. Finally, the gel was neutralized in 0.5M Tris-HCI, 3M NaCl (pH 7.4) for an
additional thirty minutes.

Transfer buffer (10X §SC: 1.5M NaCl, 150mM sodium citrate) was placed in
a large baking dish and a glass support plate was placed on top. A strip of 3MM
Whatman chromatography paper (20cm x 43em) was placed across the glass plate with
the ends submerged in the buffer as a wick. Two pieces of chromatography paper
(20em x 25cm) were soaked in the buffer and laid on top of the wick. The gel was
placed upside down on the paper squares (DNA is closer to the bottom of the gel and
this allows an easier transfer of the DNA onto the nylon membrane) and a piece of
membrane (20cm x 25em), which had been soaked in distilled water, was placed on
top of the gel. Two more pieces of chromatography paper squares were soaked and
laid on top of the gel/nylon membrane setup. Care was taken at every step to remove
all air bubbles by using a glass test tube to roll the surface.

The blot was covered with clear, plastic food wrap to reduce any evaporation
of the buffer and the center (20cm x 25cm) over the gel was cut out. Paper towels
(cut to the dimensions of the gel) were placed on top of the chromatography paper
squares, It was important that the paper towels did not touch the gel to avoid a short
circuit in the capillary action set up in the blot, resulting in incomplete transfer of
DNA onto the membrane. All Southern blots were allowed to process overnight.

After the blot process was complete, the gel lanes and characterizing
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before use, the probes were denatured at 99°C for seven minutes,

Hybridization of Southern Blot Membranes

Prehybridization of the I was carried out with S50ml hybridization
solution (ImM EDTA; 0.25M Na,HPO,, pH 7.2; 7% $DS) at 65°C for five minutes in
a hybridization oven (Hybridizer 700; Stratagene Cloning Systems, La Jolla, CA).
Hybridization was accomplished using 50ml of the same EDTA/MNa,HPO/SDS
solution plus the addition of approximately 20pl miDNA probe (average 2.2x107

counts per minute/ul) per membrane. This step was performed in the oven 65°C and

o i ight.

A single rinse and four washes were used after hybridization. The rinse was
2X SSC and the washes (in order) were 2X S8C/0.1% SDS, 0.5X SSC/0.1% SDS,
0.1X SSC/0.1% SDS, and 005X $SC/0.1% SDS. The rinse and the first three washes
were carried out in the oven at 65°C for fifteen minutes each. The final wash was
continued in a large plastic storage container until a Geiger counter (Series 900 mini-
monitor; Research Products International Core, Mount Prospect, IL) reading of the
membranes was 2 to 5 counts per second.

When hing was c leted, the wet 1 were placed in individual

plastic food storage bags, all air bubbles were 1, and the b were
exposed to Kodak X-Omat AR film in Kodak X-Omatic casseties with regular

intensifying screens. Exposure times for these autoradiograms varied from 4 to 26

hours prior to film develop The L were then rehybridized using the

=18



that profile and resulting genotype. Bands from individual test samples that did not
match known genotype bands, and exhibited highly variable density, were considered
to be ghost bands suspected to be nuclear contamination of the mtDNA preparation.
There are often several genotypes shared among a few organisms in mtDNA
studies. Roff and Bentzen (1989) wrote: “Significance levels obtained from a X?
contingency test are suspect when sample sizes are small. Traditionally this has meant

h may ob b

that data must be combined. However, such an
and hence potentially reduce the power of the statistical test." A test was developed
where the data did not require pooling, therefore "the accuracy of the estimate of
c...depends only on the number of randomizations of the original data set." The Roff-
Bentzen test was used to determine the similarity between the CHEC loggerhead
population haplotypes and the haplotypes of the Florida, Georgia, South Carolina, and
Greek rookeries described by Bowen et al. (1993). This computer test generated 1,000
randomizations of the data set (in matrices) against a null hypothesis of homogeneity
to obtain the expected X distribution and provide a probability of heterogeneity (Roff

and Bentzen 1989).
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RESULTS

Blood from thirty-three juvenile loggerhead sea turtles captured in the
Charleston Harbor Entrance Channel was used to examine the local juvenile
population structure. The DNA was purified and RFLP patterns were obtained for
each turtle using five restriction endonucleases s}wwn to identify differences in turtles
from Southeastern United States rookeries (Figures 6-10). Genotypes were determined
for the turtles based on these patterns and haplotypes were identified using the same
composite codes as Bowen et al. (1993) (Table 2).

Twelve individuals showed a strict Floridian/Grecian haplotype, eighteen turtles
demonstrated a haplotype shared between the Florida, Georgia, and South Carolina
rookeries, and three exhibited a haplotype exclusive to Georgia. Although the CHEC
turtles were found to have haplotypes from all four rookeries (Greece, Florida,
Georgia, and South Carolina), all thirty-three turtles shared the Atlantic B genotype
when their DNA was digested with Hind III (Table 1 and Figure 9). While none of
the thirty-three turtles from the CHEC showed the Atlantic A genotype, the Bowen et
al. (1993) data set yielded two of 113 (1.7%) turtles with the Hind III/Atlantic A
genotype. In comparison, the current data set of thirty-three would be predicted to
have less than one turtle with this pattern.

The rare Georgia profile of EcoR V (Table 1 and Figure 8) was seen in three

21-




of the thirty-three turtles. All three turtles, however, expressed a genotype that was
very similar to turtles from the Florida rookeries based on the restriction endonuclease
digests of Ava II, BstN I, Hind III, and Stu I profiles (Figures 6, 7, 9, and 10,
respectively and Table 2).

Mo turtles were caught in the CHEC during the winter months when the water
temperature was below 16°C. Eight of the fifiy-one juvenile loggerheads that were
tagged in this study were recaptured at a later date. Four of these (7.8% of the total
number of juvenile turtles netted) were recaptured during the spring/summer of 1991
after being initially caught in the fall of 1990 (Van Dolah and Maier 1993).

A map was constructed (originally found in Bowen et al. 1993) that located the
three Southeastern United States natal rookery haplotypes, the haplotypes of the
rookery in Greece, as well as the haplotypes of the Charleston juveniles (Figure 11).
Using these haplotypes in the Roff-Bentzen test for heterogenity, it was determined
that the probability of the four natal rookeries (South Carolina, Georgia, Florida, and
Greece) being genetically identical to the CHEC juveniles ranged from 0% to 1.5%
(Table 3). In other words, there was at least a 98.5% chance that the five populations

were different.
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DISCUSSION

In this study of thirty-three juvenile loggerhead sea turtles, all showed the Hind
11l/Atlantic B genotype while no Atlantic A genotypes were found. In the work by
Bowen et al. (1993), two turtles out of 113 (1.7% of the total) demonstrated the
Atlantic A genotype of the Hind 11l digestion (i;lx;tnding Greece). When compared
with the turtles in this study, it is not surprising that there were no Atlantic A
genotypes expressed since 1.7% of thirty-three equals six-tenths of a turtle.

The rare Georgia profile of the EcoR V digestion (genotype B, Table 1) was
seen only in the three CHEC turtles that demonstrated the E haplotype (Table 2). In
the Bowen et al. (1993) study, this genotype was seen in only one turtle from a
Georgia nest and was given the notation of alpha, which indicates that the nesting
female was a first-time arrival or even a stray from another rookery. In comparing
haplotype E with haplotypes D (found only in Florida) and B (found mostly in
Georgia and South Carolina), it can be seen that E and D share four out of five
genotypes whereas E and B share only one out of five (Table 2). Based on this,
loggerhead turtles expressing the E haplotype may be indicative of an ancestral Florida
female and not one from the Georgia and/or South Carolina rookery system. One can
speculate that the alpha female originated in Florida, her offspring hatched from a

Georgia beach, and, after developing into juveniles, migrated north to feed in the
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CHEC.

The four juvenile turtles that were recaptured afier a known interval of at least
three months absence (January, February, and March 1991), support the idea that some
juvenile loggerheads exhibit fidelity to a particular feeding ground. There is currently
no way to determine if 7.8% (four recaptures out of fifty-one turtles) is a typical
percentage of returning juveniles but it does indicate that there are some juveniles that
seem to prefer feeding in the same locality.

Florida has the only rookeries in the Southeastern United States in which the D
haplotype is found, Georgia has the only recorded turtle with an E haplotype, and the
B haplotype is shared between the rookeries from all three states (Figure 11), In this
study, D) constitutes over a third (36.4%) of the CHEC juvenile turtles (twelve of
thirty-three), 9.1% are E (three of thirty-three), and the remaining 54.5% are
comprised of the B haplotype (eighteen of thirty-three), Although there is evidence of
mixing of Florida, Georgia, and South Carolina turtles in the CHEC, it appears that the
mix is disproportionately composed of Georgia and South Carolina individuals as
compared to the total percentage of nesting individuals associated with these rookeries.

When analyzing the ratios of haplotypes B, D, and E to the entire Southeastern
United States rookery system (ignoring Greece) (Figure 11), it is estimated that 13%
of haplotype B comes from Florida while 87% is from Georgia/South Carolina. One-
hundred percent of haplotypes D and E originate in Florida and Georgia, respectively.
Therefore, it can be estimated from these percentages that in the CHEC, for haplotype

B, Florida contributes two turtles and Georgia/South Carolina contributes sixteen; for
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adulthood. The preservation of South Carolina as a rookery depends upon the native
females returning to deposit egg clutches. Conversely, if the CHEC loggerhead
population can be protected against harm, which would lead to a greater number of
juveniles surviving into adulthood, the South Carolina rookery has the opportunity to
become stronger through increased female nesting.

The tagging data of Georgia and Florida nesting females, supported by the
carapace epibiont and egg heavy metal concentration studies, suggest migratory
patterns for adult females but also raises important questions regarding juvenile
loggerheads. Do juvenile turtles from the Eastemn seaboard rookeries return to these
locations once they leave their pelagic habitats? Do they migrate into the Caribbean
1o feed? Do juvenile turtles from Floridian rookeries stay in the more tropical regions
or do they travel northward to feed along the Georgia, South Carolina, North Carolina,
and Virginia coasts? Information gathered from this study indicates that the
population of juvenile turtles feeding in the CHEC is composed of individuals from all
Southeastern rookeries (South Carolina, Georgia, and Florida). This information,

however, is based only upon thirty-three juveniles from one locality. Migratory

of South n j ile loggerhead: ins basically un} . Once the

genotypes and haplotypes of juveniles from feeding g ds througl the South:

(i.e., Virginia, Georgia, and Florida) are determined, then it will be possible to
distinguish individual populations of sea turtles and their possible migratory routes.
Implications from studies such as this have important impacts on the

management of sea turtle populations occurring along coastal states. [f long term



investigations can demonstrate that juvenile sea turtles undergo repetitive migrations to
a particular feeding area, then care must be taken to protect that local population.
When populations become depleted (either naturally or through man-made situations),
turtles will be unable o reproduce themselves and continue their genetic lineage.

The population structure for loggerhead rookeries has been described by Bowen
et al. (1993) as shallow with a low female gene flow. This means that if a population
of loggerhead sea turtles is impacted in a way that is harmful to that population, then

it is unlikely that the population will recover and become revitalized through regional

dispersal and recrui It has been d ted that negative ch are not
compensated by natural recruitment from nearby rookery areas (Parsons 1962).

Dispersal of juvenile turtles over numerous coastal feeding areas may reduce the

impact of adverse circumstances on the survival of the population.
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CONCLUSIONS

It can be concluded from this study that there is definite loggerhead sea turtle
feeding ground integration at the Charleston Harbor Entrance Channel. The results

i indi that the of juvenile sea turtles in the CHEC does not

exhibit a ratio of haplotypes similar to the hﬂp]t;l}'pﬂ' ratios found in the individual
rookeries of the Southeastern United States or Greece (Figure 11). There is a very

low probability that these five populations are the same (p: 0% and 1.5% ) (Table 3).

This indicates that the Charleston population is not ref ive of any single
rookery but is an assembly of juveniles recruited from natal beaches throughout the
Southeast. It should be pointed out, though, that there is a disproportionate
representation from the Georgia/South Carolina rookeries. The mechanism(s) of
juvenile population recruitment is unknown and has not been predicted. This is due to
the fact that comprehensive population models fail since they are hypothetical and
have no predictive capacity (Hopkins and Richardson 1984).

1t is suspected that similar results could be found in other feeding arcas off the
Southeastern United States due to extensive migratory patterns of the juvenile turtles
and abundant feeding opportunities along the Southeastern Atlantic coast. One may
predict that the feeding areas from the Chesapeake Bay through Georgia would exhibit

a higher percentage of juveniles from the Georgia and South Carolina rookeries while
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areas located off the Florida coast might experience a higher percentage of Florida

from this h that there is

individuals. This prediction is based on the I
some degree of juvenile fidelity to feeding areas associated with natal rookeries.

This research is in accord with task number 2214 of the recovery plan for
loggerhead sea turtles prepared by the US Fish and Wildlife Service and the National
Marine Fisheries Service (NMFS and USFWS 1991). This task expresses the need to
i F e i

pe ion origins for juvenile turtles in United States waters.

B POF

This study provides direct evidence of the natal origins for one group of juvenile
loggerhead sea turtles. Application of this approach to other localized juvenile sea
turtle populations will provide the opportunity to obtain a broader picture of one phase

of the life history of these wide ranging animals.
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Greece | Florida | Georgia Ci:::i‘:m CHEC
Greece X 0.002 0.0 0.0 0.0
Florida X 0.0 0.0 0.015
Georgia i X 0.367 0.0
Carolina X | o
CHEC X

Table 3. Roff-Bentzen test for heterogeneity. Values are the probability that the
populations in comparison are the same. Numbers of individuals from localities in
Table 2 were used in value determinations. .
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Figure 1.

Nesting areas in the Southeastern United States (Hopkins-Murphy pers. comm.),
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Figure 3.
Turtle board in propped position showing shoulder supports. This is in relative size to

an average juvenile loggerhead.
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Figure 4
Location diagram of the dorsal cervical sinus of a sea turtle, the dorsal midline, and

point of needle insertion
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The armangement of a Southern blot.
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Figure 6

Ava Il RFLP indicating patterns and designated genotypes determined by Bowen et al.
(1993). Three bands in genotype D are not resolved in this autoradiogram and are not
shown in the profile diagram (approximately 755, 675 and 628 basepairs - Table 1),

The right hand column denotes molecular base pair fr fards by kilob

Gel lanes, in order from the lefi to right, are as follows:

#1 - QQR 143/144 #13 - QQH 521 #25 - QQH 581
#2 - AAC 299 #14 - QQH 522 #26 - QQH 583
#3 - QQH 509 #15 - QQH 557 #27 - QQH 586
#4 - QQH 510 #16 - QQH 559 #28 - PPV 895
45 - QQH 511 #17 - QQH 565 #29 - PPV 897
#6 - QQH 512 #18 - QQH 566 #30 - PPV 898
#7 - QQH 513 #19 - QQH 567 #31 - standards
#8 - QQH 516 #20 - QQH 570 #32 - QQZ 317/318
#9 - QQH 517 #21 - QQH 571 #33 - QQZ 321322
#10 - QQH 518 #22 - QQH 573 #34 - QQZ 325/326
#11 - QQH 519 #23 - QQH 574 #35 - QQZ 327/328
#12 - QQH 520 #24 - QQH 575 #36 - QQZ 329/330

Individuals with tags AAC, PPV, QQH, and QQR were obtained from the VanDolah
and Maier (1993) study. Tags identified by QQZ were from individuals captured by
VIMS researchers. QQH 516 and QQZ 321/322 were adult turtles and not used in this

study.
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Figure 7.

BstN I RFLP with genotypes, molecular standards, and gel lanes as described in
Figure 6. The 637 base pair band (Table 1) common to all three genotypes is not
shown in this autoradiogram. The 3.1 kb band of genotype C is a size variable region
due to differing lengths in the D-loop portion of mtDNA (Figure 2). Bands that have
a dot are part of the RFLP pattern while the others are ghost bands (see text page 20).
The location of molecular standards was ascertained by visual comparisons using gel

photographs.
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Figure 8.
EcoR V RFLP with genotypes, molecular standards, and gel lanes as described in

Figure 6. The 5.7 kb band of genotype C is a size variable (see Figure 7).

ADDENDUM: Genotype D should read as genotype B (see Table 1),
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Figure 9.

Hind 1l RFLP with genotypes, molecular standards, and gel lanes as deseribed in
Figure 6. The bands occurring around 5.3 kb are size variables (see Figure 7). The
asterisk denotes a band location in the genotype B profile that was not resolved in this

autoradiogram.
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Figure 10.
Stu I RFLP with genotypes, molecular standards, and gel lanes as described in Figure

6. There is a size variable region around 3.6 kb (see Figure 7) in both genotypes.
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Figure 11.

Southeastern United States map showing rookery and CHEC locations with haplotypes
of associated populations (Greece is shown for reference). South Carolina, Georgia,
Florida, and Greece haplotypes are from Bowen et al. (1993). Haplotype ratios for

each locality are as follows:

South
Carolina: 0.00 A: 1.00 B: 0.00 C: 0.00 D: 0.00E
Georgia: 0.05 A: 0.93 B: n.gn {2 0.00 D: 0.02 E
Florida: 0.00 A: 0.31 B: 0.03 C: 0.66 D: 0.00 E
Greece: 0.00 A: 0.00 B: 0.00 C: 1.00 D: 0.00 E
CHEC: 0.00 A: 0.55 B: 0.00 C: 036 D: 0.09 E
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