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Abstract.—The coastal rivers of South Carolina possess reproducing populations of striped bass
Morone saxatilis. Historically, all of these populations have been augmented with hatchery stocks
from the Santee—Cooper drainage. Concern has been expressed that locally adapted, reproductively
isolated populations may exist in these coastal rivers. Thus, the objective of this effort was to
assess the distinctiveness of reproducing striped bass populations in these coastal rivers. Tagging
studies indicated that the interriver movement of striped bass was minimal. A population estimate
of 406 striped bass longer than 30 cm was obtained for the Combahee River, suggesting arelatively
small breeding population. Genetic assays at three nuclear restriction fragment length polymor-
phism sites showed highly significant allele frequency differences among seven coastal rivers,
suggesting reproductive isolation. Partially or fully isolated populations can develop beneficial
adaptations to local environmental conditions. Thus, we recommend the use of endemic stock to
augment striped bass populations in the coastal rivers of South Carolina.

The coastal rivers of South Carolina (Figure 1)
possess reproducing populations of striped bass
Morone saxatilis. As has been observed in other
southeastern coastal rivers, these populations ex-
hibit minimal anadromy, generally remaining in
the fresh and estuarine waters of their natal rivers
(Dudley et a. 1977). The largest population is
found in the Santee drainage, which includes the
Santee, Cooper, Congaree, and Wateree rivers and
Lakes Marion and Moultrie. The state’s striped
bass hatchery is located on and generally obtains
broodfish from the Santee River, which has amean
annual discharge of 330 m3/s (Cooney et al. 1996).
To the north of the Santee drainage, striped bass
are found in the Pee Dee drainage, which includes
the Little Pee Dee, Sampit, Pee Deg, Black, Lynch-
es, and Waccamaw rivers. To the south of the San-
tee drainage, the Edisto, Combahee, Ashepoo,
Coosawhatchie, and New rivers possess striped
bass. The Ashepoo, Combahee, and Edisto rivers
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are generally referred to as the ACE drainage. The
Combahee River is a relatively small drainage of
the coastal plain, with a mean annual discharge of
approximately 10 m3/s (Cooney et al. 1996). The
Intracoastal Waterway and other coastal waters
connect these river systems.

Genetic data defining population structure have
only recently become available. Resource man-
agers previously assumed that the coastal rivers of
South Carolina contained a single population of
striped bass; as a result, to augment population
abundance, they intermittently stocked theserivers
with hatchery-produced progeny from the Santee
drainage (Table 1). As new information has begun
to surface, however, concern has been expressed
that locally adapted, reproductively isolated pop-
ulations may exist in these coastal rivers.

A variety of information can help define the dis-
tinctiveness of populations. Determining the mi-
gration of striped bass among the various coastal
rivers can help define the likelihood of genetic
exchange among populations. A relatively low rate
of gene flow is required to overcome the random
effects of genetic drift (Hartl and Clark 1997).
Knowledge of the size of the breeding population
can also help to assess the probability of impacting
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population structure through management efforts,
such as stocking. Small populations generally have
a lower effective population size than large pop-
ulations and thus are more susceptible to change
in genetic structure (Ellner and Hairston 1994).
However, the potential for multiple spawning op-
portunities by a species with overlapping gener-
ations, such as striped bass, can help offset the
effects of alow effective population size. Assess-

Ficure 1.—Map showing the coastal rivers of South Carolina that support indigenous populations of striped

ing the relative contribution of stocked progeny
can also help to assess the potential influence of
stocked fish.

Genetic assays can define the current level of
divergence and reproductive isolation among pop-
ulation units. Genetic assessment of population
structure is dependent on there being a sufficient
amount of variation at assayed loci. Initialy, al-
lozymes at enzyme-coding loci were employed to

TaBLE 1.—Number, in thousands, of striped bass stocked in three coasta river systems of South Carolina, 1986—
1997. All stockings used broodstock collected from the Santee—Cooper basin except in 1997, when endemic parents
were used for Combahee River stocking. Fingerling (F) and advanced fingerling (A) stockings are denoted in parenthesis;

CWT = coded wire tagging.

Year

Combahee River Edisto River Santee River Pee Dee River
1986 16 (A) 10 (A) 120 (F) 35 (A) 0
1987 18 (A) 16 (A) 183 (F) 38 (A) 0
1988 21 (A) 8 (A) 153 (F) 32 (A) 0
1989 0 0 64 (F) 14 (A; CWT) 0
1990 10 (A; CWT) 17 (A) 34 (F) 29 (A; CWT) 0
1991 0 0 113 (F) 13 (A; CWT) 0
1992 0 0 57 (F) 8 (A; CWT) 0
1993 10 (A) 10 (A; CWT) 5 (A; CWT) 0
1994 0 23 (F) 100 (F) 35 (A) 83 (F)
1995 0 0 231 (F) 14 (A) 12 (F)
1996 0 0 5 (A) 0
1997 438 (F); 10 (A) 2 (A) 1,111 (F) 0
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investigate population structure. Allozyme sur-
veys of migratory striped bass along the Atlantic
coast revealed a low amount of variation relative
to other species (Otto 1975), which limited their
usefulness for examining population structure (Si-
dell et al. 1980; Rogier et al. 1985). Dunham et
al. (1989), however, found relatively high levels
of allozyme variability in riverine populations of
striped bass from coastal Georgia, suggesting that
allozymes possess sufficient variation for one to
assess population structure in nearby South Car-
olina. If not, other genetic assays might reveal suf-
ficient variation. For example, mitochondrial DNA
assays of Atlantic coast striped bass have been
used to establish the genetic identity of the Gulf
of Mexico population (Wirgin et al. 1989).

The objective of this effort was to assess wheth-
er coastal basins should be defined as distinct man-
agement unitsfor striped bass. Genetic assayswere
used to assess the genetic variation among these
river systems. To get a more detailed look at of
one of these populations, we assessed migratory
patterns and census size within the Combahee Riv-
er. Based on the results obtained, the relative mer-
its of potential management actions were evalu-
ated.

M ethods

Two tagging programs were used to assess the
migration of striped bass in the coastal rivers of
South Carolina. Since 1974, the Marine Division
of the South Carolina Department of Natural Re-
sources (SCDNR) has conducted a coastwide, vol-
unteer angler tagging program. Yellow polyeth-
ylene dart tags 8.9 cm in length are distributed to
anglers who volunteer to maintain alog. Each tag
has a unique six-digit number, the word ‘‘ reward,”’
and areturn address. Anglers record the tag num-
ber and the release and recapture locations in their
logs.

In aseparate effort initiated in 1993 on the Edis-
to, Ashepoo, Combahee, and New rivers, num-
bered internal anchor tags were attached to striped
bass captured by electrofishing. All striped bass
greater than 30 cm in total length (TL) received a
uniquely numbered tag. The yellow T-bar tags
were 75 mm long, possessed a return address, and
indicated that a reward was available. The date
and location of recaptures were obtained from an-
glers and subsequent electrofishing surveys. A
Schnabel mark-recapture population estimate was
then obtained for the Combahee River. We used
the original formula of Schnabel (Ricker 1975) to
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estimate the population size (N) of striped bass
larger than 30 cm TL, that is,

N = 2 daily captures X total marked to that day
total recaptures '

The 95% confidence interval (Cl) was estimated
by treating total recaptures as a Poisson variable
(Ricker 1975). The time period for the estimate
was from October 17, 1995, to January 22, 1997.
During this period, all electrofishing was con-
ducted within a 16-km tidal freshwater section of
the river, centered at the U.S. Highway 17 bridge
crossing. All electrofished striped bass that were
recaptures were noted and immediately returned
to the river.

The relative contribution of a hatchery stocking
was also assessed. In the fall of 1990, 10,000 ad-
vanced fingerling striped bass were stocked into
the Combahee River. All stocked fish were marked
with coded wire tags (CWTs). From July 1991
through February 1992, the 1990 cohort was re-
sampled by electrofishing. The presence or ab-
sence of aCWT was assessed in thefield. To verify
age and cohort, otoliths were removed from all
collected striped bass. At a later date, two inde-
pendent readers determined age and cohort. The
percentage of the 1990 cohort that possessed
CWTs was calculated.

For allozyme assessment, striped bass were col-
lected in 1991 and 1992 from the Combahee, Edis-
to, Pee Dee (Winyah Bay), Congaree, and Wateree
rivers. In the Combahee, Edisto, and Pee Dee riv-
ers, sampled fish were checked for the presence of
CWTs, which was indicative of stocked fish from
the Santee drainage. Fish possessing a CWT were
not included in allozyme analysis. The liver, mus-
cle, eyes, and heart were immediately removed
from each sampled fish and placed on dry ice to
prevent enzyme degradation. Tissues were stored
in a —20°C freezer. At alater date, allozyme anal-
ysis at 43 enzyme-coding loci was performed ac-
cording to procedures defined by Norgren et al.
(1988). Allele frequencies at each enzyme locus
were evaluated by means of horizontal starch gel
electrophoresis. At polymorphic loci with suffi-
cient variability, the G-test (Sokal and Rohlf 1969)
was used to evaluate whether allele frequencies
were independent of drainage.

Allele frequency differences among five coastal
(Combahee, Ashepoo, Edisto, Santee, and Pee Dee
rivers) and two inland populations (Congaree and
Wateree rivers) were evaluated at three unlinked
anonymous nuclear loci, SB83, SB14, and SB8-2.
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TABLE 2.—Striped bass tag return data from (1) a state-
wide angler tagging program conducted by the the Marine
Division (MD), South Carolina Department of Natural Re-
sources (SCDNR), in 1974-1995 and (2) electrofishing
surveys conducted by the Freshwater Fishery Section
(FWF) of SCDNR from November 12, 1993, to October
4, 1996. The electrofishing surveys were confined to the
New, Ashepoo, Edisto, and Combahee rivers and were not
applicable to studies in the Pee Dee and Santee—Cooper
drainages.

Location Number
Tagging Return MD FWF
New River New River 0 1
Combahee River Combahee River 83 31
Ashepoo River Ashepoo River 0 6
Edisto River Edisto River 2 5
Santee-Cooper@ Santee-Cooper 14
Pee DeeP Pee Dee 35
New River Combahee River 1 0
Ashepoo River Combahee River 0 1
Santee—Cooper Pee Dee 1
Pee Dee Santee—Cooper 8

2Includes the Santee and Cooper rivers and the Santee-Cooper
lakes.

b Includes Winyah Bay and the Little Pee Dee, Pee Dee, Wacamaw,
Sampit, and Black rivers.

Congaree and Wateree river fish were collected by
electrofishing during the spawning migrations of
1992-1994. Santee River tissue samples were ob-
tained in 1992-1994 from femal e broodstock used
at the Jack D. Bayless Striped Bass Hatchery, St.
Stephen, South Carolina. Electrofishing was used
to collect striped bass during November through
April 1995-1996 and 1996-1997 from the Com-
bahee, Ashepoo, Edisto, and Pee Deerivers. Assay
procedures for the three nuclear loci were devel-
oped and fully described by Leclerc et al. (1996).
At the SB14 and SB8-2 loci, each locus was am-
plified by polymerase chain reaction using locus-
specific primers. The resulting product was di-
gested with arestriction enzyme that was capable
of cutting the DNA of only one of the two alleles.
The SB14 locus contains a variable Afl Il site and
the SB8-2 locus was variable at one of two Mnl |
sites. At the SB83 locus, amplification was fol-
lowed by simultaneous digestion with Rsa | and
Pst | toidentify three alleles. Hardy—\Weinberg equi-
librium was evaluated for each locus with the chi-
square test. Allele frequency differences among the
studied rivers and the three major drainages (Pee
Dee, Santee, and ACE) were evaluated with the G-
test, as provided in the program Genes in Popula-
tions designed by B. May and C. Krueger and writ-
ten in C by W. Eng and E. Paul (www.bioweb.
uncc.edu/faculty/leamy/popgen/geneinp.htm).
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TaBLE 3.—Tagging and recapture data used to calculate
a Schnabel population estimate of striped bass in the Com-
bahee River, South Carolina

Number
recaptured

Number Number
captured marked

Oct 17, 1995 17 17
Nov 8, 1995
Nov 9, 1995
Nov 28, 1995
Nov 30, 1995
Dec 13, 1995
Dec 14, 1995
Feb 14, 1996
Apr 18, 1996
Apr 22, 1996
Oct 30, 1996
Dec 4, 1996
Dec 17, 1996
Jan 21, 1997
Jan 22, 1997

Date
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Results and Discussion

The statewide volunteer tagging program indi-
cated that the interdrainage movement of striped
basswas minimal in South Carolina(Table 2). This
was especially true for the ACE drainage, where
not a single striped bass that was tagged and re-
leased in these rivers was recaptured from another
drainage. There was some interchange (9 of 58
returns) between the more northern Santee and Pee
Dee drainages, which are separated by an 8-km
section of the Intracoastal Waterway. Thisrelative
proximity may explain the greater migration be-
tween these two systems. While the electrofishing
survey efforts of SCDNR were confined to the
ACE drainage, it isinteresting that 42 of 43 returns
were from the river within the drainage where tag-
ging took place (Table 2).

The Schnabel population estimate for striped
bass larger than 30 cm in the Combahee River was
406 (95% ClI = 236-764). A total of 97 striped
bass were tagged and 13 recaptures were recorded
(Table 3). Strictly speaking, the Schnabel method
requires constant population size with no recruit-
ment or mortality during the experiment, but it is
often useful even if these conditions are only ap-
proximately satisfied (Ricker 1975). We assumed
identical mortality rates for marked and unmarked
fish. As Bjorgo et al. (2000) had used radiotelem-
etry to show that striped bass primarily used the
section of the river we electrofished during the
winter months, we assumed that marked striped
bass become randomly mixed with the unmarked
fish. We did not specifically evaluate the effects
of recruitment of smaller fish into the studied pop-
ulation, emigration of marked fish from the study
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TaBLE 4.—Allele frequencies at the sIDHP-2* locus
(Shaklee et al. 1990) of striped bass populations in South
Carolina rivers.

Site
Allele Pee Dee Congaree Wateree Combahee Edisto
*90 0 0 0 1 0
*100 14 4 2 7 1
*108 48 38 18 48 27

zone, tag loss, or tagging mortality. However, each
of these factors would have produced an overes-
timate of actual population size. An underestimate
of population size could only have been obtained
if either the catchability of the unmarked segment
decreased relative to the marked segment or the
marked segment’s catchability increased relative
to that of the unmarked segment. There were no
obvious scenarios that would have produced either
of these results. Thus, from a management per-
spective, it appeared reasonable to assume that the
Combahee River supported arelatively small pop-
ulation of adult striped bass during the study pe-
riod.

In 1990, all stocked striped bass were marked
with coded wire tags. Sampling of the 1990 cohort
in 1991 showed that 3 of 14 (21%) striped bass
possessed CWTs, indicating that stocking had
made a contribution to this cohort. From 1985
through 1994, a total of 84,875 advanced striped
bass fingerlings were stocked into the Combahee
River during the fall of the year (Table 1). How-
ever, despite the stocking efforts of the last decade,
the Combahee striped bass population still ap-
peared to be relatively small. Ecological con-
straints may limit the population size of striped
bass in the Combahee River. Bjorgo et al. (2000)
showed that limited summer habitat existsin Com-
bahee River, which may restrict population size.

Allozyme Survey

Allozymes were largely monomorphic and pro-
vided no evidence of genetic differentiation among
drainages. Approximately 120 striped bass were
collected from the five study rivers for allozyme
assessment. Forty-three loci were assessed and
only seven were polymorphic. Only the isocitrate
dehydrogenase (sIDHP-2*; enzyme number
1.1.1.42; lUBMB 1992) locus was sufficiently var-
iable to allow assessment of allele frequency dif-
ferences among the five study sites. At this locus,
alele frequencies were not significantly different
among locations (Table 4).
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Nuclear Genetic Survey

Assays of three nuclear restriction fragment
length polymorphism (RFLP) sites were attempted
on a total of 788 striped bass collected from the
Congaree (N = 329), Santee (N = 143), Wateree
(N = 130), Combahee (N = 109), Ashepoo (N =
29), Edisto (N = 22), and Pee Dee rivers (N =
26). Genotypes were not in Hardy—Weinberg equi-
librium at 7 of 21 locus—river combinations. Sig-
nificant (P < 0.05) departures were found at SB83
(Santee and Combahee rivers) and SB14 (Conga-
ree, Santee, and Watereerivers). Highly significant
(P < 0.01) departures were found at SB83 (Con-
garee River) and SB8-2 (Ashepoo River). Most de-
partures were found in samples from the rivers of
the Santee drainage. Diaz et al. (1998) suggested
that recent stocking of Congaree and Wateree riv-
ers with Santee River striped bass was partly re-
sponsible for the ongoing temporal changesin ge-
notype composition. However, more recent data
indicate that even the relatively large population
in the Santee—Cooper system has asmall effective
population size, with estimates ranging from 26 to
65 for the 1992-1994 year-classes (Diaz et al.
2000). Thus, the observed departures from Hardy—
Weinberg equilibrium are probably due to differ-
ences in breeding success and the relatively small
number of parents contributing to each year-class.
Since striped bass are long-lived and have multiple
opportunities to breed, genetic diversity and allele
frequencies in the population appear to be main-
tained by the summation of multiple year-classes
rather than a high rate of annual reproductive suc-
cess.

Highly significant allele frequency differences
existed among the seven rivers (Tables 5, 6). There
was not a significant overall difference in allele
frequencies among samples from the Ashepoo,
Combahee, and Edisto rivers (Table 6). Thus, data
from these samples were pooled to describe the
ACE drainage. There was a significant difference
among the Santee, Congaree, and Wateree river
samples. However, there was not a significant al-
lele frequency difference when all possible two-
way comparisons were evaluated (Table 6). Based
on this latter result, we pooled Santee, Congaree,
and Wateree river data to describe the Santee
drainage. There was a highly significant difference
in overal allele frequencies among the pooled
samples from the Santee, Pee Dee, and ACE drain-
ages (Table 6). Because the Santee and Combahee
rivers were of special interest, samples from these
two rivers were compared and a highly significant
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TaBLE 5.—Allele (An) frequencies of striped bass at three nuclear RFLP sites, SB83, SB14, and SB8-2; N denotes

the number of samples.

SB83 SB14 SB8-2
Location Al A2 A3 N Al A2 N Al A2 N
Congaree River 0.56 0.14 0.30 228 0.52 0.49 265 0.41 0.59 232
Santee River 0.57 0.18 0.24 128 0.61 0.39 115 0.38 0.62 124
Wateree River 0.50 0.13 0.37 107 0.59 0.41 102 0.43 0.57 91
Combahee River 0.58 0.23 0.19 103 0.20 0.80 109 0.52 0.48 96
Ashepoo River 0.60 0.35 0.05 29 0.14 0.86 28 0.58 0.42 26
Edisto River 0.50 0.39 0.11 22 0.19 0.81 21 0.57 0.43 22
Pee Dee River 0.54 0.15 0.31 26 0.50 0.50 26 0.80 0.20 25

allele frequency difference was observed. These
differences indicate that distinctive reproductive
populations are found in the major drainages of
South Carolina.

For the nuclear RFLP assay, striped bass col-
lected from the Combahee, Ashepoo, and Edisto
rivers were generally screened for CWTs indicat-
ing that they were hatchery-stocked fish from the

TABLE 6.—G-test evaluations of striped bass alele fre-
quency differences among locations (CG = Congaree Riv-
er, S = Santee River, W = Wateree River, CB = Com-
bahee River, A = Ashepoo River, E = Edisto River, and
PD = Pee Dee River) at three nuclear RFLP sites. The
Congaree, Wateree, and Santee rivers are in the Santee
drainage (SANTEE), the Ashepoo, Combahee, and Edisto
rivers are in the ACE drainage (ACE), and the Pee Dee
River is in the Pee Dee drainage (PD). Sidak’s multipli-
cative inequality value was used when testing the signifi-
cance of the G-value at dl the three sites; P < 0.05*, P
< 0.01**.

RFLP site
All 3
Locations BB3 B14 BB-2  sites
River comparisons
CGvs. Svs. Wvs.CBvs A
vs. E vs. PD *x *x *x *x
S VS- CB * % * % * %
Between-drainage comparisons
SANTEE vs. ACE vs. PD *x *k *k *x
SANTEE vs. ACE *x *x *x *x
SANTEE vs. PD * *x
ACE VS. PD * % * % * % * %
Within-drainage comparisons

SANTEE

CGvs Svs. W * * *

CGvs S *

W vs. S *x

CGvs W

(CG + W) vs S

(CG + S vs. W *

(S+ W) vs. CG *x
ACE

CBvs Avs E *

Santee drainage. However, stocked fish were not
tagged in 1990 on the Edisto River, in 1993 on the
Combahee River, and in 1994-1995 on the Pee
Dee River (Table 1). Thus, the possibility exists
that some hatchery fish from the Santee drainage
were present in samples obtained from the Com-
bahee, Ashepoo, Edisto, and Pee Dee rivers. If so,
the contribution was not large enough to mask al-
lele frequency differences between drainages, es-
pecially the Santee and ACE drainages (Table 6).

Stocking of hatchery-reared fish to augment
population size is a core tool of fishery managers.
In recent decades, concern has been raised that
stocking can negatively affect population fitness
by the introgression of deleterious alleles into the
receiving population. Purposely mixing (e.g.,
stocking) distinct populations can decrease the fit-
ness of alocally adapted population through eco-
logical (e.g., competition and disease) or direct
genetic effects (e.g., hybridization and introgres-
sion; Waples 1991). On the other hand, a no-stock-
ing policy removes a population augmentation tool
from fishery managers and has genetic risks of its
own since significant decreases in population size
can result in aloss of genetic variation (Allendorf
1986). Thus, managers have had to weigh the ge-
netic risks of a particular stocking program against
the possible benefits of population augmentation.

The risk of enhancing a population with hatch-
ery-produced fish and subsequently producing a
negative genetic effect is variable and dependent
on a number of factors. An examination of case
studiesrevealsthat stocking effects can rangefrom
minimal to severe. For example, Heggenes et al.
(2002) found that a 40-year stocking program had
aminimal effect on wild brown trout Salmo trutta
in an Alpine lake. Koskinen et al. (2002) found
clear genetic imprints of a stocking program on a
population of the endangered Arctic grayling Thy-
mallus thymallus yet suggested that there was min-
imal disruption of the evolutionary relationship
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within the population. In Spain, Almodovar et al.
(2002) demonstrated extensive disruption of native
brown trout by a long-standing stocking program.
Nielsen et al. (2001) al so showed extensive genetic
change in a population of Atlantic salmon Salmo
salar, though some ““wild"’ genotypes remained.
Habitat differences within a stream (Williams et
al. 1997) have led to a stocking program’s having
differential effects within the stream. Englebrecht
et al. (2002) suggested that anthropogenic distur-
bance is a specific factor that can influence the
relative performance of hatchery and wild stocks
within a stream.

In general, small populations with discrete pop-
ulation units are more likely to experience a re-
duction in effective population size (Tringali and
Bert 1998) or a loss of genetic diversity (Quattro
et al. 2002) than robust pelagic species with min-
imal population subdivision. However, Wang and
Ryman (2001) demonstrated that supportive
breeding programs could actually enhance effec-
tive population size when stocking increases cen-
sus size. Thus, it is obvious that each stocking
decision must weigh the unique characteristics of
the species involved, the degree of difference be-
tween hatchery and wild stocks, and the unique
habitats present at potential stocking sites.

Partially or fully isolated populations can de-
velop beneficial adaptations to local conditions.
These adaptationswill, on average, improve a pop-
ulation’s ability to survive and reproduce (i.e., lead
to improved fitness) within alocal habitat. During
each of the years 1986-1988, 1990, and 1993, an
average of 15,000 advanced striped bass finger-
lings from the Santee drainage were stocked into
the Combahee River, a coastal river with a rela-
tively small census size. Nevertheless, our results
obtained from 1995 to 1997 samples showed sig-
nificant allele frequency differences between the
Combahee and Santee samples. This suggests that
there is some selective advantage for the native
fish. Intentional stocking of Santee River striped
bass into the Combahee River or other coastal
drainages will, to some unknown degree, increase
therisk of breaking down current reproductive bar-
riers, possibly decreasing population fitness. Thus,
for the immediate term, we recommended the use
of endemic broodfish to augment striped bass cen-
sus size within the ACE and Pee Dee coastal river
drainages of South Carolina. The hatchery-stocked
cohort should have an effective population size
equal to or greater than that found in the receiving
stream, which, according to the effective popula-
tion size estimates obtained by Diaz et al. (2000),
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appears to be a realistic goal. In the longer term,
continued monitoring of genetic diversity and the
success of stocking is needed to adaptively refine
management strategies.

For the present, the level of adaptive divergence
among these coastal river populations remains un-
known. The differences in alele frequencies
among basins may be due to genetic drift. If breed-
ing populations are small, as they appear to be in
the Combahee River, the effects of genetic drift
can be rapid. On the other hand, reproductive iso-
lation can foster the development of local adap-
tations within populations. Bergey et al. (2003),
for example, found significant differences in
striped bass egg composition that were related to
watershed characteristics and thus they recom-
mended the use of endemic fish for hatchery aug-
mentation efforts. Additional evaluations of per-
formance-related differences between populations
are needed to determine whether adaptive traits
are present among the populations analyzed in this
study.

Acknowledgments

Funding was provided through the Sport Fish
Restoration Act, U.S. Department of the Interior.
Additional funding was provided by the Cooper-
ative Institute for Fisheries Molecular Biology
(FISHTEC) under grant NOAA-NMFS (RT/F-1)
and is listed as contribution number 03-04. We
acknowledge the support and assistance of Marilyn
Diaz, Val Nash, David Allen, John Crane, Jean
Leitner, Drew Robb, and Jay Thompson, all of the
South Carolina Department of Natural Resources.

References

Allendorf, E W. 1986. Genetic drift and the loss of
alleles versus heterozygosity. Zoo Biology 5:181—
190.

Almodovar, A., G. Nicola, and J. Suarez. 2002. Effects
of fishery management on populations of brown
trout in central Spain. Pages 337-345 in M. Col-
lares-Pereira, M. Coelho, and |. Cowx, editors. Con-
servation of freshwater fishes: optionsfor thefuture.
Blackwell Scientific Publications, Oxford, UK.

Bergey, L., R. Rulifson, M. Gallagher, and A. Overton.
2003. Variability of Atlantic coast striped bass egg
characteristics. North American Journal of Fisheries
Management 23:558-572.

Bjorgo, K., J. Isely, and C. Thomason. 2000. Seasonal
movement and habitat use by striped bass in the
Combahee River, South Carolina. Transactions of
the American Fisheries Society 129:1281-1287.

Cooney, T. W., K. H. Jones, P A. Drewes, J. W. Gis-
sendanner, and B. W. Church. 1996. Water resourc-
es data, South Carolina: water year 1996. U.S. Geo-



GENETIC VARIATION OF SOUTH CAROLINA COASTAL STRIPED BASS

logical Survey, Water-Data Report SC-96-1, Co-
lumbia, South Carolina.

Diaz, M., J. Macpherson, B. Ely, and J. Bulak. 1998.
Striped bass population subdivision within the San-
tee—Cooper system, South Carolina. Molecular Ma-
rine Biology and Biotechnology 7:191-196.

Diaz, M., D. Wethey, J. Bulak, and B. Ely. 2000. Effect
of harvest and effective population size on genetic
diversity in a striped bass population. Transactions
of the American Fisheries Society 129:1367-1372.

Dudley, R., A. Mullis, and J. Terrell. 1977. Movements
of adult striped bassin the Savannah River, Georgia.
Transactions of the American Fisheries Society 106:
314-322.

Dunham, R., K. Norgren, R. Smitherman, R. Ober, and
R. Rees. 1989. Identification of striped bass pop-
ulations in Georgia. Federal Aid in Sport Fish Res-
toration, Completion Report, Project F-42, Atlanta.

Ellner, S., and N. G. Hairston. 1994. Role of overlapping
generations in maintaining genetic variation in a
fluctuating environment. American Naturalist 1443:
403-417.

Englebrecht, C., U. Schliewen, and D. Tautz. 2002. The
impact of stocking on the genetic integrity of Artic
charr populationsfrom the Alpineregion. Molecular
Ecology 11:1017-1027.

Hartl, D. L., and A. G. Clark. 1997. Principles of pop-
ulation genetics. Sinauer Associates, Sunderland,
Massachusetts.

Heggenes, J., K. Roeed, B. Hoeyheim, and L. Rosef.
2002. Microsatellite diversity assessment of brown
trout population structure indicates limited genetic
impact of stocking in a Norwegian alpine lake.
Ecology of Freshwater Fish 11:93-100.

IUBMB (International Union of Biochemistry and Mo-
lecular Biology). 1992. Enzyme nomenclature
1992. Academic Press, San Diego, California.

Koskinen, M., P. Sundell, J. Piironen, and C. Primmer.
2002. Genetic assessment of spatiotemporal evo-
lutionary relationships and stocking effectsin gray-
ling. Ecology Letters 5:193-205.

Leclerc, G., M. Diaz, and B. Ely. 1996. Use of PCR—
RFLP assays to detect genetic variation at single-
copy nuclear loci in striped bass. Molecular Marine
Biology and Biotechnology 5:138-146.

Nielsen, E., M. Hansen, and L. Bach. 2001. Looking
for a needle in a haystack: discovery of indigenous
Atlantic salmon in stocked populations. Conser-
vation Genetics 2:219-232.

Norgren, K. G., R. A. Dunham, R. O. Smitherman, and

1329

W. C. Reeves. 1988. Biochemical genetics of large-
mouth bass populationsin Alabama. Proceedings of
the Annual Conference Southeast Association of
Fish and Wildlife Agencies 40(1986):194—205.

Otto, R. 1975. Isoenzyme systems of the striped bass
and congeneric percicthyiid fishes. Doctoral disser-
tation. University of Maine, Orono.

Quiattro, J., T. Greig, D. Coykendall, B. Bowen, and J.
Baldwin. 2002. Genetic issues in aquatic species
managemment: the shortnose sturgeon in the south-
eastern United States. Conservation Genetics 3:
155-166.

Ricker, W. 1975. Computation and interpretation of bi-
ological statistics of fish populations. Department
of the Environment, Fisheries, and Marine Service,
Ottawa.

Rogier, C. G., J. J. Ney, and B. J. Turner. 1985. Elec-
trophoretic analysis of genetic variability in aland-
locked population of striped bass. Transactions of
the American Fisheries Society 114:244-249.

Sokal, R., and F Rohlf. 1969. Biometry. Freeman, San
Francisco.

Shaklee, J., FE Allendorf, D. Morizot, and G. Whitt.
1990. Gene nomenclature for protein-coding loci
in fish. Transactions of the American Fisheries So-
ciety 119:2-15.

Sidell, B. D., R. G. Otto, D. A. Powers, M. Karweit,
and J. Smith. 1980. Apparent genetic homogeneity
of spawning striped bass in the upper Chesapeake
Bay. Transactions of the American Fisheries Society
109:99-107.

Tringali, M., and T. Bert. 1998. Risk to genetic effective
population size should be an important consider-
ation in fish stock enhancement programs. Bulletin
of Marine Science 62:641-659.

Wang, J., and N. Ryman. 2001. Genetic effects of mul-
tiple generations of supportive breeding. Conser-
vation Biology 15:1619-1631.

Waples, R. 1991. Genetic interactions between hatchery
and wild salmonids: lessons from the Pacific North-
west. Canadian Journal of Fisheries and Aquatic
Sciences 48(Supplement 1):124-133.

Williams, R., R. Leary, and K. Currens. 1997. Localized
genetic effects of along-term hatchery stocking pro-
gram on resident rainbow trout in the Metolius Riv-
er, Oregon. North American Journal of Fisheries
Management 17:1079-1093.

Wirgin, I., R. Proenca, and J. Grossfield. 1989. Mito-
chondrial DNA diversity among populations of
striped bass in the southeastern United States. Ca-
nadian Journal of Zoology 67:891-907.



