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Randomly amplified polymorphic DNA 
(RAPD) analysis of Atlantic Coast striped 

bass 

JOSEPH P. BIELAWSKl*t & DOROTHY E. PUMO 
Department of Biology, 114 Hofstra University, Hempstead, New York 11550, U.S.A. 

Atlantic Coast striped bass exhibit exceptionally low levels of genetic variation. The ability of 
the randomly amplified polymorphic DNA (RAPD) method to uncover genetic variation in 
this highly conserved species was investigated. Sufficient levels of variation were detected to 
allow a population genetic analysis of the four migratory populations of Atlantic Coast striped 
bass. Lynch's analogue of Wright's FsT (F' sT) suggests that Atlantic Coast striped bass are 
genetically subdivided (F' sT for pooled Atlantic samples = 0.44). Significant heterogeneity was 
detected in the frequencies of 32 per cent of surveyed RAPD markers. A modification of 
Slatkin's conditional average frequency method suggests that gene flow is present among the 
sampled Atlantic Coast striped bass. Results of the RAPD analysis suggest that gene flow is 
sufficient to prevent fixation of alternate genetic markers, but not sufficient to prevent the 
development of significant divergence in frequencies of these markers. 
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Introduction 

Striped bass (Marone saxatilis) are endemic to the 
Atlantic Coast of North America and the northern 
Gulf of Mexico. Striped bass are anadromous, with 
individuals moving from marine to fresh waters of 
coastal tributaries for purposes of spawning. Most 
natural populations of striped bass are riverine in 
nature. However, striped bass originating from 
Hudson River, Delaware River, Chesapeake Bay, 
and Roanoke River drainage systems have historic
ally undertaken extensive coastal migrations (Merri
man, 1941 ). Striped bass of these river systems 
become mixed during this migration and form an 
important mixed-stock fishery responsible for 
revenue in the millions of dollars (Koo, 1970). 
Seasonal migration begins in the spring and move
ment is generally northward along the Atlantic 
coast. Striped bass return south along the coast in 
fall to overwinter within the proximity of their natal 
river systems. Tagging studies indicate that migra
tory striped bass return to their natal tributaries to 
spawn (reviewed in Setzler et al., 1980; Rago et al., 
1992). 
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The combination of increasing fishing pressure 
and degradation of important estuarine nursery 
habitat ultimately resulted in an almost complete 
crash of the Mid-Atlantic striped bass fishery in the 
1980s (Boreman & Austin, 1985; Rago et al., 1992). 
Following this collapse, strict regulatory measures 
were imposed which effected a complete halt of 
fishing pressure on the striped bass of the Mid-At
lantic region (Rago et al., 1992). Today, numbers of 
striped bass have returned to levels approaching 
historic highs making striped bass one of the biggest 
success stories in the field of fisheries conservation. 

A major issue in the management of Mid-Atlantic 
striped bass populations is identification and charac
terization of genetically distinct populations. Repro
ductive fidelity of migrating striped bass for their 
natal tributary suggests reproductive isolation exists 
between river systems. Over the last 30 years much 
attention has been devoted to detecting genetic 
markers that would allow characterization of these 
presumably isolated populations (reviewed by 
Waldman et al., 1988; Wirgin et al., 1990; Waldman 
& Wirgin, 1993). Numerous population genetic 
studies of striped bass nuclear loci revealed excep
tionally low levels of genetic variation making char
acterization of their population genetics with these 
methods seemingly impossible (reviewed by 
Waldman et al., 1988). Analysis of striped bass mito-
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chondrial DNA (mtDNA) suggests that subdivision 
exists among some populations of migratory striped 
bass (Wirgin et al., 1990). 

Extensive male-based gene flow between tribu
taries within the Chesapeake Bay is thought to 
account for the observed nuclear gene homogeneity 
of these populations (Chapman, 1987, 1989). Yet, 
because of strong reproductive fidelity of female 
striped bass for their natal tributaries and maternal 
inheritance of the mtDNA genome, significant diver

gence of mtDNA markers has occurred among 
tributaries of the Chesapeake Bay (Chapman, 1990; 
Wirgin et al., 1990). Therefore, it is important that a 
sensitive method of detecting nuclear DNA variation 
be applied to the analysis of migratory stocks of 
Atlantic Coast striped bass in order to determine if 
the nuclear genome exhibits the same pattern of 
divergence indicated by mtDNA analyses. 

The purpose of this study was to employ the 
RAPD method (Williams et al., 1990) to (i) uncover 
sufficient nuclear DNA variation to conduct a popu

lation genetic analysis of migratory striped bass, and 
(ii) identify sets of genetic markers suitable for 

, ______ 
2~ 

Fig. 1 Sample localities for striped bass, Morone saxatilis, 
examined in this study. Samples were as follows: 1, 
Hudson River (n = 29); 2, Delaware River (n = 26); 3, 

Potomac River (n = 12); 4, Choptank River (n = 19); and 

5, Roanoke River (n = 28). Collection of the samples is 

described in the text. 

© The Genetical Society of Great Britain, Heredity, 78, 32-40. 

RAPD ANALYSIS OF STRIPED BASS 33 

resolving stock composition of the migratory mixed
stock fishery. The RAPD method was employed 
because it is an extremely sensitive method of 
detecting nuclear DNA variation. Given the inability 
of other more traditional methods of analysis to 
reveal sufficient levels of nuclear DNA variation in 
striped bass, a test of the RAPD method for a popu
lation analysis of striped bass was warranted. 

Materials and methods 

Sample collection, DNA extraction, amplification, 
and electrophoresis 

Striped bass were collected in 1992 from the Hudson 
River (n = 29), Delaware River (n = 26), Choptank 
(n = 19) and Potomac Rivers (n = 12) of the Chesa
peake Bay, and Roanoke River (n = 28) (Fig. 1 ). 
Young of the year specimens were collected, ensur
ing that each sample reflected reproduction that 
occurred within the sampled river system. The 
striped bass were frozen as soon after capture as 
possible. Skeletal muscle tissue was digested using 
Proteinase K, and genomic DNA was isolated using 
phenol:chloroform extraction and ethanol precipita
tion (Sambrook et al., 1989). Optimization of PCR 
chemical reaction conditions and amplification 
profile is described in Bielawski et al. (1995). After 
completion of the cycling programme, PCR products 
were resolved using agarose gel (1.4 per cent) 

electrophoresis. 
A negative control reaction was prepared for each 

primer employed in all PCR amplifications to iden
tify contamination of reactions with nontarget 
template DNA. Furthermore, amplification of multi
ple template DNA concentrations of every sample 
was carried out for all primers surveyed as a means 
of identifying artifactual variation (Bielawski et al., 

1995). 

Primer selection 

Two kits ( designated C and K), each containing 20 
decamer primers of random sequence, were 
obtained from Operon Technologies, Alameda, CA 
(Table 1). Genomic DNA of two individuals from 
each drainage-system sample (Hudson River, Dela
ware River, Chesapeake Bay, and Roanoke River) 
were used as templates for amplification of RAPD 
markers with each of the 40 decamer primers. 
Amplification was performed on three concentra
tions of each sample of template DNA Primers 
were evaluated based on intensity of bands, consis
tency within individuals, presence of smearing, and 
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Table 1 Summary of the number and characteristics of amplification products obtained from a survey of forty decamer 

primers of random sequence 

Primer 5' -sequence-3' Scorable Polymorphic No. bands Size range 

OPC-01 TTCGAGCCAG y N 6 320-1800 
OPC-02 GTGAGGCGTC y y 12 340-1050 
OPC-03 GGGGGTCTTI N* 
OPC-04 CCGCATCTAC y N 12 330-2200 
OPC-05 GATGACCGCC y N 13 280-2000 
OPC-06 GAACGGACTC y N 7 400-1800 
OPC-07 GTCCCGACGA N* 9 270-1750 
OPC-08 TGGACCGGTG y N 9 700-1700 
OPC-09 CTCACCGTCC y N 10 650-3500 
OPC-10 TGTCTGGGTG y N 6 340-2200 
OPC-11 AAAGCTGCGG y Y:j: 13 200-1900 
OPC-12 TGTCATCCCC y N 8 550-1800 
OPC-13 AAGCCTCGTC y y 9 310-2300 
OPC-14 TGCGTGCTTG y N 8 400-2200 
OPC-15 GACGGATCAG Nt 6 240-1600 
OPC-16 CACACTCCAG y N 5 600-2500 
OPC-17 TTCCCCCCAG y N 7 300-2500 
OPC-18 TGAGTGGGTG y y 9 500-2300 
OPC-19 GTTGCCAGCC y N 8 750-1650 
OPC-20 ACTTCGCCAC y N 10 380-1800 
OPK-01 CATTCGAGCC y y 16 290-2050 
OPK-02 GTCTCCGCAA y y 5 380-0675 
OPK-03 CCAGCTTAGG y N 6 450-2600 
OPK-04 CCGCCCAAAC y N 9 360-2300 
OPK-05 TCTGTCGAGG N* 
OPK-06 CACCTTICCC y N 9 330-2100 
OPK-07 AGCGAGCAAG Nt 
OPK-08 GAACACTGGG y N 7 600-3500 
OPK-09 CCCTACCGAC y 

OPK-10 GTGCAACGTG N* 9 390-2000 
OPK-11 AATGCCCCAG y N 8 410-2900 
OPK-12 TGGCCCTCAC y N 8 600-1500 
OPK-13 GGTTGTACCC y 

OPK-14 CCCGCTACAC y y 11 320-1500 
OPK-15 CTCCTGCCAA y N 12 280-2400 
OPK-16 GAGCGTCGAA Nt 
OPK-17 CCCAGCTGTG y N 12 270-2100 
OPK-18 CCTAGTCGAG y N:j: 
OPK-19 CACAGGCGGA y y 11 160-1300 
OPK-20 GTGTCGCGAG y y 10 230-0780 

*Highly smeary and/or inconsistent amplification products. 
tNo amplification products. 
Unconsistent amplification of only certain products. 

potential for population discrimination. The most system. A final subset of primers was then selected 
important criterion for primer selection was consis- for population analysis. 
tency of amplification across a 100-fold span of 

DNA concentrations. Primers exhibiting the highest 
Population analysis quality banding patterns and sufficient variability for 

population analysis were selected for amplification Genomic DNA samples of individual striped bass 
with two additional individuals from each drainage from each drainage system were surveyed for RAPD 
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markers using the primers selected in the above 

primer survey. Amplification of a minimum of two 

concentrations of every sample of template DNA 

was carried out for all primers surveyed. Amplifica

tion products from different concentrations of 

template DNA were compared to identify artifactual 

variation. Amplification products exhibiting artifac

tual variation were dropped from the analysis. The 

lengths in base pairs of the amplified sequences of 

DNA were estimated by comparison to a molecular 

standard and named according to the convention 

suggested by Paran et al. (1991). 

Frequencies of the polymorphic RAPD markers 

were determined for each population sample. 

Testing for significant differences in marker frequen

cies was accomplished using G-tests (Sokal & Rohlf, 

1969) of contingency tables of marker counts. The 

G-tests were carried out using the BIOM-PC program 

package (Rohlf, 1983). The sequential Bonferroni 

method was used to compute table-wide significance 

levels to control for the probability of incorrectly 

rejecting one or more component null hypotheses 

(Rice, 1989). 

Mean bandsharing similarity indices between indi

viduals within a population sample (S;) and between 

population samples (S;i) were computed for all 

possible comparisons according to the method of 

Lynch (1991). Lynch's (1991) analogue of Wright's 

FsT (F' ST) was computed for the total data set and 

between geographically proximate population 

samples using a measure of interpopulation band

sharing corrected for within-population variation. 

Distance measures were computed from both 

frequency and bandsharing data. Nei's (1978) 

unbiased genetic distance values were computed 

from frequencies of polymorphic markers using the 

B1osvs-1 computer package (Swofford & Selander, 

1981). Lynch's (1991) analogue of Nei's unbiased 

genetic distance (D';i) was computed manually from 

mean similarity within- (S;) and between-population 

(S;i) samples. Cluster analysis of both sets of distance 

measures via UPGMA (Unweighted Pair Group 

Method of Arithmetic means) was carried out using 

a computer program written by Dr N. Saitou of the 

University of Texas Science Center at Houston. This 

program also determines the standard error for each 

node of the dendrogram according to the method of 

Nei et al. (1985). 

Maximum and minimum qualitative estimates of 

gene flow were determined using a modification of 

Slatkin's (1981) method. Because dominance can 

yield an underestimate of the frequencies of rare 

null markers (Clark & Lanigan, 1993), conditional 

average marker frequencies fp(i)] computed using 
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null markers will provide an upper-bound or 

maximum qualitative estimate of gene flow. A 

minimum qualitative estimate can be obtained by 

overestimating rare marker frequencies. Minimum 

qualitative estimates of gene flow were determined 

by ignoring null markers and treating all rare domi

nant markers as homozygous. 

Results 

An evaluation of 40 different decamer primers 

was conducted with representatives of the four 

sampling localities (Table 1 ). Thirty-three primers 

(82.5 per cent) produced high intensity amplification 

products with minimal smearing. However, two of 

these primers (OPC-11 and OPK-18) produced 

highly inconsistent amplification products across 

different DNA concentrations from the same indivi

dual and were dropped from further analysis. 

Twenty-four primers (74 per cent of the scorable 

primers) produced completely monomorphic ampli

fication products. The eight primers that produced 

polymorphic products (Table 1) were evaluated with 

two additional representatives from each sampling 

locality. Primers OPC-2, OPK-1, OPK-2, OPK-19 

and OPK-20 were selected based on the quality of 

their amplification products for the population 

analysis. 

Striped bass from each collection locality were 

surveyed for polymorphic markers with each of the 

above primers. A total of 53 amplification products 

were identified with 33 polymorphisms detected. A 

single amplification product was dropped from the 

analysis because spurious amplification was detected 

across DNA template concentrations. A second 

marker (OPK-2650) was dropped from analysis 

because it displayed identical frequencies to another 

marker produced from the same primer (OPK-261s) 

in all four population samples. This strongly 

suggested nonindependence, probably the result of 

linkage of the two markers. Frequencies of polymor

phic RAPD markers are presented in Table 2. Only 

a single population-specific marker (OPC-2360) was 

detected. This marker was found at a frequency of 

0.19 in the Delaware River sample and was absent 

from all other samples. Overall, 26 of the polymor

phic markers were present in all four of the samples. 

G-statistics from contingency-table analysis of 

RAPD marker frequencies are presented in Table 3. 

Sixteen of 31 markers (52 per cent) showed signi

ficant heterogeneity using the single-test significance 

level of 0.05 (Table 3). Using the sequential Bonfer

roni method, 10 markers (32 per cent) showed signi

ficant heterogeneity at table-wide significance levels 
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Table S Summary of Nei's (1978) unbiased genetic 
distance values based on RAPD marker frequencies 
(upper diagonal) and Lynch's (1991) analogue of Nei's 
unbiased genetic distance (D \) based on bandsharing 
similarity indices (lower diagonal) among striped bass 
sampled from the Hudson River, Delaware River, 
Chesapeake Bay and Roanoke River 

1 2 3 4 

1. Hudson River 0.036 0.100 0.042 

2. Delaware River 0.051 0.081 0.038 

3. Chesapeake Bay 0.072 0.070 0.074 

4. Roanoke River 0.053 0.052 0.062 

(a) :!:,0.034 
Hudson River 

:!:,0.066 Delaware River 

:!:,0.15 Roanoke River 

Chesapeake Bay 

(b) :!:,0.031 
Hudson River 

:!:,0.073 Delaware River 

:!:,0.12 - Roanoke River 

Chesapeake Bay 

0.2 0.15 0.10 0.05 o.o 

Fig. 2 UPGMA dendrograms for striped bass based on (a) 
Nei's (1978) unbiased genetic distance computed from 
RAPD marker frequencies, and (b) Lynch's (1991) 
analogue of Nei's unbiased genetic distance computed 
from bandsharing similarity indices. 

Analyses of frequencies of RAPD markers and 

bandsharing indices suggest genetic subdivision. 

Using sequential Bonferroni table-wide P-values, 

significant heterogeneity among the four sampled 

drainage systems was detected in the frequencies of 

32 per cent of the polymorphic RAPD markers. 

Significant levels of divergence in frequencies of 

shared markers assumed to be independent and 

selectively neutral indicate a genome-wide effect 

resulting from a restriction in gene flow (Wright, 

p(I) 
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.. o- - · Slatkln's (1981) theoretical profile for a high gene flow species. 

.. o .. Slatkln's (1981) theoretical profile for a low gene flow species. 

--Maximum profile for striped bass gene flow. 

--Minimum profile for striped bass gene flow. 

Fig. 3 Maximum and minimum qualitative estimates of 
gene flow for the striped bass. Profiles were obtained by 
plotting conditional-average RAPD marker frequencies 
fp(i)] verses occupancy rate (i!d). Theoretical profiles for 
high gene flow (Nern = 1.250) and low gene flow 
(Nern= 0.025) are after Slatkin (1981). 

1969). Bandsharing-based similarity indices are 

higher for within-river system samples than for all 

comparisons between river systems (Table 4). This 

implies that individuals within each river system are 

genetically more similar to each other than to indi

viduals from any other river system. Estimates of 

F' sT using these bandsharing similarity values indi

cate the presence of subdivision among river system 

samples (F' ST= 0.44). Because subdivision was 

detected in the pooled Atlantic Coast samples, F' sT 

was computed stepwise between geographically 

proximate river systems and genetic subdivision was 

indicated in all comparisons (Table 4). Collectively, 

these data suggest that striped bass of the Hudson 

River, Delaware River, Chesapeake Bay, and 

Roanoke River systems are genetically differentiated 

from each other. 

In general, results of both mitochondrial (Wirgin 

et al., 1990) and RAPD analyses are concordant in 

suggesting divergence among Atlantic Coast striped 

bass. However, the RAPD analysis suggests that 

genetic differentiation exists between Hudson River 

and Roanoke River striped bass (F' sT = 0.46) that 

was not detected by previous mtDNA analysis 

(Wirgin et al., 1990). It is not unexpected that the 

RAPD analysis suggests divergence between these 

populations given that these two river systems are 
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Table 3 Results of G-tests for heterogeneity in RAPD 

marker frequencies among striped bass sampled from the 

Hudson River, Delaware River, Chesapeake Bay and 

Roanoke River 

RAPD marker G-score P-value 

OPC-2102s 5.371 >0.05 

OPC-2 1000 0.282 >0.05 

OPC-2700 12.040 * <0.01 

OPC-2soo 6.176 >0.05 

OPC-2490 10.789 * <0.05 

OPC-2420 36.429 t* <0.001 

OPC-2410 4.580 >0.05 

OPC-2360 15.407 t* <0.01 

OPK-1 1600 10.426 * <0.05 

OPK-11300 3.480 >0.05 

OPK-lsso 5.014 >0.05 

OPK-16so 5.583 >0.05 

OPK-lsoo 19.122 t* <0.001 

OPK-1465 2.782 >0.05 

OPK-261s 7.558 >0.05 

OPK-23so 4.474 >0.05 

OPK-191300 2.782 >0.05 

OPK-19900 4.028 >0.05 

OPK-19700 8.725 * <0.05 

OPK-19sso 20.562 t* <0.001 

OPK-19s2s 15.904 t* <0.01 

OPK-192so 16.411 t*<0.001 

OPK-207so 23.096 t* <0.001 

OPK-201so 10.068 * <0.01 

OPK-2072s 2.447 >0.05 

OPK-20700 2.840 >0.05 

OPK-2062s 21.056 t*<0.001 

OPK-20soo 15.084 * <0.01 

OPK-203so 2.689 >0.05 

OPK-202so 20.797 t*<0.001 

OPK-20230 21.073 t* <0.001 

Degrees of freedom for G-test = 3. 

*Indicates a single-test significant result (ix= 0.05). 

tlndicates a table-wide significant result using the 

sequential Bonferroni method (a= 0.05). 

average RAPD marker frequencies produced 
profiles which closely parallel Slatkin's (1981) theo
retical estimate for a high gene flow species (Fig. 3). 

Discussion 

Characterization of Atlantic Coast striped bass 

populations 

Traditional measures of nuclear DNA variation, 
including isoelectric focusing, allozyme, and isozyme 
analyses, have detected virtually no genetic variation 
among Atlantic Coast striped bass (reviewed by 

© The Genetical Society of Great Britain, Heredity, 78, 32-40. 

RAPD ANALYSIS OF STRIPED BASS 37 

Table 4 Summary of bandsharing-based similarity indices 

within and between the sampled Atlantic Coast striped 

bass and estimates of population subdivision based on 

Lynch's (1991) analogue of Wright's F sT (F 'sT) computed 

from these similarity indices 

Similarity (S;) between individuals of the same population 

Hudson River 

Delaware River 

Chesapeake Bay 

Roanoke River 

Average 

93.0% 

92.6% 

93.9% 

95.6% 

93.8% 

Similarity (S ii) between individuals of different populations 

Hudson-Delaware 

Hudson-Chesapeake 

Hudson-Roanoke 

Chesapeake-Delaware 

Chesapeake-Roanoke 

Delaware-Roanoke 

Average 

88.2% 

87.0% 

89.4% 

87.8% 

89.0% 

89.2% 

88.4% 

Estimates of population subdivision (F' sT) computed for 

pooled Atlantic Coast striped bass samples and stepwise 

between geographically proximate drainage systems 

Test group 

Atlantic Coast 

Hudson River and Delaware River 

Delaware River and Chesapeake Bay 

Chesapeake Bay and Roanoke River 

F'sT 

0.44 

0.39 

0.44 

0.52 

Waldman et al., 1988). Alternatively, the RAPD 
method uncovered 31 reliable polymorphisms from 
the five primers selected for population analysis. In 
contrast to previous studies, the RAPD method 
revealed sufficient nuclear variation to conduct a 
population genetic study of Atlantic Coast striped 
bass. However, the majority of the scorable primers 
surveyed (75 per cent) produced completely mono
morphic banding patterns. Furthermore, similarity 
indices within samples, calculated from the primers 
which produced the greatest amount of variation, 
were between 92 per cent and 96 per cent (Table 4). 
If similarity indices had been calculated from ampli
fication products of all primers, the values would 
have been considerably higher. The results of this 
RAPD analysis not only demonstrate that nuclear 
DNA variation in Atlantic Coast striped bass is 

extremely low, but that the RAPD method is 
capable of revealing nuclear DNA variation in an 

extremely conserved species. 
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Table S Summary of Nei's (1978) unbiased genetic 
distance values based on RAPD marker frequencies 
(upper diagonal) and Lynch's (1991) analogue of Nei's 
unbiased genetic distance (D \) based on bandsharing 
similarity indices (lower diagonal) among striped bass 
sampled from the Hudson River, Delaware River, 
Chesapeake Bay and Roanoke River 

1 2 3 4 

1. Hudson River 0.036 0.100 0.042 

2. Delaware River 0.051 0.081 0.038 

3. Chesapeake Bay 0.072 0.070 0.074 

4. Roanoke River 0.053 0.052 0.062 

(a) :!:,0.034 
Hudson River 

:!:,0.066 Delaware River 

:!:,0.15 Roanoke River 

Chesapeake Bay 

(b) :!:,0.031 
Hudson River 

:!:,0.073 Delaware River 

:!:,0.12 - Roanoke River 

Chesapeake Bay 

0.2 0.15 0.10 0.05 o.o 

Fig. 2 UPGMA dendrograms for striped bass based on (a) 
Nei's (1978) unbiased genetic distance computed from 
RAPD marker frequencies, and (b) Lynch's (1991) 
analogue of Nei's unbiased genetic distance computed 
from bandsharing similarity indices. 

Analyses of frequencies of RAPD markers and 

bandsharing indices suggest genetic subdivision. 

Using sequential Bonferroni table-wide P-values, 

significant heterogeneity among the four sampled 

drainage systems was detected in the frequencies of 

32 per cent of the polymorphic RAPD markers. 

Significant levels of divergence in frequencies of 

shared markers assumed to be independent and 

selectively neutral indicate a genome-wide effect 

resulting from a restriction in gene flow (Wright, 

p(I) 
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.. o- - · Slatkln's (1981) theoretical profile for a high gene flow species. 

.. o .. Slatkln's (1981) theoretical profile for a low gene flow species. 

--Maximum profile for striped bass gene flow. 

--Minimum profile for striped bass gene flow. 

Fig. 3 Maximum and minimum qualitative estimates of 
gene flow for the striped bass. Profiles were obtained by 
plotting conditional-average RAPD marker frequencies 
fp(i)] verses occupancy rate (i!d). Theoretical profiles for 
high gene flow (Nern = 1.250) and low gene flow 
(Nern= 0.025) are after Slatkin (1981). 

1969). Bandsharing-based similarity indices are 

higher for within-river system samples than for all 

comparisons between river systems (Table 4). This 

implies that individuals within each river system are 

genetically more similar to each other than to indi

viduals from any other river system. Estimates of 

F' sT using these bandsharing similarity values indi

cate the presence of subdivision among river system 

samples (F' ST= 0.44). Because subdivision was 

detected in the pooled Atlantic Coast samples, F' sT 

was computed stepwise between geographically 

proximate river systems and genetic subdivision was 

indicated in all comparisons (Table 4). Collectively, 

these data suggest that striped bass of the Hudson 

River, Delaware River, Chesapeake Bay, and 

Roanoke River systems are genetically differentiated 

from each other. 

In general, results of both mitochondrial (Wirgin 

et al., 1990) and RAPD analyses are concordant in 

suggesting divergence among Atlantic Coast striped 

bass. However, the RAPD analysis suggests that 

genetic differentiation exists between Hudson River 

and Roanoke River striped bass (F' sT = 0.46) that 

was not detected by previous mtDNA analysis 

(Wirgin et al., 1990). It is not unexpected that the 

RAPD analysis suggests divergence between these 

populations given that these two river systems are 
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geographically the most distant from each other 

(Fig. 1). 

Maximum and minimum estimates of gene flow 

based on analysis of conditional average marker 

frequencies (Slatkin, 1981) closely parallels the theo

retical estimate for a 'high gene flow species' 

(Fig. 3). It is important to note that empirically 

based estimates of gene flow using this method on 

other marine species known to have pelagic larvae 

and potential for high gene flow have produced 

considerably higher profiles than Slatkin's (1981) 

theoretical estimate (Bohlmeyer & Gold, 1991; 

McMillen-Jackson et al., 1994). Therefore the 

observed striped bass qualitative profile (Fig. 3) may 

be an indication of a moderate restriction in gene 

flow. Cluster analysis of both bandsharing- and 

frequency-based distances indicates that the sampled 

striped bass were not strongly differentiated, signal

ling that gene :flow is likely among the samples 

(Fig. 2). Taken together, these data suggest that 

gene flow is occurring among the sampled Atlantic 

Coast striped bass populations. 

The extent of genetic differentiation detected 

among the sampled striped bass is not in conflict 

with the levels of gene flow estimated between the 

samples. Theoreticatly, populations will be 

prevented from fixation of alternate neutral alleles 

via drift by as little as one effective migrant per 

generation (Spieth, 1974). Furthermore, significant 

divergence in allele frequencies can occur in a back

ground of high gene flow (Wright, 1969; Allendorf 

& Phelps, 1981). The sampled striped bass popula

tions did not exhibit any fixed differences, but signi

ficant heterogeneity in marker frequencies was 

detected despite indications of the presence of gene 

:flow. It appears that the barrier to gene :flow result

ing from the natal homing behaviour of migratory 

striped bass may be 'leaky' and does not provide 

complete isolation. Enough 'leakage' in gene flow is 

occurring to prevent fixation of alternate alleles, 

however it is not sufficient to prevent significant 

divergence in the frequencies of shared markers. 

Management implications 

Present estimates of gene :flow suggest it may be 

inappropriate to assume that current levels of 

exchange between populations would be great 

enough to affect recruitment during a contemporary 

period of time. Given the longer time to sexual 

maturity of female striped bass (Setzler et al., 1980) 

and their numerically inferior numbers on the 

spawning grounds relative to males (Setzler et al., 

1980; Chapman, 1990) recruitment will ultimately 
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depend on female spawning activity. Whereas males 

may show less fidelity for natal reproduction 

(Chapman, 1987, 1989), the evidence suggests that 

females are strongly philopatric to their natal spawn

ing sites (reviewed in Setzler et al., 1980; Chapman, 

1990; Rago et al., 1992). Therefore the conservative 

approach to management of the migratory striped 

bass is to consider the sampled river systems as inde

pendent units. 

Management of a mixed-stock fishery as a whole, 

essentially basing regulations on the numerically 

strongest stock, can result in excessive pressure and 

possible depletion of the weakest stocks (Pella & 

Milner, 1987). Because all but one of the polymor

phic RAPD markers were present in two or more 

samples, only 23 per cent of the combined sample of 

striped bass could be unambiguously classified into 

one of the four stocks. Using observed frequencies 

of shared mtDNA length variants, Wirgin et al. 

(1993) employed a generalized least squares 

approach to estimate the proportional contributions 

of Hudson River and Chesapeake Bay striped bass 

to the Atlantic mixed-stock fishery. A similar 

approach, employing observed RAPD marker 

frequencies, may allow estimation of the propor

tional compositions of all four striped bass popula

tions to the Atlantic Coast fishery. 
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