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(Neogobius melanostomlisind Tubenose Rroterorhinus marmoratu$
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ABSTRACT. Population genetic structure and systematic relationships were investigated for two exotic
fishes introduced to the Great Lakes in 1990, the round dl@mgobius melanostomasd the tubenose

goby Proterorhinus marmoratusising DNA sequences from the left domain of the mitochondrial DNA
control region. Samples of round gobies were compared from different sites in the Great Lakes, an intro-
duced population from the Gulf of Gdansk in Poland, and a native population from the northern Black
Sea. The round goby was characterized by relatively high genetic variability, and 17 haplotypes were
identified from 64 individuals. Levels of genetic variation for the round goby were similar in the invasive
and native sampling sites, suggesting relatively large founding populations and lack of bottlenecks. The
northern Black Sea was eliminated as a probable founding source for both the Great Lakes and the exotic
population in Poland. Substitutions in the left domain of the control region revealed significant differ-
ences among samples from the Great Lakes and Eurasia, and between Lakes Erie and St. Clair, suggest-
ing non-random mating. No variation was detected in the tubenose goby population in the Great Lakes,
which has been less successful in terms of spread and population growth. A molecular clock calibration
suggested that the geneNeogobiusand Proterorhinusdiverged about 5.2 1.0 million years ago,
apparently separating from a common ancestor shared @athiusduring the isolation of the Paratethys

basin from the Mediterranean Tethys Sea.

INDEX WORDS: DNA, exotic species, founder effect, genetics, Gobiidae, Great Lidkegobius
melanostomus, Proterorhinus marmoratus

INTRODUCTION patterns, and founding sources for exotic species
The repeated successes of nonindigenous specieM@y help in understanding the common factors reg-

in the Great Lakes have had serious ecological im-Ulating their relative successes.

pacts, resulting in many permanent changes to the [N 1990, the Eurasian rourideogobius melanos-
ecosystem (Millset al. 1993, Ricciardi and tomusand tubenos@roterorhinus marmoratugob-

Maclsaac 2000). Levels of genetic variability in €S _(Tel_eostel:_ Gobiidae) were dlsqovered in the St.
populations of exotic species may be positively cor- Clair River (Fig. 1) of the Laurentian Great Lakes
related with invasive success (Williamson 1996), (Crossmaret al. 1992, Judeet al. 1992), where
which was examined in the present study andthey presumably had been introduced from foreign
through other investigations by our laboratory ballast water discharge (Millst al. 1993). The
(Stepienet al. 1998, Stepien and Dillon in press). found goby has spread to all five Great Lakes—

Comparisons of levels of genetic variability, spread faster than any previously introduced fish and its
population sizes are large in the lower Great Lakes

o § " 3 all reorint s E-mail: ¢.stepien@ (Fig. 1, Judeet al. 1992, Marsderet al. 1997). The
orresponaing author and all reprint requests: E-mall: c.stepien@csuo-. H

hio.edu tubc_anose goby has not spread to other locations as
1Present Address: Athersys, Inc., 3201 Carnegie Ave., Cleveland, Ohiorapldly" and presently rea_ches northwestern La:ke
44115 Erie (Fig. 1, U.S. Geological Survey 2001). This
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@ N. melanostomus distribution

A Collection sites

FIG. 1. North American distribution and collection sites faleogobius
melanostomusand Proterorhinus marmoratus. Sites forN. melanosto-
mus are 1 = Shiawassee River, near Linden, Michigan, 2 = Flint River.,
near Russelville, Michigan, 3 = Lake St. Clair, 5 = Lake Erie, off Avon
Point, Ohio, and 6 = Lake Erie, off the Chagrin River, Ohi®roterorhi-
nus marmoratuswas collected at sites 3 = Lake St. Clair and 4 = St. Clair
River. (Distribution information is from Biological Resources Division,
USGS 2001).

study primarily concentrated on the round goby, (Simonovicet al. 1996). The neogobiins have fused
since it now presents a greater ecological problempelvic fins and elongated dorsal and anal fins
(Miller 1986) and are distinguished from the At-
Systematic and Biogeographic Relationships lantic and Mediterranean bas@®obiusspp. by the
The generaNeogobiusand Proterorhinuscom-  absence of a swimbladder and location of the up-
prise the subfamily Neogobiinae, which is endemic Permost rays of the pectoral fins within the fin
to the Ponto-Caspian region (including the Mar- membrane (Pinchuk 1991). The Neogobiinae is hy-
mara, Black, Azov, Caspian, and Aral seas, Fig. 2)pothesized to have descended from an ancestor
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FIG. 2. European collection sites foNeogobius melanostomusare numbered

7 and 8. 7 = Gulf of Gdansk, Poland, and 8 = Black Sea, near Varna, Bulgaria.
The Ponto-Caspian region includes the Marmara, Black, Azov, Caspian, and
Aral seas.

shared withGobius which either entered the Black and Kocher 1997) and the Dougheetyal. (1996)
Sea basin during Quaternary interglacial connec-study did not discern enough variation to evaluate
tions with the Mediterranean Sea (Stevanovic 1982)differences among sample sites. Doughetyal.

or earlier during the mid-Miocene Epoch (McKay (1996) found five haplotypes (one of which was
and Miller 1991). The monotypiProterorhinusis  shared among sites), each differing by a single nu-
distinguished fromNeogobiusby its unique long  cjeqtide, for round gobies in the Black Sea (n = 15,

anterior nostrils (Miller 1986). The native distribu- [ - 3 haplotypes) and the St. Clair and Detroit
tion of P. marmoratuss limited to the Black and ;. (o (n = 29, n = 3 haplotypes, one shared with

Cssgr:ﬁ:nhzgﬁ;{ c\ilzlsilﬁ:galr:cles (TerIZitigseg) by anthro-the Black Sea). They concluded that more than one
Pog : female round goby type was introduced to the

A i DNA D h l. )
(lggg)res\élqouuesnced 3655tubdaygeb3éairgu(gbp)egc]?:hi mito-Creat Lakes basin and excluded the northern Black

chondrial (mt) DNA cytochromé gene from 44 Sea as the founding source (Dougheetyal.
round gobies and two tubenose gobies finding 631996). The Doughertgt al. (1996) samples were
nucleotide differences between the specigsp Made available in this study, allowing a direct com-
0.173) and four intraspecific polymorphisms in the parison of the levels of resolution obtained from
former (g, = 0.011). Cytochromd evolves rela- the mtDNA control region and cytochronbese-
tively slowly in fishes (Kocheet al. 1989, Stepien  quences.
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Objectives (site 4, 42° 45N, 82° 283 W, n = 11) and Lake St.

The purpose of this investigation was to geneti- Clair (site 3, n = 1) in the Great La1<es (Fig. 1).
cally characterize the exotic round and tubenoseS@mples were stored frozen at -80°C or in 95%
goby populations in the Great Lakes using se-&thanol at room temperature.
guences from the left domain of the mtDNA control
region. Specific objectives were to: (1) evaluate the DNA Extraction, Amplification,
possible origin(s) of the founding population(s), (2) and Sequencing

compare levels of g_enetic variation in rounq gobies Methodology for extracting and purifying DNA

from native versus introduced areas of their range.fqm the samples followed Stepien (1995). The left
(3) contrast the relative levels and distribution of 45main of the control region, extending from the
intra- versus interspecific genetic variation, and (4) tRNA-proline gene to the cent’ral conserved section
provide a data base for evaluating whether future(Fig_ 3), was amplified using the polymerase chain
colonization sites are due to spread from nearby 10--o o tion (PCR) with the oligonucleotide primers

cations or new introductions from Eurasia. L16007 (3-CCC-AAA-GCT-AAA-ATT-CTA-A-3’
Hypotheses for the above objectives (1 10 4) kgcheret al. 1989) and H16498 (ECCT-GAA-
were: (1, A) the exotic round goby population in GTA-GGA-ACC-AGA-TG-3, Meyeret al. 1990)

the North American Great Lakes did/did not origi- h ; ; 1
nate from the northern Black Sea, (1, B) the exoticand then sequenced according to Stepien (1995).

population in the Gulf of Gdansk did/did not origi- _

nate from the northern Black Sea, (1, C) the two in- Data Analysis

troduced populations did/did not share a common Proportions of polymorphic nucleotides,\vere
origin, (2, A) levels of genetic variability were sim- calculated according to Nei (1987). Population ge-
ilar/different in the exotic populations versus the netic analyses were conducted in two ways: (1) by
native population sample, (2, B) levels of genetic analyzing evolutionary relationships among haplo-
variability were similar/different between the two type sequences using genetic distance and cladistic
introduced populations, (3, A) levels of genetic phylogenetic trees, and (2) by comparing levels of
variability were similar/different between the round genetic variability within and among sampling
and tubenose gobig3, B) significant differences sites, and testing for geographic heterogeneity (Fer-
occurred/ did not occur among sampling locationsris and Berg 1987, Weir 1996).

of the round goby in North America. Results of this  The first approach included maximum parsimony
investigation will aid understanding of the relative in PAUP* 4.0 (Phylogenetic Analysis Using Parsi-
genetic variability and patterns of dispersal of the mony, Swofford 2001) and neighbor-joining (NJ)

gobies, in comparison with other exotic species. genetic distance analyses (Saitou and Nei 1987) for
651 bp (bases 90 to 740). Parsimony analyses em-

MATERIALS AND METHODS ployed the branch-and-bound algorithm (Hendy and

Penny 1982) and 50% majority rule consensus of

Samples Collected the most parsimonious trees (Margush and McMor-

The left domain (~750 bp) of the mtDNA control ris 1981). Kimura’s (1980) two-parameter and pair-
region was sequenced fdt. melanostomufrom wise (p-) genetic distances (Nei 1987), their
five sites in the Great Lakes (Fig. 1), including: two standard errors, and neighbor-joining (NJ) trees
tributaries of Saginaw Bay, Lake Huron; the Shi- were calculated with MEGA (Molecular Evolution-
awassee River (site 1, 45°’1§, 84° 08 W, n = 5) ary Genetics Analysis, vers. 1.01, Kumgitr al.
and the Flint River (site 2, 43° 00], 83° 43 W, n 1993). Kimura’s (1980) two-parameter distances
= b); Lake St. Clair (site 3, 42° 2RI, 82° 39 W, n were used to correct for the unequal rate of transi-
= 10); and two sites in Lake Erie, Avon Point (site tional versus transversional substitutions that occur
5, 41° 50 N, 82° 0Z W, n = 10) and the mouth of in animal mtDNA sequences (Kocher and Carlton
the Chagrin River (site 6, 41° 4M, 81° 253 W, 1997). Pairwise distances were used to estimate
n = 10). Eurasian sampling locations (Fig. 2) in- possible divergence times, using a hypothesized
cluded the Gulf of Gdansk, Poland (site 7, 54° 20 rate of sequence divergence of 2% per million years
N, 18° 40 E, n = 20) and the Black Sea, Bulgaria (reviewed by Avise 2000). This rate is slower than
(site 8, 43° 14N, 27° 58 E, n = 15). TwelveP. that of mammals (Avise 2000) but average for
marmoratuswere analyzed from the St. Clair River fishes, whose mtDNA evolves more slowly appar-
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FIG. 3. A schematic diagram of the left domain of the control region for (A)
Neogobius melanostomuand (B) Proterorhinus marmoratus. Locations of the
repeated sequences, short repeat (SR), termination associated sequences (TAS),
and the central conserved section (CCS) are shown. Vertical lines: A = intraspe-
cific substitutions, B = interspecific differences.

ently due to poikilothermy (Bernatchet al. 1992, vealed similar results and to compare their relative
Bernatchez and Danzmann 1993, Stepien anclevels of phylogenetic resolution.
Kocher 1997). Bootstrap support values were deter- Frequency differences in the geographic distribu-
mined from 1,000 permutations for the nodes of thetions of the haplotypes also were analyzed with
distance and parsimony trees. modified chi-square tests, with a Monte Carlo simu-
The second approach compared the relative fre-lation approach with 10,000 randomizations (Roff
qguencies of the haplotypes and their geographic di-and Bentzen 1989) and the MONTE program in
vergences, using haplotype diversity, (vhich is REAP (McElroyet al. 1992). A Bonferroni correc-
equivalent to heterozygosity, Nei and Tajima 1983) tion that divided thd>-value by the number of pair-
and maximum-likelihood analysis within (nu- wise comparisons was used for the multiple
cleotide diversity—H, Nei 1987) and among sam- post-hoc tests (Frgt al. 1993).
pling locations (nucleotide divergenceadxy, Nei Hierarchical AMOVA (Analysis of MOlecular
and Tajima 1983) from the DA2 program in REAP VAriance, vers. 1.53, Excoffieet al. 1992, Ex-
(the Restriction Enzyme Analysis Package, vers.coffier 1995) analyses, based on Euclidean dis-
5.0, McElroyet al. 1992). tances among pairs of haplotypes and their relative
Phylogenetic utility of the repeated sequence ar-frequencies, tested the partitioning of variation be-
rays versus the unique sequences (see Faber artween regions (North America and Europe), and
Stepien 1998) were compared through separateamong sampling sites. Significance of ther (Fst
analyses of: (1) the entire data set (17 haplotypes)analog) values was determined with 1,000 random
(2) the data subset of the repeated arrays (11 haplopermutations (Excoffieet al. 1992).
types for nucleotide positions 090 to 595), and (3) Tajima’s (1989) test of selective neutrality based
the data subset comprising the unique sequenceon the infinite-site model was performed using the
(11 haplotypes for nucleotide positions 000 to 089 Arlequin software package (vers. 1.1, Schneigter
and 596 to 733). The purpose was to test whetheial. 1997). This test evaluated whether the observed
the repeated and the unique sequence regions renumber of polymorphic sites and the average num-
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ber of pairwise nucleotide differences deviated sig-teen transitions (S), four transversions (V), and a
nificantly from theoretically predicted values two-base insertion occurred within the four tandem

(Tajima 1989). repeats (S:V ratio = 3.25, Table 1).
The unigue sequences differed by eight transi-
RESULTS tions (S), two transversions (V), and a single inser-

tion (S:V ratio = 4.0). Most of this variation (10 of

Structure and Substitutions in the Left Domain 11 polymorphic sites) occurred in the Eurasian sam-
of the mtDNA Control Region ples (Table 2). Two of the transitions (bases 575
A single haplotype discerned fét marmoratus and 588) occurred in single individuals sampled
and the five most comman. melanostomubaplo_ from the Black Sea (Table 2) Nucleotide pOS|t|0n

Bank (accession numbers AF082969 to AF082974).(G), and a transversion (53% T - 47% G) distin-
No intraspecific variation was found i mar- ~ 9guished some North American samples.
moratus(n = 12). The complete data set, including repeated and
Locations of the inter- and intraspecific substitu- Non-repeated information, revealed 17 round goby
tions were mapped on a structural diagram of thehaplotypes and 43 polymorphic nucleotide sites
left domain for the mtDNA control region (Fig. 3).  (Pn = 0.07, S:V ratio = 13.0; Table 2, Fig. 3). Nu-
Two putative Termination Associated SequencesCl€otide polymorphism within the four repeats {p
(TAS, Dodaet al. 1981, Foraret al. 1988) were 0.08) was higher _than in the non-repetitive regions
identified in each species. The region immediately (Pn = 0.05). Intrasite polymorphisms were detected
flanking the % tRNA-proline end (bases 1 to 89) In five of the seven sampling locations (the Shi-
differed in sequence and length between the@Wassee ahnd Flint Ir|ve':js of Il_ake H#.ron were
species, and was omitted in all analyses due tgMonomorphic). Nucleotide polymorphismjp
alignment uncertainty. The left domain of  nhaplotype diversity i), and nucleotide diversity
melanostomusvas approximately 400 bp longer (IT) values (Table 3) were largest in the native pop-

than that ofP. marmoratusresulting from four non- ulation from the Black Sea {p= 0.05,h = 0.96+

: : 0.04) and the Lake St. Clair sampling siié €
identical tandemly repeated sequences (Table 1 . .
Fig. 3). Faber and Stepien 1998 discuss tandem reO.OlOJ_r 0.007). Haplotype diversityhj averaged

peats in the mtDNA control region of fishes. A fifth geét\?v;_r %.Oii;)ve;algnlq\lﬂﬂeotiiie ?;\r’]ergg?%ei(g)oooz
shortened version (26 bp) of the repeated sequenc €n pairs of sampng sites 9 :

- - i (between Poland and the Black Sea) to 0.0185 (be-
L\Tonr]aetﬂls(tlzeilg fg)llowed, and also occurredfnmar tween Poland and Lake Huron). Within the three

Great Lakesdxy was smallest between Lakes
Huron and St. Clair (0.0009), intermediate between
Interspecific Differences Lakes Erie and St. Clair (0.0015), and larger be-
The speciedN. melanostomuandP. marmoratus ~ tween Lakes Erie and Huron (0.0060).
differed by 26 transitional (S) and 23 transversional Variance components and associagedtatistics
(V) substitutions within 306 bp of aligned sequence Showed significant hierarchial geographic partition-
data (excluding the four repeats, S:V ratio = 1.13).ing of genetic variation (Table 4, Excoffiet al.
They also diverged by nine insertion/deletions en-1995). Variation between the North American and
compassing a total of 50 nucleotide positions. MeanEurasian regions was similar to that found among
genetic distances between the two species werésampling sites within regions. Modified chi-square

Kimura (1980) two parameter d = 0.1#20.024  tests (Roff and Bentzen 1989, McElreyal. 1992)
and pairwise p = 0.104 0.020. also revealed significant differences in the distribu-

tions of the haplotypes between North America and

- o Eurasia and among the five sampling sites overall
Intraspecific Variation in the (Table 5). Pairwise comparisons showed a signifi-
Round Goby N. melanostomus cant difference between samples from Lakes Erie

Round goby haplotypes varied in both the re- and St. Clair.

peated array (Table 1) and the unique sequences ¢ Tajima’s (1989) test supported selective neutral-

the mtDNA control region (Table 2). Sequence sim- ity (D = —0.23,P = 0.43) when all samples of round

ilarity among the repeated variants (lettered A gobies were grouped as a single population. When

through K) alone ranged from 87% to 99%. Thir- the sample sites were analyzed separately, selective
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TABLE 3. Nucleotide polymorphism (), haplotype diversity (h £ SE), and
nucleotide diversity [ = SE) of Neogobius melanostomusvithin sampling sites

(REAP vers. 2.0, McElrogt al. 1992)

Sampling location Pn h+ SE IT+SE

Avon Point 0.018 0.644 +0.152 0.007 + 0.005
Chagrin River 0.002 0.356 +£0.159 0.001 £ 0.001
Shiawassee River 0.000 0.000 £ 0.000 0.000 £ 0.000
Flint River 0.000 0.000 = 0.000 0.000 + 0.000
Lake St. Clair 0.025 0.844 +0.080 0.012 + 0.007
Poland 0.014 0.564 +0.134 0.004 + 0.003
Black Sea 0.046 0.962 +0.041 0.009 + 0.004

TABLE 4. Hierarchical analyses of molecular variance among haplotypeshNf melanostomus
(AMOVA, Excoffier et al. 1992). * = significant. (A) Values based on the entire sequence data, (B) Values
using haplotypes from the repeated sequence region, (C) Values using haplotypes from the nonrepeated
sequences.

Variance component Variance % Total variance @ statistic P

(A) Entire Data Set
Between regions 2 1.04 40.7% o,=0.41 < 0.001*
Among sampling sites D2 0.55 21.7% o, =0.37 < 0.001*
Within sampling sites o2 0.96 37.6% D= 0.62 < 0.001*

(B) Haplotypes from the tandem repeat region

Between regions D2 0.47
Among sampling sites @2 0.38
Within sampling sites o2 0.55

(C) Haplotypes from the unique sequences

Between regions 2 0.56
Among sampling sites @2 0.10
Within sampling sites D2 0.51

33.8%
27.2%
39.0%

48.0%
08.8%
43.2%

®y = 0.34
®.= 0.41
(I)SI: 0.61
®y = 0.48
®g.=0.17
q)St: 0.57

< 0.001*
< 0.001*
< 0.001*

< 0.001*
< 0.001*
< 0.001*

TABLE 5.

Modified chi-square values from Monte Carlo tests (Roff and

Bentzen 1989) for the distribution of mtDNA control region sequence haplotypes

of N. melanostomus(REAP vers. 2.0, McElroyet al. 1992). * = significant,

using a Bonferroni correction for multiple post-hoc tests (Fey al. 1993).

Locations Compared X2 P
Between regions 59.7 < 0.001*
(North America and Eurasia)

Among five sampling sites 159.9 < 0.001*
(two Eurasian populations and

Lakes Erie, Huron, and St. Clair)

Among Lakes Erie, Huron, and St. Clair 32.9 < 0.001*
Between Lakes Erie and St. Clair 23.6 < 0.001*
Between Lakes Erie and Huron 16.7 < 0.001*
Between Lakes St. Clair and Huron 5.0 0.198
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Kimura (1980) Two Parameter Genetic Distance Scale

FIG. 4. Neighbor-joining tree for haplotypes dfleogobius melanostomusising Kimura
(1980) two-parameter distances from the computer program MEGA 1.01 (Kugiaal.
1993). Genetic distances may be calculated by adding horizontal branch lengths between
pairs. Percentages indicate bootstrap support for nodes computed from 1,000 replicates.
The major types present in the Great Lakes are labeled 1-4, and the primary groups are
denoted as | and Il (see Results). This tree was congruent with results from maximum
parsimony analysis using PAUP* 4.0 (Swofford 2001).

neutrality also was supported in four of the five lo- Eurasian types (90% exclusively Eurasian haplo-
cations (Lake ErieD = -0.16,P = 0.46; Lake types and 92% of the Eurasian individuals, desig-
Huron,D = 2.42,P = 0.99; Lake St. Clai) = 1.45, nated as Il; Fig. 4). Group | contained three major
P = 0.91; and Poland) = 0.27,P = 0.61). There types, including two from Lakes Erie and St. Clair

was a deviation in the sample from the Black Sea(type 1, haplotypes aa and bb; type 3, haplotype ee)
(D=-1.80,P=0.02). and another found in Lakes Erie, Huron, and St.

Clair (type 2, haplotypes cc and dd). One Black Sea
P haplotype (qq) clustered with the North American
_ Genetic Divergences . type 3 haplotypes. Type 4 in Lake St. Clair also was
Kimura’s (1980) two-parameter and p-distances jdentified in the Black Sea, and was the sister taxon
among round goby haplotypes were similar, with to a cluster of exclusively Eurasian haplotypes.
overlapping standard errors. The NJ tree (Fig. 4) Genetic distances among the haplotypes overall
showed that haplotype Il from the Black Sea wasranged from d = 0.002 to 0.042, averaging 0.614
basal to all other round gobies, due to its unique re-0.005. Haplotypes in group | (Fig. 4) were sepa-
peat sequences (Tables 1 and 2). The remainingated by an average genetic d = 0.609.004, and
haplotypes formed two groups, one containing thegroup Il by d = 0.006- 0.003. The four types iden-
majority of the North American haplotypes (83% of tified in the North American population (Fig. 4) di-
the haplotypes and 97% of the individuals, desig-verged by a mean d = 0.0%#10.004. Maximum
nated as |), and the other containing mainly parsimony analysis with PAUP* 4.0 (Swofford
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2000) found 12 most parsimonious trees, havingor a less diverse source population. The Gulf of
497 steps and consistency indices (excluding unin-Gdansk population was identified in 1990 (the same
formative characters) of 0.86. The 50% majority year as the appearance in North America) and pre-
rule consensus tree was congruent with the NJ treesumably was introduced through ballast water dis-

(Fig. 4). charge from ships originating in the Black or
Caspian Seas (Skora and Stolarski 1993).
Only one mtDNA haplotype was shared between
DISCUSSION )
o _ the samples from Lake St. Clair and the Black Sea,
Interspecific Divergences and Biogeography indicating that the North American population did
It has been hypothesized that Bebius (repre- not originate from this region of the northern Black

sented by the outgroup in this study) and the neogo-Sea. This corroborates the results of Doughetty
biin (Proterorhinusand Neogobiu$ lineages  al. (1996), who likewise found little similarity be-
diverged due to the isolation of the Paratethys fromtween samples from the Great Lakes and the north-
the Mediterranean Tethys Sea basins, about 10 t€rn Black Sea. In this study, only a single haplotype
12 million years ago (Steininger and Rogl 1984). (not found in the Great Lakes) was shared betvx_/een
Congruent with this hypothesis, genetic divergencesthe Black Sea and the Gulf of Gdansk population,
in this study suggest that the neogobiins diverged!ndlcatlng that the Blapk Sea als_o was not its found-
from the Gobiuslineage during the mid-Miocene, INg source. The exotic populations in the Gulf of
and then speciated infdeogobiusand Proterorhi- ~ Gdansk and the Great Lakes apparently were
nus during the late Miocene/early Pliocene Epochs founded by independent sources, since they shared
(an average sequence p-distance of 0.104 + 0.020"0 haplotypes. _ _
corresponding to an estimated 5.2 + 1.0 million  'he presence of four divergent groupings of hap-
years). These results refute the hypothesis that thdotypes in the North American Great Lakes sug-
neogobiins diverged frorGobiuslater during Qua- gests that t_he_lr_ltroductlon was founded by a large
ternary interglacial connections between the basinshumber of individuals from one or more unknown

of the Black and Mediterranean seas (StevanovicSOurce populations. Estimates suggest the haplotype
1982). groups differentiated during the mid-

, , . Pleistocene, presumably due to geographic isolation
Population gilggg%zr;g;zfnd Invasion in Eurasian glacial refugia (Hewitt 1996, 2000;
_ _ _ Stepienet al. 1998). Other freshwater fishes in Eu-
Polymorphisms in the mtDNA control region of rope exhibit similar levels and patterns of genetic
the round goby fit a selective neutrality hypothesis. divergences related to glacial refugia (Bernatchez
A single deviation found in the Black Sea popula- and Osinov 1995, Haenfling and Brandl 1998,
tion may be due to sampling error and small sampleStepienet al. 1998). Differences among sites in the
size, lack of random mating, or selection (Tajima Great Lakes are consistent with the possibilities of
1989). Levels of haplotypic and nucleotide diver- multiple founding sources, low gene flow among
sity appeared similar overall in samples from Lake sites, and differential lineage extinction.
St. Clair (the North American founding population)  All mtDNA haplotypes from Lakes Erie and
and a native population from the Black Sea, indicat- Huron also were present in the Lake St. Clair site,
ing that the round goby introduction may have beenexcept for one (haplotype bb, n = 3, Lake Erie). The
relatively large and did not undergo a genetic bot- presence of a unique haplotype in Lake Erie may
tleneck (a marked reduction in population size). have been the result of an independent introduction
Doughertyet al. (1996) also found that samples or to sampling error. Five of the six Great Lakes
from the Great Lakes and the Black Sea housechaplotypes were found in Lake St. Clair fish, sug-
similar levels of genetic diversity in the mtDNA cy- gesting that populations in the other sites were the
tochromeb gene—although that gene was less vari- result of intra- and inter-lake spread. Sampling lo-
able overall than the control region. In this study, cations in Lakes Erie and Huron (presumably areas
the Lake St. Clair sample was less variable in theof spread) had fewer haplotypes and lower haplo-
unique sequences and more diverse in the repeatetypic diversity, possibly due to founder effects. The
array, compared with the Black Sea population. Intwo tributaries of Saginaw Bay, Lake Huron each
contrast, the exotic population found in the Gulf of contained a single haplotype, suggesting that they
Gdansk of the Baltic Sea, Poland was less genetiwere founded by different genetic types or experi-
cally variable, suggesting a possible founder effectenced differential lineage extinction. It has been hy-
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pothesized that round gobies from Lake Huron trib- additional introductions occur and evaluate their fu-
utaries (Flint and Shiawasse rivers) may have origi-ture patterns of spread.

nated from transport of bait fish from Lake St. Clair
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