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ABSTRACT. We investigated which fish species and environmental variables were associated with the
invasive round goby (Neogobius melanostomus) and tubenose goby (Proterorhinus marmoratus) in
nearshore Canadian waters of the Huron-Erie corridor of the lower Great Lakes. We measured a suite of
environmental variables and used triplicate beach seine samples to collect fishes in summer 2006. Thirty
sites were sampled in the day and a subset (n = 14) at night. Of 1,955 individuals caught in daytime sam-
ples, round goby (21.0 %), spottail shiner (17.3%) and emerald shiner (14.2%) were most abundant. Of
1,521 individuals collected at night, the most abundant species were round goby (42.3%) and emerald
shiner (24.1%). Tubenose gobies represented 1% and 1.7% of all individuals caught in the day and night,
respectively. Rarefaction analysis showed that overall species richness was greater in the day than night.
Significantly more emerald shiner (P = 0.017), rock bass (P = 0.046) and round goby (P = 0.035) were
caught at night than in the day; more logperch were caught in the day than at night (P = 0.042). Round
gobies were positively associated with water temperatures up to 24°, but there was no relationship be-
tween round goby abundance and warmer temperatures. There were too few tubenose goby captured to
determine their statistical association with environmental factors, however, tubenose gobies were found
only where round gobies were collected. Round goby and tubenose goby were associated with yellow
perch and rock bass. The benthic round goby was the most abundant species, whereas other abundant

species were pelagic, schooling fishes that occupied a habitat distinct from round goby.
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INTRODUCTION

In freshwater ecosystems, invasive species are a
significant threat to biodiversity (Sala et al. 2000).
Although the Laurentian Great Lakes is not a global
hot spot for invasive species (Drake and Lodge
2004), the region has a large number of aquatic in-
vasive species (at least 182 species at present; Ric-
ciardi 2006). Two invasive gobiid species, the
round goby (Neogobius melanostomus) and
tubenose goby (Proterorhinus marmoratus), were
originally reported in the St. Clair River in 1990
(Crossman et al. 1992, Jude et al. 1992). Of all
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non-indigenous species within the Great Lakes, the
round goby represents the fastest spreading verte-
brate. Five years after the round goby was first re-
ported, it had spread to all five Great Lakes
(Charlebois et al. 1997). Nighttime vertical migra-
tion of round goby larvae and ballast transport
likely accounted for the rapid dispersal of the
species (Hensler and Jude 2007). Round goby are
very abundant with an estimated population size in
western Lake Erie alone in 2002 of 9.9 billion
(Johnson et al. 2005a).

In contrast, the smaller tubenose goby is found
infrequently in the Great Lakes. Its North American
distribution is localized, occurring mainly in the
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Huron-Erie Corridor (H-EC) from the St. Clair
River, Lake St. Clair, and the Detroit River to loca-
tions along the north shore of the western basin of
Lake Erie (Leslie et al. 2002). Tubenose gobies also
occur in shoreline areas of South Bass (2001,
2007), Middle Bass (2007), and North Bass (2007)
islands in the western basin of Lake Erie (J. Tall-
man personal communication). In April 2001, a
tubenose goby was caught in a trawl net by U.S.
Geological Survey biologists in the Duluth Superior
Harbor, western Lake Superior (Blust 2003). Since
then, tubenose gobies and round gobies are com-
monly reported in regular monitoring programs in
the Duluth-Superior Estuary Harbor region of west-
ern Lake Superior (Greg Peterson, U.S. EPA, Du-
luth and Dennis Pratt, Wisconsin DNR—Superior,
personal communication). This jump dispersal by
tubenose goby from the lower Great Lakes to Lake
Superior can be explained by ship transport
(Charlebois et al. 1997, Hensler and Jude 2007).

Despite differing distribution patterns of the
round goby and tubenose goby in North American,
both species are widespread in their native range.
Specifically, the round goby is distributed widely
throughout the Ponto-Caspian region and beyond,
occurring in freshwater (lakes, reservoirs, and
rivers), estuarine, and coastal habitats (Pinchuk et
al. 2003). The tubenose goby also is widespread in
its native Ponto-Caspian region and beyond, occur-
ring in less saline estuaries, lakes, rivers, and wet-
lands (Pinchuk et al. 2004). Although the round
goby has spread to the Gulf of Gdansk and Baltic
Sea, the tubenose has not yet invaded that region
(Pinchuk et al. 2004).

The success of the round goby is likely due to its
broad diet (crustaceans, soft-bodied macroinverte-
brates, dreissenids), aggressiveness, high fecundity,
repetitive annual spawns, and male parental care
(Corkum et al. 2004). Although tubenose goby may
eat mussels in their native range (Pinchuk et al.
2004), their diet in the Great Lakes is mainly am-
phipods, crustaceans, and insects (French and Jude
2001). Drake (2007) showed that parental care (not
fecundity or brain size, a correlate of cognitive abil-
ity) was associated with establishment success in
introduced species. It is unclear why tubenose gob-
ies have played a seemingly minor role as an inva-
sive species. Because males of both round goby
(Maclnnis and Corkum 2000) and tubenose goby
(Ahnelt et al. 1998) guard embryos, parental care
does not explain the differential success of these
species. In other gobiids, habitat use and preference

(macrophytes) account for the differentiation in
success (Humphries and Potter 1993).

In this study, we determined which fishes were
associated with round goby and tubenose goby and
which environmental variables accounted for their
distribution in the H-EC, the area of their original
colonization in the Great Lakes. We also wondered
if these species were day or night active (as deter-
mined by numbers captured in beach seines) and if
this activity was a function of their body size. We
expected small (vs. large) gobies to be more active
at night because predation risk is perceived to be
greater during the day (cf. Clark and Levy 1988).

METHODS
Sampling and Study Sites

This field study was designed to examine fish as-
semblages and environmental factors associated
with round goby and tubenose goby in the H-EC.
Ten sites were sampled in each of the following lo-
cations: Lake St. Clair (including a part of the St.
Clair River), Detroit River, and Lake Erie (Fig. 1).

In summer (June—August) 2006, we collected
fishes by beach seining (triplicate samples) along
the Canadian H-EC shoreline. The seine net was 9.1
m in length and 1.8 m deep (mesh size: 6.4 mm)
with a bag 1.8 m long x 1.8 m deep (mesh size: 3.2
mm). The seine was deployed perpendicular to
shore for its entire length and then swept back in an
arc to the shore. We selected sites that could be ac-
cessed safely. Because sampling sites were sepa-
rated by at least one tributary, we assumed that the
sites represented independent samples. Daytime
sites (n = 30) were sampled between 0830 and 2100
hours. Nighttime sites (n = 14) were selected from a
subset of corresponding daytime sites (Fig. 1) and
were sampled within 48 h of the date of the new
moon between 2105 and 0545 hours. Of the 14
sites, four were sampled along Lake Erie, four
along Detroit River, four along Lake St. Clair, and
two along St. Clair River. Nighttime samples were
taken during the new moon because moonlight is
known to affect fish dispersal (Wickham 1973).

Twelve environmental variables measured at each
site were aquatic macrophytes (present/absent; sim-
ple/complex), depth and maximum distance from
shore where fishes were seined, elevation (GPS de-
vice, Magellan®), floodplain vegetation, riparian
vegetation, shoreline type, slope, substrate, turbid-
ity, water temperature, and water body. If present,
aquatic vegetation was scored as simple or complex
(Lapointe et al. 2007) because the morphological
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structure of aquatic macrophytes affects the quality
of habitat for fishes (Petry er al. 2003). Simple veg-
etation described plants with long grass-like leaves
such as eel grass (Vallisneria americana). Complex
vegetation included plants with multiple branching
leaves (e.g., Ceratophyllum demersum). Values
were recorded as present/absent for simple, com-
plex, or both vegetation types. Shorelines were
classified as either beaches or tributaries. Flood-
plain vegetation (i.e., grass, shrubs, or trees) was
recorded as a description of the land use in the area
where fishes were seined. Riparian vegetation was
estimated as a percentage of vegetation adjacent to
the water. Slope of the land adjacent to the water
was determined using a pocket transit (Brunton ®).
Substrate was estimated visually as fine (coarse
sand, 0-2 mm, or finer) or coarse (small gravel > 2
mm) (Lapointe et al. 2007). Turbidity (obtained
using a turbidity tube) values represented the
amount of sediment suspended in water.

All fish species caught were identified using ap-
propriate keys (Scott and Crossman 1973, Becker
1983, Page and Burr 1991, Hubbs and Lagler

Location of sampling sites in the Huron-Erie corridor, summer 2006. Dia-
mond symbols represent the 30 daytime sampling sites; circles represent sites sam-
pled in the day and night.

2004). Fish species, except for round goby and
tubenose goby, were released on site. However, if a
fish could not be identified, it was returned live to
the laboratory for identification. The total length of
all gobies caught was measured.

Data Analyses

We initially tallied all species collected at the 30
sites. We defined dominant taxa as those that repre-
sented at least 1% of the total number of daytime
individuals caught (n = 1955) and were present at 3
or more of the 30 sites. Species richness estimates
depend on the number of individuals in a sample
(Gotelli and Colwell 2001). We compared species
richness between the 14 day and night matched
sampling sites, using a rarefaction-sampling algo-
rithm with repeated re-sampling of smaller numbers
of individuals from the larger dataset (Estimate S
software, Colwell 2005). A repeated measures (rm)
ANOVA was used to determine differences in
species abundance between the 14 day and night
matched collections for the dominant fishes. A two-
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way ANOVA was used to determine the influence
of site location and/or photoperiod on total length
(TL) of round and tubenose gobies. Stepwise multi-
ple regression analysis was used to determine
which environmental factor(s) explained the great-
est variability in the round goby and tubenose goby
abundance from the 30 sites. To determine species
associations, we used a principal component analy-
sis (PCA) based on a correlation matrix performed
on the log; abundance of the dominant 15 fish taxa
collected at the 30 (daytime) sites. All statistical
analyses were performed using Statistica version 7,
using a critical alpha value of 0.05 to test hypothe-
ses.

RESULTS

We captured 1,955 fishes (12 families, 31
species) in 90 (30 sites x 3 hauls/site) daytime seine
hauls (Table 1). The common and scientific names
(according to Nelson et al. 2004) of the species
captured are provided in Table 1. Round goby, spot-
tail shiner, emerald shiner, white perch, and brook
silverside were the most abundant species collected
during the day (Table 1). The 42 (14 sites x 3
hauls/site) nighttime seine hauls yielded 1,521
fishes (10 families and 24 species). Overall, round
gobies were present at 22 of the 30 sites sampled
and tubenose gobies were present at 9 of all sites

TABLE 1. Species (scientific and common names according to Nelson et al. (2004))

captured by seining in the study area, 2006, and codes used to represent them. Species
code is derived from the first two letters of the scientific genus and species names, respec-
tively. Abundance is total abundance for each species caught during daytime sampling (n
= 30 sites). Total abundance was 1955.

Scientific Name Common Name Code Abundance
Alosa pseudoharengus Alewife ALPS 97
Ameiurus natalis yellow bullhead AMNA 3
Ameiurus nebulosus Brown bullhead AMNE 11
Ambloplites rupestris rock bass AMRU 22
Aplodinotus grunniens freshwater drum APGR 4
Carassius auratus Goldfish CAAU 5
Catostomus commersonii white sucker CACO 12
Cyprinus carpio common carp CYCA 2
Dorosoma cepedianum gizzard shad DOCE 68
Esox lucius northern pike ESLU 1
Fundulus diaphanus banded killifish FUDI 4
Hypentelium nigricans northern hog sucker HYNI 4
Ictalurus punctatus channel catfish ICPU 9
Labidesthes sicculus brook silverside LASI 171
Lepomis gibbosus Pumpkinseed LEGI 40
Lepomis macrochirus Bluegill LEMA 85
Lepomis megalotis longear sunfish LEME 3
Lepisosteus osseus longnose gar LEOS 7
Micropterus dolomieu smallmouth bass MIDO 53
Micropterus salmoides largemouth bass MISA 9
Morone americana white perch MOAM 193
Morone chrysops white bass MOCH 21
Neogobius melanostomus round goby NEME 411
Nocomis biguttatus hornyhead chub NOBI 13
Notropis atherinoides emerald shiner NOAT 278
Notropis hudsonius spottail shiner NOHU 338
Perca flavescens yellow perch PEFL 32
Percina caprodes Logperch PECA 30
Pimephales notatus bluntnose minnow PINO 7
Pomoxis nigromaculatus black crappie PONI 1
Proterorhinus marmoratus tubenose goby PRMA 17
Others 6
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FIG. 2. Day (open circles) and night (closed cir-
cles) individual-based species rarefaction curves
(£ 95% CI) from seining data.

sampled. Round gobies were found throughout the
Huron-Erie Corridor, whereas tubenose gobies oc-
curred in the St. Clair River, Lake St. Clair, and De-
troit River. Tubenose gobies were found only where
round gobies were collected.

Rarefaction analysis showed that overall species
richness was greater in the day than night once 400
or more individuals were sampled (Fig. 2). Results
of the rmANOVA indicated there were significant
differences between abundance of fishes sampled in
the day and night at matched sites (Wilks’ value =
0.215, F(12,15)= 2.913, p = 0.034) (Table 2). Signifi-

cantly more emerald shiners (p = 0.017), rock bass
(p = 0.046), and round gobies (p = 0.035) were
caught at night than in the day; and, significantly
more logperch were captured in the day than at
night (p = 0.042) (Table 2). Mean (standard error)
abundance of round goby at night (46 = 9.00) was
twice that of day (23 = 5.17) collections at matched
sites. Although we caught more tubenose gobies in
night samples (1.7 = 0.82; n = 24) than in day sam-
ples (1 £ 0.49, n = 17), the mean abundance was
not significantly different.

The range in body size (total length) for tubenose
gobies (28 to 60 mm) was less than the range in
body size for round gobies (15 to 120 mm). There
was a significant size difference in round gobies
among waterbodies (Fp ;123 = 129.85, p < 0.0001),
between day and night (F; ;123 = 20.14, p < 0.0001)
and the interaction between the two variables
(Fy, 1123 = 14.47, p < 0.0001). The largest size dif-
ference between day (mean + SE: 57.2 mm + 1.15)
and night (46.6 mm =+ 0.80) for round gobies was in
the Detroit River. Round gobies collected in Lake
St. Clair/St. Clair River (day: 38.4 mm = 1.29;
night: 36.9 mm + 1.10) were smaller than those col-
lected from western Lake Erie (day: 53.2 mm =+
1.49; night: 54.7 mm =+ 1.13). Larger tubenose gob-
ies were caught at night (48.9 mm + 1.90) than day
(41.2 mm = 3.31) in the Detroit River (F; 37 = 5.11,
p <0.03).

Results of the multiple regression analysis

TABLE 2. Comparison of day and night abundance and frequency for dominant fishes
at 14 sites. The overall rmANOVA on abundance of fishes sampled in the day and again
at night was significant (P = 0.034.) Probability (P) values are provided for species that
exhibited significant differences in abundance between day and night samples. NS, not

significant.
Mean number (SE) % Sites

Species Day Night P Day Night
alewife 4.8 (2.89) 0.5 (0.50) NS 36 7
bluegill 1.1 (0.55) 1.86 (1.44) NS 29 21
brook silverside 7.6 (2.95) 9.8 (3.51) NS 70 64
channel catfish 0.5 (0.37) 2.3 (1.51) NS 14 21
emerald shiner 11.4 (3.16) 26.21 (5.39) 0.017 86 100
gizzard shad 1.8 (1.30) 1.7 (1.22) NS 14 29
logperch 1.4 (0.56) 0.14 (0.10) 0.042 43 14
rock bass 0.9 (0.41) 3.0 (1.09) 0.046 36 79
round goby 23.0 (5.17) 46.0 (9.00) 0.035 93 100
smallmouth bass 1.2 (0.61) 0.71 (0.35) NS 29 29
spottail shiner 9.8 (4.18) 9.29 (3.34) NS 64 64
tubenose goby 1.0 (0.49) 1.7 (0.82) NS 29 36
white perch 3.3 (1.54) 1.9 (1.44) NS 36 43
yellow perch 1.8 (0.93) 0.43 (0.23) NS 29 29
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FIG. 3. The relationship between water tempera-
ture and the logl0 round goby abundance. Round
goby abundance was significantly associated with
water temperature up to 24°C (indicated by closed
circles and the straight line); open circles repre-
sent round goby abundance at higher tempera-
tures.

showed that three environmental factors accounted
for the overall significance of round goby abun-
dance (R% = 0.67, df= 8, 20, p = 0.022). Water
depth (35 to 115 cm) was positively correlated (t)
= 3.67, p = 0.001) with round goby abundance;
whereas, water temperature, 21 to 31°C (t(z0) =
-3.02, p = 0.008) and turbidity, 5 to 115 cm (t(2q) =
-2.87, p = 0.01) were negatively correlated with
abundance. The relationship between round goby
and water temperature was complex. Round goby
abundance was positively correlated with water
temperature up to 24°C, but after this threshold,
there was no relationship between round goby
abundance and warmer temperatures (Fig. 3). Inter-
estingly, spawning activity appears to have a 25°C
threshold (Corkum, personal observations). Depth
and turbidity affected round goby abundance when
interacting with other factors, but not when ana-
lyzed alone. The overall multiple regression analy-
sis for tubenose goby was not significant.

Results of the PCA showed that the first three
components explained only 46.5% of the variability
in the data (Table 3). There was no apparent arch
effect in the data, indicating that non-linearity was
not a problem. In the plot of the first two principal
components, round goby, tubenose goby, and yel-
low perch occupied the origin; however, emerald
shiner, spottail shiner, logperch, and brook silver-
side were distinct from smallmouth bass /rock bass,

TABLE 3. PCA results based on the abundance
of the 15 most frequently encountered fishes col-
lected from 30 sites sampled in the daytime along
the Huron-Erie corridor in nearshore Canadian
waters. The factor scores, eigenvalues and cumu-
lative percentage variance are presented for the
first three components. Fishes are listed alphabeti-
cally by species code and common name (see Table
1).

CODE Common name PCl1 PC2 PC3
ALPS alewife 0.476 -0.538 0.076
AMRU rock bass -0.253 0.283 0.495
DOCE gizzard shad 0.712 -0.137 -0.064
LASI brook silverside 0.266  0.263 -0.020
LEGI pumpkinseed -0.439 -0.203 -0.295
LEMA bluegill -0.444 -0.510 0.050
MIDO smallmouth bass  —0.528  0.423 -0.129
MOAM  white perch 0.5583 -0.304 0.262
MOCH white bass 0.755 -0.101 -0.176
NEME round goby -0.036  0.009 0.813
NOAT emerald shiner 0.442  0.697 -0.132
NOHU spottail shiner 0.084 0.761 0.010
PECA logperch 0.382  0.373 0.196
PEFL yellow perch -0.069 -0.045 0.465
PRMA tubenose goby -0.017  0.006 0.726
Eigenvalue 2.802 2246 1.922
Cumulative

percentage variance 18.68  33.65 46.46

pumpkinseed/bluegill, and the other fishes (Fig. 4).
Both goby species were highly correlated with PC3.
The plot of the first and third components best illus-
trate the association between the gobiids and other
fishes. Both rock bass and yellow perch were asso-
ciated with gobiids to form one grouping of fishes
(Fig. 4). Bluegill, pumpkinseed, and smallmouth
bass grouped together, and all remaining fishes
formed a third association (Fig. 4).

DISCUSSION

The bottom-dwelling round goby was the most
abundant fish species along the H-EC. Other abun-
dant species in our study (brook silverside, emerald
shiner, spottail shiner, and white perch) were
pelagic, schooling fishes (Becker 1983) that occupy
a habitat distinct from round goby. Lapointe et al.
(2007) reported that emerald shiner, spottail shiner,
and round goby were the first, third, and seventh
most abundant fishes captured using boat seines in
offshore, shallow (< 2.5 m) Canadian waters of De-
troit River in 2004 (May, July, and September).
Spawning emerald shiner dominated the May col-
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FIG. 4. Plot of the first and second principal
component (upper panel) and the first and third
principal component (lower panel) analysis based
on the abundance of the dominant 15 fishes col-
lected at 30 sites in the day. Refer to Table 1 for
species codes.

lection, representing 78% of the catch (Lapointe et
al. 2007). Thomas and Haas (2004) reported that,
although round goby and tubenose goby were wide-
spread throughout Lake St. Clair, round goby were
far more abundant than tubenose goby. Round goby

was the third most abundant species caught (after
mimic shiner and spottail shiner) in nearshore
trawls (1996 to 2001) of Lake St. Clair, represent-
ing 5.5% of the catch (n = 2,701); tubenose goby
represented 0.3% of the catch (n = 165) (Thomas
and Haas 2004).

Overall, fish species richness was higher in day-
time than nighttime samples. However, these diel
differences were not strong, supporting the findings
of Diers et al. (2001). Of the dominant species, sig-
nificantly more emerald shiner, rock bass, and
round goby were collected at night than day;
whereas, more logperch were collected in the day
than night. Round goby represented double the pro-
portion of fishes caught at night compared to day-
time collections. This nighttime activity may be
related to their foraging habits, e.g., avoidance of
visual predators (Eros et al. 2005). In contrast,
higher densities of large (> 50 mm) round goby on
rocks have been reported in the day than night in
the Detroit River, Lake St. Clair, and the St. Clair
River using SCUBA surveys (Ray and Corkum
2001), which was corroborated by our Detroit River
findings, suggesting that round gobies were able to
avoid visual predators in this water body due to size
differences.

Although round gobies captured in the day were
significantly larger than those captured at night in
the Detroit River, day-night size differences were
not evident in the other locations we examined.
Small round gobies seem to disperse to sandy areas
where there is an abundance of soft-bodied prey
and conspecific adults are fewer (Jude er al. 1995,
Ray and Corkum 2001). Fine substrates character-
ized most of our seining sites where younger (i.e.,
smaller) gobies are found. Larger round gobies may
avoid capture by gape limited, diurnal piscivores.
Differences in size of tubenose goby between night
and day depended on sample location.

In our study, round goby were most prevalent in
deeper, clearer waters. Although there was no rela-
tionship between round goby abundance and ele-
vated water temperatures (> 25°C), we found a
direct relationship between round goby abundance
and water temperature up to 24°C. Lee and Johnson
(2005) showed that maximum consumption (i.e., an
estimate of the amount of food consumed under op-
timal conditions) for round gobies showed a strong
relationship with temperature. Interestingly, they
showed that maximum consumption increased with
temperature up to 26°C, after which consumption
rates declined abruptly. Moreover, 25°C has been
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documented as the upper limited for spawning
(Bilko 1968).

We collected too few tubenose goby to determine
their statistical association with environmental fac-
tors. Leslie et al. (2002) collected tubenose goby in
water with no or slow flow on clay or alluvium sub-
strates, where turbidity varied and where rooted
vegetation was sparse, patchy or abundant. Jude et
al. (1995) reported that tubenose lay their eggs in
eel grass and so may be closely associated with the
plant, yet Lapointe (2005), who used a boat seine,
showed that tubenose goby were only associated
with macrophytes in autumn. In a large-scale study
of nearshore waters in the Great Lakes, where fyke
nets were used to catch fishes, tubenose gobies
were never caught (V. Brady, NRRI, personal com-
munication).

The prevalence of the bottom-dwelling round
goby in our study may explain the limited number
of other benthivores captured. Only one mottled
sculpin (Cottus bairdii) and a few logperch, but no
other darters, were collected at our study sites, sup-
porting the notion of Jude et al. (1995) that the in-
vasive round goby will lead to the decline of native
benthic fishes. However, without data prior to the
invasion of gobiids, the absence of sculpins or
darters cannot be attributed to the presence of gobi-
ids (especially, the round goby). In a study of
changes in nearshore fish communities at 34 sites in
Lake Erie before and after goby invasion, Reid and
Mandrak (2008) noted the dramatic decline in ben-
thic fishes including logperch and trout-perch (Per-
copsis omiscomaycus), and complete loss of
channel darter (Percina copelandi), johnny darter
(Etheostoma nigrum), mottled sculpin, and slimy
sculpin (Cottus cognatus). They attributed these de-
clines and losses to a variety of factors including
round goby invasion. The round goby has been
shown to out-compete native fishes, such as log-
perch, for space (Balshine et al. 2005) and mottled
sculpin for shelter, food, and nest sites (Dubs and
Corkum 1996, Janssen and Jude 2001).

The H-EC study area in the lower Great Lakes is
known for its piscivores (muskellunge (Esox
masquinongy), smallmouth bass, walleye (Sander
vitreus), and yellow perch) and diverse forage fish
community (Thomas and Haas 2004). The results of
our study revealed an association among round
goby, tubenose goby, yellow perch, and rock bass.
Although round gobies are the dominant benthivore
in western Lake Erie, rock bass, yellow perch, and
smallmouth bass commonly co-occur on ship-
wrecks and other rubble areas (Wickett and Corkum

1998, Thomas and Haas 2004). Rock bass, small-
mouth bass, yellow perch, and other piscivores are
known to feed on round goby (Jude et al. 1995,
Thomas and Haas 2004, Johnson et al. 2005b,
Truemper and Lauer 2005). Thomas and Haas
(2004) reported that, in Lake St. Clair, round gobies
were the most frequently encountered fish in yellow
perch stomachs and the second most frequent food
item in walleye. Moreover, the fish diet of yellow
perch shifted from brook stickleback, johnny darter,
and slimy sculpin in 1993 to round gobies and age-
0 bluegill and pumpkinseed in 2000 (Thomas and
Haas 2004).

Little is known about tubenose goby in the Great
Lakes because of their low abundance. Within the
Great Lakes, tubenose goby have remained mostly
within the H-EC but have been recorded in western
Lake Erie (Stepien and Tumeo 2006, J. Tallman
personal communication) and the Duluth-Superior
Estuary Harbor region of western Lake Superior
(Blust 2003). Although we captured tubenose goby
at sites along the St. Clair River, Lake St. Clair, and
the Detroit River, we did not collect any specimens
from western Lake Erie sites. In Lapointe’s (2005)
fish-habitat study on the Detroit River, only 22
tubenose goby were captured. This rare species was
present in 16 of 180 boat seines and only one
tubenose goby was captured at 165 electrofishing
sites (Lapointe 2005). Elsewhere, Eros et al. (2005)
reported that tubenose goby exhibited low densities
and a patchy distribution in the Danube River.

In summary, nearshore fish assemblages in the H-
EC are now dominated by a single benthivore, the
invasive round goby, and schooling pelagic forage
fishes. Although we were unable to determine
which environmental factors influenced the abun-
dance of tubenose goby (in part because of the few
specimens collected), tubenose goby were always
present at sites where round goby were found. The
feeding habits of small round gobies and tubenose
gobies on plankton and macroinvertebrates (French
and Jude 2001) may represent a loss of available
prey to other forage fishes, both benthic and
pelagic.

It is a puzzle to understand why these two ben-
thic invaders that arrived in the Great Lakes about
the same time exhibit differential success, espe-
cially in their ability to spread. Clearly, the larger
round goby is more widespread and abundant than
the smaller, rarer tubenose goby. Our study was not
designed to determine why one invader has been
successful, whereas another “somewhat related”
(divergence between the species occurred about
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5.2+1.0 million years ago; Dillon and Stepien 2001)
species has not. However, we can provide some
speculations. Round gobies are found as far as 34
km offshore in waters 73 m deep (Schaeffer et al.
2005), whereas tubenose gobies dwell in shallow (4
m or less) nearshore waters (Pinchuk er al. 2004).
Given reported shifts to oligotrophy in some
nearshore waters (Madenjian et al. 2002) and the
more restricted diet (i.e., one without dreissenids)
of tubenose goby, this species is likely more sensi-
tive to shifts in prey than round goby. Also, the re-
ported link between tubenose gobies and wetlands
(Pinchuk et al. 2004) suggests that a decline in wet-
land habitat may explain the low occurrence of the
tubenose goby. Whereas the round goby exhibits
aggressive behavior with respect to other species
(Dubs and Corkum 1996), aggressive behavior has
not been observed in the tubenose goby. Johnson et
al. (2005b) showed that round gobies are a major
vector in the transfer of energy through the food
web in Lake Erie. Tubenose gobies have not yet ex-
hibited any ecosystem effects of which we are
aware. Further field and lab observations, as well as
manipulative experiments, should help to explain
the differential success of these species and to un-
derstand their ecological interactions and ecosystem
effects.

ACKNOWLEDGMENTS

Funding for this research was provided by the
Department of Fisheries and Oceans Canada. We
thank John Kosciuw for field assistance. Greg Pe-
tersen (U.S. EPA Duluth) and Dennis Pratt (Wis-
consin DNR) kindly provided unpublished data on
the round goby/tubenose goby monitoring program
in the Duluth-Superior region of western Lake Su-
perior. Val Brady (NRRI, Duluth) and John Tallman
also provided information. We thank Misun Kang,
Nicolas W.R. Lapointe, Geoffrey B. Steinhart, and
two anonymous reviewers for their constructive
comments on an earlier draft of the paper.

REFERENCES

Ahnelt, H., Banarescu, P., Spolwind, R. Harka, A., and
Waidbacher, H. 1998. Occurrence and distribution of
three gobiid species (Pisces, Gobiidae) in the middle
and upper Danube region —examples of different dis-
persal patterns? Biologia Bratislava 53:665-678.

Balshine, S., Verma, A., Chant, V., and Theysmeyer, T.
2005. Competitive interactions between round gobies
and logperch. J. Great Lakes Res. 31:68-77.

Becker, G.C. 1983. Fishes of Wisconsin. Madison, WI:
University of Wisconsin Press.

Bilko, V.P. 1968. Reproduction of Black Sea gobies in
the Dnieper-Bug estuary. Vopr. Ikhtiol. 8:669-678 (in
Russian).

Blust, W.H. 2003. 2000 St. Louis River Seining Report.
WI-DNR Interdepartmental Memorandum to Stephen
Schram, May 9th.

Charlebois, P.M., Marsden, J.E., Goettel, R.G., Wolfe,
R.K., Jude, D.J., and Rudnicka, S. 1997. The round
goby, Neogobius melanostomus (Pallas), a review of
European and North American literature. Illinois—In-
diana Sea Grant Program and Illinois Natural History
Survey. INHS Special Publication No. 20.

Clark, C.W., and Levy, D.A. 1988. Diel vertical migra-
tions by juvenile sockeye salmon and the anti-preda-
tion window. Am. Nat. 131:271-290.

Colwell, R.K., 2005. Estimate S: Statistical estimation of
species richness and shared species from samples.
Available from http://viceroy.eeb.uconn.edu/esti-
mates.

Corkum, L.D., Sapota, M.R., and Skora, K.E. 2004. The
round goby, Neogobius melanostomus, a fish invader
on both sides of the Atlantic Ocean. Biological Inva-
sions 6:173—-181.

Crossman, E.J., Holm, E., Cholmondely, R., and Tu-
ininga, K. 1992. First record for Canada of the rudd,
Scardinius erythrophthalmus, and notes on the intro-
duced round goby, Neogobius melanostomus. Can.
Field Nat. 106:206-2009.

Diers, J.A., Einhouse, D., and Orvos, D.R. 2001. Charac-
terization of eastern Lake Erie inshore fish communi-
ties. Great Lakes Research Review 5:6—10.

Dillon, A.K., and Stepien, C.A. 2001. Genetic and bio-
geographic relationships of the invasive round
(Neogobius melanostomus) and tubenose (Proterorhi-
nus marmoratus) gobies in the Great Lakes versus
Eurasian populations. J. Great Lakes Res.
27:267-280.

Drake, J.M. 2007. Parental investment and fecundity, but
not brain size, are associated with establishment suc-
cess in introduced fishes. Functional Ecology
21:963-968.

, and Lodge, D.M. 2004. Global hotspots of bio-
logical invasions: evaluating options for ballast-water
management. Proc. Royal Soc., Series B
271:575-580.

Dubs, D.O.L., and Corkum, L.D. 1996. Behavioral inter-
actions between round gobies (Neogobius melanosto-
mus) and mottled sculpins (Cottus bairdi). J. Great
Lakes Res. 22:838-844.

Eros, T., Sevcsik, A., and Toth, B. 2005. Abundance and
night-time habitat use patterns of Ponto-Caspian gob-
iid species (Pisces, Gobiidae) in the littoral zone of
the River Danube, Hungary J. Appl. Ichthyol.
21:350-357.

French III, J.R.P., and Jude, D.J. 2001. Diets and diet




Fishes and Environmental Variables Associated with Gobiids 459

overlap of nonindigenous gobies and small benthic
native fishes co-inhabiting the St. Clair River, Michi-
gan. J. Great Lakes Res. 27:300-311.

Gotelli, N.J., and Colwell, R.K. 2001. Quantifying biodi-
versity: procedures and pitfalls in the measurement
and comparison of species richness. Ecol. Letters
4:379-391.

Hensler, S.R., and Jude, D.J. 2007. Diel vertical migra-
tion of round goby larvae in the Great Lakes. J. Great
Lakes Res. 33:295-302.

Hubbs, C.L., and Lagler, K.F. 2004. Fishes of Great
Lakes Region. Revised Edition by G.R. Smith, Ann
Arbor, MI: The University of Michigan Press.

Humphries, P., and Potter, I.C. 1993. Relationship be-
tween the habitat and diet of three species of
atherinids and three species of gobies in a temperate
Australian estuary. Marine Biology 116:193-204.

Janssen, J., and Jude, D.J. 2001. Recruitment failure of
mottled sculpin Cottus bairdi in Calumet Harbor,
southern Lake Michigan, induced by the newly intro-
duced round goby Neogobius melanostomus. J. Great
Lakes Res. 27:319-328.

Johnson, T.B., Allen, M., Corkum, L.D., and Lee, V.
2005a. Comparison of methods needed to estimate
population size of round gobies (Neogobius melanos-
tomus) in western Lake Erie. J. Great Lakes Res.
31:78-86.

, Bunnell, D.B., and Knight, C.T. 2005b. A poten-
tial new energy pathway in central Lake Erie: the
round goby connection. J. Great Lakes Res. 31(Suppl.
2):238-251.

Jude, D.J., Reider, R.H., and Smith, G.R. 1992. Estab-
lishment of Gobiidae in the Great-Lakes Basin. Can.
J. Fish. Aquat. Sci. 49:416-421.

, Janssen, J., and Crawford, G. 1995. Ecology, dis-
tribution, and impact of the newly introduced round &
tubenose gobies on the biota of the St. Clair & Detroit
Rivers. In The Lake Huron Ecosystem: Ecology, Fish-
eries and Management, M. Munawar, T. Edsall, and J.
Leach, eds., pp. 447-460. Amsterdam: SPB Academic
Publishing.

Lapointe, N.W.R. 2005. Fish—habitat associations in
shallow Canadian waters of the Detroit River. M.Sc.
thesis, University of Windsor, Windsor, Ontario.

, Corkum, L.D., and Mandrak, N.E. 2007. Sea-
sonal and ontogenic shifts in microhabitat selection by
fishes in the shallow waters of the Detroit River, a
large connecting channel. Trans. Am. Fish. Soc.
136:155-166.

Lee, V.A., and Johnson, T.B. 2005. Development of
bioenergetics model for the round goby (Neogobius
melanostomus). J. Great Lakes Res. 31:125-134.

Leslie, J.K., Timmins, C.A., and Bonnell, R.G. 2002.
Postembryonic development of the tubenose goby
Proterorhinus marmoratus Pallas (Gobiidae) in the
St. Clair River/Lake system, Ontario. Arch. Hydro-
biol. 154:341-352.

Maclnnis, A.J., and Corkum, L.D. 2000. Fecundity and
reproductive season of the round goby Neogobius
melanostomus in the Upper Detroit River. Trans. Am.
Fish. Soc.129:136-144.

Madenjian, C.P., Fahnenstiel, G.L., Johengen, T.H.,
Nalepa, T.F., Vanderploeg, H.A., Fleischer, G.W.,
Schneeberger, P.J., Benjamin, D.M., Smith, E.B.,
Bence, J.R., Rutherford, E.S., Lavis, D.S., Robertson,
D.M., Jude, D.J., and Ebener, M.P. 2002. Dynamics
of Lake Michigan food web, 1970-2000. Can. J. Fish.
Aquat. Sci. 59:736-753.

Nelson, J.S., Crossman, E.J., Espinosa-Pérez, H., Find-
ley, F.T., Gilbert, C.R., Lea, R.N., and Williams, J.D.
2004. Common and scientific names of fishes from the
United States, Canada, and Mexico. 6th Edition.
Bethesda: American Fisheries Society Special Publi-
cation 29.

Page, L.M., and Burr, B.M. 1991. Peterson Field
Guides: Freshwater Fishes. Boston: Houghton Mif-
flin Company.

Petry, P., Bayley, P.B., and Markle, D.F. 2003. Relation-
ships between fish assemblages, macrophytes and en-
vironmental gradients in the Amazon River flood-
plain. J. Fish Biol. 63:547-579.

Pinchuk, V.I., Vasil’eva, E.D., Vasil’ev, V.P., and
Miller, P.J. 2003 Neogobius melanostomus (Pallas,
1914). In The Freshwater Fishes of Europe Vol. 8/I
Mugilidae, Atherinidae, Atherinopsidae, Blenniidae,
Odontobutidae, Gobiidae 1, P.J. Miller, ed.,
pp-72-96. Wiesbaden: AULA-Verlag.

__ , Vasil’eva, E.D., Vasil’ev, V.P., and Miller, P.J.
2004. Proterorhinus marmoratus (Pallas, 1814). In
The Freshwater Fishes of Europe Vol. 8/I Gobiidae
2, P.J. Miller, ed., pp.72-96. Wiesbaden: AULA-Ver-
lag.

Ray, W.J., and Corkum, L.D. 2001. Habitat and site
affinity of the round goby. J. Great Lakes Res.
27:329-334.

Reid, S.M., and Mandrak, N.E. 2008. Historical changes
in the distribution of threatened channel darter
(Percina copelandi) in Lake Erie with general obser-
vations on the beach fish assemblage. J. Great Lakes
Res. 34:324-333.

Ricciardi, A. 2006. Patterns of invasion in the Laurentian
Great Lakes in relation to changes in vector activity.
Diversity and Distributions 12:423-433.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E.,
Bloomfield, J., Dirzo, R., Huber-Sanwald, E., Huen-
neke, L.F., Jackson, R.B., Kinzig, A., Leemans, R.,
Lodge, D.L., Mooney, H.A., Oesterheld, M., Poff,
N.L., Sykes, M.T., Walker, B.H., Walker, M., and
Wall, D.H. 2000. Global biodiversity scenarios for the
year 2100. Science 287:1770-1774.

Schaeffer, J.S., Bowen, A., Thomas, M., French III,
J.R.P., and Curtis, G.L. 2005. Invasion history, prolif-
eration, and offshore diet of the round goby Neogob-



460 Dopazo et al.

ius melanostomus in western Lake Huron, USA. J.
Great Lakes Res. 34:414-425.

Scott, W.B., and Crossman, E.J. 1973. Freshwater
Fishes of Canada. Board of Canada Bulletin
184:1-866.

Stepien, C.A., and Tumeo, M.A. 2006. Invasion genetics
of Ponto-Caspian gobies in the Great Lakes: a ‘cryp-
tic’ species, absence of founder effects, and compara-
tive risk analysis. Biological Invasions 8:61-78.

Thomas, M.V., and Haas, R.C. 2004. Status of the Lake
St. Clair fish community and sport fishery,
1996-2001. Michigan Department of Natural Re-
sources, Fisheries Division Research Report No.
2067.

Truemper, H.A., and Lauer, T.E. 2005. Gape limitation

and piscine prey size-selection by yellow perch in the
extreme southern area of Lake Michigan, with empha-
sis on two exotic prey items. J. Fish Biol.
66:135-149.

Wickham, D.A. 1973. Attracting and controlling coastal
pelagic fish with nightlights. Trans. Am. Fish.
Soc.102:816-825.

Wickett, R.G., and Corkum, L.D. 1998. Nest defense by
the exotic fish, round goby, Neogobius melanostomus
(Gobiidae), on a shipwreck in western Lake Erie.
Canadian Field-Naturalist 122:245-249.

Submitted: 6 January 2008
Accepted: 30 April 2008
Editorial handling: Geoffrey Steinhart




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




