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Round Goby Predation on Smallmouth Bass Offspring in
Nests during Simulated Catch-and-Release Angling

GEOFFREY B. STEINHART,* ELIZABETH A. MARSCHALL, AND ROY A. STEIN

Aquatic Ecology Laboratory, Department of Evolution, Ecology, and Organismal Biology,
Ohio State University, 1314 Kinnear Road, Columbus, Ohio 43212-1156, USA

Abstract.—Round goby Neogobius melanostomus first appeared in Lake Erie in 1993 and now
occur in extremely high densities in some areas. As known nest predators, round goby currently
pose a threat to nest-guarding smallmouth bass Micropterus dolomieu. We conducted manipulative
experiments to evaluate the combined effects of round goby predation and catch-and-release angling
during 1999–2001 in the Bass Islands, Lake Erie. We quantified how many smallmouth bass
offspring were consumed by round goby when nest-guarding smallmouth bass males were present,
removed, and recovering from angling-related stress. In 10 h of video observations, we only saw
one instance of round goby consuming smallmouth bass offspring while the nest was guarded.
Upon removal of nest-guarding smallmouth bass, round goby quickly entered unguarded nests
(4.3 round goby/min for nests with unhatched embryos and 1.8 round goby/min for nests with
hatched embryos). During experimental catch-and-release angling, round goby consumed an av-
erage of 2,000 unhatched embryos before the guardian male returned, but postreturn offspring
losses were minimal while the male recovered from angling stress. For an average smallmouth
bass nest in the Bass Islands, round goby could consume all offspring from an unguarded nest in
about 15 min. Round goby predation and smallmouth bass angling combined to reduce survival
of smallmouth bass embryos, but we did not observe round goby consuming free-swimming larvae
or juveniles. If the number of surviving smallmouth bass embryos drives adult population size,
managers should consider angling regulations that reduce interference with nesting males, thus
limiting the deleterious effects of round goby.

Predation is an important cause of mortality dur-
ing the early life stages of many fishes (Houde
1987). In fishes, predator effects can be reduced
by producing large numbers of offspring, by pro-
viding parental care, or by colonial nesting (Gross
and MacMillan 1981; Sargent 1988). Because evo-
lution of these reproductive strategies is tightly
linked to the predator environment, survival from
egg to adult may be compromised when the pre-
dation risk changes (Foote and Brown 1998). In
light of the rapid rate of global homogenization of
aquatic communities (Rahel 2000), introduced
species are changing the predator environments in
which fishes have evolved. In fact, the Great Lakes
have been invaded by more than 145 species, many
of which have had profound ecological and eco-
nomic impacts on the ecosystem (Mills et al. 1993;
Ricciardi and MacIsaac 2000).

Ample evidence exists that recently introduced
predators affect recruitment of fish species that do
not provide parental care. As early colonizers of
postglaciation lakes, lake trout Salvelinus namay-
cush evolved when few predators existed, so lake
trout are less successful in lakes with diverse fish
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communities than in lakes with few species (Evans
and Olver 1995). In the Great Lakes, a suite of
exotic fishes has been blamed for lake trout res-
toration failures (Jones et al. 1995). For example,
exotic rusty crayfish Orconectes rusticus consume
significant numbers of lake trout eggs in certain
substrates (Horns and Magnuson 1981). Further-
more, predation by exotic alewives Alosa pseu-
doharengus has caused poor and variable survival
of young yellow perch Perca flavescens and bloat-
ers Coregonus hoyi (Rice et al. 1987), while in-
troduced rainbow smelt Osmerus mordax has com-
promised recruitment success of lake whitefish C.
clupeaformis and lake herring C. artedi by preying
on their larvae (Loftus and Hulsman 1986).

Predators also affect reproductive success of
species that provide parental care (Sargent 1988).
In nest-guarding fishes, potential predators are vig-
orously chased from nests at substantial metabolic
cost to the nest guarder (Hinch and Collins 1991).
As predator density increases, so does chase fre-
quency and energetic cost of parental care, which
ultimately could lead to offspring mortality or nest
abandonment. Nest-guarding fathead minnow Pi-
mephales promelas experienced higher egg sur-
vival in the absence of crayfish predators than with
crayfish (Sargent 1988). Nest success of pump-
kinseeds Lepomis gibbosus, a colonial nesting spe-
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cies with paternal care, was lower in a lake with
abundant predatory cyprinids than in a lake with
few cyprinids (Popiel et al. 1996).

A recent invader of the Great Lakes, the round
goby Neogobius melanostomus, was accidentally
introduced via ship ballast water and has quickly
spread throughout Lake Erie. After first appearing
in the St. Claire River in 1990, round goby were
soon found in Lakes Michigan and Erie (1993),
Lake Huron (1994), Lake Superior (1995), and
Lake Ontario (1997; Charlebois et al. 1997).
Round goby consume fish eggs and, although not
dissimilar ecologically from native benthic fishes
(e.g., sculpins Cottus spp. and darters Etheostoma
spp.), could affect offspring survival for some fish
species (Chotkowski and Marsden 1999). A ben-
thic fish that reaches 15 cm and can spawn multiple
clutches per year (Charlebois et al. 1997), round
goby can reach extremely high densities (.100
fish/m2) in Lake Erie. This has raised concerns
about the species’ potential to limit the reproduc-
tive success of indigenous fishes through predation
on eggs, embryos, and larvae (Chotkowski and
Marsden 1999; Janssen and Jude 2001).

Smallmouth bass Micropterus dolomieu nest on
the lake bottom and, after courtship and spawning
take place, the male cares for the developing off-
spring. Male parental care involves keeping the
nest free from debris, circulating water to provide
oxygen, and protecting offspring from predators
(Hinch and Collins 1991). Although male small-
mouth bass vigorously defend their offspring for
up to 6 weeks (Ridgway 1988), some offspring are
still eaten by predators (Clady 1975; Goff 1986;
Knotek and Orth 1998), and predation causes many
nest failures for nest-guarding smallmouth bass
(Lukas and Orth 1995) as well as largemouth bass
M. salmoides (Swenson 2002). Smallmouth bass
offspring may be particularly vulnerable to round
goby predation because smallmouth bass often
nest in rocky habitats, where round goby are com-
mon (Charlebois et al. 1997). Presumably, nest
defense in smallmouth bass has evolved to in-
crease offspring survival in the face of predators,
but high round goby densities may overwhelm
smallmouth bass and, when combined with spring
angling for adult smallmouth bass, could compro-
mise juvenile smallmouth bass survival (Ridgway
and Shuter 1997).

With removal of nest-guarding smallmouth bass
by anglers, offspring are susceptible to predators
(Kieffer et al. 1995; Philipp et al. 1997). Currently,
angling for smallmouth bass during the spawning
season is allowed in the Ohio and New York waters

of Lake Erie. Even if anglers practice catch and
release, nests are temporarily vulnerable to pre-
dation. In addition, recovery from angling requires
several hours and may impair a male’s ability to
defend his nest (Kieffer et al. 1995; Cooke et al.
2000; Schreer et al. 2001). To assess the combined
effects of round goby predation and angler removal
of nest-guarding smallmouth bass on smallmouth
bass offspring abundance, we conducted catch-
and-release angling experiments in which we mea-
sured (1) the number of offspring consumed from
guarded and unguarded smallmouth bass nests, (2)
the time required for angled smallmouth bass to
return to nests, and (3) the number of offspring
consumed during angling and after angled small-
mouth bass had returned to their nests.

Methods

Study location.—Nesting smallmouth bass were
located around the Bass Islands, a belt of islands
and reefs situated in the western basin of Lake
Erie (418409N, 828509W). Smallmouth bass nests
were typically found in water 2–4 m deep, with a
cobble substrate over a cohesive clay base. Round
goby were abundant in the habitats favored by
spawning smallmouth bass (G. B. Steinhart, per-
sonal observation). Using scuba, we surveyed
smallmouth bass nests during early May through
June in Lake Erie, 1999–2001. Once located, nests
used for predation experiments (1999 and 2000)
were temporarily marked with a floating buoy
while we observed and angled the nest-guarding
male; these nests were not revisited. Because nests
used in the 2000 and 2001 angling experiments
were visited repeatedly, they were mapped and
marked with a numbered tile. On each visit, nest
status (occupied or abandoned) and offspring de-
velopmental stage (unhatched embryos, hatched
embryos, larvae, or juveniles) were recorded. Suc-
cessful nests were defined as nests that produced
larvae (Ridgway et al. 1991).

Measurement of round goby entry and offspring
consumption rates.—We used a remote underwater
camera to record round goby predation while
smallmouth bass guarded nests, and to assess the
rates of predator entry and consumption when
smallmouth bass were removed via simulated
catch-and-release angling. During preliminary
work, we occasionally observed round goby en-
tering nests with free-swimming larvae and even
chasing larvae; however, we never observed a
round goby consuming a larva. Consequently, we
focused our efforts on videotaping nests with un-
hatched embryos (10 nests) or hatched embryos
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(17 nests). When a nest was located, divers placed
a video camera mounted on a 0.5-m tripod within
0.5 m of the nest. Divers returned to the boat,
waited 10 min, and then began recording data on
a combination TV/VCR connected to the video
camera. We recorded nest-guarding behavior of
smallmouth bass for 15 min before divers reen-
tered the water and angled the male smallmouth
bass from the nest with a rod and reel and a single-
hook plastic jig. Divers remained suspended above
and to the side of the nest while being careful not
to disturb the substrate, and extended the rod to
place the jig on the substrate within in the nest.
Once the smallmouth bass was hooked, the diver
passed the rod to a person in the support boat, who
quickly reeled in the guarding male. Fish were
weighed (625 g) and measured (61 mm total
length [TL]) before release (mean angling plus
processing time 6 SE 5 84 6 8 s). Although the
presence of the diver may have influenced small-
mouth bass and round goby behavior, the divers
were present only during camera installation and
angling, and during nest guarding, if applicable
(see below).

We estimated the number of offspring consumed
during simulated catch-and-release angling by
measuring the entry and feeding rates of round
goby in unguarded smallmouth bass nests from
videotaped observations. Round goby behavior
(e.g., entering or exiting a nest, consuming an em-
bryo) from the videotapes was recorded with Beast
software, a program for real-time recording and
analysis of behavioral data. We summed all round
goby entries and exits at 3-s intervals, combined
with the number of round goby from the previous
3-s interval, to estimate the number of round goby
in each nest. In addition, we estimated the rate of
offspring consumption by 78 individual round
goby of various sizes (mean 5 70 mm TL, range
42–136 mm) from videotapes. Total length was
estimated by measuring round goby on the tele-
vision screen and correcting based on an object of
known size (i.e., a ruler or a tile) that was also
present on the screen. We assumed an offspring
was consumed when a round goby tilted toward
the substrate and flared its gills to suck in an off-
spring. Observations of round goby consumption
lasted for the entire time the focal round goby was
in the nest, and we observed individuals at various
times after a nest was left unguarded. Total number
of offspring consumed from an unguarded nest
through time (s) was calculated as:

number of offspring consumed through time T

T

5 number of round goby (t)O [t50

number of offspring consumed
3 ,]round goby 3 3 s

where t 5 0, 3, 6, . . . , T. We measured round
goby entry and consumption rates in nests con-
taining unhatched embryos and in nests with
hatched embryos. For statistical analyses, we in-
cluded only those nests left unguarded for 5 min
or longer (6 nests with unhatched embryos and 10
with hatched embryos). We used analysis of co-
variance (ANCOVA) to test whether the mean
number or entry rate of round goby in unguarded
nests differed between nests with offspring at dif-
ferent developmental stages. The model used off-
spring stage (unhatched or hatched embryos) as a
class variable and the time since the guarding male
was removed (0–300 s in 3-s intervals) as the co-
variate. We specifically were interested in deter-
mining the interaction between offspring stage and
time since removal, to see if there was a significant
difference (a 5 0.05) in the rate of round goby
entry.

Effect of holding time on smallmouth bass return
time.—To quantify the time smallmouth bass re-
quired to return to their nests after release, and to
determine if holding time affected return time, we
held angled smallmouth bass for different lengths
of time before release. In 1999, fish were either
immediately released (18 fish) or held for 6 min
prior to release (12 fish). In 2000, treatments were
immediate release or 2, 6, or 12-min holding pe-
riods before release (six fish for each treatment),
with treatments systematically assigned. Holding
time was in addition to angling and handling times
(84 6 8 s, as described earlier). Fish were held in
a cooler filled with lake water before release into
the lake. Return time was recorded when the
guarding male appeared on the TV/VCR at the nest
and resumed parental care. We used an analysis of
variance (ANOVA) model to test if treatment
(holding time) or male TL (mean 5 364 mm, range
5 270–468 mm; two fish were not measured, leav-
ing a sample size of 52) affected return time.

Changes in nest size and embryo density during
and after catch-and-release angling.—To more di-
rectly estimate the effects of round goby predation,
we measured smallmouth bass nest area before and
after catch-and-release angling of the nest-
guarding male. Because angling causes physiolog-
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ical stress that can last for several hours, parental
care may be compromised during this postangling
recovery period, so we designed treatments to sep-
arate offspring losses during angling from losses
during postangling recovery. In 2000 and 2001,
smallmouth bass nests were assigned to one of
three treatments: (1) control (no angling), (2) an-
gling without predation, where nests were guarded
by a scuba diver until the male returned (i.e., only
postangling offspring losses), and (3) angling with
predation, where nests were exposed to predators
(i.e., offspring losses during angling and postan-
gling). Angling methods were as previously de-
scribed, except that all smallmouth bass were jaw
tagged before release (mean angling plus process-
ing time 6 SE 5 146 6 11 s). Tagging ensured
proper identification because smallmouth bass
sometimes used nests abandoned by other small-
mouth bass (G. B. Steinhart, personal observa-
tion).

For each nest, we traced the perimeter occupied
by broods before angling and on the next visit, an
average of 4 d later (range 1–8 d). Nest tracings
(34 nests) were made on a clear acrylic sheet, and
nest area was quantified by use of a digitizing tab-
let with SigmaScan software. We used ANCOVA
to test whether change in brood area was affected
by treatment. The number of days between tracings
served as a covariate. To determine if brood losses
occurred during angling or during postangling re-
covery of the nest-guarding male, we used least-
significant-difference tests with the Tukey–Kramer
correction for multiple comparisons to compare
change in brood area between control and angling-
without-predation or angling-with-predation treat-
ments. We also compared brood area between the
two angling treatments (with predation and with-
out predation). In addition, we estimated embryo
density before and after angling with photographs
of nests containing unhatched embryos (46 nests
before angling and 21 nests after angling). Nests
with hatched offspring were not used because the
offspring blended into the background and wiggled
into interstitial spaces. Unhatched embryo densi-
ties were estimated from digitized photographs en-
hanced with Optimas image analysis software;
densities were determined by averaging the num-
ber of unhatched embryos counted in six, random-
ly selected, 4-cm2 areas within the brood (;5% of
brood area). A similar method, which incorporated
scuba divers’ counts of unhatched embryos, pro-
duced results comparable to counts of all un-
hatched embryos in the nest or in nest photographs
(Raffetto et al. 1990). We used ANOVA to test

whether embryo density differed among angling
treatments. We also tested for angling treatment
effect on initial (pre-angling) density to ensure that
there had been no bias in nest selection for treat-
ment assignment.

Results

Round Goby Entry Rate into Smallmouth Bass
Nests

Round goby were the primary predator on small-
mouth bass offspring (.99% of predators ob-
served). On two occasions, logperch Percina cap-
rodes entered unguarded nests; in one case, a rock
bass Ambloplites rupestris ate unhatched embryos
from an unguarded nest (nest not included in anal-
yses). In 10 h of video observations, only once did
a round goby eat offspring from a guarded small-
mouth bass nest. For unguarded nests, the average
time to first entry by a round goby was 78 s (range
5 2–288 s), with many other round goby follow-
ing. During the first 5 min after bass removal,
round goby entered nests with unhatched embryos
more rapidly (4.3 round goby/min) than they en-
tered nests with hatched embryos (1.8 round goby/
min; offspring stage 3 time since removal: F1,198

5 702.7, P , 0.0001; Figure 1). As a result, within
5 min after the guarding smallmouth bass was re-
moved, nests with unhatched embryos contained
an average of 20 round goby (range 5 9–34; Fig-
ure 1) and nests with hatched embryos had 9 round
goby (range 5 0–18). From 5 to 15 min after
guardian male removal, the mean density of round
goby (17 per nest with unhatched embryos, and
12 per nest with hatched embryos) was relatively
stable at over 200 round goby/m2.

Round Goby Consumption Rate

After entering nests containing unhatched or
hatched embryos, each round goby ate an average
of one embryo every 3.5 6 2.2 s (mean 6 SD)
for the duration of its visit. During an average visit
(69.2 6 59.1 s), a round goby consumed 18.0 6
21.6 offspring. Based on the average consumption
rate and the average number of round goby in an
unguarded nest, we estimated that round goby con-
sumed approximately 1,000 unhatched embryos or
400 hatched embryos during the average time a
guardian male was absent following catch-and-
release angling (;5 min; Figure 1; see ‘‘effect of
holding time’’ below). Offspring consumption rate
by all round goby in the nest was higher in nests
with unhatched embryos (2.8 unhatched embryos/
s) than in nests with hatched embryos (1.0 hatched
embryos/s) during the first 5 min after the guarding
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FIGURE 1.—Number of round goby in nests and number of smallmouth bass offspring consumed since male
smallmouth bass removal from nests containing unhatched or hatched embryos in the Bass Islands, Lake Erie,
during 1999 and 2000. The top panel shows the number of nests observed. The middle panel gives the mean and
95% confidence intervals of the number of round goby in a nest. The bottom panel illustrates the mean and 95%
confidence intervals of the number of offspring consumed by round goby.

FIGURE 2.—Average time taken by nest-guarding
smallmouth bass to return to their nests after catch-and-
release angling during May–June, 1999–2000, in the
Bass Islands, Lake Erie. Time held after capture refers
to how long a smallmouth bass was held in a cooler in
lake water before release.

male was removed. An estimated 3,800 unhatched
embryos or 2,400 hatched embryos were con-
sumed within 15 min while male smallmouth bass
were held away from their nests (Figure 1). Given
this rate of consumption, an average smallmouth

bass brood in Lake Erie (mean 6 SE 5 4,600 6
360 unhatched embryos) would be entirely con-
sumed by round goby in approximately 17 min,
assuming that the consumption rate remains con-
stant.

Effect of Holding Time on Smallmouth Bass
Return Time

Male smallmouth bass exhibited highly variable
return times to their nests (Figure 2). Return time
was unaffected by time held after capture (F3,47 5
0.3, P 5 0.82) or by TL (F1,47 5 1.5, P 5 0.22).
With no consistent pattern for return times, we
generated a probability distribution of the return
times for angled smallmouth bass based on all re-
turn times measured during 1999–2000 (84 males;
mean 6 SE 5 188 6 31 s). To these return times,
we added 2 min for angling and handling to allow
calculation of the total time a male might be absent
from his nest. Our mean angling plus handling time
was 1.4 min, but typical anglers may take longer
to release a fish if they use multi-hook lures (longer
time to unhook fish) or if they weigh, measure,
and photograph the catch. We converted the dis-
tribution of absence times to the predicted number
of unhatched or hatched embryos consumed (Fig-
ure 3). A 0.5 probability exists that at least 1,100
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FIGURE 3.—Probability of the average number of off-
spring consumed by round goby from smallmouth bass
nests during a typical catch-and-release angling event in
the Bass Islands, Lake Erie. Probabilities were based on
the frequency distribution of return times for 84 male
smallmouth bass, including a 2-min angling and han-
dling time before release, during May–June, 1999–2001.
Asterisks indicate the minimum number of offspring
consumed from nests to which the male smallmouth bass
did not return during our postrelease observation period
(15 min).

FIGURE 4.—Change in nest area, after an average of 4 d between sampling, for smallmouth bass nests assigned
to experimental treatments in Lake Erie, 2000–2001. Treatments were defined as follows: control (no angling),
angling without predation (angling with nests guarded by a scuba diver), and angling with predation (angling with
nests exposed to predators).

unhatched embryos or 500 hatched embryos would
be consumed during catch-and-release angling,
and a 0.25 probability exists that at least 2,400
unhatched embryos or 1,200 hatched embryos
would be consumed. The expected, or average,
number of offspring consumed by round goby was
1,600 unhatched embryos or 800 hatched embryos
during a single catch-and-release angling of a nest-
guarding smallmouth bass. Thus, about 35% of the
offspring in an average Lake Erie smallmouth bass
nest were lost during a typical instance of catch-
and-release angling.

Changes in Nest Size and Embryo Density during
and after Catch-and-Release Angling

Angling treatment affected the change in nest
area occupied by unhatched embryos (F2,30 5 4.41,
P 5 0.021), but the number of days (1–4 d) be-
tween tracings did not (F1,30 5 2.46, P 5 0.13);
consequently, we assumed that offspring losses oc-
curred during or immediately after catch-and-
release angling, not during the days between trac-
ings (Figure 4). Nests exposed to predation during
angling lost an average of 222 cm2, or 34%, of the
area occupied by unhatched embryos, which was
greater than the average loss of 14 cm2 from nests
guarded by scuba divers during angling (least sig-



127ROUND GOBY PREDATION ON SMALLMOUTH BASS

FIGURE 5.—Number of guarded smallmouth bass nests
(N 5 141) present each day during 6 May to 9 July
2000–2001 at our sample sites in the Bass Islands, Lake
Erie. Lines reveal the number of guarded nests on each
day for nests that ultimately failed (i.e., never produced
free-swimming larvae) or that were ultimately success-
ful. Data for successful nests were split into periods
when nests contained nonmobile embryos (i.e., vulner-
able to round goby predation) or less-vulnerable, free-
swimming larvae or juveniles. We did not remove guard-
ing males from the nests depicted in the graph, but they
were susceptible to local anglers.

nificant difference, t 5 2.81, P 5 0.023). Nests
not subjected to angling (control nests) lost an av-
erage of 70 cm2, which was not significantly dif-
ferent than losses from nests guarded by divers
during angling (least significant difference, t 5
0.82, P 5 0.69) or unguarded, angled nests (least
significant difference, t 5 2.31, P 5 0.069). Em-
bryos were typically arranged in a single layer,
and embryo density (measured from photographs)
did not differ between treatments before angling
(F2,44 5 0.25, P 5 0.78) or after angling (F2,19 5
0.96, P 5 0.40). Therefore, we calculated mean
unhatched embryo density for all nests (mean 6
SE 5 8.6 6 0.4 eggs/cm) and multiplied it by
change in nest area for each treatment. From these
estimates, control nests lost a mean of 600 un-
hatched embryos, and nests guarded by divers dur-
ing angling lost a mean of 200 unhatched embryos
(Figure 4), representing 4–13% of the embryos in
an average smallmouth bass nest in Lake Erie.
When nests were left unguarded during catch-and-
release angling, however, they lost an average of
2,000 unhatched embryos, or 43% of the un-
hatched embryos in an average nest.

Timing of Smallmouth Bass Spawning

Smallmouth bass began spawning in early May
and continued guarding broods until early July in
2000–2001 (Figure 5). Nests where the guarding
male was not angled and which were active in May
ultimately failed, primarily due to storms (G.
Steinhart, unpublished data). Nests that were ul-
timately successful were those occupied in June
and July. Over the 3 years of this study, successful
nests contained nonmobile embryos primarily dur-
ing a 2-week period from 6 to 20 June.

Discussion

Despite the high density of round goby in Lake
Erie, nest-guarding smallmouth bass males were
able to defend their offspring from potential pred-
ators, except when removed from nests by angling.
During our experiments, round goby consumed
20–50% of the offspring in a smallmouth bass nest
during catch-and-release angling. Survival from
egg deposition to maturity is often very low for
smallmouth bass (Clady 1975), and only a few
nests may produce the majority of juveniles sur-
viving until fall (Gross and Kapuscinski 1997).
Even a small increase in episodic predation can
further reduce recruitment to adulthood (Houde
1989) and, when the nest predator is a recent and
hyperabundant invader, mortality via nest preda-
tion may be significant.

We estimated that round goby could consume
an entire smallmouth bass brood in little more than
15 min, a result of the high densities and gregar-
ious nature of round goby. Our estimates, however,
assumed a constant consumption rate (one off-
spring every 3.5 s). Often, predation rate is mod-
eled as a declining function due to predator sati-
ation and because reduced prey abundance increas-
es search times. Our estimate of round goby con-
sumption was calculated based on entire round
goby visits, from the time an individual round
goby entered the nest to the moment it left. There-
fore, time spent searching for prey, interacting
with other round goby, and changes in appetite
owing to satiation were accounted for in our es-
timate of consumption rate. In our observations,
round goby were constantly entering and exiting
nests, thus there were new (i.e., not satiated) round
goby entering a nest at various times. In this sit-
uation, long search times are unlikely, as small-
mouth bass embryos are nonmobile and confined
within small nests (mean brood area 6 SD 5 0.05
6 0.02 m2). Even if we have overestimated the
round goby consumption rate, the nonmobile
smallmouth bass offspring, confined to a small
area and exposed to high predator densities, are
nevertheless extremely vulnerable to predation.

In fact, our data could underestimate the actual
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number of offspring consumed because we quickly
reeled the smallmouth bass to the boat and released
it near its nest after a short holding time. In prac-
tice, fish are occasionally played to exhaustion,
which increases return time (up to four times as
long; Kieffer et al. 1995). In addition, fish are often
held out of water for longer periods than were used
in our experiments, especially when hooks are
deeply imbedded or when the catch elicits mea-
surements and photographs. Holding a smallmouth
bass out of the water for just 1 min increases return
times two- to threefold (Philipp et al. 1997). Fur-
ther, as angling or handling times increase, the
angler’s boat may move farther from the nest,
which also increases return time (Philipp et al.
1997). In extreme cases (e.g., fishing tourna-
ments), smallmouth bass may be held for several
hours or transported several kilometers before re-
lease, almost assuring total nest destruction. In ad-
dition, angled smallmouth bass experience signif-
icant physiological stress that requires several
hours of recovery, especially when they are played
to near exhaustion (Schreer et al. 2001). In fact,
locomotory behavior of nest-guarding male large-
mouth bass was impaired for more than 24 h after
angling (Cooke et al. 2000). During this recovery
period, parental care could be compromised. How-
ever, because neither smallmouth bass nest area
nor egg number declined for nests guarded by scu-
ba divers during angling (i.e., angling-without-
predation treatment), nest predation was not ap-
parent during postangling recovery of the guarding
male.

Even though we quantified the impact of round
goby on individual smallmouth bass nests, we did
not directly measure their effect on the total num-
ber of juveniles that survived to fall or beyond. In
fishes, recruitment of larvae to juveniles, and of
juveniles to adults, is highly variable and can be
related to both environmental factors and preda-
tion (Houde 1987, 1989). Frequently, mortality
during early life stages, including egg predation
by benthic predators, can determine recruitment
success (Rice et al. 1987; Bouwes and Luecke
1997; Foote and Brown 1998). Although there are
few data on smallmouth bass, the number of off-
spring produced from largemouth bass nests may
drive adult abundance (Summerfelt 1975; Fuhr et
al. 2002). Thus, the combined effects of round
goby and anglers, which reduce the number of off-
spring in a brood, may ultimately influence cohort
success.

Clearly, there are many factors that can affect
smallmouth bass recruitment success, and the

question of what controls recruitment success is
still under debate. What is evident, however, is that
smallmouth bass were adapted to a particular en-
vironment in Lake Erie and, since the introduction
of the round goby, predation risk has changed
there. Although we observed many nest failures
associated with strong winds, storms have always
affected Lake Erie, whereas round goby have ar-
rived only recently. Furthermore, in Ohio waters
of Lake Erie, angling has long been allowed during
smallmouth spawning, but a 10-fold increase in
angler effort targeting smallmouth bass since 1985
(Lichtkoppler and Hushak 2001), coupled with the
invasion by round goby, could increase mortality
of smallmouth bass (Philipp et al. 1997; Ridgway
and Shuter 1997).

Given that smallmouth bass repeatedly spawn
in the same location and aggressively defend their
nests, anglers easily target them during the
parental-care period (Ridgway 1988; Ridgway et
al. 1991). Male vulnerability, coupled with nest
predation by introduced species, brings into ques-
tion the practice of spring angling for smallmouth
bass. At a minimum, anglers should be encouraged
to shorten playing and handling times of nest-
guarding males (Philipp et al. 1997; Cooke et al.
2000); however, additional protections may be
needed. Managers use a variety of fishing regu-
lations, including closed seasons, length limits,
creel limits, and sanctuaries, to protect species vul-
nerable to overharvest (Fox 1975). Closed seasons
often are used to protect spawning fish, but must
coincide with critical spawning periods (Kubacki
et al. 2002). In Lake Erie, smallmouth bass nested
during early May through early July, but success-
ful nests did not occur until June (Figure 5). Fur-
ther, round goby consumed few free-swimming
offspring; consequently, angling restrictions will
be most beneficial when successful nests contain
embryos. Unfortunately, compliance with closed
seasons is often poor (Kubacki et al. 2002). Illegal
or incidental catch and release often occurs (Sztra-
mko 1985; Philipp et al. 1997), thereby making
data comparisons before and after regulation
changes difficult. Indeed, an estimated 63% of an-
glers in four systems in Ontario fished for small-
mouth bass and/or largemouth bass during the
closed season (Philipp et al. 1997). Even if ob-
served, results suggest that closed seasons do not
necessarily improve smallmouth bass recruitment.
In eastern Lake Erie, moving from a closed to open
season during smallmouth bass nesting in New
York waters produced no change in smallmouth
bass relative abundance (Einhouse et al. 2002).
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An alternative tool, more common in marine
systems than in freshwater systems, is the estab-
lishment of sanctuaries and no-take reserves (Mur-
ray et al. 1999). Marine reserves can prevent col-
lapse and enhance speedy recovery of overfished
stocks; indeed, fish biomass rapidly increases after
reserve establishment (Roberts et al. 2001). The
creation of a sanctuary in Long Point Bay, Lake
Erie, resulted in increased smallmouth bass catch
per unit effort, a consequence of either lowered
preseason harvest or greater recruitment stemming
from reduced interference with nesting males
(Sztramko 1985). Voluntary sanctuaries observed
during smallmouth bass spawning in Ontario led
to reduced angling pressure and higher nest suc-
cess inside the sanctuaries compared to outside
(Suski et al. 2002). In addition, when a northern
Wisconsin lake was closed to fishing year-round,
largemouth bass nest success increased and nest
predation decreased; however, these effects may
have resulted from a combination of reduced an-
gling during spawning and changes in the size
structure of the population (Swenson 2002).

In Lake Erie, the effects of angling and round
goby predation during the spawning season on
smallmouth bass cohort survival are unknown, but
must be recognized as a new source of mortality.
As such, round goby predation may compromise
recruitment success. In the past, substantial proof
of damage has been required before limiting a fish-
ery, but with the current rate of species introduc-
tions (Rahel 2000; Ricciardi and MacIsaac 2000),
managers should allow for some uncertainty when
making decisions (Murray et al. 1999). At a min-
imum, future efforts should include assessing ex-
ploitation rates of nesting smallmouth bass, and
encouraging anglers to promptly and carefully re-
lease their catch.
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