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Abstract.—We used a number of different data sets and four criteria to evaluate evidence of
competition and predation between walleye Sander vitreus and northern pike Esox lucius, mus-
kellunge E. masquinongy, smallmouth bass Micropterus dolomieu, and largemouth bass M. sal-
moides in northern Wisconsin lakes. The four criteria were as follows: (1) indices of population
abundance were inversely related, (2) two species had shared resources or one species preyed on
the other, (3) competition or predation was strong enough to produce a measurable effect, and (4)
experimental manipulations produced results consistent with the hypothesis of competition or
predation. Using these criteria, we identified which species interact most strongly with walleyes,
determined the most likely mechanism for interaction (predation, competition, or both), and char-
acterized the effects of walleye stocking on these species. Largemouth bass was the only species
that strongly interacted with walleyes: (1) indices of largemouth bass and walleye population
abundance were inversely related in lakes with self-sustaining walleye populations; (2) the diet
of largemouth bass included juvenile walleyes; (3) walleye growth was positively related to indices
of largemouth bass abundance; and (4) survival of stocked walleyes was negatively related to
indices of largemouth bass abundance, and indices of largemouth bass abundances increased as
an index of walleye stocking intensity increased. A bioenergetics analysis of one lake that was
stocked with 39,300 juvenile walleyes, but also has some natural reproduction of walleyes, sug-
gested that the largemouth bass population could consume up to 82,500 juvenile walleyes per
year. Our findings suggest that largemouth bass interact strongly with walleyes through predation,
that they can limit the survival of stocked walleyes, and that walleye stocking can result inincreased
largemouth bass populations. Therefore, management goals seeking to simultaneously maximize
largemouth bass and walleye populations may be unrealistic.

Walleye Sander vitreus may interact with popu-
lations of other important fish species, such aslarge-
mouth bass Micropterus salmoides, smallmouth
bass M. dolomieu, northern pike Esox lucius, and
muskellunge E. masguinongy, through competition
or predation. Walleye populations could potentially
affect or be affected by other fish populations de-
pending on the nature and strength of their inter-
action. Previous investigations have suggested that
walleye abundances may be inversely related to
abundances of fish species such as northern pike
(Anthony and Jorgensen 1977; Nate et al. 2003),
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smallmouth bass (Johnson and Hale 1977; Inskip
and Magnuson 1983), and largemouth bass (Inskip
and Magnuson 1983; Nate et al. 2003). Northern
pike and walleyes have similar diets (Cohen et al.
1993), so may competefor food resources. Walleyes
also prey on northern pike (Craig and Babaluk
1989); thus, abundances of these two species may
be negatively related. Smallmouth bass prey on
walleyes (Zimmerman 1999) and have been sug-
gested as a cause of theinverserelationship between
abundances of these two species (Johnson and Hale
1977). Similarly, muskellunge consume walleyes
(Bozek et al. 1999) and largemouth bass may prey
heavily on stocked walleyes (Santucci and Wahl
1993). It is important to determine the strength of
species interactions to determine appropriate man-
agement goals.
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Walleye stocking is essentially a broad-scale
population manipulation that can be used to ex-
amine competitive and predatory interactions.
Hatchery supplementation of afish population may
intensify competitive or predatory interactions. In-
creases in the population of a species is likely to
decrease the population of competitors, decrease
the population of prey species, and increase the
population of predators of that species (Gotelli
1998).

Walleyes are stocked in most states and prov-
incesin North America, where about 1 X 10° wall-
eyes are stocked each year (Fenton et al. 1996).
In Wisconsin alone, nearly 30 million walleyes are
stocked annually by the Wisconsin Department of
Natural Resources (WDNR, unpublished data) and
similar numbers are stocked by other agencies
(GLIFWC 2001). Given the widespread and in-
tensive stocking of walleyes and their potential to
either positively or negatively affect populations
of other fish species, a comprehensive analysis of
interactions between walleyes and other fish spe-
cies and the effects of walleye stocking seemswar-
ranted.

Our objectives were to (1) identify whether
largemouth bass, smallmouth bass, northern pike,
and muskellunge interact with walleyes, (2) de-
termine the most likely mechanism for these in-
teractions, and (3) characterize the effects of wall-
eye stocking on these species’ populations. The
effect of walleye stocking on population abun-
dances of other fish species should be quantified
because other fish species are popular with anglers
and because the presence of these other fish species
may limit the success of walleye stocking.

M ethods

Reynoldson and Bellamy (1972) suggested cri-
teria for demonstrating competition between fish
species. MacLean and Magnuson (1977) further
refined these criteria and suggested that they are
also valid for demonstrating predation. We used
these criteria as evidence of competitive and pred-
atory interactions between walleyes and other fish
species. We treated each of the criteria as afilter,
the first criterion being relatively coarse and each
subsequent criterion becoming an increasingly fin-
er filter. The first criterion indicates whether an
interaction is possible, whereas subsequent criteria
indicate whether the interaction is probable. The
first criterion is met when the *‘ relative abundance
of potential competitors and predatorsis consistent
with the hypothesis that competition or predation
occurs’ (MacLean and Magnuson 1977). In other
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words, the abundances of two speciesareinversely
related: high abundances of one species are gen-
erally associated with low abundances of another
and vice versa. The second criterion is met if the
two species use a common resource for which
competition can occur or prey directly on one an-
other (MacL ean and Magnuson 1977). The goal of
the second criterion is to determine whether a
mechanism exists through which one species can
impact another species. The third criterion is met
if the “‘fecundity, survival, growth, or some other
appropriate factor indicate that predation or com-
petition occurs’ (MacLean and Magnuson 1977).
Essentially, the third criterion establishes whether
the competition or predation interaction is strong
enough to affect a measurable feature of the other
species. Finally, the fourth criterion suggests that
“results of experimental manipulations are con-
sistent with competition or predation hypotheses”
(MacLean and Magnuson 1977). If, in fact, strong
competition or predation is the cause of the first
three criteria being met, then a manipulation de-
signed to demonstrate the interaction should pro-
vide expected results.

We concluded that intense competition or pre-
dation was likely only if all four criteriawere met
for a pair of fish species. The use of these criteria
to indicate the likelihood of predation or compe-
tition provides only circumstantial evidence, and
each criterion taken individually may not be overly
convincing, but the sum of all criteria strongly
suggests that a conclusion of competition or pre-
dation isunlikely from chance alone. We evaluated
species interactions with these criteria and data
from adult walleye mark—recapture surveys, elec-
trofishing surveys, creel surveys, age-0 walleye
abundance surveys, annual stocking information,
diet samples, and walleye length-at-age samples
from lakes | ocated in northern Wisconsin that were
sampled during 1990—2002 (Table 1). We consid-
ered that a given criterion was met if it was sat-
isfied with any data set. The level of significance
for all tests was P = 0.05. The number of lakes
or data points available for a specific comparison
was less than the total number of lakes sampled if
all species were not present in all lakes (Table 1).

Data Collection

Using methods described by Beard et al. (1997),
walleye abundance was estimated by mark—recap-
ture surveys on 20-25 lakes each year during
1990-2001. Walleye abundance was estimated
with the Chapman modification of the Petersen
estimator (Ricker 1975) and then transformed into
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TaBLE 1L.—Number of lakes (n) and data types available from lakes in northern Wisconsin that were sampled during
1990-2002 and used to judge whether each criterion associated with competition or predation with walleye for northern
pike, muskellunge, largemouth bass, and smallmouth bass was satisfied.

Criterion Data types Species n
(1) Relative abundance Adult walleye population estimates versus Northern pike 204
creel catch per effort Muskellunge 196
Smallmouth bass 208
Largemouth bass 197
Adult walleye population estimates versus Northern pike 20
electrofishing catch per effort Muskellunge 20
Smallmouth bass 20
Largemouth bass 20
(2) Shared resources or predation Diet Northern pike 2
Muskellunge 2
Smallmouth bass 2
Largemouth bass 1
(3) Measurable response Creel catch per effort versus walleye growth Northern pike 139
Muskellunge 126
Smallmouth bass 140
Largemouth bass 135
Electrofishing catch per effort versus walleye Northern pike 17
growth Muskellunge 17
Smallmouth bass 17
Largemouth bass 17
(4a) Consistent manipulation results Walleye stocking density versus creel catch Northern pike 58
(stocking rate) per effort Muskellunge 50
Smallmouth bass 58
Largemouth bass 58
Walleye stocking density versus electrofish- Northern pike 14
ing catch per effort Muskellunge 14
Smallmouth bass 14
Largemouth bass 14
(4b) Consistent manipulation results Fall electrofishing catch per effort versus Northern pike 23
(survival) stocked walleye survival Muskellunge 23
Smallmouth bass 23
Largemouth bass 23

number per hectare as an index of population abun-
dances. Ages of 5 walleyes from each 1.3-mm
length-group were estimated from scales or spines
depending on their length; ages of all walleyes
shorter than 30.5 cm were estimated from scales
and ages of all walleyes longer than 30.5 cm were
estimated from dorsal spines (DeVries and Frie
1996).

Relative abundance, indexed as catch per effort
(CPE), was estimated from creel surveys on 20—
25 lakeslyear during 1990-2001, multiseason
electrofishing surveys on 10 lakes/year during
1995-1997, and fall electrofishing surveys on 23
lakes during 2002. Creel surveys used a stratified
random roving access design, stratified by month
and day type (weekend and holidays or weekday;
Pollock et al. 1994; Rasmussen et al. 1998). Mul-
tiseason el ectrofishing surveys consisted of 3.2 km
of randomly selected shoreline during spring, sum-
mer, and fall on 10 lakes/year during 1995-1997.
Fall electrofishing surveys consisted of electro-
fishing two randomly selected 0.8-km segments of
shoreline (for atotal of 1.6 km of shoreline) sam-

pled in 2002. All fish species were collected and
enumerated during each electrofishing survey.
Percent survival of stocked walleyes was esti-
mated with oxytetracycline (OTC) marking and
subsequent fall age-0 electrofishing sampling. In
mid-June 2002, 23 lakes were stocked with fin-
gerling walleyes that had been marked with OTC.
In the hatchery, 3-d-old walleye fry were treated
with OTC powder (Pfizer, Inc., New York;
Terramycin-343) containing 75.5% active ingre-
dient. Fish were immersed in a 500-mg/L OTC
bath for 6 h. To ensure that the juvenile walleyes
received a visible mark, fish from each pond of
marked fish were sacrificed and their otoliths ex-
amined to determine the effectiveness of the mark.
Fingerlings were approximately 4 cm long at the
time of stocking and were stocked at arate of 124/
ha, stocking abundances previously recommended
by the WDNR (WDNR 1999). In fall 2002, the
entire shoreline of each lake (including islands)
was sampled by electrofishing when water tem-
peratures ranged from 7°C to 18°C. Thetotal num-
ber of age-O walleyes per kilometer of shoreline
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was used to estimate the total number of age-0
walleyes in each lake (Serns 1982). The first 100
age-0 walleyes from electrofishing sampling in
each lake were collected and frozen. If fewer than
100 age-0 walleyes were available at the end of
one complete electrofishing survey, all age-0 wall-
eyes were retained. Sagittal otoliths were removed
from walleye fingerlings and mounted on a slide.
A compound microscope (Nikon, Inc., Melville,
New York; Model Optiphot) equipped with a 200-
W ultraviolet light source, 450- to 490-nm exci-
tation filter, 515-interface barrier filter, and 510-
nm dichroic mirror was used to identify OTC
marks. This arrangement allowed the detection of
a yellow band on the otolith under 250—400X%
magnification.

Finally, we calculated the percent survival of
stocked walleyes given the estimate of the total
abundance of age-0 walleyes from electrofishing
CPE (Serns 1982), the proportion of the age-0
walleye population that was of hatchery origin
from the examination of otoliths, and the total
number of walleyes stocked with the following
equation:

P-(H/T)

% Survival = s

where P is the total population estimate of age-0
walleyes, H is the number of age-O walleyes of
hatchery origin determined by otolith analysis, T
is the total number of otoliths of age-0O walleyes
collected, and S is the number of age-0 walleyes
stocked.

We quantified the diet composition of walleyes,
largemouth bass, northern pike, smallmouth bass,
and muskellunge in Crab Lake, Vilas County, Wis-
consin, and Whitefish Lake, Sawyer County, Wis-
consin, to determine the extent of diet overlap and
whether these species preyed on one another. Crab
Lake and Whitefish Lake are located in northern
Wisconsin and are of similar size (384 and 318 ha,
respectively). The walleye population in Crab
Lake is primarily self-sustaining, whereas the
walleye population in Whitefish Lake is primarily
sustained by stocking. Stomach contents were col-
lected by gastric lavage (Seaburg 1957) and pre-
served in 95% ethyl alcohol. To account for sea-
sonal variation in diet composition, stomach sam-
ples were collected from fish during spring and
fall electrofishing and fyke-netting surveys. Stom-
ach contents were placed in a number 60 sieve
(250-pm mesh), examined under a dissecting mi-
croscope, and identified to the lowest practical tax-
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onomic classification (Pennak 1978; Eddy and
Hodson 1982; Becker 1983; Oates et al. 1993).
Fish in advanced states of digestion wereidentified
through the use of diagnostic bones, such as the
cleithrum, opercle, dentary, or vertebrae (Hansel
et al. 1988). Each type of prey item was blotted
dry on a paper towel and weighed.

Data Analysis

Criterion 1. Relative abundance.—To meet this
criterion, the abundance of walleyes must gener-
ally be low and the abundance of other fish species
high, and vice versa. We chose to address the first
criterion through the use of mark—recapture esti-
mates of adult walleye abundance and CPEs of
other speciesfrom separate creel and el ectrofishing
surveys. We assumed that CPE was linearly related
to abundances of each species (Serns 1982; Cohen
et al. 1993; Beard et al. 1997; Edwards et al. 1997;
Mclnerny and Cross 2000), so we treated CPE
from standardized electrofishing surveys as an in-
dex of relative abundance of all fish species present
in sampled lakes. We also treated targeted angling
catch rates from creel surveys (defined as angling
catch of each species divided by the hours of effort
targeted at that species) as an index of relative
abundance (Beard et al. 1997). Because the inten-
sity and history of walleye stocking in lakes may
influence the abundance of other fish species, we
excluded lakes that supported walleye populations
through stocking for this portion of the analysis.
Lakes were classified as being supported by stock-
ing if more than 50% of recruitment was attributed
to stocking efforts (USBIA 1991).

We used rank correlation to quantify the rela-
tionships between abundances of walleyes (num-
ber per hectare from mark—recapture surveys) and
relative abundances of largemouth bass, small-
mouth bass, northern pike, and muskellunge (CPEs
from creel and electrofishing surveys). We used
rank correlation to avoid making a priori assump-
tions about the linearity of the relationships be-
tween the variables necessary with linear corre-
lation and regression; this procedure does not re-
quire that the data be normally distributed.

Criterion 2: Evidence of shared resourcesor pre-
dation.—To meet this criterion, the diets of two
species must overlap or one species must be eaten
by another species. To further support the hypoth-
eses of competition or predation between walleyes
and species satisfying the first criterion, we used
amodified version of Pianka’'s niche overlap index
to quantify the degree of resource overlap by po-
tential competitors (Christensen et al. 2000). Per-
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cent wet weightswere used in thefollowing formula
to estimate diet overlap between fish species:

Zé(pn'pm)

Oy=+—",

2, (pf + P2

where P;; and P; are the proportions of the resource
i used by speciesj and k, respectively (Christensen
et al. 2000). The modified Pianka's niche overlap
index ranges from zero to one, a value of one
suggesting that the two species have exactly the
same diet composition and any value other than
zero indicating potential competition. We assumed
that the presence of a walleye in the stomach of a
largemouth bass, smallmouth bass, northern pike,
or muskellunge was evidence of predation by those
species on walleyes. We split walleye diet com-
position into juvenile (<200 mm) and adult cat-
egories because of potential ontogenetic diet shifts
(Becker 1983) and because a reasonable number
of juvenile walleyes were sampled (n = 29). Few
juveniles of other fish species were sampled; there-
fore, diets were not split into juvenile and adult
categories.

Criterion 3: Measurable effect of competition or
predation.—We chose walleye growth as a re-
sponse variable. To meet this criterion, walleye
growth must be significantly correlated to abun-
dances of another species. Walleye growth de-
pends partly on prey availability, which in turn
can vary with intraspecific or interspecific com-
petition. Therefore, growth should respond ac-
cordingly in the presence of strong competition or
predation (Knight et al. 1984). A significant re-
lationship between walleye growth and abundanc-
es of another species would suggest that the in-
teraction between the other species and walleyes
was strong enough to affect walleye growth.

We used rank correlation to quantify the rela-
tionships between walleye growth and relative
abundances of other fish species. First, we used
nonlinear regression to estimate parameters of the
von Bertalanffy growth model for walleye length-
at-age data. Second, we indexed growth with the
parameter o = K X L, from the modified von
Bertalanffy growth model (Gallucci and Quinn
1979). Third, we indexed relative abundances of
largemouth bass, smallmouth bass, northern pike,
and muskellunge as CPEs from separate creel and
electrofishing surveys. Last, we examined the re-
lationship between walleye growth rate (») and
relative abundance (CPE) of each species through
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the use of rank correlation. Again, because the
intensity and history of walleye stockinginagiven
lake may have influenced the abundance of other
fish species, we excluded lakes that supported
walleye populations through stocking for this por-
tion of the analysis. We were only able to examine
effects of the abundance of other species on wall-
eye growth and not the effects of walleye abun-
dance on the growth of other species because we
did not have sufficient data to estimate w values
for species other than walleyes.

Criterion 4: Manipulation results consistent with
competition or predation.—To meet this criterion,
experimental results must conform to those ex-
pected in the presence of competition or predation
for species interactions supported by the first three
criteria. As an experimental manipulation, we
stocked 23 lakes with OTC-marked juvenile wall-
eyes at a constant rate of 124 walleyes/ha and es-
timated the survival of stocked fish in relation to
the relative abundances of predators or competi-
tors. We used rank correlation to determine wheth-
er relative abundances of largemouth bass, small-
mouth bass, northern pike, or muskellunge, in-
dexed by electrofishing CPE, were associated with
stocked walleye survival.

We also used creel and electrofishing survey
datafrom lakes that supported walleye populations
through stocking to determine whether increased
stocking of walleyes produced results broadly con-
sistent with the hypotheses of competitive or pred-
atory interactions between walleyes and other fish
species, as supported by the three previouscriteria.
As a measure of stocking intensity, we calculated
the mean number of fingerling walleyes stocked
per hectarein the 10 years before the year in which
the creel or electrofishing survey was completed.
We then used rank correlation to relate the mean
stocking intensity of small fingerling walleyes to
relative abundances of each fish species. We as-
sumed that a significant positive or negative re-
lationship between walleye stocking intensity and
relative abundances of other fish species would
support the presence of a strong competitive or
predatory interaction between walleyes and the
other fish species.

Bioenergetics.—If competitive or predatory in-
teractions were supported by the four criteria out-
lined above, we used a bioenergetics model (Han-
son et al. 1997) to quantify the effects of the in-
teractions. Abundances of walleyes, largemouth
bass, and smallmouth bass were estimated by
mark—recapture for the two lakes that were sam-
pled for diet composition. The resulting population
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TaBLE 2.—Rank correlation results for adult walleye abundances versus electrofishing catch per effort and creel
survey catch per effort for four other sport fish species in northern Wisconsin sampled during 1990—2002. Only lakes
with walleye populations supported primarily through natural reproduction were included in this analysis. Positive
relationships are designated with a plus sign and negative relationships are designated with a minus sign. Correlations

were measured by Spearman’s rank correlation coefficent (r), and significant correlations are in bold italics.

Electrofishing survey Credl survey
Number of Number of
Species lakes r Relationship P lakes r Relationship P
Northern pike 20 0.31 - 0.18 204 0.12 - 0.10
Muskellunge 20 0.48 + 0.03 196 <0.01 - 0.91
Smallmouth bass 20 0.08 - 0.72 208 <0.01 - 0.84
Largemouth bass 20 0.50 — 0.02 197 0.03 — 0.72

estimates were used with diet information to es-
timate total consumption of each fish species by
walleyes or total consumption of walleyesby other
fish species. Temperatures for the bioenergetics
models were measured five times in spring, sum-
mer, and fall in each lake and varied between 4.0°C
and 18.5°C. Caloric abundances for predators and
prey were taken from Hanson et al. (1997) and
Cummins and Wuycheck (1971). Simulations | ast-
ed 1 year and population sizes were held constant
(i.e., no mortalities). The entire population con-
sisted of fish of the average length of all fish sam-
pled of that species in the two lakes. Growth was
estimated from the mean change in length for all
lakesin Wisconsin (WDNR, unpublished data) and
a weight—length relationship for largemouth bass
(Carlander 1977). Although data used to construct
this model were not precise, our objectivewasonly
to provide an order of magnitude estimate of con-
sumption.

Results
Criterion 1: Relative Abundance

Muskellunge and largemouth bass abundances
were related to walleye abundances, while north-
ern pike and smallmouth bass were not (Table 2).
Muskellunge electrofishing CPE was positively
correlated to walleye abundances and largemouth
bass el ectrofishing CPE was negatively correlated

to walleye abundances (Table 2). Because mus-
kellunge abundances were positively correlated to
walleye abundances, direct competition or preda-
tion is unlikely to be occurring between these two
species. As a result, muskellunge were not con-
sidered further. Neither northern pike nor small-
mouth bass CPE values were significantly corre-
lated to walleye abundances, so smallmouth bass
and northern pike were not considered further (Ta-
ble 2).

Criterion 2: Evidence of Shared Resources
or Predation

Diet analysis confirmed the potential for pred-
atory or competitive interactions between walleyes
and the species of fish that satisfied criterion 1
(largemouth bass). Largemouth bass ate walleyes,
whereas walleyes ate few largemouth bass (Table
3). In addition, diets of juvenile and adult walleyes
overlapped with diets of largemouth bass (Table
4).

Criterion 3: Measurable Effect of Competition
or Predation

Walleye growth rate (o) was positively corre-
lated to angling CPE of largemouth bass (r = 0.23;
N = 135; P = 0.01), but walleye growth was not
correlated to electrofishing CPE of largemouth
bass (r =—0.01; N = 17; P = 0.98).

TaBLE 3.—Percentages, by weight, of (1) walleyes in the diets of northern pike and largemouth bass and (2) these
same two species in the diet of walleyes in Whitefish and Crab lakes, northern Wisconsin, sampled during 1990—2002.
Percentages by individual lake and mean values are presented. The number of fish with identifiable stomach contents
that were sampled is shown in parentheses. No largemouth bass were captured in Crab Lake.

Percent of walleye diet

Walleye as percent of diet

Whitefish Whitefish
Species Crab lake lake Mean Crab lake lake Mean
Northern pike 0.0 (37) 0.0 (31) 0.0 (68) 49.9 (14) 0.2 (20) 25.1 (34)
Largemouth bass 1.0 (27) 1.0 (27) 4.8 (27) 4.8 (27)
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TaBLE 4—Modified Pianka's diet overlap index values for northern pike and largemouth bass with adult juvenile
walleyes in Whitefish and Crab lakes, northern Wisconsin, sampled during 1999-2002. Individual |ake and mean values
are presented. No largemouth bass were captured in Crab Lake.

Index of diet overlap
with adult walleyes

Index of diet overlap
with juvenile walleyes

Whitefish Whitefish
Species Crab Lake Lake Mean Crab Lake Lake Mean
Largemouth bass 0.38 0.38 0.61 0.61
Northern pike 0.14 0.27 0.21 0.05 0.61 0.33

Criterion 4: Manipulation Results Consistent with
Competition or Predation

The survival of stocked walleyes was lower
when electrofishing CPE of largemouth bass was
high (r = 0.53; N = 23; P = 0.01), which would
be expected if largemouth bass preyed heavily on
stocked juvenile walleyes.

The mean stocking rate of small fingerling wall-
eyes was positively related to creel survey CPE of
largemouth bass (r = 0.29; n = 58; P = 0.03) but
not to CPE from electrofishing surveys (r = 0.32;
n = 14; P = 0.26).

Bioenergetics

The estimated abundance of 946 adult large-
mouth bass in Whitefish Lake, each of which
weighed 0.7 kg and experienced annual growth of
0.3 kg in our model, consumed approximately 49.5
kg of juvenile walleyes during the year. We made
the assumption that all consumed walleyes were
the weight at which they were stocked in June (0.6
g/fingerling walleye). This level of consumption
corresponds to 82,500 fingerling walleyes con-
sumed during the year, which greatly exceeds the
39,300 walleyes that were actually stocked in June
2002.

Discussion

Largemouth bass was the only species we ex-
amined that satisfied all four criteria suggested by
MacL ean and Magnuson (1977), but this does not
preclude the possibility that other species may in-
teract with walleyes through competition or pre-
dation or that they may be affected directly or
indirectly by walleye stocking. The data we used
were relatively coarse, and interactions with other
species may have been too subtle or indirect to be
detected by our dataor analysis. We only examined
the interactions between walleyes and four other
fish species. Undoubtedly, there are potentially
strong interactions between walleyes and fish spe-
cies not examined here (Lyons and Magnuson
1987). Nonetheless, our results suggest that large-

mouth bass affect walleye populations and that
walleye stocking affects largemouth bass popu-
lations.

Our findings agree with those of Santucci and
Wahl (1993), Nate et al. (2003), and Inskip and
Magnuson (1983), who found an inverse relation-
ship between largemouth bass and walleye abun-
dances. Santucci and Wahl (1993) also found that
largemouth bass predation limited survival of
stocked walleyes in Ridge Lake, Illinois. Similar-
ly, our results suggest that largemouth bass may
limit success of stocked walleyes in general.

The number of juvenile walleyes that we esti-
mated were consumed by largemouth bass
(82,500) was based on the assumptions that all
walleyes consumed by largemouth bass weighed
0.6 g and that our estimate that walleyes comprised
4.8% of the largemouth bass diet in Whitefish Lake
was accurate. The total number of walleyes con-
sumed by largemouth bass may be higher or lower
depending on the actual weight of walleyes when
they are consumed. For example, the impact of
largemouth bass predation would be less if we as-
sumed that all walleyes were consumed in Sep-
tember, when individual walleyes were substan-
tially larger than 0.6 g. However, results from San-
tucci and Wahl (1993) suggest that our assumption
isreasonabl e; they found that largemouth bass pre-
dation was related to the length of stocked wall-
eyes and that vulnerability to predation was great-
est immediately after stocking. Similarly, the total
number of walleyes consumed may be higher or
lower depending on the actual percentage of wall-
eyes in the diet of largemouth bass. Although we
only have largemouth bass diet information from
one lake, our estimate that walleyes comprised
4.8% of the largemouth bass diet was similar to
findings by Liao et al. (2004), and our goal was
only to provide an order of magnitude estimate of
consumption. In addition, some juvenile walleyes
that were consumed by largemouth bass were
probably produced naturally in the lake. Although
some juvenile walleyes that were consumed by
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largemouth bass were probably produced naturally
in the lake, the fact that the number of walleyes
stocked was substantially smaller than the esti-
mated number consumed by largemouth bass sug-
gests that survival of stocked walleyess is signif-
icantly reduced by largemouth bass predation.

We found that largemouth bass abundances were
positively related to walleye stocking rates, so
largemouth bass may benefit from walleye stock-
ing. Prey availability can influence reproductive
potential (Kershner et al. 1999), growth (Yako et
al. 2000), and survival (Miranda and Pugh 1997).
If largemouth bass are limited by prey availability,
additional prey may increase their survival and
abundance (Miranda and Pugh 1997). Walleye
stocking may provide the additional prey resources
necessary for largemouth bass populations to in-
crease. Alternatively, fisheries managers may
stock walleyes at a higher rate in lakes with high
largemouth bass abundances in hopes of some de-
gree of walleye survival. With our data, we cannot
determine whether high stocking rates caused high
largemouth bass abundances or if high largemouth
bass abundances caused high stocking rates. How-
ever, given the large number of walleyesthat large-
mouth bass may consume, largemouth bass pop-
ulations would probably benefit from stocking of
juvenile walleyes.

Another possible explanation for the negative
relationship between largemouth bass abundances
and juvenile walleye survival is that lakes with
high abundances of largemouth bass may have
physical and chemical conditions that are not con-
ducive to walleye survival. Nate et al. (2003)
showed that habitat parameters could be used to
predict the presence or absence of walleyes, but
could not differentiate between lakes with self-
sustaining and stocked walleye populations in
northern Wisconsin. This suggests that lakes with
walleyes, regardless of their origin, are roughly
similar in their habitats. In addition, we found that
the hypothesis of largemouth bass preying heavily
on stocked walleyes was supported by all four cri-
teria. Our results were obtained from lakes exper-
imentally stocked with marked walleyes, lakes
whose walleye populations were supported by
stocking, and lakes whose walleye populations
were self-sustaining, so an alternative explanation
is difficult to support.

Given the seemingly strong predatory interac-
tion between walleyes and largemouth bass, man-
agement of both species in the same water body
may be difficult. In addition, walleye stocking may
be ill advised in lakes with even moderate abun-
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dances of largemouth bass, given their potentially
large impact on survival of juvenile walleyes.
Stocking walleyes may initially be successful in
lakes with low abundances of largemouth bass, but
may have the unintended effect of providing ad-
ditional prey for largemouth bass. If alargemouth
bass population is limited by prey availability,
walleye stocking may |ead to increased |argemouth
bass abundances that reduce poststocking survival
of walleyes through time.
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