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Abstract.—We used data from 162 lakes in northern Wisconsin during 1990–1999 to develop a
stock–recruitment model for walleye Stizostedion vitreum and to identify important factors affecting
recruitment. We used the linear version of the Ricker stock–recruit model and regression tree
analysis to model age-0 walleye density, which ranged from 0.24 to 505 per km of shoreline (mean
5 51.2). Adult walleye density ranged from .040 to 5.9 per surface hectare (mean 5 1.5). The
density of adult (sexually mature) walleyes, calendar year, and angling harvest rate of yellow
perch Perca flavescens were significant descriptors of age-0 walleye density. Adult walleye density
explained 10% of the variation in age-0 walleye abundance, which exhibited significant compen-
satory density dependence. Calendar year and yellow perch density explained nearly 32% of the
residual variation in age-0 walleye density. The average age-0 walleye density in high-recruitment
years (1991, 1994, and 1995) was 74.2/km, whereas the average age-0 walleye density in low-
recruitment years (1990, 1992, 1993, and 1996–1999) was 38.5/km. Yellow perch harvest rates
influenced walleye recruitment in low-recruitment years, as lakes with angler harvest rates of
yellow perch lower than 0.79/h had lower recruitment of age-0 walleyes; in high-recruitment years,
by contrast, yellow perch density did not affect recruitment. Combining data from many walleye
stocks within a region allowed us to determine regional factors affecting walleye recruitment. The
combined data can be used to develop walleye harvest forecasting models.

Models for estimating the allowable harvest of
fisheries often depend on stock–recruitment rela-
tionships (Hilborn and Walters 1992; Myers et al.
1995a, 1995b). Development of stock–recruitment
relationships is one of the most difficult tasks fac-
ing fisheries biologists (Hilborn and Walters 1992;
Myers and Barrowman 1996). Substantial effort
has been spent developing and quantifying stock–
recruitment relationships for many marine and
most commercially harvested fish stocks (Hilborn
and Walters 1992; Quinn and Deriso 1999); how-
ever, stock–recruitment relationships have not
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been quantified for many inland fisheries and non-
commercially harvested species. Agencies have
generally not set harvest goals for inland recrea-
tional species but have instead relied on density-
independent catchability to protect stocks (Peter-
man and Steer 1981; Bannerot and Austin 1983;
Hansen et al. 2000). Stock–recruitment relation-
ships may be useful in recreational fisheries man-
agement to avoid problems caused by targeted an-
gler effort or habitat changes (Walters and Cox
1999; Cox et al. 2002).

Identification of stock–recruitment relationships
can be difficult because both density-dependent
and density-independent factors often affect sur-
vival (Sissenwine et al. 1988). Density-indepen-



383WALLEYE RECRUITMENT IN NORTHERN WISCONSIN

dent factors such as climate, prey density, preda-
tion pressure, or changes in spawning habitat often
cause variability in recruitment when stocks are at
intermediate abundance (Ricker 1975; Getz and
Swartzman 1981; Hilborn and Walters 1992;
Quinn and Deriso 1999). Such density-indepen-
dent variability may lead to the conclusion that a
stock–recruitment relationship does not exist
(Koslow et al. 1987; Wooster and Bailey 1989;
Gilbert 1997), but ignorance of a stock–recruit-
ment relationship can lead to recruitment over-
fishing if spawning stocks are not adequately pro-
tected (Hilborn and Walters 1992). Stock–recruit-
ment relationships that are based on the life history
of a species, but that include density-independent
variables to explain the residual variance, may al-
low better understanding of the mix of factors that
affect recruitment of the species targeted by inland
recreational fisheries (Madenjian et al. 1996; Han-
sen et al. 1998).

Traditional stock–recruitment analyses have fo-
cused on long time series of data for a single stock
(Hilborn and Walters 1992). Such data sets are com-
mon for marine commercial fisheries but are avail-
able for only a few inland recreational fisheries
(Forney 1980; Madenjian et al. 1996; Hansen et al.
1998). Nonetheless, similar processes may regulate
the recruitment of inland recreational fishes, espe-
cially if the stocks inhabit similar systems and have
similar forces structuring their stock–recruitment
relationships (Myers et al. 1999). If broad-scale en-
vironmental factors cause recruitment variability
(Busch et al. 1975; Forney 1980; Madenjian et al.
1996; Hansen et al. 1998) or recruitment variability
is mitigated by similar factors within individual
stocks (Forney 1980; Madenjian et al. 1996; Hansen
et al. 1998), a single stock2recruitment relationship
may apply across a broad region. Although a stock–
recruitment model based on such a relationship
would likely not allow the prediction of recruitment
or the setting of harvest goals for any one stock, it
would quantify broad-scale features that affect in-
dividual stocks, which can then be studied if re-
cruitment problems arise. Such a broad-scale model
would help to guide analyses of individual stocks
and might be useful for setting regional harvest
targets.

Our objective was to develop a broad-scale,
stock2recruitment model for walleye Stizostedion
vitreum in northern Wisconsin by combining data
from several stocks across the region. We wished
to determine whether broad-scale, density-inde-
pendent factors affected walleye recruitment and
whether walleye recruitment was synchronous

across northern Wisconsin. The cornerstone of a
regional management scheme would be a stock–
recruitment relationship that can be used to ex-
amine recruitment within a lake or stock and aid
in developing regional management strategies.

Methods

Study area.—Numerous small lakes (most less
than 400 surface hectares) predominate in northern
Wisconsin, where walleyes are a primary target
species. In this region, walleyes are harvested
through both tribal spearing and recreational an-
gling, so walleye stocks are managed as a regional
resource to accommodate both fisheries (Staggs et
al. 1990; Beard et al. 1997). Some walleye fisheries
in the area are maintained through stocking, but
most are sustained by natural reproduction (Nate
et al. 2000). Although the management system ac-
counts for variability in stock size when estimating
the total allowable catch, the system does not rely
on a quantitative model to understand regional
stock–recruitment dynamics, prescribe manage-
ment strategies, or forecast regional harvest goals
(Hansen et al. 1991).

Data were collected as part of a larger project
that began in 1990 to monitor walleye populations
in response to a mixed angling and spearing har-
vest (Hansen et al. 1991). About 25 lakes each
year were randomly selected for monitoring from
among those walleye lakes in Wisconsin’s ceded
territory that were subject to both spearing and
angler harvest (Beard et al. 1997). In this analysis,
we used data from 162 lakes that were surveyed
during 1990–1999. The lakes ranged from 41 to
6,181 surface hectares. Lakes that are part of a
chain of lakes were not included unless it was
known that there was movement by adult walleyes
among them (Rasmussen et al., in press). Walleye
recruitment in the lakes in this region is maintained
by either natural reproduction or stocking (Nate et
al. 2000); we analyzed data only for lakes where
recruitment was solely from natural reproduction.
Regulations on walleye angling varied among
lakes and years. For example, the length limits
during 1990–1997 consisted of either a 38.1-cm
minimum length or no minimum length. In 1998,
three more length limit categories were added, in-
cluding one fish per day over 71.1 cm, a 35.6–
45.7-cm protected slot limit, and one fish per day
over 45.7 cm. Bag limits for walleyes in the region
ranged from two to five fish per day and varied
with spearing harvest on each lake each year
(Fayram 2000).

Data collection.—Adult walleye populations
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were estimated in spring using the Chapman mod-
ification of the Petersen mark–recapture estimator
(Ricker 1975; Beard et al. 1997). Immediately af-
ter ice-out, fyke nets were used to capture and
mark adult walleyes. Adult walleyes were defined
as sexually mature fish plus fish of unknown sex
longer than 38.1 cm (Beard et al. 1997). To ensure
that all walleyes were vulnerable to capture during
recapture sampling, walleyes were sampled along
the entire shoreline 1–3 d after the marking period
ended with 230-V AC electrofishing boats to es-
timate the proportion of adults that were marked.
Population abundance was estimated for each sex
and four length categories: 0–30.2, 30.3–38.0,
38.1–50.5, and 50.6 cm and longer (Beard et al.
1997). Estimates for each length category and as-
sociated variance were summed by sex to obtain
a population estimate and variance for all mature
adult walleyes in each lake (Beard et al. 1997). If
the coefficient of variation of the population es-
timate (100 · SD/estimate) was greater than 40%,
the estimate was not used. Population estimates
were divided by lake surface acres to standardize
for lake size.

The densities of age-0 and age-1 walleyes were
estimated between mid-September and mid-Oc-
tober of each year in which a spring population
estimate was obtained. In most cases, the entire
shoreline of each lake was sampled on one night
with 230-V AC electrofishing boats when water
temperatures were between 108C and 188C. In
some lakes, when the entire shoreline could not
be sampled, randomly selected sections were sam-
pled and the distance sampled recorded. The age
of each walleye collected was estimated by ex-
amining the length-frequency distribution for
modal lengths, and when length-frequency anal-
ysis was inconclusive scale annuli were analyzed.
The numbers of age-0 and age-1 walleyes were
divided by the shoreline length (kilometers) sam-
pled to estimate density. Lakes in which no age-
0 or age-1 walleyes were collected were not used.

We examined several density-independent fac-
tors to see whether we could explain significant
residual variation in recruitment using a Ricker
stock–recruitment model (Ricker 1975). Because
we were interested in regional patterns in walleye
recruitment variation, we chose to analyze vari-
ables for which data were available for all lakes
and which could cause regional variation in re-
cruitment. The variables included were the cal-
endar year (a surrogate for climate variation),
drainage basin (Lake Superior, Lake Michigan, or
the Mississippi River), angler bag limit (2, 3, or

5 fish/d), whether the lake was exempt from the
regional 38.1-cm size limit (a surrogate for growth
because lakes were exempted if walleyes exhibited
slow growth), lake surface acres, shoreline devel-
opment factor (SDF), angler-hours per hectare (a
surrogate for interest in and use of the lake), angler
catch and harvest rates of yellow perch Perca fla-
vescens (a surrogate for yellow perch density), and
walleye cohort density (age-1 density from the
same sampling year). Year, drainage basin, bag
limit, size limit, and surface acres were taken from
Wisconsin’s surface water inventory data files and
Wisconsin Department of Natural Resources Fish-
eries Management databases. The shoreline de-
velopment factor, the ratio of actual shoreline
length to that expected if the lake were a perfect
circle (Wetzel 1983), was calculated as follows:

shoreline length
SDF 5 .

1/2[2 · (p · lake surface area) ]

A year-round creel survey was conducted on most
lakes for which spring walleye abundance was es-
timated by mark–recapture. Creel surveys ran from
the first Saturday in May through March 1 of the
following year but were not conducted in Novem-
ber due to dangerous ice conditions and the lack
of angler effort (Beard et al. 1997). Estimates of
angler effort, catch rate, and harvest rate for each
species were calculated using a Wisconsin hybrid
creel survey design (Beard et al. 1997; Rasmussen
et al. 1998). Angling effort, catch rate, and harvest
rate were estimated separately for each stratum and
then combined into annual estimates (Beard et al.
1997; Rasmussen et al. 1998).

Recruitment modeling.—Because walleyes can
be cannibalistic (Forney 1980; Hansen et al. 1998),
we used a Ricker recruitment model to describe
age-0 density as a function of adult density:

a 2 bSR 5 S · e ,

where R is the number of age-0 recruits per ki-
lometer, S is the number of adult walleyes per hect-
are, a is the background density-independent mor-
tality and b is a coefficient that describes the den-
sity-dependent mortality rate. The model was
transformed into its linear form and least squares
regression was used to estimate parameters a and
b (Hilborn and Walters 1992; Hansen et al. 1998):

log (R/S) 5 a 2 bS 1 e,e

where e is the error term. The linear transformation
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of the Ricker stock2recruitment model assumes
that the model being fitted has lognormal errors
(Hilborn and Walters 1992). The model was con-
sidered significant when the model F-test and the
Ricker parameter estimates (a, b) were significant
(P # 0.05). To assure proper scaling between adult
and age-0 densities for purposes of model analysis,
we converted the number of age-0 fish per kilo-
meter to the number per hectare by dividing the
total catch of age-0 walleyes by the number of lake
surface hectares. However, we report descriptive
statistics about age-0 densities (i.e., the mean and
range) in terms of the number per kilometer be-
cause this is the most common practice in the lit-
erature.

To determine whether external factors would
significantly improve the fit of the simple Ricker
stock–recruitment model, we used the residuals
from the simple model for age-0 fish to see whether
density-independent factors would explain a sig-
nificant amount of the residual variation. As the
density-independent variables were both continu-
ous and class variables, we used regression tree
analysis to identify those that were significant de-
scriptors of residual recruitment variation (P #

0.05 for both inclusion and exclusion). Regression
trees have an advantage over the traditional meth-
ods used to identify correlative factors, such as
general linear models, because both categorical
and continuous variables can be combined in one
nonparametric, multivariate analysis (Clark and
Pregibon 1992). Unlike general linear models, re-
gression trees automatically detect interactions be-
tween independent variables while conserving sta-
tistical degrees of freedom. Regression trees begin
with all the data and split them into smaller and
less variable nodes through recursive partitioning
until the variability in each node (or tree branching
point) is less than a predetermined level (Clark
and Pregibon 1992). We used the least-squares
method of fitting the regression tree. The criteria
for node formation in the analysis were (1) that
the proportional reduction in error (PRE) due to
any independent variable be greater than 0.05 of
the total and (2) that the PRE for each node be
greater than 0.05. A minimum of five data points
were required for a split to occur. Only observa-
tions that contained all values were used in the
analysis (N 5 105).

The variables that were significant in explaining
the variance in the residuals were then added back
to the generalized Ricker stock–recruitment model
as follows:

a 2 bS 1 cXR 5 S · e ,

where X are significant independent variables iden-
tified in the regression tree analysis. The model
was estimated from the linear version, namely,

log (R/S) 5 a 2 bS 1 cX 1 e.e

To guard against overfitting the model, the re-
gression parameters in the new linear model that
were not significant (P # 0.05) were dropped. Im-
portant density-independent variables identified by
the regression tree analysis were added to the Rick-
er model in the same order in which they appeared
in the regression tree. If X was a categorical var-
iable, we used a general-linear-model approach to
add it to the expanded model. When a class var-
iable such as calendar year or drainage basin was
identified as significant by the regression tree anal-
ysis, we performed analysis of covariance (AN-
COVA) to ensure that the b coefficient was ho-
mogeneous among classes.

We examined possible bias in the expanded
Ricker model by comparing a plot of the residuals
of the expanded Ricker stock2recruitment model
with residual plots generated by the simple mean
model (loge[R/S] 5 mean[loge{R/S}]) and the
Ricker stock2recruitment model. If the residuals
appeared to contain outliers or systematic depar-
tures across the predicted values, the model may
have been biased (Sokal and Rohlf 1995). As all
three models were nested, the general F-test of the
full versus the reduced models was calculated dur-
ing model formation and significance testing (Yan-
dell 1997).

Results

The densities of adult, age-0, and age-1 walleyes
did not appear to increase or decrease through time
during 1990–1999. The estimates of adult walleye
density in the 162 study lakes ranged from 0.04
to 5.9/hectare during this period, averaging 1.5/
hectare (Figure 1). Estimates of age-0 walleye den-
sity ranged from 0. 24 to 505/km, averaging 51.2/
km, and were highest during 1994 and 1995 (Fig-
ure 2); age-1 walleye density ranged from 0.54 to
127.5/km, averaging 16.4/km.

Adult walleye density (S) explained 10% of the
recruitment variation in study lakes (F 5 17.64;
df 5 1, 160; P , 0.001; Figure 3):

2.556 2 0.484SR 5 S · e .

The highest number of recruits was produced at
an adult density of about 2 fish/hectare, and low
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FIGURE 1.—Frequency of the estimated numbers of
adult walleyes per hectare used for estimating stock–
recruitment models for 162 lakes in northern Wisconsin
during 1990–1999. The histogram bars are offset slight-
ly for easier interpretation.

FIGURE 2.—Estimated numbers of age-0 walleyes per
kilometer in 162 lakes in northern Wisconsin during
1990–1999. The horizontal lines within the boxes rep-
resent means, the vertical lines outside the boxes SDs.
Observations marked by stars are located within one
interquartile of the box; observations marked by circles
are located more than two interquartiles from the box.

FIGURE 3.—Estimated numbers of age-0 walleyes per
kilometer versus estimated numbers of adult walleyes
per hectare for 162 lakes surveyed in northern Wisconsin
during 1990–1999. The curve is the Ricker stock–re-
cruitment curve, and circles are individual observations.

numbers of recruits were produced at adult den-
sities greater than about 4 fish/hectare (Figure 3).
The b-coefficient was significantly different from
zero and negative, which indicates compensatory
density-dependent mortality (Hilborn and Walters
1992). Although the Ricker model explained only
10% of the variation in age-0 walleye density, re-
cruitment was density dependent, with low re-
cruitment at both high and low adult walleye den-
sities. Further, recruitment variation was substan-
tial across adult densities, which suggests that den-
sity-independent factors were also significant
contributors to recruitment variation.

Regression tree analysis identified the calendar
year and yellow perch harvest per hour as the main
effects in explaining nearly 39% of the residual
variation in age-0 walleye density (Figure 4). The
initial split was on year, with the residuals from
the high-recruitment years of 1991, 1994, and
1995 generally being larger than those from the
low-recruitment years of 1990, 1992, 1993, and
1996–1999 (Figure 4). Average age-0 density dur-
ing high-recruitment years was 74 walleyes/km,
whereas average age-0 density in low-recruitment
years was 38.4 walleyes/km (Figure 2). In low-
recruitment years, the strength of recruitment was
decreased by low yellow perch harvest rates be-
cause lakes with angler harvest rates lower than
0.79 yellow perch/h experienced lower recruitment
of age-0 walleyes (Figure 4). Lakes with higher
yellow perch harvest rates were split again by year,
with recruitment in 1992 and 1996 being lower
than that in other years. In high-recruitment years,
yellow perch did not seem to affect recruitment

because the regression tree showed no further nod-
al splitting.

The addition of the calendar year as a categorical
predictor variable increased the variability ex-
plained in age-0 walleye density to 32% (F 5 7.24;
df 5 9, 151; P , 0.001). The interaction between
year and adult density was not significant, which
indicates that the degree of density dependence
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FIGURE 4.—Results of a regression tree analysis of the residuals from a Ricker stock2recruitment model for
walleyes in 105 lakes in northern Wisconsin during 1990–1999. The variables on which splits occurred, the number
of observations in each split, and the values for the variables are shown adjacent to the split line. The mean values
for all residuals residing in each node are shown; where a node represents a termination point, the mean residual
value is enclosed in a box.

between adult and age-0 walleyes did not differ
significantly among years (F 5 0.74; df 5 9, 142;
P 5 0.67).

The addition of yellow perch harvest per hour
increased the explained variability in age-0 wall-
eye densities to 36%. However, the coefficient for
this variable was not significantly different from
zero (F 5 2.15; df 5 1, 134; P 5 0.145). Because
yellow perch harvest rates can be limited by length
and bag limits at each lake, we substituted yellow
perch catch per hour for yellow perch harvest per
hour. The model with the yellow perch catch rate
explained a similar amount of the variation in age-
0 walleye densities (36%), even though the coef-
ficient for yellow perch catch rate was still not
significantly different from zero (F 5 2.53; df 5
1, 134; P # 0.11).

Other potential independent variables were not
significant descriptors of walleye recruitment. The
shoreline development factor was significantly and
negatively correlated with the age-0 walleye re-
siduals (r 5 20.28; n 5 112; P , 0.001), but it
was not important in the regression tree analysis.
Also, the shoreline development factor did not ex-
plain significantly more of the variation in walleye
recruitment in a stock–recruitment model that in-
cluded the adult walleye density, yellow perch
catch rate, and year.

The expanded Ricker model resulted in less var-

iation in the residuals than the simple mean or
simple Ricker model (Figure 5). However, even
the full model tended to underestimate large re-
cruitment events and overestimate small recruit-
ment events. Plots of residuals against predicted
values did not suggest any mechanisms for im-
proving the fit of the model (Sokal and Rohlf
1995). Because parameter estimates for the full,
expanded model were significantly larger than
zero, we chose this model as the best model for
the data.

Discussion

Our results suggest that walleye recruitment in
northern Wisconsin lakes is regulated by a mix of
factors that include compensatory, density-depen-
dent interactions between adult and age-0 wall-
eyes, density-independent factors that operate
across a broad regional scale, and density-depen-
dent interactions between yellow perch and age-0
walleyes. These findings are similar to those of
other work on walleye stock–recruitment (Forney
1980; Madenjian et al. 1996; Hansen et al. 1998).
Walleye recruitment showed a high degree of syn-
chrony across northern Wisconsin, which suggests
that overall climatic effects strongly influenced
walleye reproductive success. Although synchrony
across regions is common for physical and chem-
ical variables, it has generally not been common
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FIGURE 5.—Observed and predicted values for (A) a simple mean model, (B) a simple Ricker stock2recruitment
model, and (C) an expanded Ricker stock2recruitment model for 162 lakes in northern Wisconsin during 1990–
1999. The 458 lines show 1:1 relationships between the observed and predicted values.

for biological variables (Magnuson et al. 1990;
Kratz et al. 1998; Baines et al. 2000). Calendar
year served as a surrogate for density-independent
factors that appear to regulate walleye recruitment,
such as the spring warming rate (Busch et al. 1975;
Madenjian et al. 1996) or variation in May water
temperature (Hansen et al. 1998). Because tem-
perature appears to be synchronous across lakes

within a region (Baines et al. 2000) and walleye
recruitment is influenced by temperature, the re-
lationship between temperature and recruitment
may lead to synchrony in regional walleye re-
cruitment. The yellow perch angling harvest rate
served as an index of density-dependent interac-
tions with other prey or predator species (Forney
1980; Madenjian et al. 1996; Hansen et al. 1998)
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and seemed to have a similar effect on walleye
recruitment across the region.

Years with high recruitment of age-0 walleyes
(1994 and 1995) were characterized by relatively
warm and stable water temperatures following 2
years of relatively poor walleye reproduction,
which suggests that broad-scale climatic patterns
can strongly influence recruitment patterns. Such
regional synchrony can be discerned by examining
data from many walleye stocks. In the absence of
such regional synchrony, we would have conclud-
ed that local processes were the most important
factors regulating walleye recruitment in northern
Wisconsin. Walleye recruitment also appears to be
synchronous in Minnesota’s large walleye lakes
(Donald Pereira, Minnesota Department of Natural
Resources, personal communication). Our results
from northern Wisconsin suggest that walleye re-
cruitment is synchronous in small lakes across a
large region. If the lakes in this region are syn-
chronous, a few sentinel stocks could be used to
indicate regional variation or yellow perch harvest
per unit effort could be monitored as an indicator
of prey abundance.

Year effects may be strong enough to override
the effects of density-dependent interactions
among juvenile walleyes, adult walleyes, and other
species such as yellow perch. In years with fa-
vorable weather, recruitment may be sufficient to
overcome cannibalism by adult walleyes, com-
petition with other species, or predation by other
species (Hansen et al. 1998). Conversely, in other
years, unfavorable weather may enhance the
strength of density-dependent interactions with
adult walleyes (Forney 1980; Madenjian et al.
1996; Hansen et al. 1998) and other species (Han-
sen et al. 1998). The regression tree analysis iden-
tified the yellow perch harvest rate as being an
important factor in characterizing age-0 walleye
densities but one that was nested among a sub-
group of poor reproductive years. Linear model-
ing, however, did not show the effect of the yellow
perch harvest rate to be significant. From a man-
agement perspective, the fact that walleye recruit-
ment is strongly regulated by variable climatic ef-
fects makes it hard to predict or manage harvest
for future abundance. Recruitment models that in-
clude large stochastic variation will lead to man-
agement policies that are necessarily conservative.

Our results confirmed the importance of several
factors that were previously shown to influence
walleye recruitment, but many other factors that
are thought to affect walleye recruitment were not
found to be important. For example, stocking wall-

eyes in waters where walleye abundance is sus-
tained through natural reproduction can have a det-
rimental effect on adjacent year-classes (Li et al.
1996). In northern Wisconsin lakes in which re-
cruitment comes entirely from natural reproduc-
tion, the strongest year-classes were in adjacent
years (1994 and 1995), which suggests that unlike
stocking, natural recruitment does not suppress ad-
jacent year-classes. Also, three genetically distinct
stocks of walleyes occupy the three major drainage
basins in northern Wisconsin (Fields et al. 1997),
suggesting that genetic differences can translate
into different recruitment patterns. However, our
analyses did not indicate that recruitment patterns
varied significantly among drainage basins.

Our analysis did not use a traditional stock–
recruitment approach; whereas most stock–recruit-
ment analyses have used data for one species over
a long time period (Anderson and Wilen 1985),
we used data from many different stocks. Myers
et al. (1999) also estimated recruitment parameters
for individual species from an analysis of multiple
stocks and suggested that this approach allows im-
proved estimates of stock2recruitment parame-
ters. Recruitment parameters should be interpreted
cautiously in developing harvest policies, how-
ever, because the models from which they come
assume that all populations in a taxon are com-
parable (Myers et al. 1999). Even though we made
an assumption about population commonality be-
tween different walleye stocks, combining data
across many stocks may allow us to reduce the
uncertainty of the biological processes affecting
these stocks (Myers et al. 1999).

Because our data were not a single time series
for one stock, we did not need to account for au-
tocorrelation in stock estimates, which is a serious
problem with stock–recruitment analyses (Walters
1985; Caputi 1988; Hilborn and Walters 1992; My-
ers and Barrowman 1996). Another serious prob-
lem with many stock–recruitment analyses is that
the errors in stock estimates are not taken into
account (Hilborn and Walters 1992). Failure to ad-
dress the autocorrelation or error in stock estimates
may lead to bias in harvest policies developed
from stock2recruitment relationships. If we were
to use this analysis in a broader process of setting
harvest policy, we would employ techniques such
as geometric mean regression (Ricker 1975), mea-
surement error models (Fuller 1987), or Monte
Carlo simulation (Hilborn and Walters 1992) to
determine the effect of errors in stock estimates.
Further, correcting for time series bias would be
necessary to ensure that autocorrelation issues are
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addressed (Walters 1985; Hilborn and Walters
1992). The data from our study were independent
among years and randomly selected from a suite
of different lakes each year, which allowed us to
identify factors affecting walleye recruitment free
from time series bias. Because we were not using
this model for setting harvest policy, we did not
address possible errors in the stock estimates. This
type of analysis should only be used to identify
factors affecting stock–recruitment relationships
and not to set harvest policy.

Our analysis was intended to identify factors
that likely regulate recruitment of walleyes in
northern Wisconsin. A strength of our approach
was that it provided a large range in adult walleye
densities with which to estimate stock–recruitment
parameters. Analyses of this type can identify fac-
tors affecting recruitment and thereby guide future
management. This type of analysis can also allow
managers to develop forecasts of harvest potential.
In addition, such analyses can be combined with
other regional models to allow a fisheries program
to manage walleyes or other inland game species
across a broad region by either protecting spawn-
ing stocks or initiating stocking programs to offset
recruitment problems. Analyses such as ours
would allow fishery managers to identify factors
that regulate recruitment across a regional pool of
fish stocks, develop strategies to better manage the
affected stocks, and forecast potential harvest
across a wide region. Development of a broad re-
gional harvest policy that incorporates large sto-
chastic variation in recruitment would also ensure
a high level of stock protection in each of the
individual fisheries located in this region.
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