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Environmental Characteristics of Lakes
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Abstract.—Sex-specific life history variation was examined among 72 populations of yellow
perch Perca flavescens from Ontario, Canada. We sought to determine whether relationships could
be applied to other populations to predict parameter values when life history data are not available.
Each of the measured traits (early growth rate, maturation size and age, reproductive investment,
and maximum size) varied two- to threefold among populations. Relationships were developed to
predict standard calculations of life history traits from population-specific data for use in poorly
sampled lakes. Associations between life history traits and environmental variables can be used
in unsampled lakes. Early growth rate was positively related to lake surface area, while relative
density was positively related to total dissolved solids. For both sexes, maximum body size was
positively related to lake surface area and negatively related to growing degree-days. Additional
variation in female maximum size was explained by a positive relationship with water hardness.
Much variation in yellow perch growth could not be accounted for, despite incorporation of the
major hypotheses that appear in the literature relating environmental variation to life history.
Although explained variation was too low to generate important management policies, the results
indicate types of lakes capable of producing large fish and therefore of interest for future study.

The yellow perch Perca flavescens supports a
widespread sport fishery throughout much of cen-
tral North America and is an important commercial
species in some areas (e.g., Lake Erie). In addition,
it is often used as a vertebrate model species for
general studies in morphology, physiology, and
ecology and, thus, has become familiar to many
biologists.

A large amount of research has been conducted
on the population dynamics of yellow perch and
the related Eurasian perch P. fluviatilis. Studies
have mainly focused on factors affecting early
growth (Mills and Forney 1981; Heath and Roff
1987; Boisclair and Leggett 1989a; Abbey and
Mackay 1991; Rudstam et al. 1996) and recruit-
ment (Nielsen 1980; Neuman et al. 1996; Rudstam
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et al. 1996; Post et al. 1997; Mayer et al. 2000).
In one of the most extensive studies of yellow
perch, Boisclair and Leggett (1989a, 1989b,
1989c) and Boisclair and Rasmussen (1996)
showed that growth was influenced to a greater
extent by the density of fish (all species) than by
the amount of food consumed or food type. In
another study, a faster growing yellow perch pop-
ulation was shown to exhibit higher food con-
sumption and lower activity rates than a slower
growing population (Aubin-Horth et al. 1999).
Faster growth under similar food consumption in-
dicates higher food conversion efficiency, which
is negatively related to activity (energy used in
activity cannot be invested into tissue). These stud-
ies suggest that fish–fish interactions may have a
large influence on growth of yellow perch through
increased activity rates and decreased food con-
version efficiency.

Published reports on factors influencing vari-
ability across populations in yellow perch life his-
tory traits other than early growth are few in num-
ber and limited in scope and generally do not ap-
pear in the primary literature (but see Jansen
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1996). For instance, Jansen’s (1996) work contains
detailed information on maturation and fecundity,
but only for two populations. The need for com-
prehensive research on yellow perch life history
variation is evident given that effective long-term
management will require knowledge of patterns of
interpopulation differences in life history traits
other than growth.

Life history information can identify constraints
to life history evolution and the consequences of
environmental variability for fitness (Roff 1992;
Stearns 1992) and can be used to estimate maxi-
mum sustainable harvest rates of fish populations
(Shuter et al. 1998; Cass and Riddell 1999; Brod-
ziak 2002; Purchase et al. 2005b). Relationships
among life history traits have been explored most
extensively among different taxa (e.g., Beverton
and Holt 1959; Froese and Binohlan 2000; Frisk
et al. 2001). Life history relationships among pop-
ulations within a species are scarcer in the liter-
ature, and sex-specific data are limited for fishes.
Using relationships developed from a relatively
few well-studied populations to predict parameters
in other populations has become a popular pursuit;
these include stock–recruitment relationships
among populations of Atlantic salmon Salmo salar
(Prevost et al. 2001) and life history invariants,
such as relationships between growth and mortal-
ity, to predict one life history trait from another
(e.g., Beverton 1987; Charnov 1993; Vøllestad and
L’Abée-lund 1994). The approach we use in this
study more closely follows that of studies on lake
trout Salvelinus namaycush (Shuter et al. 1998) and
walleye Sander vitreus (Lester et al. 2000), where
life history traits are predicted from environmental
variables.

The lack of an understanding of factors affecting
life history variation in yellow perch limits its use
as a model species and our ability to manage the
vast majority of populations. The objectives of this
study were to (1) determine whether relationships
between population statistics and life history traits
can be used to predict values of unmeasured life
history parameters in poorly sampled populations;
(2) test whether environmental characteristics can
predict life history traits; and (3) test Boisclair and
Leggett’s (1989c) hypothesis that fish density has
a strong effect on growth of yellow perch. Sex-
specific relationships among life history traits
(e.g., growth and maturation) are addressed in Pur-
chase et al. 2005a.

Methods
Collection of Fish

Yellow perch were collected from mid-Septem-
ber to mid-November of 1996–2001 from lakes in

Ontario, Canada. The lakes were selected to rep-
resent a large range in surface area, water chem-
istry, and climate. Yellow perch are targeted as a
recreational fishery in only a few of these lakes;
therefore, patterns observed are probably not
strongly influenced by differences in fishing mor-
tality. Most of the samples were obtained as by-
catch from a walleye survey conducted by the Co-
operative Freshwater Ecology Unit, Sudbury, in
conjunction with the Ontario Ministry of Natural
Resources (OMNR). Multipaneled sinking gill
nets with mesh sizes ranging from 25 to 152 mm
were randomly set throughout the lakes at depth
strata of 2–5 m and 5–15 m. The number of sets
was proportional to the surface area of the lake.
University of Toronto and Queen’s University re-
searchers obtained additional samples with similar
methods. The university sampling incorporated
mesh sizes that enabled the capture of young of
year (age-1) yellow perch (smallest gear: 19-mm
gill nets, beach seines, or both), while the walleye
survey nets did not catch age-1 fish. Comparisons
of nine lakes with the largest sample sizes indi-
cated that incorporating the catch from the small
gear resulted in a relatively minor decrease in fork
length (FL) at age 2 (median 5 0.9%, maximum
5 13%) compared with the differences in FL at
age 2 across lakes, which varied by 110% (Pur-
chase 2004). Therefore, we used data from the
small mesh sizes, which supplemented the walleye
gear in these lakes. Sample sizes were sufficient
to calculate life history statistics for a total of 72
populations (Table A.1).

Fish were measured for FL (61.0 mm), total
body or round weight (60.01 g) and, for some
individuals, we determined age, sex, gonad weight
(GWT; 60.01 g), maturation status, and fecundity.
Yellow perch spawn in April–June and complete
most of a year’s growth by August (Henderson et
al. 2000). Given that the samples for this study
were collected in the fall, fish had completed a
growing season without experiencing a birthday.
To correct this problem, 1 year was added to all
assigned ages (otoliths used for aging).

Calculations of Life History and
Associated Traits

Life history traits are often difficult to quantify
without large amounts of data. For example, mat-
uration age would be impossible to calculate with
logistic regression if only a single age-class was
sampled. Although we sought to quantify life his-
tory traits in a standardized way, many populations
had some data on size at age, maturation, and fe-
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cundity, but standardized calculations were im-
possible. Our first set of analyses, therefore, fo-
cused on predicting life history traits in these lakes
from other life history data collected on the pop-
ulation.

Growth rate.—Given that all yellow perch are
roughly the same length at hatch, measuring size
at a later age provides an index for growth rate.
Catches of age-1 yellow perch were too limited to
be useful for most populations. Thus, FL at age 2
was used to represent early growth rate and was
calculated as the population mean when the sex-
specific sample size was at least 4 individuals
(sample size was much higher in most cases; mean
5 45). To predict FL at age 2 in populations that
had poor representation of that age-class, we re-
gressed the mean FL at age 2 with that at ages 3
and 4.

Since humans generally target populations that
achieve a relatively large size (;25 cm), maximum
size is an important parameter for future manage-
ment of yellow perch. Maximum size was esti-
mated as the mean FL of the largest 5% of fish
(sex specific) when at least 50 yellow perch were
sampled. Random sampling of Lake Nipissing data
indicated that maximum size calculated in this
manner did not increase with sample size (50, 100,
150, 200, 250, 300, 350 fish) for males (r 5 0.384,
P 5 0.085) or females (r 5 0.017, P 5 0.941).
Therefore, the largest 5% provides a repeatable
index of maximum size, although it is, of course,
an underestimate.

Maturation.—Age (Tm; years) and size (Lm; FL,
mm) when 50% of the population reached sexual
maturity were estimated with logistic regression.
Mean Tm was compared with the percentage of fish
mature at ages 2–4 to predict Tm in populations
where the standard calculation was impossible.
Other ages were not used in this analysis, as in-
dividuals from most populations in these age-clas-
ses were either all immature (age 1) or all mature
($age 5). We only used populations where the sex-
specific sample size was at least 4 individuals/age-
class and the percentage of fish mature was not
0% or 100%. In a similar analysis, mean Lm for
the well-sampled lakes was regressed against the
percentage of fish mature in a 4-cm size interval
spanning the mean sex-specific Lm (males, 71–110
mm; females, 121–160 mm; see Results); the re-
sulting equation was used to predict Lm for poorly
sampled populations. The arcsine-square-root
transformation was used on all maturation per-
centages (Zar 1974).

Reproductive investment.—To determine poten-

tial fecundity, we collected ovaries from mature
females and kept them in 95% ethanol for several
months. To obtain oocyte counts, ovaries were re-
moved from the preservative, blotted dry, and
weighed (60.001 g). Two subsamples (;75 oo-
cytes each) were taken (anterior and posterior lo-
cations), weighed (60.0001 g), and the number of
maturing oocytes was counted with a dissecting
microscope. The mean number of oocytes per gram
of subsample was then multiplied by the weight
of the entire ovary.

A study of Lake Simcoe yellow perch sampled
in the fall (2000) and spring (2001) showed that
relative fecundity estimates taken in the fall were
significantly higher than those taken immediately
before spawning in the spring; however, the rate
of increase in total fecundity with body weight was
not different (Purchase 2004). No correction factor
was applied to fall samples in our analyses, as this
was only available for the Lake Simcoe popula-
tion; thus, differences among lakes could not be
incorporated. Relative reproductive investment for
each of the populations was calculated following
procedures described by Reist (1986; see Hendry
and Taylor [2004] for an example). Both body
weight and potential fecundity were log trans-
formed and an analysis of covariance was per-
formed with body weight as a covariate and lake
as a factor. The interaction term was not significant
(P 5 0.083) and was removed, allowing estimation
of the common within-group slope (b 5 0.9788).
This was used to standardize fecundity to the over-
all mean fish size (123.35 g; see Hendry and Taylor
2004). This quantity ignores potential differences
in egg sizes among lakes (no data available) and,
thus, we hereafter refer to the variable as repro-
ductive index (RI). We regressed mean relative
gonad weight (gonadosomatic index [GSI]) against
this index across lakes to derive a relationship that
would enable estimation of RI in populations con-
taining data on GWT but none on fecundity. Based
on our sampling experience, such data sets are
common for yellow perch.

Repeatability in Quantifying Life History Traits

Life history traits were highly variable among
populations. Resampling was used to estimate the
amount of variation that was a result of sampling
error versus true differences among lakes. This
was done for female FL at age 2 and maximum
size, as no sex differences were expected in sam-
pling error and more data were available for fe-
males. The eight lakes with the most comprehen-
sive samples were used. For each lake, the number
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FIGURE 1.—Calculated fork length (FL) at age 2 and
maximum size of female yellow perch from resampled
data collected from eight lakes in Ontario, Canada, in
1996–2001. The number under each symbol is the num-
ber of random samples used in the calculation of the
mean. Vertical bars are standard errors. Lake differences
explain most of the variability in FL at age 2 (ANOVA:
F7,62 5 51.22, P , 0.001, R2 5 85.26%) and maximum
size (ANOVA: F7,36 5 197.90, P , 0.001, R2 5 97.47%).

of fish was divided by the minimum sample-size
requirement (FL at age 2 5 4 fish; maximum size
5 50 fish) to determine the number of random
samples to extract. Analysis of variance (ANOVA)
showed 85.3% of the variation in FL at age 2 and
97.5% of the variation in maximum size were ex-
plained by differences among lakes (Figure 1).
Thus, the life history trait values are highly re-
peatable and relatively little variability was a result
of sampling error. The maturation and RI param-
eters are not expected to be more sensitive to sam-
pling bias, but their method of estimation (all sam-
ples used in calculation) prevents a similar anal-
ysis.

Environmental Data

Environmental data on the lakes were obtained
from an OMNR database. The populations came
from highly variable environments: lake surface
area (range, 6–448,060 ha), growing degree-days
(GDD) at 58C (1,232–2,068), Secchi depth (0.9–
8.3 m), and total dissolved solids (TDS; 18–208
mg/L; Table A.1). Using the walleye survey nets,
catch per unit effort (CPUE) of yellow perch (rel-
ative perch density) and of all species (relative fish
density) were calculated as the geometric popu-
lation mean. The nets did not capture the smallest
fish (e.g., minnows) or deepwater species; there-
fore, when we refer to all species we are referring
to those captured, not those present in the lake (the
primary comparison is relative differences among
lakes). The lakes exhibited marked differences in
this index of relative density; ranges in catch rates
were 1–61 yellow perch/net and 2–164 fish/net.

Statistical Analyses

Objective 1.—To determine whether relation-
ships between population statistics and life history
traits can be used to predict values of unmeasured
life history parameters in poorly sampled popu-
lations, we plotted the relationships of the pre-
dicted versus standardized life history traits with
environmental variables. Fork length at age 2 was
related to lake surface area, GDD, and TDS. Mat-
uration size was analyzed in relation to perch den-
sity (potential competition for territories and
mates). Age at maturation was compared with in-
dices of temperature (GDD), as temperature can
have influences on this parameter independent of
growth rate (Fox and Crivelli 2001; Dhillon and
Fox 2004).

Objectives 2 and 3.—When necessary, data were
transformed to meet the assumptions of parametric
analyses. Statistical tests used all populations with

data for the particular test of interest. Consequent-
ly, the data sets used for various analyses differed.
This complicated quantitative comparisons among
the results of different analyses but considerably
enhanced the power of most tests.

Multiple regressions were used to predict early
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TABLE 1.—Population parameters of male and female yellow perch from 72 Ontario lakes sampled in 1996–2001.
Shown are sample size (N; number of populations), mean, standard deviation (SD), and coefficient of variation (CV;
%). Sizes (see text) for maturation classes are for males (71–110 mm) and females (121–160 mm).

Parameter

Males

N Mean SD CV

Females

N Mean SD CV

Fork length

Age 2 (mm) 58 105 16.7 16.0 51 108 18.7 17.3
Age 3 65 136 22.3 16.5 66 148 24.6 16.7
Age 4 55 156 24.8 15.9 65 177 25.4 14.3
Largest 5% 44 200 40.4 20.2 56 243 37.2 15.3

Maturation age (years) 18 2.0 0.5 24.8 55 3.0 0.7 23.8

% Mature

Age 2 58 83.3 25.7 30.9 52 23.3 30.0 129.0
Age 3 64 92.4 15.1 16.3 62 66.1 32.4 49.1
Age 4 53 98.2 6.7 6.8 61 84.3 24.3 28.9

Maturation size (mm) 23 89 22.0 24.8 61 141 23.4 16.6
% Mature size-class 49 86.1 21.1 24.5 60 64.4 34.2 53.1
Mean relative gonad weight (%) 36 3.44 1.2 33.7
Reproductive index (relative egg count) 30 24,315 5,464 165.6

growth rates, maximum sizes, and relative yellow
perch density from environmental variables as-
sociated with each lake. We chose indices of lake
size (related to species composition; Barbour and
Brown 1974), potential lake productivity (GDD
and TDS; Prepas 1983), potential fish–fish inter-
actions and, thus, activity (CPUE of all species;
Boisclair and Leggett 1989c) as sources most like-
ly to influence both early growth rate and maxi-
mum size. Relative perch density (CPUE of yellow
perch) was regressed on the same environmental
variables except fish density. The environmental
variables were not completely independent, as
TDS was positively correlated to GDD and lake
surface area (Purchase 2004). Additional variables
were not used to reduce the likelihood of acci-
dental relationships (statistical artifacts as opposed
to true associations) and maintain the severity of
hypothesis tests (Rice 1989).

All variables were tested in a full model (no
interaction terms) and nonsignificant parameters
were sequentially removed. A cross-validation
analysis was performed on each significant rela-
tionship. The data set was first randomly truncated
to ensure the sample size could be divided by a
whole number. The data set was then randomly
divided into 7–10 equal-sized groups (depending
on the test; see Results), one of the groups was
removed, the regression equation was calculated
for the remaining data, and the unused populations
were predicted from this relationship. Using each
subgroup as an outgroup, the process was repeated
and the explained variance from the entire data set
calculated in new data. This analysis was per-
formed on 500 different random group selections

and the distribution of R2 values was recorded.
These cross-validations estimated the percentage
of variation that the relationships could explain in
newly collected data. In the literature, most rela-
tionships with environmental variables (and rela-
tionships from which people have formed ideas on
what constitutes a high or low R2 value) are from
explanatory R2 values, not cross-validated R2 val-
ues. Therefore, the R2 values that we report are
conservative in comparison. Most other studies
typically have lower sample sizes, which means if
they had used cross-validated R2 values, these val-
ues would have been substantially lower than the
explanatory R2 values.

Results

Indices of life history traits were highly variable
among populations of yellow perch (coefficients
of variation ranged from 7% to 166% among
traits). Sex-specific means and variability for each
parameter are summarized in Table 1, while life
history traits from individual populations can be
found in Purchase et al. (2005a). Females gener-
ally grew faster at older ages, reached larger max-
imum sizes, matured later and at a larger size, and
lived longer than males (Table 1).

Associations between Standardized Life History
Traits and Other Population Parameters

Fork length at age 2, Tm , and Lm could be reliably
predicted from other population data (Table 2).
The relationships were all highly significant and
explained large proportions of the variation in life
history traits among lakes. Across populations,
mean GSI of mature females ranged from 1.1% to
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TABLE 2.—Results of regression analyses for predicting population life history traits from other population parameters
for 72 populations of yellow perch collected in Ontario in 1996–2001. Abbreviations and units are fork length (mm) at
ages 2 (FL2), 3 (FL3), and 4 (FL4); maturation age (Tm; years); maturation size (Lm; mm); maturity (arscine-square-
root transformed values [radians] for ages when maturity was not equal to 0% or 100%); and reproductive index (RI;
relative egg count). Maturation size-classes (Matsize) for males (71–110 mm) and females (121–160 mm) are described
in the text, as are the percentages of fish mature at ages 2 (Mat2), 3 (Mat3), and 4 (Mat4). Mean relative gonad weights
are indicated as GSI. Standard errors of coefficients are shown in parentheses.

Depen-
dent

variable Sex Intercept Variable 1 Variable 2 F df P R2

FL2 M 25.88 (9.08) 1FL3 3 0.58 (0.07) 79.41 1, 54 ,0.0001 59.5
F 17.34 (9.52) 1FL3 3 0.61 (0.06) 93.56 1, 48 ,0.0001 66.1
M 40.16 (10.87) 1FL4 3 0.40 (0.07) 33.99 1, 42 ,0.0001 44.7
F 26.38 (15.03) 1FL4 3 0.46 (0.08) 29.41 1, 45 ,0.0001 39.5

Lm M 150.27 (7.28) 2Matsize 3 62.98 (6.86) 84.29 1, 16 ,0.0001 84.1
F 182.45 (3.82) 2Matsize 3 43.98 (3.97) 122.53 1, 43 ,0.0001 74.0

Tm M 3.10 (0.12) 2Mat2 3 1.26 (0.13) 98.59 1, 12 ,0.0001 89.2
F 3.40 (0.20) 2Mat2 3 1.47 (0.39) 14.06 1, 24 0.0010 37.0
M 3.97 (0.27) 2Mat3 3 1.40 (0.23) 36.33 1, 7 0.0005 83.8
F 4.29 (0.09) 2Mat3 3 1.54 (0.09) 293.90 1, 39 ,0.0001 88.3
F 5.41 (0.26) 2Mat4 3 2.05 (0.24) 75.68 1, 29 ,0.0001 72.3
M 4.06 (0.12) 2Mat2 3 0.85 (0.19) 2Mat3 3 1.03 (0.17) 157.22 2, 4 0.0002 98.7
F 4.26 (0.09) 2Mat2 3 0.39 (0.16) 2Mat3 3 1.39 (0.11) 139.72 2, 19 ,0.0001 93.6
F 4.66 (0.31) 2Mat3 3 1.43 (0.13) 2Mat4 3 0.42 (0.17) 180.95 2, 22 ,0.0001 94.3

RI F 30,590 (3,340) 2GSI 3 1,715.0 (875.0) 3.84 1, 28 0.0600 a

a Not significant.

5.8% and RI ranged from 14,302 to 37,833. Un-
expectedly, RI could not be predicted across lakes
from mean GSI (Table 2).

These relationships were developed from a sub-
set of the 72 populations that had particularly com-
plete data sets. If more than one equation was pre-
sented, the one with the highest R2 value for the
available data was used to predict the life history
trait for a particular lake. The predicted values
generally showed the same patterns as standard
values (Figure 2). Only the standardized trait val-
ues were used in statistical relationships with en-
vironmental variables.

Associations between Life History Traits and
Environmental Variables

Fork length at age 2 varied more than twofold
and had a range of 73–153 mm in males and 76–
162 mm in females. For both sexes, about 20% of
the variation in new data on FL at age 2 can be
explained by a strong positive relationship with
lake surface area (Table 3; Figure 2). Neither GDD,
TDS, nor fish density provided any additional sig-
nificant improvements in R2 values.

About 30% of the variation in the maximum
sizes of yellow perch can be explained in newly
collected data (Table 3). Maximum size was
strongly positively related to lake surface area and
weakly negatively related to GDD for both sexes.
A weak positive relationship with TDS in females

also contributed significant explained variation
(Table 3). The relative density of yellow perch as
expressed by CPUE varied from 1 to 61 perch/net
and was positively related to TDS (Figure 3), but
the amount of variation that can be explained in
new data is low (Table 3).

Across lakes, Tm averaged 2.0 years (range, 1–3
years) for males and 3.0 years (range, 2–5 years)
for females. This was unrelated to GDD in males
but formed an interesting pattern in females,
whereby Tm was from 2 to 5 years in the coldest
lakes but in the second year in the warmest lakes
(Figure 2). Among all populations, the trend for
females was significantly negative (Table 3). Av-
erage Lm was 89 mm (range, 56–140 mm) for males
and 141 mm (range, 88–181 mm) for females. Mat-
uration size was not related to perch CPUE for
either sex (Table 3; Figure 2).

Predicted maximum sizes of female perch (Fig-
ure 4) were calculated for lakes with varying GDD
(1,200, 1,600, 2,000), TDS (20, 120, 220 mg/L),
and surface area (150, 1,650, 16,500, 75,000 ha)
to identify the types of lakes capable of producing
large fish. These ranges of GDD and TDS spanned
what was present in the data set. Lake size-classes
were chosen as midpoints of the OMNR’s classi-
fication for small (,300 ha), medium (300–2,999
ha), and large (3,000–29,999 ha) lakes. We chose
75,000 ha to represent very large lakes (.30,000
ha).
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FIGURE 2.—Male and female yellow perch measured
(closed circles) and predicted parameters (open circles)
from data collected on 72 populations in Ontario, Can-
ada, in 1996–2001. The following relationships are
shown: (a) fork length (FL) at age 2 and surface area;
(b) maturation age (Tm) and growing degree-days; and
(c) maturation size (Lm) and catch per unit effort (CPUE)
of yellow perch. Predicted values were not used in the
statistics. Surface area was the only environmental var-
iable significantly associated with FL at age 2 in the
multiple regression shown in Table 3.

Discussion

Perhaps the most important contribution of our
work is the identification of a subset of lakes (large
size) that would be most worthy of future study
for management of yellow perch fisheries. In ad-
dition, we have identified the level of life history
variation within a given environmental range that
could be expected from the kind of data set (type,
not amount) typically available for freshwater fish-
es. This provides the basis for defining the effort

needed to achieve the required power in future
studies and will help evaluate the significance of
effects of manipulations observed within lakes.

Associations between Standardized Life History
Traits and Other Population Parameters

Predictive relationships were developed to es-
timate life history traits from other population
data, which could be useful for smaller data sets
on yellow perch where missing age-classes and
other data limit standardized calculations. Fork
length at age 2 (index of early growth rate) could
be accurately predicted from either FL at age 3 or
4. We could predict Tm with a high amount of
explained variation from combinations of the per-
centages of fish mature at ages 2–4. The relation-
ship between Lm and the size interval allows for
estimation of the maturation length when samples
of large numbers of individuals with a wide range
of sizes are not available.

Although estimates of oocyte numbers decrease
significantly in yellow perch from fall to spring
(Mance 1988; Purchase 2004), if numbers of oo-
cytes are strongly related to GWT within a season,
then estimates of GWT may be sufficient to rough-
ly estimate fecundity for comparisons across lakes
(oocyte counts are time consuming and costly).
Within most of the fall-sampled populations, the
relative GSI was strongly related to relative oocyte
numbers (C. F. Purchase, unpublished data), but in
our analysis mean GSI was not related to RI across
populations. Most percid (walleye and yellow
perch) sampling by the OMNR is conducted in the
fall. If oocyte size increases throughout the fall
and winter, then the current practice of collecting
fall samples over an approximately 6-week period
may result in differences in oocyte size among
lakes, even if they would be the same at time of
spawning. If oocyte number remained constant
from fall to spring, the GSI would still be different
across lakes. Thus, collecting fall data on GWT
without the accompanying oocyte counts is useless
for estimating fecundity in yellow perch (and, most
likely, walleye).

Associations between Life History Traits and
Environmental Variables

Relationships for predicting life history traits in
unsampled populations were determined from en-
vironmental characteristics. These relationships
will enable researchers to compare their study pop-
ulations with variability seen across our lakes and
suggest whether expectations for yellow perch
populations and management approaches could
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TABLE 3.—Relationships among environmental variables and indices of life history traits in 72 populations of Ontario
yellow perch sampled in 1996–2001 (not all environmental data were available for each lake). Abbreviations are as
follows: lake surface area (SA), growing degree-days (GDD), total dissolved solids (TDS), catch per unit effort of
yellow perch (CPUE), combined sexes (C), maturation age (Tm), and maturation size (Lm). Standard errors of coefficients
are shown in parentheses. The first three dependent variables are from multiple-regression analyses; the last two are
from simple-regression analyses. The R2 values are the mean value of 500 cross validations.

Dependent
variable Sex Intercept Variable 1 Variable 2

Log (FL2) M 1.921 (0.028) 1Log(SA) 3 0.032 (0.009)
F 1.929 (0.032) 1Log(SA) 3 0.033 (0.010)

Maximum size M 206.941 (38.386) 1Log(SA) 3 24.842 (6.124) 2GDD 3 0.048 (0.023)
F 260.092 (36.017) 1Log(SA) 3 13.656 (5.708) 2GDD 3 0.046 (0.020)

Log (CPUE) C 20.174 (0.409) 1Log(TDS) 3 0.493 (0.216)
Tm M 1.681 (0.968) 1GDD 3 0.0002 (0.0006)

F 5.193 (0.496) 2GDD 3 0.0014 (0.0003)
Lm M 87.030 (16.300) 1Log(CPUE) 3 7.82 (18.25)

F 147.288 (7.636) 2Log(CPUE) 3 2.081 (8.542)

a Not significant.

reasonably vary along environmental gradients.
Populations that exhibit life history traits markedly
different from those predicted with the environ-
mental variables identified here could be high-
lighted as interesting lakes for further study.

The absence of a density effect on growth.—Pre-
vious studies identifying density effects on yellow
perch growth were conducted within a lake or
among fewer lakes than in this study. The detailed
Boisclair and Leggett (1989c) study of 12 Quebec
populations encompassed oligotrophic and eutro-
phic environments, but covered a relatively small
geographical area. In their work, total fish com-
munity density ranged from approximately 0.10–
0.75 fish/m2 and was found to be more important
in determining yellow perch growth than the
amount or type of food consumed.

In our study, yellow perch density was higher
in lakes with harder water (although over 90% of
the yellow perch density variation cannot be ex-
plained). Following the work of Boisclair and Leg-
gett (1989c), we used a density index of all fish
species as a variable most likely to affect yellow
perch growth. Unexpectedly, total fish density had
no significant effect on early growth rate or max-
imum size of yellow perch. Relative fish density
in our study varied from 2 to 164/net, a much larger
range than used by Boisclair and Leggett (1989c).
Admittedly, there is potentially more error in our
estimates of density than in life history traits. For
example, weather on sampling days could have had
a large effect on catch rates, we may not have
adequately sampled small species or those living
in deep water, and lakes with similar densities but
variable fish activity rates may have produced dif-

ferences in CPUE (only swimming fish captured
in the gill nets). These factors would produce var-
iability in our estimates, but a bias is unknown.

Nonetheless, it is possible that, within a nar-
row range of environmental conditions, density-
dependent reduction in yellow perch growth may
be important and detectable. However, across
highly variable environments, effects of other var-
iables not considered in this study may mask the
density effect. This idea was tested in a hypothesis
generating post hoc analysis. The lakes were di-
vided into three regions: northwestern, northeast-
ern, and south-central Ontario. Correlations be-
tween growth and density (all species and yellow
perch only) were run for each region. There were
no trends for FL at age 2. In northeastern Ontario
(largest database), maximum size of males was
positively related to the log(CPUE) of all species
(n 5 17, r 5 0.687, P 5 0.002), but less so with
the log(CPUE) of yellow perch only (n 5 17, r 5
0.484, P 5 0.049). There was no trend in females.
In the northwestern region, there were insufficient
data for males, but females again showed a positive
trend between relative density and maximum size
(CPUE all species: n 5 5, r 5 0.823, P 5 0.087;
CPUE yellow perch: n 5 5, r 5 0.634, P 5 0.250).
The relationships are in the opposite direction of
that predicted. There were no trends approaching
significance in the south-central region. These re-
sults indicate that care must be taken when a re-
lationship is observed between density and growth
among populations from a relatively small geo-
graphical area.

Influence of lake size, GDD, and water hard-
ness.—Approximately 20% of the variation in ear-
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TABLE 3.—Extended.

Dependent
variable Variable 3 F df P R2

Log (FL2) 13.26 1, 52 0.0006 20.3
10.85 1, 45 0.0019 19.4

Maximum size 8.76 2, 40 0.0007 30.5
1TDS 3 0.227 (0.103) 5.72 3, 44 0.0021 28.1

Log (CPUE) 5.21 1, 49 0.027 9.2
Tm 0.10 1, 16 0.7590 a

20.81 1, 50 ,0.0001 29.4
Lm 0.18 1, 12 0.676 a

0.06 1, 38 0.809 a

FIGURE 3.—Relationship between yellow perch catch
per unit effort (CPUE) and lake total dissolved solids
from data collected on 72 populations in Ontario, Can-
ada, in 1996–2001. The estimated equation is presented
in Table 3.

ly growth rate can be explained by lake surface
area. This compares with 21% explained variation
(explanatory R2, not the more conservative cross
validated R2 we report) in lake trout early growth
rate by TDS (Shuter et al. 1998), 51% in walleye
early growth rate by GDD and water transparency
(Lester et al. 2000), and 61% in age-1-size yellow
perch (10 lakes) by total phosphorus and chloro-
phyll (Abbey and Mackay 1991). Species richness
is generally higher in larger lakes (Barbour and
Brown 1974), creating a greater range in prey type
and size. This may increase growth rates of yellow
perch through higher growth efficiency. The lack
of a relationship between growth of young yellow
perch and GDD or TDS was unexpected. Prepas
(1983) found that productivity increased with TDS
in soft-water lakes (,100 mg/L) on the Canadian

Shield and within hard-water lakes (.100 mg/L)
off the Canadian Shield, but when both off- and
on-Shield lakes were combined, the relationship
disappeared. Our data set contained both on- and
off-Shield lakes and, thus, a clear gradient in pro-
ductivity may not have been present. Why early
growth was not related to GDD is unknown.

Maximum size is very important in yellow perch
management because it is only those populations
that reach a relatively large size that are intensively
exploited. Maximum size was positively related to
lake size, negatively related to GDD, and weakly
positively related to TDS in females (sample sizes
and lake assortments for males and females were
not the same). Larger maximum size in colder
lakes is a common pattern seen in many species
of fishes. This probably arises from warmer lakes
generally having faster growing fish that mature
at younger ages and smaller sizes (Purchase et al.
2005a). Lake surface area was the most influential
factor in our study and is often related to a greater
variety of prey sizes (discussed above). Lake trout
are known to reach larger asymptotic sizes when
a greater range in prey size is available (Matuszek
and Shuter 1990); thus, a similar relationship may
explain the variability seen in yellow perch.

Post hoc hypotheses generating analyses.—If
lake size is related to quantity of habitat, then one
would predict that growth rates of yellow perch,
which spend most of the time in relatively shallow
water, would be more closely related to littoral area
(LA) than lake surface area (SA). Littoral area was
not available for many lakes in our data set (or
others) and was not used. We subsequently tested
this prediction on lakes for which information on
LA was available. Pearson’s product-moment cor-
relation coefficients were lower for LA than SA
for FL at age 2 (males: n 5 28; LA, r 5 0.419;
SA, r 5 0.440; females: n 5 23; LA, r 5 0.406;
SA, r 5 0.444) and maximum size (males: n 5
25; LA, r 5 0.323; SA, r 5 0.375; females: n 5
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FIGURE 4.—Relationships between predicted maximum size of female yellow perch (left axes, solid lines) and
predicted catch per unit effort (CPUE; first panel only, right axis, dashed line) with total dissolved solids at different
growing degree-days (GDD) from data collected on 72 populations in Ontario, Canada, in 1996–2001. Lake surface
areas encompass small (150 ha), medium (1,650 ha), large (16,500 ha), and very large (75,000 ha) lakes. Horizontal
lines are provided for reference at 250 mm FL and 8 yellow perch/net. A total dissolved solids value of 100 mg/
L is equal to 200 mS/cm of conductivity.

28; LA, r 5 0.287; SA, r 5 0.294). Therefore, the
positive relationship between lake size and growth
of yellow perch does not seem to be related to
quantity of habitat; instead, the mechanism may
be related to species diversity as discussed above.
Total dissolved solids was used for productivity,
as phosphorus data were not available and Secchi
depth measurements were only taken a single time
for each lake (for which point estimates are ex-
pected to be highly variable). As with GDD and
TDS, water clarity was not related to early growth
rate (males: n 5 53, r 5 0.225, P 5 0.105; females:
n 5 46, r 5 0.239, P 5 0.110) or maximum size
(males: n 5 41, r 520.038, P 5 0.814; females:
n 5 52, r 5 0.174, P 5 0.217).

Types of lakes capable of producing relatively
high numbers of large yellow perch.—Yellow perch
are intensively targeted as a fishery when they at-
tain approximately 25 cm FL. Given that females
attain larger sizes than males and sex ratios of
yellow perch become strongly female biased at
older ages (Purchase 2004), we used female yellow
perch to identify types of lakes that had the po-
tential of producing large yellow perch. Most of
the coldest Ontario lakes are predicted to produce
large yellow perch but are in locations that receive
little fishing pressure. In more moderate Ontario
climates, all lakes except those that are very small
or in soft-water areas are predicted to produce
large fish. In the warmest areas of Ontario, only
large lakes in hard-water areas can produce yellow
perch that are 25 cm FL. Lakes of 700,000 ha (none
in the data set; i.e., the Great Lakes) were required
to produce large yellow perch in the warmest areas
with the lowest TDS.

The explained variation of all traits was not high

but is larger than found in most ecological studies
(Moller and Jennions 2002) and comparable to that
found for lake trout (Shuter et al. 1998) and wall-
eyes (Lester et al. 2000). Whether the lack of high
R2 values is caused by more complex biological
relationships versus error in parameter estimates
is not fully known; however, measures of early
growth rate and maximum size were highly re-
peatable, and data were available to test the main
hypotheses on factors affecting growth of yellow
perch that occur in the literature.

There are currently few angling regulations for
yellow perch, but some exceptional lakes do have
bag limits (e.g., the Lake Simcoe bag limit is 50
fish/d and is regularly reached). Our analyses in-
dicate that all lakes above 1,650 ha are capable of
producing large yellow perch in parts of central
and northern Ontario that are off the Canadian
Shield (TDS higher than 125 mg/L). Relative den-
sity was also comparatively high in lakes with hard
water. These lake characteristics exist across a
large proportion of Canada and the northern Unit-
ed States. These relationships may be of some use
to management policy, as when dealing with a
large number of populations that cannot all be sam-
pled and managed individually, knowledge of ‘‘av-
erage’’ conditions for a particular ‘‘lake type’’ can
improve management on the population of lakes
as a whole. However, in situations where important
decisions need to be made concerning a few par-
ticular lakes, the variable relationships between
life history traits and environmental variables,
such as those documented here, would probably
not be a sufficient basis for decision making; thus,
sampling and research efforts would need to be
directed toward the few specific lakes.
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Appendix: Description of Lakes

TABLE A.1.—Description of 72 Ontario lakes sampled for yellow perch. Years are those in which fish were sampled
from each population (data from multiple years were pooled). Variables are surface area (SA; ha), growing degree-days
(GDD) at 58C, total dissolved solids (TDS; mg/L), and relative fish density (CPUE of all species in walleye nets).
Numbers after lake name refer to the collection source (1 5 walleye survey, Cooperative Freshwater Ecology Unit; 2
5 yellow perch survey, University of Toronto; and 3 5 yellow perch survey, Queen’s University). Total sample size
(N) for the lake is given for males and females.

Lake Years(s) Latitude Longitude SA GDD TDS CPUE
N (males,
females)

Agnew 1 1999 468 219 818 459 2,916 1,643 30 8.0 66, 36
Arthur 1 1999 458 569 798 509 1,753 29 18.4 20, 34
Ashley 2 2001 488 019 808 499 74 1,458 53 116, 105
Balsam 1 1998, 2001 448 359 788 509 4,664 1,825 78 17.5 512, 729
Belmont 1 1999 448 299 778 499 758 2,004 104 4.5 19, 25
Biscotasi 1 2000 478 179 828 049 6,579 1,475 33 14.0 28, 83
Blue 2 2000 468 409 808 499 122 1,604 53 88, 146
Buckhorn 1 2000 448 299 788 239 3,188 1,937 121 30.0 222, 657
Burntbush 1 2000 498 369 798 599 126 1,156 17.6 22, 18
Cameron 1 2001 448 339 788 459 1,303 1,890 75 5.3 20, 43
Cataract 1 1999 468 159 838 009 108 1,750 26 12.9 5, 24
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Appendix: Continued.

Lake Years(s) Latitude Longitude SA GDD TDS CPUE
N (males,
females)

Chemong 1 2000 448 239 788 239 2,277 1,986 148 18.3 128, 311
Chesley 1 1998 448 339 818 139 197 1,825 166 36.9 19, 50
Corrallen 3 1998 518 119 938 589 333 12, 31
Crabstoe 1 2000 498 369 808 059 150 1,254 23 18.7 29, 29
Crotch 1, 2 1997, 2000 448 549 768 489 1,677 2,000 63 16.1 55, 80
Dalrymple 1 1999 448 389 798 069 1,332 1,825 177 17.0 55, 80
Denbigh 1 2001 458 079 778 169 80 1,750 114 29.7 68, 116
Desmilles Lacs 1 1999 488 509 908 309 24,112 1,385 33 1.6 35, 26
Dog 1 1999 488 189 848 069 5,184 1,255 40.3 16, 12
Elephant 1 2001 488 569 938 359 1,889 1,500 34 20.1 136, 282
Four Mile 1 2001 448 409 788 449 786 1,810 134 11.2 26, 48
French River 1, 2 2000 458 569 808 549 8,057 1,735 19.1 110, 130
Howcum 3 1998 488 409 898 189 39, 35
Jack 1 2001 448 419 788 019 1,221 1,825 87 10.0 46, 102
Jowsey 1, 2 1999, 2000 488 229 818 439 187 1,370 53 32.4 67, 58
Kasshabog 1 2001 448 379 778 579 890 1,911 43 24.2 118, 115
La Cave 1 1999 468 229 788 459 1,700 23.6 28, 38
Lady Ruth 2 2001 478 539 808 479 55 1,469 37 63, 109
Lower Paudash 1 2001 448 589 788 009 461 1,750 89 26.9 83, 128
Madawaska 1 2001 458 249 768 249 1,001 2,000 86 20.9 48, 89
Makokibatan 1 2001 518 169 878 209 5,819 1,254 38 45.2 49, 50
Manitou 1 2000 458 489 828 009 10,461 1,750 180 40.3 207, 188
Marguerati 2 2001 478 379 808 519 51 1,484 28 40, 80
Marian 1 2000 468 469 798 479 274 1,629 51 37.8 31, 24
McFarlane 1, 2 1996, 2000 468 259 808 579 140 1,619 111 53.2 183, 305
Melic 2 2001 478 579 818 029 25 1,450 70, 79
Mindemoya 1 1997, 2001 458 459 828 129 3,869 1,750 204 59.7 190, 202
Mink 1 2001 458 339 778 029 542 1,961 183 50.0 35, 197
Mississagagon 1 2001 448 529 778 049 524 1,825 102 15.2 64, 129
Moira 1 2001 448 299 778 279 822 1,999 113 41.8 109, 166
Mountain 1, 2 1998, 2000 478 389 808 139 512 1,495 51 27.1 94, 46
Nagaagami 1 1999 498 259 858 029 5,362 1,232 110 73.9 22, 7
Nagagamisis 1, 2 1999, 2000 498 289 848 399 2,331 1,244 128 38.3 206, 195
Nippigon 1 1999 498 509 888 309 448,060 1,312 101 164.4 24, 50
Nippissing 1 1998 468 179 808 009 85,500 1,659 50 27.3 372, 437
Ottawa River 1 1999 458 539 778 139 13,598 1,821 50 13.3 19, 28
Pigeon 1 2000 448 289 788 299 5,344 1,939 110 16.9 269, 578
Plastic 2 2001, 2002 458 109 788 499 32 1,699 18 87, 211
Bay of Quinte 3 1997 448 059 778 059 55, 221
Ramsay 1 1996 468 289 808 579 874 1,613 201 10.3 29, 54
Rennie 1 1999 488 239 838 579 579 1,288 62 22.2 17, 54
Rice 1 1999 448 109 788 109 10,017 2,068 130 118.5 543, 820
Richard 1 1996 468 269 808 549 73 1,618 101 9.7 19, 30

Round 1, 2
1997, 2000,

2001 488 009 808 029 1,213 1,487 72 41.5 196, 119
Saganash 1, 2 1999, 2000 498 029 828 349 1,949 1,333 116 38.7 118, 139
Scolt 2 2001 478 599 818 039 21 1,450 154, 150
Shoe 2 2001, 2002 458 129 788 549 38 1,700 103, 177
Simcoe 2 2000 448 259 798 209 72,500 1,875 208 99, 113
Stormy 1 1999 468 049 798 469 333 1,751 29 24.2 2, 48
Stumpy 1 2001 478 349 808 459 396 1,488 33 33.4 65, 45
Thistle 1 1999 468 409 808 019 242 1,650 43 26.2 42, 27
Trailer 2 2001 488 009 808 369 6 1,495 71, 138
Vermillion 1 1996 468 319 818 239 1,078 1,597 48 30.3 52, 41
Wabibigima 1, 2 1997, 2000 508 209 868 229 1,998 1,250 92 19.0 98, 174
Wakami 1 2001 478 299 828 519 1,713 1,386 53 59.7 90, 133
White 1, 2 1999, 2000 488 469 858 389 5,888 1,251 77 35.6 53, 69
Whitefish 1 1995 488 029 848 279 1,821 1,332 47 83.9 239, 228
Whitelilly 3 1998 488 399 898 059 42 1,378 32 20, 78
Wildgoose 1, 2 1999, 2000 498 449 878 099 1,738 1,262 104 50.0 54, 76
Wolfe 1 2001 448 419 768 289 954 2,000 19.4 61, 88
Wowun 1 1999 498 109 858 459 261 1,282 22.9 9, 24


