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Average fish growth was compared with physical, limnological, and fish abundance data from 
115 northwestern Wisconsin lakes. The target species was bluegill (Lepomis macrochirus), but 
data were also collected on northern pike (Esox lucius), rock bass (Ambloplites rupestris), pump­
kinseed (Lepomis gibbosus). largemouth bass (Micropterus salmoides), black crappie (Pomoxis 
nigromaculatus), yellow perch (Perea flavescens), and walleye (Stizostedion vitreum). Statistical 
models accounting for 35.6-60.6% of the variability in growth of each species were developed 
and used to identify candidate relationships for further experimentation. Some observed rela­
tionships were consistent with ecological theory, but some were difficult to explain and may have 
been chance associations. The most promising relationships identified for further study were 
between bluegill growth and walleye abundance, northern pike growth and abundance of likely 
forage species, largemouth bass and aquatic vegetation levels, black crappie growth and abun­
dance of likely forage and predator species, yellow perch growth and walleye abundance, and 
walleye growth and abundance of bluegill young. Secchi disk transparency was correlated with 
growth of most species, and possible density-dependent growth was indicated for bluegill, pumpkin­
seed, and black crappie. Analyses of proportional stock density were uninformative. 
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Introduction 
Populations of slow-growing fish have been iden­
tified as targets for management in northern Wis­
consin lakes for many years (Snow et al. 1970, 
WDNR 1986). However, understanding the causes 
of slow growth against a background of environ­
mental variability and community changes has 
proven difficult. Growth differs among species­
different species having evolved different life his­
tory strategies (Gross 1982)-however these 
factors cannot typically be managed. 

Variability in fish growth within a species is 
generally thought to be controlled by 3 main fac­
tors: food availability, water temperature and pop­
ulation density (Latta 1975, Weatherly and Gill 
1987). Some bioenergetics models further sug­
gest growth is basically a function of food consump­
tion rate and water temperature history (Kitchell 
1983, Hewett and Johnson 1992). In these mod­
els, population density effects are expressed only 
through changes in food consumption rates. In 
these general models, slow fish growth is attributed 
to limited food availability and/or suboptimal water 
temperatures. 

Food availability is affected by many often inter­
related factors. General lake fertility ultimately 
drives the biomass of prey that can be produced 
(Ryder et al. 1974, Flickinger and Bulow 1993). 
The size and species composition of the prey can 
be further influenced by the morphology and lim­
nology of the lake, and abundance and type of 
predators (Colby et al. 1987, Hayes et al. 1993). 
Growth in a species is strongly affected by the size 
and species composition of the available prey 
(Weatherly and Gill 1987). Larger predator species, 
for example, may grow better when larger food 
items are available (Diana 1987), and nonpiscivo­
rous species may grow better when foraging on 
zooplankton rather than benthic invertebrates 
(Mittelbach 1988). Prey preferences can also 
vary by age and size within a species (Osenberg 
et al. 1988). 

Interspecific and intraspecific competition can 
strongly affect food availability. Slow growth is 
often attributed to high population densities (e.g., 
Hayes et al. 1993) but this is an indirect effect of 
reducing available food. Sympatric species often 

avoid competition by using different prey items, 
but growth can be affected if several species feed 
on the same prey (Osenberg et al. 1988). 

Although intrinsic species growth patterns are 
largely the result of long periods of evolution, there 
is increasing evidence that growth can be altered 
by short-term factors. Size-selective harvest over 
several generations may alter actual growth rates 
in some species (Handford et al. 1977, Healey 
1980, Nuhfer and Alexander 1991 ). Growth rates 
often change following the onset of sexual matu­
rity as energy is used for gonad rather than 
somatic production (Gross 1982, Jennings and 
Philipp 1992). Size-specific harvest can influence 
the age of maturation and affect growth patterns 
(Regier and Loftus 1972, Spangler et al. 1977). 
Competition for nesting sites and the presence of 
other sexually mature fish can also affect the age 
of maturation for some species (Gross 1982). 

Designing appropriate management tools to 
improve fish growth will require an understanding 
of the causes of slow growth in the lakes targeted 
for management. The objective of this work was 
to identify factors related to fish growth through 
analysis of a database containing physical, chemi­
cal, and fish population growth and abundance 
data for 115 northwestern Wisconsin lakes. The 
target species was the bluegill (Lepomis macro­
chirus), but sufficient data was also collected to 
examine factors related to growth of northern pike 
(Esox lucius), rock bass (Amblop/ites rupestris), 
pumpkinseed (Lepomis gibbosus), largemouth 
bass (Micropterus salmoides), black crappie 
(Pomoxis nigromaculatus), yellow perch (Perea 
f/avescens), and walleye (Stizostedion vitreum). 

This analysis concentrated on factors likely to 
affect food consumption. Temperature, harvest 
and sexual maturity data were not collected. 
Previous studies have suggested that food con­
sumption was a major limiting factor in growth of 
these northern Wisconsin species and factors 
relating to food consumption are typically targeted 
for management in Wisconsin. We recognize 
that some of the residual variability observed dur­
ing this study may be attributable to temperature, 
harvest, or age of maturation effects. 
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Caveat 

Studies similar to this one are common in the 
fisheries literature and the results are often 
presented as definitive (Smith and Pycha 
1960, Forney 1966, Walburg 1972, Busch et 
al. 1975, Kallemeyn 1987, Kingery and Muncy 
1988, Theiling 1990). However we emphasize 
that these correlative studies only highlight 
variables which showed associations during 
the study period. They do not prove cause­
effect and should not be arbitrarily applied to 
situations outside the database (other lakes, 
later years, etc.). The primary use for these 
analyses should be to suggest hypotheses for 
testing by future experimentation or observa­
tion. When techniques such as stepwise mul­
tiple regression are used, the significance 
levels associated with the final models are 
incorrect because the procedures implicitly 
examine many different models before choos­
ing a "best" model. There is a high probability 
that some or all of the variables in the model 
are significant by chance association alone. 
Intuitive interpretations or agreement with 
other authors adds credibility to these mod­
els, but only testing on independent data sets 
can fully validate the observed relationships. 
In this work, the observed relationships are 
the results of substantial screening of the 
database and must be viewed as hypothetical 
in nature. 

Study Area 

All lakes included in this study are located in 
a 1 a-county area in northwestern Wisconsin 
(Fig. 1 ). A total of 115 lakes were sampled 
during 1974-82 (Append. A). Lakes ranged in 
size from 9 to 1 ,092 acres but most were 
under 200 acres (Table 1 ). The lakes were 
nonrandomly selected to include a wide range 
of bluegill growth, alkalinity, predator species 
composition (primarily largemouth bass, 
northern pike, and walleye), and macrophyte 
cover. Information from Department of 
Natural Resources files, discussions with fish 
managers and local residents, and on-site 
observations were used to make the final 
selection of study lakes. No lakes with known 
severe winter kill more than once every 5 
years were included. However, several lakes 
with frequent low winter oxygen levels but 
infrequent or no known winterkill were included. 

4 

Figure 1. Location of study counties and number of lakes 
sampled in each county. 

Table 1. Total number of lakes 10 acres and larger, and 
number of lakes sampled during this study in the northwest­
ern Wisconsin study area of Ashland, Barron, Bayfield, 
Burnett, Chippewa, Douglas, Polk, Rusk, Sawyer, and 
Washburn Counties. A detailed listing of all study lakes is 
given in Appendix A. 

Total Number Number Samples 

Area (acres) Number % Number % 

10-49 1 '145 64.0 31a 27.0 

50-99 283 15.8 28 24.4 

100-199 172 9.6 29 25.2 

200-499 120 6.7 22 19.1 

500-999 32 1.8 4 3.5 
?,1 ,000 37 2.1 0.9 

Total 1,789 115 

a Includes one 9-acre lake. 



Methods 

Field Sampling 
The primary fish sampling gear was the tyke net 
(1/2-inch square mesh webbing, 4 x 6-foot frames, 
8-inch throat diameter, and 35-55 foot leads). 
Electrofishing (230 V, AC, 3 phase) was used to 
supplement the catch of predator fish and smaller 
panfish (the latter for age analyses only) in most 
lakes. Fish samples were taken throughout the 
open water season. Electrofishing was usually 
conducted within 14 days of the netting sample. 
In each lake all fish captured, or a minimum of 
500 of each species, were measured to the near­
est 0.10 inch. Scale samples were collected from 
a subsample of approximately 1 0 fish from each 
1 /2-inch length category for panfish and 1 0 from 
each 1-inch length category for predator species. 
Age was determined from plastic impressions of 
scale samples usually examined under a binocu­
lar microscope, but occasionally with a microfiche 
reader or a microprojector. Length-at-age data 
were recorded as the length and age at the time 
of capture; no back-calculations were made. Catch­
per-effort (CPE) estimates were determined for 
each species, however those from the 2 gear types 
were not comparable. 

Some of the habitat variables were measured 
at times other than when the fish community was 
sampled. Despite the chronological differences 
in some of the data collections, we assumed that 
any strong associations between growth indices 
and physical, chemical, and biological factors 
would be evident due to the large number of lakes 
analyzed. These relationships could then be ver­
ified by future studies. 

Growth Index 
Selection of a growth index was complicated 
because samples were taken at different times 
during the year and lengths at age were not com­
parable. Also some ages in some samples were 
not present due to natural and sampling variability. 
A common procedure is to fit an appropriate 
growth curve to the lengths at age and use one of 
the parameter estimates as a growth index (Ricker 
1975). The only species with sufficient samples 
to estimate a length-age relationship for a large 
number of lakes was the bluegill, which had 5 or 
more lengths at age in all 115 samples. However, 
the pattern of the plots of mean length versus age 
for bluegills across all lakes ranged from linear to 
sigmoidal, making it difficult to fit a standard 
growth curve (such as the von Bertalanffy curve) 

and calculate one of the standard growth coeffi­
cients (such as the Ford or Brody coefficient). As 
a compromise, a log-base-ten transformation was 
applied to both the length and the age axes. This 
transformation produced a nearly linear plot for 
all lakes, so the growth indices for bluegills were 
the slope and intercept of the least-squares line 
fit to the log-transformed data. 

To compensate for the varying sampling dates, 
the bluegill age axis was transformed into a "com­
pleted summers of growth" axis. Samples taken 
before 1 June were assumed to have had no 
growth that year, and samples taken after 1 Sep­
tember were assumed to have completed growth 
for that summer. Samples taken on interim dates 
were assigned a linear fractional age based on 
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An enlarged illustration of the scale from a 6-inch 
bluegill. Lines are drawn from the annuli. Annuli 
are similar to tree growth rings. 
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the proportion of days elapsed between 1 June 
and 1 September. Growth during the summer is 
probably nonlinear with respect to date. However, 
some preliminary computer simulation work indi­
cated that the error introduced by the linear frac­
tional age adjustment was small compared to the 
error introduced when all ages were not repre­
sented in each sample. 

The growth index for species other than bluegills 
was the difference between the observed length 
at age and the mean length at age for all lakes 
with same age samples. Within each age group 
the differences (residuals) were then averaged 
for each lake. For comparative purposes this 
index was also computed for bluegills. 

Selection of Independent Factors 
Data on the following physical and chemical factors 
were available for nearly all lakes: mean depth (ft), 
maximum depth (ft), surface area (acre), percent 
of surface area under 5 feet in depth, percent of 
surface area under 10 feet in depth, shoreline 
length (mile), shoreline development factor 
(dimensionless ratio of shoreline length to the 
circumference of a circle having same area as 
lake), alkalinity (methyl purple, ppm), conductivity 
(1-Jmhos, 77 F), water source (seepage or drainage), 
and a Secchi disk reading (ft). Sather and Busch 
(1976) provide a more detailed explanation of 
these parameters and the methods used to mea­
sure them. An index of lake productivity is the 
morphoedaphic index or MEl (Ryder et al. 1974). 
The MEl is defined as the ratio of total dissolved 
solids to mean depth. In this study total dissolved 
solids was estimated by multiplying conductivity 
by 0.65-a linear correction based on measure­
ments of conductivity and total dissolved solids in 
a subset of study lakes. All physical and chemical 
factors were included in the analyses. Information 
on the percent of area covered by different types 
of macrophyte vegetation was available for only a 
limited subset of the lakes and these data were 
analyzed separately. 

We also related growth to abundance levels of 
the same and other species, as indexed by CPE. 
It was necessary to summarize or limit the CPE 
indices considered because of the excessive 
number of possible variables. One statistic used 
was proportional stock density (PSD), calculated 
from the length frequencies (Anderson 1976). 
The PSD, however, does not preserve informa­
tion on relative abundance. The CPE data were 
initially divided into CPE of both young and adults 
based on the "PSD" stock size (Table 2). For the 
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3 predator species (largemouth bass, northern pike, 
and walleye), there were sometimes 2 different 
gear types. To reduce the number of independent 
variables considered, CPE data were subjected 
to principal components analyses (SAS 1982). 
Two general results were noted: the total CPE did 
not provide as much information as the separate 
adult and young CPE, and the netting and shock­
ing indices for predator species were so poorly 
correlated that they required a separate analysis. 

The CPE variables that were included were the 
adult and young CPE for each species. The CPE 
of the same species was expected to provide a 
test of density-dependent growth responses, and 
the CPE of the 3 major predator species was 
expected to reveal any predation-influenced growth 
responses. The CPE of the forage (nonpredator) 
species was expected to provide information 
about the effects of forage abundance on preda­
tor species growth. Estimates of PSD were not 
used in the primary analysis because the sepa­
rate young and adult abundance indices should 
provide more information than a single length­
frequency summary statistic. Because of the 
recent interest in PSD, it was included in a separ­
ate analysis. The bluegill analyses were repeated 
with 50 lakes using predator electroshocking, and 
91 lakes using predator tyke netting. Both analy­
ses produced similar results so only the tyke net­
ting analysis is reported. Predator tyke netting 
was used for the other species because of sam­
ple size considerations. 

Table 2. Total length used to divide catch of different 
species into young and adults. 

Species Total Length {inches) 

Largemouth bass 8 
Walleye 10 
Northern pike 14 
Bluegill 3 
Pumpkinseed 3 
Rock bass 4 
Black crappie 5 
Yellow perch 5 
Black bullhead 6 
Yellow bullhead 6 
Brown bullhead 6 

Statistical Analysis 
Comparison of the bluegill growth indices with the 
independent factors could have been done using 
the slope and intercept as dependent variables in 



a multiple regression model. However, several 
authors (Gauch and Whittaker 1972, Green and 
Vascotto 1978, Green 1979) have suggested that 
population characteristics often vary nonlinearly 
with environmental factors, showing optima and 
modes along their distributions. As a result, tradi­
tional linear regression techniques would not pro­
vide useful results. An alternate methodology 
(Tonn et al. 1983) divides the observations into 
similar groups using cluster analysis or ordination 
techniques and examines factors relating to group 
separation using discriminant analysis. Discrimi­
nant analysis requires restrictive multivariate nor­
mality assumptions and can be seriously biased if 
these assumptions are not met. However, for 
hypotheses generation and exploratory analysis, 
the method should be suitable (Williams 1983). 

The variables used for clustering were the cal­
culated bluegill lengths at ages 2-6 based on the 
log age-log length regression. Using the calculated 
lengths-at-age still resulted in a covariance matrix 
of rank 2 because the 5 calculated lengths were 
based on 2 parameters, the slope and intercept of 
the regression; however, the resulting clustering 
was easier to interpret. The clustering method 
used was a hierarchical procedure known as 
Ward's method (SAS 1982). The appropriate 
number of clusters to use was largely subjective 
but for the purposes of this study was determined 
by examining plots of the mean lengths-at-age 
versus age for each cluster. The objective was to 
get the most clusters possible but still maintain 
maximum separation between cluster means. 

The comparison between bluegill growth, as 
classified into groups with different growth char­
acteristics, and the independent factors was made 
using a stepwise discriminant analysis procedure 
(SAS 1982). The exact nature of any relationship 
was studied by arranging the clusters in an order 
approximately corresponding to an increasing 
growth scale and then plotting the mean values 
of the independent variables for each cluster. 

The growth index for other species, average 
deviation, was compared to the independent fac­
tors using stepwise multiple regression (SAS 1982). 
The fractional age adjustment (as described for 
bluegills) was always included as the first variable 
in the stepwise selection. The sign and nominal 
significance (significance level if only a single 
model had been evaluated, see Caveat) of the 
regression coefficient were used to assess the 
importance of the independent variables. 

This analysis assumes linear relationships 
between the growth index and the independent 

variables, which may be a poor assumption as 
discussed above. To assess this potential bias, 
the analysis of average deviations was also 
repeated for bluegills and the results were com­
pared to the cluster-discriminant analysis. For 
bluegills, the results of the 2 analyses were simi­
lar, which we took as evidence that the analysis 
of average deviations was producing acceptable 
results for the other species. 

Results and Discussion 

Lake Selection Bias 
The subjective selection criteria resulted in a rela­
tive undersampling of the largest and smallest 
lakes (Table 1 ). While 6.4% of all lakes in the 
10-county area were sampled, only 2.7% of lakes 
1 0-49 acres and lakes larger than 1 ,000 acres 
were sampled. In contrast, 18.3% of the lakes 
200-499 acres were sampled. The relative effects 
of sampling biases were not studied, but should 
be kept in mind when interpreting these results. 

Based on the selection methods discussed, the 
lakes surveyed could not be considered a random 
sample. However, because of a rather large 
sample size and the selection of lakes covering a 
wide range of physical, chemical, and biological 
characteristics, we assumed that this was a rep­
resentative sample. 

Bluegills 
Cluster analysis divided the 115 lakes into 8 groups 
with different bluegill growth characteristics 
(Append. B). Based on the mean length-at-age 
within each cluster (Table 3), the first 6 clusters 
had approximately parallel length-age relation­
ships with lengths at ages differing 0.3-0.5 inches 
between clusters (Fig. 2). The 2 clusters with the 
highest age 6 lengths had higher growth rates but 
differed in lengths at age 2. Cluster 8 consistently 
had the largest lengths at age, while cluster 7 had 
an average length at age 2 and the second highest 
length at age 6. 

The factors contributing most significantly to 
separation between the 8 bluegill growth clusters 
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were (in order of selection): abundance of young 
rock bass, abundance of young yellow perch, 
Secchi disk transparency reading, abundance of 
brown bullhead, abundance of young black crap­
pie, abundance of young bluegills, abundance of 
adult bluegills, MEl, and abundance of young wall­
eyes. All variables were significant at the nomi­
nal 8% level. The specific relationship between 
each factor and the groupings was contained in 
the derived discriminant functions. However, 
because of differences in measurement scale 
and the presence of 8 functions, these were not 
easy to interpret. A simpler, qualitative interpre­
tation was made by arranging the clusters in order 

of increasing length at age and plotting the mean 
value of the independent factor. 

Secchi disk transparency readings had a nega­
tive relationship with increasing bluegill length-at­
age (Fig. 3). Cluster 7 had a higher Secchi disk 
reading than expected based on the overall trend 
and was also unusual in that it had fast growth but 
poor growth at early ages. Increased abundance 
of walleye young was associated with increased 
bluegill growth (Fig. 4). Abundance of walleye 
adults was also related to bluegill growth and the 
pattern was very similar to that shown by walleye 
young. The MEl appeared to be positively asso­
ciated with increasing length-at-age for the first 

6 clusters, but was much lower in the 

Table 3. Mean bluegill lengths for each cluster number. A detailed 
listing of the lakes in each cluster and the mean length in each lake 
is given in Appendix 8. 

2 high-growth-rate clusters (Fig. 5). 
Abundance of adult bluegills had a 
consistent negative association with 
bluegill growth, with the 2 fast-growing 
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Mean Length (inches) by Cluster Number groups having relatively low adult 
bluegill CPE (Fig. 6). The abundance 
of young bluegills appeared to be a neg­
ative influence in the first 6 clusters, but 
was relatively high in the 2 faster 
growing clusters (Fig. 7). Abundance 
of young yellow perch was only mod­
erately related to bluegill growth for 
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3 for all lakes in each bluegill growth cluster. 
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in the text. Eight clusters provided an 
optimal separation of different bluegill 
growth patterns. 
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Figure 3. Mean secchi disc depth for lakes 
in each of the 8 bluegill growth clusters. 
Cluster number is from Table 3 and Figure 
2, and is arranged in order of increasing 
length-at-age for ages 5 and 6. 
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the first 6 clusters, but was very high in clusters 7 
and 8, the fastest growing bluegill groups (Fig. 7). 

The relationships between bluegill growth and 
the remaining variables, young rock bass (Fig. 8), 
brown bullheads (Fig. 8) and black crappie (Fig. 
9), were not linear. The abundance of rock bass 
was low except in clusters 5 and 7; the abundance 
of brown bullheads was low except in clusters 1, 
6, and 8; and the abundance of black crappies was 
low except in cluster 6. While these variables 
contributed significantly to the separation of clus­
ters, relating their abundances to bluegill growth 
is difficult. Probably the observed relationships 
were chance associations or nonlinearly depen­
dent on some underlying variable. 

When the bluegill lengths-at-age average devi­
ations were subjected to the stepwise regression 
analysis, a ?-variable model explaining 46.4% of 
the variance was found. The criteria for selecting 
the model from the sequence of candidate mod­
els were subjective, but the general rule was that 
the model chosen had the largest R 2 value with 
all variables (except the included fractional age 
adjustment) significant at the nominal 5% level. 
Most of the variables in the multiple regression 
model for bluegills were included in the stepwise 
discriminant model discussed above. All variables 
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showed similar relationships to bluegill growth. 
Secchi disk readings and abundance of bluegill 
adults were negatively related to bluegill growth, 
while MEl, abundance of walleye young and 
abundance of yellow perch young were positively 
related to bluegill growth. 

Abundance of adult walleyes was also positively 
related to bluegill growth but this variable was not 
selected by the stepwise discriminant procedure. 
Conversely, abundances of bluegill, rock bass, 
black crappie, and brown bullhead young were 
not selected by the stepwise regression model 
although included in the stepwise discriminant 
analysis. This was because the abundance of the 
latter 4 species was nonlinearly related to bluegill 
growth and would not be detected by the linear 
multiple regression techniques. 

Lakes with the fastest growing bluegills had 
relatively low water clarity, high MEl, high walleye 
populations (particularly walleyes under 10 inches), 
large numbers of yellow perch under 5 inches, 
great variation in bluegill reproduction (as indicated 
by the absence of bluegills under 3 inches in many 
lakes), and low numbers of bluegills over 3 inches. 
Conversely, lakes with the slowest growing blue­
gills had no walleye or low numbers of adult wall­
eyes, and fairly consistent bluegill reproduction 

Figure 4. Mean walleye adult and young 
catch per effort for lakes in each of the 8 
bluegill growth clusters. Cluster number 
is from Table 3 and Figure 2, and is 
arranged in order of increasing length-
at-age for ages 5 and 6. 

Figure 5. Mean morphoedaphic index 
(0.65 x conductivity divided by mean 
depth) for lakes in each of the 8 bluegill 
growth clusters. Cluster number is from 
Table 3 and Figure 2, and is arranged 
in order of increasing length-at-age for 
ages 5 and 6. 
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as indicated by the high numbers of all sizes of 
bluegills. Slow-growing bluegill populations also 
occurred in clear, unproductive lakes with low MEl, 
low alkalinity, and low conductivity. High adult 
growth rates but modest young growth rates, as 
typified by cluster 7, occurred in lakes with higher 
clarity when the MEl was low and the number of 
walleye young was very high. Factors such as 
abundance of rock bass, brown bullhead, and 
black crappie young may have been related to 
bluegill growth in certain growth ranges, but no 
consistent pattern was found. 

The majority of lakes with walleye in this study 
had fast-growing bluegills and did not historically 
contain walleye. Therefore, it is possible that wall­
eye stocking improved bluegill growth. Of the 115 
lakes with bluegills sampled in this study, 61 had 
walleye; of these only 12 had native walleye pop­
ulations. The remaining 49 lakes were stocked 
with walleye. In those lakes where walleye repro­
duction occurred or where repeated stocking 
maintained a walleye population of several age 
groups (clusters 5, 6, 7, and 8), bluegill growth 
was faster than in lakes where walleye reproduc­
tion or stocking did not occur for 8 to 1 0 years 
(clusters 1, 2, 3, and 4). 
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Lakes with low winter dissolved oxygen (DO) 
levels were also associated with faster growing 
bluegills. We unsuccessfully and indirectly tried to 
incorporate low DO levels in our analysis through 
depth variables. However, a review of the history 
of each lake reveals that low winter DO is an 
important variable related to bluegill growth. Eight 
lakes (44%) of the 18 sampled in the 3 fastest 
growing clusters (6, 7, and 8), had a history of 
low winter DO. In contrast, 6 lakes (6%) of the 
97 sampled in the remaining 5 clusters had a his­
tory of low winter DO. As stated in Methods, no 
lakes were included in this report that had known 
winterkill more than once every 5 years. Although 
winterkill may be rare, low DO can occur frequently 
or annually. For example, Bucks Lake in cluster 
6 had DO levels of 1 .0 mg/L or less at the outlet 
during 8 of 10 consecutive years, but no observed 
winterkill (Snow and Beard 1972). Low DO and/or 
high density walleye populations were found in 
every lake in clusters 6, 7, and 8. 

Other authors have found that bluegill popula­
tions were food-limited. Osenberg et al. (1988) 
found that young bluegill growth was significantly 
density-dependent, and growth of large bluegills­
which fed primarily on zooplankton-was food 

Figure 6. Mean bluegill adult catch per 
effort for lakes in each of the 8 bluegill 
growth clusters. Cluster number is from 
Table 3 and Figure 2, and is arranged in 
order of increasing length-at-age for 
ages 5 and 6. 

Figure 7. Mean bluegill and yellow perch 
young catch per effort for lakes in each of 
the 8 bluegill growth clusters. Cluster num­
ber is from Table 3 and Figure 2, and is 
arranged in order of increasing length-at­
age for ages 5 and 6. 



limited. Studies where bluegill growth is density 
dependent are common (Gerking 1962, Werner 
and Hall 1977, Beard 1982, Weiner and Hanneman 
1982, Coble 1988, Clark and Lockwood 1990). 

Bluegill growth has also been shown to be 
affected by lake characteristics. Engel (1985) 
suggested bluegill growth was related to macro­
phyte composition and density. Theiling (1990) 
performed an analysis of 30 Michigan lakes and 
found bluegill growth most closely related to macro­
phyte density, zooplankton size and profunda! 
benthos, with lake morphology affecting macro­
phyte distribution. 

Northern Pike 
Northern pike growth was compared to physical 
and biological factors using stepwise regression 
on length-at-age average deviation. The mean 
length at age was based on 58 lakes. An a-vari­
able model accounting for 59.0% of the variation 
includes the following: 
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Variable Sign of Relationship 

Sample date + 
Yellow perch adults + 
Rock bass young + 
Shoreline length 
Secchi disk 
Pumpkinseed adults 
Largemouth bass adults 
Bluegill young 

Disparate units of measurements make the 
actual values of the coefficients difficult to inter­
pret and the significance levels are inaccurate as 
discussed above, hence only the sign of the rela­
tionship is given. All variables are significant at 
the nominal 5% level. 

Better northern pike growth apparently occurs 
in smaller, more turbid lakes with good popula­
tions of yellow perch and rock bass. Turbidity 
may be an indicator of higher productivity. Diana 
(1983) suggests that northern pike growth may 
be related to primary productivity. Studies in 
Minnesota indicate northern pike can prey heavily 
on yellow perch (Anderson and Schupp 1986, 
Wesloh and Olson 1962). Declines in prey popu­
lations, primarily yellow perch and rock bass, 

Figure 8. Mean rock bass and brown 
bullhead young catch per effort for lakes 
in each of the 8 bluegill growth clusters. 
Cluster number is from Table 3 and 
Figure 2, and is arranged in order of 
increasing length-at-age for ages 5 and 6. 

Figure 9. Mean black crappie young 
catch per effort for lakes in each of the 
8 bluegill growth clusters. Cluster num-
ber is from Table 3 and Figure 2, and is 
arranged in order of increasing length-
at-age for ages 5 and 6. 
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were linked to increased northern pike popula­
tions in Escanaba Lake, Wisconsin (Kempinger 
and Carline 1977, 1978). 

Poorer growth occurred in larger, clearer lakes 
and/or lakes with good populations of pumpkin­
seed, bluegill young and largemouth bass. There 
was no indication of any density-dependent growth 
effects, although the late spring and summer fyke 
netting may not have adequately sampled north­
ern pike populations. Diana (1987) suggested 
that northern pike stunting can result from food 
competition, lack of larger prey items, and warmer 
water temperatures. Latta (1971 ), Mauck and 
Coble (1971 ), and Snow (1974) all suggested 
that northern pike are not an effective predator on 
bluegill. Johnson (1969) found that bluegill were 
a common diet item for northern pike in Murphy 
Flowage, Wisconsin, but still showed slow growth. 

Pumpkinseed 
The stepwise regression analysis of pumpkinseed 
length-at-age average deviations included 641akes 
and produced a 5-variable model accounting for 
40.5% of the variation in the growth index: 

Variable Sign of Relationship 

Sample date + 
Pumpkinseed young + 
Largemouth bass young + 
Secchi disk 
Pumpkinseed adults 

All variables are significant at the nominal 6% 
level. Larger pumpkinseed seemed to occur in 
lakes with low water clarity and lakes with high 
numbers of pumpkinseed and largemouth bass 
young. A density-dependent effect was indicated 
by the negative relationship between the growth 
index and the density of pumpkinseed adults, 
although this was confounded by an observed 
positive relationship between growth and pump­
kinseed young abundance. Osenberg et al. (1988) 
found that growth of small pumpkinseeds was 
density dependent, and that growth of large pump­
kinseeds was food limited. 
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Largemouth Bass 
The stepwise regression analysis of the large­
mouth bass growth index included 67 lakes and 
yielded a 6-variable model accounting for 35.6% 
of the variance: 

Variable Sign of Relationship 

Sample date + 
Water source Higher in larger drainage lakes 
Shoreline length + 
Brown bullhead adults + 
Walleye adults + 
Secchi disk 

All variables are significant at the nominal 7% 
level. Again, growth was negatively related to 
water clarity. Low water clarity may have been 
characteristic of more productive lakes, and drain­
age lakes are typically more productive. Better 
growth also occurred in larger drainage lakes, 
and seemed associated with higher populations 
of walleyes and brown bullheads. 

These factors did not provide intuitive interpre­
tation, as many potential forage species and abun­
dance of largemouth bass themselves were not 
associated with the growth index. Again, fyke 
netting CPE may not have been a sensitive index 
of predator density. Colby et al. (1987) discussed 
a possible negative interaction between largemouth 
bass and brown bullhead abundance. Hodgson 
and Kitchell (1987) suggested that largemouth 
bass diets can include a variety of organisms and 
can be affected by the level of inter- and intra­
specific competition present. Latta (1975) indi­
cated that food availability, temperature, and 
abundance of other bass are important in control­
ling largemouth growth. 



Black Crappie 
Stepwise regression analysis on the black crappie 
growth index was possible for 58 lakes. A ?-variable 
model accounted for 49.2 % of the variation in the 
growth index: 

Variable 

Sample date 
Shoreline length 
Rock bass adults 
Bluegill adults 
Walleye adults 
Brown bullhead young 
Black crappie adults 

Sign of Relationship 

+ 
+ 
+ 
+ 
+ 
+ 

All variables are significant at the nominal 9% 
level. There was evidence of a possible density­
dependent relationship, and possible positive 
relationships with abundance of several species. 
Faster growing crappies also tended to occur in 
large waters. Water clarity was not a significant 
predictor of crappie growth. Several authors 
have reported negative relationships between 
walleye and black crappie abundance (Kempinger 
1972, Schiavone 1981, Colby et al. 1987). 

Yellow Perch 
Stepwise regression analysis of yellow perch 
growth was possible for 52 lakes. A 6-variable 
regression accounted for 43.2% of the variation 
in the yellow perch growth index: 

Variable Sign of Relationship 

Sample date 
Conductivity 
Shoreline development factor 
Largemouth bass adults 
Walleye adults 
Northern pike adults 

+ 
+ 
+ 
+ 
+ 

All variables are significant at the nominal 5% 
level. Although no density-dependent effects 
were noted, predator-prey relationships with 
potential predator species were suggested. 
Again a function of shoreline was related to 
growth, and yellow perch seem to grow better in 
waters with high conductivities. Higher conduc­
tivity lakes tend to be more productive. 

A density-dependent growth relationship for 
perch in this study may be absent because perch 
comprised a small proportion of the total fish 
community in the lakes sampled. Boisclair and 
Leggett (1989), in a study in 12 Quebec lakes, 
found that the density of the whole fish commu­
nity was more important to perch growth rates 
than attributes of any single species. Several 
authors have documented the importance of yel­
low perch as a forage species for walleyes (e.g., 
Forney 1980, Colby et al. 1987), largemouth bass 
(Anderson and Schupp 1986) and northern pike 
(Anderson and Schupp 1986). In Oneida Lake, 
New York, yellow perch growth was primarily 
related to abundance of perch young of the year 
and invertebrates (Tarby 1974). 
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Walleye 
The stepwise regression analysis of the walleye 
growth index included 46 lakes. An 8-variable 
model accounted for 60.6% of the variance in the 
walleye growth index: 

Variable 

Sample date 
Secchi disk 
Yellow bullhead adults 
Bluegill young 
Rock bass adults 
Yellow bullhead young 
Pumpkinseed young 
Largemouth bass young 

Sign of Relationship 

+ 
+ 
+ 
+ 

All variables are significant at the nominal 3% 
level. Better walleye growth was associated with 
higher Secchi disk readings and abundance of 
yellow bullhead adults and bluegill young. Higher 
Secchi disk measurements may be characteristic 
of lower-productivity water but may favor a sight­
feeding predator. Negative relationships with rock 
bass adults and the young of the other species 
are difficult to explain. There appeared to be no 
density-dependent effects, although the late spring 
and summer tyke netting may not have adequately 
sampled walleye populations. 

Walleye growth has been extensively studied in 
other waters, but do not support the results seen 
here. Walleye typically grow best when there are 
abundant fish prey, primarily yellow perch and 
warmer water temperatures (Smith and Pycha 
1960, Forney 1965, Priegel 1969, Serns 1984, 
Colby et al. 1987). Walleye are also known to 
grow better when potential prey species exhibit 
slower growth and remain vulnerable longer 
(Forney 1980}. There is little evidence from the 
literature that walleye typically prey on bluegill 
(Snow 1988, Goeman et al. 1990}. 

Vegetation Parameters 
The following vegetation parameters were entered 
as independent variables in the analyses of growth: 
percent of lake area covered by submerged, emer­
gent, and floating vegetation and total vegetation 
cover. The number of lakes that could be included 
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in the analysis ranged from only 22 for walleyes 
to 39 for bluegills. No relationships between any 
of the vegetation parameters and growth were 
found for northern pike, bluegills, or walleyes. 
Largemouth bass growth was positively associ­
ated with percent of lake area covered by emer­
gent vegetation. Pumpkinseed growth was 
negatively associated with percent submerged 
vegetation. Both black crappie and yellow perch 
growth were positively associated with percent 
floating vegetation. All of these associations are 
significant at least at the nominal 6% level. 

Theiling (1990} found a correlation between 
bluegill growth and macrophyte density. Other 
authors have identified macrophyte density and 
species composition as likely determinants of fish 
growth in bluegills and largemouth bass (Diggins 
et al. 1979, Crowder and Cooper 1982, Fairchild 
1982, Savino and Stein 1982, Keast 1984, Engel 
1985, Mittelbach 1988, Savino and Stein 1989, 
Gotceitas 1990}. It is likely that if the vegetation 
parameters had been available for more study 
lakes and had been included with the other physi­
cal and biological independent factors, more 
information on the relationships between growth 
and vegetation would have been revealed. 

Analyses of PSD 
The relationships between PSD and the growth 
indices of various species were analyzed because 
there has been much emphasis on the use of 
PSD as an index of the condition of the fish com­
munity structure (e.g., Anderson 1976, Anderson 
and Weithman 1978}. The use of PSD instead of 
the CPE independent factor produced models 
that accounted for less variation and were more 
difficult to interpret. The most consistent relation­
ships were for northern pike, bluegill, black crap­
pie, yellow perch, and walleye, where the growth 
index was positively associated with the PSD 
estimate. This result suggests that PSD may be 
influenced by growth rates as was found by Carline 
et al. (1984}. However, Serns (1985) found that 
PSD for walleyes in Escanaba Lake were unre­
lated to growth. 

Other associations were: (1) northern pike 
exhibited better growth in lakes with higher brown 
and black bullhead PSD, (2} pumpkinseeds and 
black crappie grew larger in lakes with a high yel­
low perch PSD, (3) walleye grew better in lakes 
with high black and yellow bullhead PSD and worse 
in lakes with a high northern pike PSD, (4) bluegills 
grew better in lakes with high PSD of walleye and 
brown bullhead, and (5) largemouth bass grew 
better in lakes with high bluegill PSD. Some of 



these relationships, such as the largemouth bass­
bluegill association, may have predator-prey rela­
tionship interpretation; but others, such as the 
positive association with bullhead PSD, may be 
no more than an association of species with simi­
lar patterns of abundance and growth. 

Summary 

As stated previously in the Caveat section, these 
results should be viewed as hypothetical. Some 
of the findings were consistent with commonly 
accepted notions about predator-prey interactions 
and population growth dependencies as indicated 
by similar results from other studies, but many 
were difficult to rationalize or contradicted results 
from other studies. Our failure to identify some 
expected relationships may be due to lake selec­
tion, gear type, and sampling date biases. Also, 
other studies clearly show that there is consider­
able variation in factors which correlate with growth 
of these 8 species. 

In this study, most species showed better growth 
in waters with lower clarity and larger shorelines. 
If water clarity can be taken as an index of gen­
eral productivity, then future work may identify 
more specific predictive models based on Secchi 
disk readings. Walleyes showed better growth in 
clearer lakes. Density-dependent growth effects 
were noted in bluegills, pumpkinseed and black 
crappies. However, for the pumpkinseed, better 
growth was associated with high abundances of 
smaller fish of the same species, possibly under­
scoring the importance of good reproduction. 

Forage abundance was not clearly associated 
with growth of largemouth bass, walleyes, or 
northern pike. Walleye growth may have been 
associated with bluegill young abundance, and 
northern pike growth may have been associated 
with rock bass young and yellow perch adults, 
but predator growth was often negatively related 
to potential forage fishes. The selection of the size 
groups for classifying potential forage species as 
young versus adults may have contributed to the 
insensitivity of the analysis. An index that included 
other forage species (minnows, suckers, crayfish, 
etc.) and abundance of young-of-the-year panfish 
may have shown a positive relationship with preda­
tor growth, but the necessary data were not avail­
able. Also the forage abundance was indexed by 
a single sample in only one year while predator 
growth was probably influenced by forage abun­
dance over more than that single year. 

In contrast, abundance of predators seemed to 
be consistently related to growth of panfishes. 

High populations of walleyes were associated 
with good growth of bluegills, black crappies, and 
yellow perch. Low winter DO was also associated 
with good bluegill growth. Largemouth bass young 
were found in high numbers in lakes with good 
pumpkinseed growth. Predators, especially wall­
eye and largemouth bass, generally live longer 
than most prey species so a single abundance 
sample has a better likelihood of portraying the 
predator population during the preceding growth 
periods. The success of detecting predation 
effects versus the failure to detect the effect of 
the prey on the predators may be linked to the 
difference in longevity. 

Growth of many species apparently influenced 
estimates of one species PSD. Bluegills exhibited 
better growth in lakes with high walleye PSD and 
largemouth bass showed better growth in lakes 
with high bluegill PSD. The PSD of the 3 bull­
head species was often positively associated with 
growth of bluegills, northern pike, black crappie, 
and walleye. 

Little information could be obtained from the 
vegetation analyses because of the lower num­
ber of lakes sampled. From the data available, 
however, largemouth bass grew better in lakes 
with more emergent vegetation, while black crap­
pies and yellow perch grew better in lakes with 
more floating vegetation. Pumpkinseeds exhib­
ited slower growth in lakes with more submerged 
vegetation. 

As a final note, these lakes were selected in a 
nonrandom fashion. We believe the lakes are a 
"representative sample" of the lakes in northwest­
ern Wisconsin. Thus the associations suggested 
by these analyses should be generally represen­
tative of other northwestern Wisconsin lakes and 
probably of lakes in other areas as well. 

Management Implications 
Results from this study can not be used to directly 
justify management actions. Biases in lake selec­
tion, sampling gear, and sampling dates and the 
lack of clearly testable study hypotheses make 
the results primarily useful for hypothesis genera­
tion. We have, however, identified some correla­
tions which, if borne out through further observation 
or experimentation, will have practical management 
applications. 

Bluegill growth appeared to be at least partially 
density dependent. Further experimentation with 
management actions that reduce bluegill density 
or reproduction such as predator stocking or 
removals may yield workable management options. 
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A positive relationship between bluegill growth 
and walleye density reinforced this finding. There 
was also evidence for density dependence in 
pumpkinseed and black crappie, although man­
agement of these species is often a lower priority. 

Largemouth bass growth was positively corre­
lated with aquatic vegetation cover. Further work 
on the use of aquatic plants by largemouth bass 
and their prey may suggest effective management 
activities for aquatic plants in northwestern Wiscon­
sin waters. Northern pike growth was positively 
correlated with the abundance of yellow perch 
and rock bass, both potential prey species. If 
northern pike are found to prey heavily on these 
species, growth could be improved in some waters 
by managing prey species more intensively. 

Secchi disk transparency may be a useful pre­
dictor of growth in many species. Lower water 
transparency probably associated with higher lake 
productivity was correlated with higher growth 
rates in bluegills, northern pike, pumpkinseed, 
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and largemouth bass. The reverse was found for 
walleye. Further study of this relationship may 
allow managers to classify waters or predict fish 
growth using this inexpensive index. 

The statistical grouping of bluegill growth into 
clusters provides a practical classification system 
for bluegill lakes. Comparing observed lengths at 
age with Figure 2 and Table 3 will quickly identify 
lakes with similar growth patterns. A better under­
standing of the mechanisms that control growth 
will suggest appropriate management actions for 
lakes in slower growth groups. 

Finally, the development of the fractional age 
adjustment and average deviation growth index 
provide new analysis options for managers or 
researchers faced with nonstandardized data 
sets. The successful application of the cluster 
and discriminant analyses again verifies the use­
fulness of these analytical techniques for nonlin­
ear ecological relationships. 



Appendix A. List of a/flakes sampled for the study with physical and limnological characteristics.* 

Lake Name and County 

Anderson, Barron 
Antler, Polk 
Bashaw, Burnett 
Bass T31 R8S19, Chippewa 
Bass T31 R8S24, Chippewa 
Bass T39R14S24, Burnett 
Bass T39R16S23, Burnett 
Bass T40R10S17, Washburn 
Bass T40R13S29, Washburn 
Bean, Washburn 
Bear Track, Washburn 
Big Butternut, Polk 
Big Moon, Barron 
Big Ripley, Washburn 
Big, Polk 
Bladder, Bayfield 
Boner, Burnett 

Sample 
Date 

04/27/76 
08/13/77 
09/21/77 
08/05/76 
09/17/74 
07/20/76 
07/25/78 
09/28/77 
10/05/77 
10/11/78 
05/02/78 
10/11/80 
06/28/78 
08/22/78 
09/16/80 
10/18/78 
07/20/77 
09/06/79 
07/21/77 
09/09/78 
08/08/79 
07/28/77 
09/12/75 

Bucks, Rusk 
Burlingame, Burnett 
Cable, Washburn 
Callahan, Sawyer 
Chicog, Washburn 
Clear, Sawyer 
Crooked T38R16S8, Burnett 07/27/78 
Currier, Sawyer 
Deep T38R11 S18, Washburn 
Diamond, Bayfield 
Dowling, Douglas 
Dugan, Washburn 
Dunham, Burnett 
Dunn, Washburn 
Elbow, Washburn 
Ellsworth, Washburn 
Falk, Burnett 

(Continued on next page). 

05/21/75 
04/25/78 
06/21/78 
10/13/78 
08/25/76 
06/27/78 
08/03/78 
06/27/75 
07/20/78 
09/26/79 

Total 

14 
101 
171 

9 
12 
31 

226 
188 
144 
100 
65 

378 
191 
190 
259 

81 
89 
83 
57 

185 
586 
125 
77 

180 
19 
43 

341 
154 
53 

243 
193 
36 

174 
82 

Surface Area 

%<5ft %<10ft 

21 47 
16 52 
41 77 

_a 

24 49 
14 24 
15 29 
20 
24 
16 
24 
14 
15 
18 
14 
93 
30 
31 
40 
14 
17 
42 
16 
16 
11 
18 
14 
12 
17 

89 
42 

32 
54 
25 
29 
61 
22 
37 
53 
98 
51 
85 
79 
27 
41 
98 
26 
33 
21 
89 
29 
18 
25 

99 
56 

Depth 

Mean Max 

10 17 
9 22 
7 16 

23 
41 
27 

11 24 
20 35 
18 31 
16 
14 
13 
24 
10 
17 
16 
9 
3 

10 
7 
7 

15 
14 

6 
18 
13 
33 

7 
14 
35 
18 

4 
11 

35 
36 
19 
48 
27 
24 
35 
15 
18 
19 
24 
18 
25 
32 
10 
39 
29 
83 
13 
35 
63 
39 
25 

6 
31 

Water Shoreline 
Source Length 

2 0.7 
2 2.8 
1 3.2 
2 0.5 
2 0.9 
2 1.0 
2 2.4 
2 2.9 
2 2.7 

2 

1 
2 

2 
2 
1 

2 

1 
2 
2 
2 
2 

2 
1 

2 
2 

2.1 
2.3 
3.4 
3.2 
2.5 
3.0 
2.2 
1.8 
4.0 
1.4 
2.8 
6.4 
2.7 
2.2 
4.3 
0.9 
1.8 
5.0 
2.0 
1.3 
3.0 
3.6 
1.9 
3.1 
2.7 

Secchi 
SDF Disc 

1.5 5 
2.0 8 
1.8 3 
1.1 13 
1.8 13 

12 
1.1 8 
1.5 9 
1.6 15 
1.5 11 
1.7 11 
1.2 8 
1.7 5 
1.3 13 
1.3 4 
1.7 13 
1.4 4 
3.1 13 
1.3 12 
1.5 8 
2.8 9 
1.7 5 
1.8 18 
2.3 9 
1.5 13 
1.9 8 
1.9 12 
1.1 4 
1.8 5 
1.4 11 
1.8 8 
2.2 15 
1.7 6 
2.1 11 

Alkalinity Conductivity MEl 

12 29 1.9 
15 41 3.0 

102 
9 

195 
22 

5 15 
24 39 
15 
20 
40 
67 
15 
83 
91 
12 
85 
16 

4 
50 
43 
25 
40 
65 
32 

4 
3 
5 

33 
22 

8 
80 
40 

4 
37 
50 

38 
42 
86 

139 
36 

187 
238 

31 
192 
30 
21 

117 
87 
57 
88 

142 
63 
36 

7 
12 
68 
56 
21 

148 
92 
18 
64 
92 

18.1 

2.2 
1.4 
3.1 
5.6 
1.7 
9.3 
6.4 
2.0 
7.3 
1.2 
1.5 

25.3 
5.7 
5.3 
8.2 
6.2 
2.9 
3.9 
0.3 
0.6 
1.3 
5.2 
1.0 
2.7 
3.3 

10.4 
5.4 
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Q) Appendix A. Continued. 

Lake Name and County 

Fenton, Washburn 
Gibson, Polk 
Godfrey, Burnett 
Granite, Barron 
Green T38R9S29, Sawyer 
Greenquist, Polk 
Gull, Burnett 
Helbig, Polk 
Herby, Polk 
Horseshoe, Barron 
Iron, Bayfield 
Kekegama, Washburn 
Knickerbocker, Chippewa 
Knuteson, Sawyer 
Leach, Washburn 
Lincoln, Washburn 
Little Bass T40R13S31, 

Washburn 
Little Sand, Barron 
Little Kekegama, Washburn 
Little Mirror, Polk 
Little McGraw, Burnett 
Little Sand, Washburn 
Little Long, Burnett 
Long T41 R14S28, Burnett 
Loon, Barron 
Love, Burnett 
Loveless, Polk 
Lower Vermillion, Barron 
Lower Devils, Barron 
Lower Turtle, Barron 
Lower McKenzie, Washburn 
Magnor, Polk 
McGraw, Burnett 
Mclain, Washburn 

(Continued on next page). 

Sample 
Date 

09/18/78 
09/15/76 
06/29/76 
09/30/78 
08/03/76 
04/28/80 
09/07/78 
08/27/75 
06/13/77 
06/13/78 
09/15/82 
10/24/78 
08/03/76 
08/29/78 
07/13/76 
10/12/77 

9/01/77 
08/16/79 
06/13/78 
05/01/79 
08/04/76 
10/04/78 
09/09/79 
09/22/79 
09/13/80 
09/26/79 
05/28/79 
06/21/78 
06/21/78 
10/04/80 
08/01/78 
10/15/78 
09/13/77 
08/30/77 

Total 

139 
43 
56 

154 
12 
58 

182 
61 
69 

115 
248 
110 

14 
70 
30 

101 

26 
101 
30 
33 
55 
74 
97 

251 
94 

253 
141 
208 
162 
276 
185 
231 
135 
150 

Surface Area Depth 

%<5ft %<10ft Mean Max 

21 37 15 52 
12 

68 80 8 41 
12 24 18 34 
33 50 12 35 
14 36 13 30 
76 91 4 19 

44 
16 31 16 36 
23 54 10 19 

13 
25 36 12 24 
16 28 24 
18 49 10 17 
30 47 13 32 
28 41 13 27 

23 36 17 51 
24 39 13 36 

21 
15 33 10 13 
44 95 6 12 
14 32 12 21 
21 58 10 40 
20 40 18 41 
17 43 11 26 

63 
10 17 15 20 
15 26 24 55 
36 61 9 26 
16 30 14 24 
30 54 9 17 
25 64 10 15 
18 39 13 25 
15 53 11 30 

Water Shoreline 
Source Length 

2 4.2 
2 1.0 
2 1.6 

3.7 
2 0.7 
2 1.5 

5.0 
2 2.3 
2 2.4 
2 2.6 

3.3 
1 3.2 
2 0.7 
1 1.5 
2 2.0 

1.9 

2 0.9 
2 2.1 
2 1.1 
2 0.9 
2 1.5 
2 1.3 
2 2.1 
2 4.7 
2 2.4 
1 5.4 
2 2.5 

3.0 
2 5.6 

3.8 
3.1 
2.6 

2 2.7 
2 2.0 

Sec chi 
SDF Disc 

2.5 12 
2 

1.4 10 
2.0 3 
1.5 17 
1.4 3 
2.6 9 
2.1 
2.1 3 
1.7 9 
1.5 8 
2.1 8 
1.2 3 
1.3 3 
2.6 9 
1.4 8 

1.2 13 
1.5 2 
1.4 8 
1.2 7 
1.4 10 
1.1 11 
1.5 7 
2.1 20 
1.8 4 
2.4 13 
1.6 9 
1.5 4 
2.5 7 
1.6 4 
1.6 10 
1.2 3 
1.6 4 
1.2 19 

Alkalinity Conductivity MEl 

8 24 1.0 
14 48 
42 
34 

6 
10 
55 

77 
74 
17 
34 

102 
16 54 
60 
13 

164 
31 

63 121 
82 186 
10 27 
40 
12 
35 

34 
9 
5 

99 
12 
24 

5 
42 

9 
62 
69 
92 

8 
108 
62 
21 
44 
12 

79 

83 

67 
45 
21 

267 
34 
45 
14 
78 
31 

134 
192 
189 
32 

192 
127 

93 
47 

6.3 
2.7 
0.9 
1.7 

16.6 

6.7 
2.0 

10.1 

5.1 

4.1 

2.6 
2.2 

17.4 
3.7 
2.4 
0.9 
2.8 
1.8 

8.3 
5.1 
2.3 
8.9 
9.2 

4.6 
2.8 



Appendix A. Continued. 

Lake Name and County 

Minerva, Burnett 
Minnesuing, Douglas 
Murray, Douglas 
No Mans, Washburn 
Oak T38R11 S7, Washburn 
Pear, Washburn 
Plummer, Chippewa 
Pokegama, Burnett 
Peskin, Barron 
Prine!, Burnett 
Red, Douglas 
Ripley, Washburn 
Rock, Douglas 
Rooney, Burnett 
Round T37R18S27, Burnett 
Saginaw, Burnett 
Sandhill, Polk 

Sample 
Date 

09/19/79 
09/04/80 
07/31/75 
07/25/75 
07/02/75 
05/16/79 
08/18/76 
10/10/79 
09/12/78 
06/28/77 
05/24/78 
08/27/76 
07/30/75 
08/01/79 
09/15/79 
07/15/75 
07/11/75 

Scott, Barron 04/27/80 
Scovils, Washburn 07/23/75 
Silver, Washburn 09/06/78 
Sissabagama, Sawyer 05/15/80 
Sleepy Eye, Washburn 07/18/75 
Smith, Sawyer 09/26/80 
Spider, Barron 07/06/75 
Spider #5, Washburn 08/16/78 
Spider #4, Washburn 08/11/78 
Spider #3, Washburn 08/10/78 
Spooner, Washburn 08/24/77 
Spring, Barron 1 0/02/79 
Spring T39R1 OS36, Washburn 05/06/75 
Spring T 40R11 S25, Washburn 09/30/78 
Sunfish, Washburn 09/24/75 
Sylvan, Barron 07/24/79 
T37R1 OS15-02, Washburn 06/25/75 
Tarbert, Polk 08/19/75 

__. (Continued on next page). 
co 

Total 

222 
432 

43 
70 
33 
49 
41 

224 
150 
64 

258 
42 
42 

322 
204 

13 
44 
81 
66 

188 
719 

39 
323 
40 

177 
24 
20 

1092 
60 
42 

211 
68 
67 
12 
42 

Surface Area 

%<5ft %<10ft 

20 27 

40 79 

14 16 

12 29 
15 25 
17 99 
27 41 

41 95 
25 67 
11 19 

36 
21 
17 
22 
23 

7 

18 
29 
25 
19 
22 
24 
30 
35 
10 

68 
62 
68 
36 
98 
29 

38 
67 
70 
95 
35 
67 
52 
56 
19 

Depth 

Mean Max 

22 
18 43 

15 
7 23 

50 
17 32 

28 
19 56 
16 30 

7 12 
11 37 

25 
6 15 

10 30 
15 27 

9 
12 
10 
16 

7 
15 

13 
9 
8 
7 

25 
8 

12 
11 
21 

19 
12 
26 
37 
28 
48 
10 
29 
13 
49 
30 
20 
17 
67 
13 
24 
27 
37 
27 
20 

Water Shoreline 
Source Length 

5.9 
6.9 

2 1.0 
2 1.8 
2 1.1 
2 1.3 
2 1.4 
2 5.1 

4.1 
2 1.3 
2 3.5 
2 1.7 
2 2.2 
2 4.3 
1 3.2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

0.6 
1.3 
2.1 
1.5 
3.2 
8.2 
1.2 
4.5 
1.9 
9.3 
1.5 
1.3 

11.2 
2.3 
2.0 
2.5 
1.9 
1.9 
0.7 
1.6 

Secchi 
SDF Disc 

2.8 7 
2.4 7 
1.0 9 
1.5 7 
1.3 13 
1.4 12 
1.5 6 
2.4 9 
2.4 4 
1.2 10 
1.6 10 
1.9 9 
2.4 3 
1.7 12 
1.6 2 
1.2 14 
1.3 6 
1.7 7 
1.3 13 
1.7 9 
2.2 8 
1.4 7 
1.8 6 
2.1 9 
5.0 14 
2.2 14 
2.1 14 
2.4 7 
2.1 8 
2.1 4 
1.2 11 
1.6 6 
1.7 5 
1.5 6 
1.7 2 

Alkalinity Conductivity MEl 

24 46 
48 96 3.5 
20 48 

7 18 1.7 
6 24 

34 123 
106 227 
62 
81 
10 
40 

8 
4 

11 
86 

3 
83 

9 
14 
14 
34 
16 
51 

3 
5 
6 
6 

55 
8 
6 

30 
12 
10 
3 

99 

125 
167 
27 
77 
20 
20 
27 

190 
13 

178 
33 
34 
45 
76 
23 

100 
14 
20 
22 
24 

108 
13 
36 
63 
28 
17 
12 

185 

4.7 

4.3 
6.8 
2.5 
4.5 

2.2 
1.8 
8.2 

2.4 
1.8 
2.9 
3.1 
2.1 
4.3 

1.0 
1.6 
1.9 

10.0 
0.3 
2.9 
3.4 
1.7 
0.5 



1\) Appendix A. Continued. 
0 

Sample Surface Area Depth Water Shoreline Sec chi 
Lake Name and County Date Total %<5 ft %<10ft Mean Max Source Length SDF Disc Alkalinity Conductivity MEl 

Taylor, Burnett 09/09/76 80 29 99 6 10 2 1.6 1.3 10 9 18 1.9 
Thirty, Barron 07/28/76 74 23 38 13 27 2 2.3 1.7 3 8 35 1.7 
Town Line, Chippewa 08/18/77 48 26 2 2.7 2.7 9 5 21 
Two Island, Chippewa 08/17/77 29 29 2 0.9 1.2 17 5 18 
Upper Devils, Barron 09/25/78 87 75 99 4 10 2 4.1 3.1 6 10 24 3.9 
Upper Turtle, Barron 09/06/80 438 22 31 14 25 4.8 1.6 7 110 200 9.3 
Upper Clam, Ashland 06/07/78 166 18 42 11 20 2.8 1.6 5 44 97 5.7 
Viola, Burnett 09/12/79 285 18 52 13 33 2 4.4 1.8 15 10 30 1.5 
Ward, Polk 07/30/76 91 24 36 16 43 2 2.3 1.7 17 15 39 1.6 
Windfall, Sawyer 05/31/78 102 14 26 12 16 2 1.6 1.1 7 15 30 1.6 
Windigo, Sawyer 08/30/80 522 28 46 14 51 2 9.0 2.8 12 6 23 1.1 
Winter, Sawyer 08/08/79 676 25 50 9 22 10.4 2.9 5 56 126 9.1 

*The following units of measurement were used: 
1. Surface area-acres. 
2. Depth and secchi disk-feet. 
3. Shoreline length-miles. 
4. Water source-1 =drainage (outlet), 2 =seepage (no outlet). 
5. Alkalinity-ppm determined by methyl purple titration. 
6. Conductivity-1-Jmhos @ 77 F. 
7. Shoreline development factor (SDF)-dimensionless ratio of shoreline length to to the circumference of a circle having same area as lake. 
8. Morphoedaphic index (MEI)-ratio of total dissolved solids (estimated as 0.65 x conductivity) and mean depth. 

a Missing data is indicated by a dash. 



Appendix B. Statistical grouping of study lakes into 8 clusters. Analysis was based on mean lengths at age for 
ages 2-6 generated from a natura/log-base-ten transformed length-age relationship. 

Mean Length (inches) 

Lake Name and County Age2 Age3 Age4 AgeS Age6 

CLUSTER 1 
Antler, Polk 2.40 3.14 3.81 4.42 4.99 
Big Ripley, Washburn 2.03 2.89 3.72 4.53 5.31 
Clear, Sawyer 1.92 2.56 3.15 3.70 4.21 
Little McGraw, Burnett 2.19 3.07 3.90 4.70 5.47 
Pear, Washburn 2.10 2.91 3.67 4.39 5.08 
Rooney, Burnett 2.39 3.12 3.76 4.36 4.91 
Scovils, Washburn 2.21 2.98 3.69 4.35 4.98 
Silver, Washburn 2.28 2.92 3.48 3.99 4.46 
Spring T40R11 S25, Washburn 2.18 3.07 3.92 4.72 5.51 
Sunfish, Washburn 2.08 2.85 3.57 4.25 4.90 

Viola, Burnett 2.22 2.97 3.66 4.30 4.90 

CLUSTER 2 
Bass T31 R8S1-9, Chippewa 2.92 3.54 4.06 4.52 4.93 

Bass T39R16S23, Burnett 2.87 3.58 4.18 4.72 5.20 

Bass T40R13S29, Washburn 2.60 3.52 4.37 5.17 5.94 
Callahan, Sawyer 2.70 3.47 4.14 4.75 5.31 
Dunham, Burnett 2.53 3.39 4.16 4.89 5.57 

Falk, Burnett 2.44 3.41 4.32 5.19 6.04 
Godfrey, Burnett 2.87 3.63 4.29 4.88 5.42 
Green T38R9S29, Sawyer 2.58 3.38 4.10 4.75 5.37 

Lincoln, Washburn 2.81 3.66 4.41 5.09 5.73 

Little Kekegama, Washburn 2.88 3.67 4.36 4.98 5.56 

Little Long, Burnett 2.60 3.50 4.33 5.09 5.82 

Little Mirror, Polk 2.15 3.15 4.13 5.10 6.05 

Long T 41 R 14S28, Burnett 2.42 3.41 4.34 5.24 6.11 

Loon, Barron 2.03 3.13 4.26 5.40 6.56 

Love, Burnett 2.45 3.44 4.39 5.29 6.17 

McGraw, Burnett 2.78 3.58 4.29 4.94 5.54 

Mclain, Washburn 2.57 3.39 4.13 4.82 5.46 

Red, Douglas 2.59 3.45 4.22 4.94 5.61 

Ripley, Washburn 2.83 3.52 4.11 4.64 5.12 

Sleepy Eye, Washburn 2.65 3.48 4.22 4.90 5.54 

Spider #3, Washburn 2.48 3.36 4.16 4.91 5.63 

Spider #4, Washburn 2.40 3.27 4.06 4.81 5.52 

Spider #5, Washburn 2.47 3.27 4.00 4.68 5.32 

CLUSTER 3 
Anderson, Barron 3.17 3.90 4.52 5.07 5.56 

Bean, Washburn 2.88 3.78 4.58 5.32 6.02 

Chicog, Washburn 3.01 3.87 4.63 5.32 5.96 

Dugan, Washburn 3.17 4.11 4.93 5.68 6.37 

Elbow, Washburn 2.66 3.80 4.89 5.95 6.99 

Greenquist, Polk 2.83 3.90 4.89 5.83 6.73 

Helbig, Polk 3.01 4.02 4.95 5.81 6.63 

(Continued on next page). 
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Appendix B. Continued. 

Mean Length (inches) 

Lake Name and County Age2 Age3 Age4 AgeS Age6 

Little Bass T40R13S31, Washburn 3.09 3.86 4.52 5.10 5.64 
Little Sand, Barron 2.88 3.80 4.62 5.38 6.10 

Lower McKenzie, Washburn 2.98 3.82 4.55 5.22 5.84 

Lower Vermillion, Barron 2.96 3.98 4.91 5.78 6.61 

Minerva, Burnett 2.80 3.70 4.51 5.25 5.95 
Pokegama, Burnett 2.69 3.68 4.59 5.45 6.27 

Saginaw, Burnett 2.69 3.74 4.72 5.67 6.57 

Scott, Barron 2.48 3.56 4.60 5.61 6.60 

Spider, Barron 3.35 4.16 4.85 5.46 6.01 

Sylvan, Barron 3.06 3.94 4.71 5.41 6.06 

Town Line, Chippewa 3.30 4.03 4.65 5.19 5.68 

CLUSTER 4 
Bass T31 R8S2-4, Chippewa 3.76 4.62 5.36 6.01 6.59 

Bass T39R14S24, Burnett 2.86 4.18 5.47 6.74 7.99 

Big Moon, Barron 3.88 4.81 5.59 6.28 6.91 

Big, Polk 3.04 4.15 5.19 6.16 7.09 

Bladder, Bayfield 3.15 4.31 5.38 6.39 7.36 

Boner, Burnett 3.52 4.44 5.24 5.96 6.62 

Burlingame, Burnett 3.25 4.23 5.09 5.88 6.62 

Currier, Sawyer 3.78 4.70 5.48 6.17 6.80 

Deep T38R11 S18, Washburn 3.29 4.44 5.50 6.49 7.43 

Dunn, Washburn 3.39 4.31 5.11 5.83 6.50 

Fenton, Washburn 3.49 4.49 5.35 6.14 6.87 

Gull, Burnett 3.36 4.33 5.19 5.97 6.69 

Kekegama, Washburn 3.27 4.28 5.18 6.00 6.77 

Knuteson, Sawyer 3.32 4.33 5.22 6.04 6.80 

Little Sand, Washburn 2.73 3.95 5.15 6.32 7.47 

Loveless, Polk 3.31 4.36 5.36 6.25 7.10 

Minnesuing, Douglas 3.06 4.25 5.37 6.43 7.46 

Plummer, Chippewa 2.95 4.17 5.33 6.45 7.54 

Peskin, Barron 3.57 4.58 5.47 6.27 7.02 

Sandhill, Polk 3.60 4.56 5.39 6.13 6.82 

Spooner, Washburn 3.28 4.34 5.29 6.17 6.99 

Spring, Barron 2.78 4.10 5.41 6.70 7.98 

Taylor, Burnett 3.41 4.33 5.14 5.86 6.53 

Thirty, Barron 3.75 4.70 5.52 6.26 6.93 

Two Island, Chippewa 3.48 4.49 5.39 6.21 6.97 

T37R1 OS15-02, Washburn 2.86 4.18 5.47 6.73 7.99 

Winter, Sawyer 3.61 4.64 5.55 6.37 7.13 

(Continued on next page). 

22 



Appendix B. Continued. 

Mean Length (inches) 

Lake Name and County Age2 Age3 Age4 AgeS Age6 

CLUSTER 5 
Bashaw, Burnett 3.80 4.99 6.05 7.02 7.93 
Bass T40R10S17, Washburn 3.54 4.76 5.88 6.93 7.92 
Bear Track, Washburn 3.23 4.49 5.66 6.78 7.86 
Cable, Washburn 3.69 4.93 6.05 7.09 8.07 
Dowling, Douglas 4.85 5.68 6.34 6.91 7.41 
Ellsworth, Washburn 4.22 5.14 5.91 6.59 7.21 
Granite, Barron 3.24 4.51 5.70 6.84 7.93 
Herby, Polk 3.62 4.76 5.78 6.73 7.61 
Knickerbocker, Chippewa 4.47 5.23 5.85 6.38 6.85 
Murray, Douglas 4.09 4.93 5.62 6.23 6.77 
No Mans, Washburn 3.76 4.95 6.01 6.99 7.91 

Oak T38R11S7, Washburn 4.14 5.02 5.75 6.39 6.97 
Rock, Douglas 4.38 5.30 6.07 6.74 7.35 
Sissabagama, Sawyer 3.51 4.80 5.99 7.11 8.19 

Upper Clam, Ashland 3.98 5.10 6.07 6.96 7.78 
Upper Turtle, Barron 3.60 4.75 5.77 6.72 7.60 
Ward, Polk 4.32 5.29 6.11 6.83 7.48 

Windfall, Sawyer 3.85 5.05 6.13 7.13 8.06 

CLUSTER 6 
Big Butternut, Polk 4.19 5.42 6.50 7.48 8.40 

Bucks, Rusk 4.65 6.00 7.19 8.28 9.28 

Crooked T38R16S8, Burnett 4.16 5.27 6.23 7.10 7.91 

Gibson, Polk 4.14 5.32 6.36 7.30 8.18 

Round T37R18S27, Burnett 4.53 5.58 6.46 7.24 7.95 
Smith, Sawyer 4.25 5.38 6.35 7.23 8.04 

Tarbert, Polk 5.01 6.09 6.99 7.78 8.50 

CLUSTER 7 
Diamond, Bayfield 3.17 4.73 6.29 7.85 9.41 

Iron, Bayfield 3.18 4.79 6.42 8.05 9.69 

Magnor, Polk 3.28 4.83 6.36 7.87 9.37 

Prine!, Burnett 3.41 4.87 6.26 7.62 8.94 

Windigo, Sawyer 3.32 4.80 6.23 7.62 8.99 

CLUSTER 8 
Horseshoe, Barron 4.56 6.51 8.25 9.93 11.54 

Leach, Washburn 4.05 5.75 7.38 8.96 10.49 

Lower Devils, Barron 4.57 6.37 8.07 9.70 11.26 

Lower Turtle, Barron 3.73 5.39 7.01 8.59 10.14 

Spring T39R1 OS36, Washburn 5.00 6.55 7.952 9.18 10.35 

Upper Devils, Barron 4.50 6.19 7.78 9.27 10.71 
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