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Abstract.--No conclusive relationship between the proportion of parental male bluegill and rate 
of exploitation was established in this study. High proportions of cuckolder males were sampled 
from two lakes with high fishing pressure ( > 200 angler-hours/hectare). In contrast, relatively 
low proportion of cuckolders were sampled in the lake with the highest fishing pressure. Low 
proportions of cuckolder males were also sampled from lakes with < 200 angler-hours/hectare 
fishing pressure. A valuable result of this study was the development of techniques for studying 
male bluegill reproductive strategies and insights into the difficulties of doing a study of this 
type. 

Introduction 

Many Minnesota lakes, particularly those 
subjected to high fishing pressure, have bluegill 
Lepomis machrochirous populations with poor 
size structure. It is unclear, however, to what 
extent exploitation might affect the development 
or maintenance qf poor size structure in bluegill 
populations. 

Exploitation can negatively affect bluegill 
population size structure both directly and 
indirectly. One direct effect is the physical 
removal of considerable numbers of bluegill 

(Coble 1988). The subsequent recruitment 
response could lead to overly dense bluegill 
populations as bluegill are capable of early 
maturation and are less cannibalistic than esocids 
(Werner 1977; Mittelbach and Chesson 1987). 
Increased recruitment could shift the size struc
ture to smaller individuals. The selective har
vest of larger bluegill could also reduce average 
sizes in the population (Coble 1988). Further
more, removal of large bluegill could stimulate 
recruitment because large, territorial bluegill 
may limit spawning and recruitment. Indirectly, 
harvest of predators that control bluegill densi-
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ties could enhance bluegill recruitment (Swingle 
and Smith 1942). 

Male bluegill exhibit two distinct reproduc
tive strategies - a parental nesting strategy o~ a 
cuckolder strategy (Gross 1982). The strategies 
are partially heritable (D. Philipp, Illi~ois. Natu
ral History Survey, personal commumcat1on) .. 

Parental males mature in 7-8 years, attam 
large body size, build nests, and care for their 
brood (Gross 1982). The parental strategy 
incurs high metabolic costs because of pre- and 
post-spawning behavior such as aggres~ive 
competition for nest sites, nest construct10n, 
fighting and displays, repelling predators, and 
lack of feeding (Dominey 1981). The largest 
parental males are most likely to win prime nest 
sites through aggressive defense and thus most 
likely to attract females. However, nesting 
parental males are more vulnerable to . anglers 
and their selective harvest may contribute to 
poor bluegill population size structure. 

The metabolic cost of cuckoldry may be 
less than for the parental strategy (Dominey 
1981), yet cuckolders gain the reproductive 
benefits of fertilizing eggs. Cuckolders mature 
in 2-3 years at a smaller size than parental 
males, and die in about 5 years or 1-2 years 
before parental males reach maturity (Gross 
1982). Cuckolders do not build nests, but steal 
fertilizations from parental males by sneaking 
(small cuckolders) among breeding pairs and by 
female mimicry (large cuckolders). Mimics 
release copious amounts of sperm compared to 
parental males, and their sperm fertilizes eggs as 
readily as that of parental males (Dominey 
1980). 

The ratio of cuckolders to parental males 
may change with fishing pressure because of the 
size-selective nature of angling and the vulnera
bility of nesting males. Gross (1982) theorized 
that the ratio of cuckolders to parental males 
tended to stabilize at an intermediate equilibrium 
value. In populations where parental males are 
selectively harvested, the proportion of cuckold
ers might increase., With the cessation of fish
ing, the population would tend to return to its 
equilibrium frequency. But if fishing pressure 
was consistently high, a high percentage of 
cuckolders may persist. 
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The purpose of this study was to determine 
if there was any relationship between exploita
tion and the relative abundance, age, and growth 
rates of male bluegill with different reproductive 
strategies. 

Methods 

Lake selection 

Study lakes were selected based on fishing 
pressure estimates. Lakes near high population 
centers or other high use situations, such as 
location in a popular state park, were selected to 
represent heavily exploited bluegill populations. 
Calhoun, Hyland, Orchard, and Lake of the 
Isles, located in or near the Twin Cities, were 
considered to receive high fishing pressure 
(Table 1). Two lakes, Coon-Sandwick in Itasca 
County and Minnewawa in Aitkin County, 
received moderate pressure (91-107 angler
hours/hectare). French, Sissabagamah, and 
Wilkins lakes in Aitkin County, North Twin 
Lake in Beltrami County, Sand Lake in Cass 
County, and Long Lake in Itasca County were 
considered to receive low fishing pressure ( 50-
73 angler-hours/hectare). These lakes fall into 
11 different lake classes (Schupp 1992), and 
have different physical characteristics, water 
chemistry, and bluegill abundance (Table 1). 

Estimates of fishing pressure were available 
from all lakes except Sand Lake, where it was 
assumes to be low based on personal observa
tion, and from Long Lake. At Long Lake, a 
volunteer following our creel design, recorded 
the total numbers of anglers fishing the main 
basin of the lake. These observations were 
considered a stratified random sample and used 
to estimate fishing pressure on Long Lake. 

Fish Sampling 

Bluegill were usually sampled with 19 mm 
mesh trap nets (bar measure) set overnight, but 
some fish included in the study were collected 
by electroshocking (pulsed-DC), seining (15 ~ 
bag seine with 6 mm mesh (bar measure)), or m 
13 mm mesh trap nets (bar measure). 



Table 1. Physical and chemical characteristics, fishing pressure (angler-hours/hectare), lake classification 
(Schupp 1992), bluegill catch-per-unit-effort (CPUE) in trap nets, and survey year for 12 Minnesota 
lakes, 1990-1992. 

Surface Max. 
area depth 

Lake County ~ha2 ~m2 

Calhoun Hennepin 162 25 
Coon-Sandwick Itasca 254 12 
French Aitkin 55 11 
Hyland Hennepin 34 4 
Isles Hennepin 44 10 
Long Itasca 49 24 
Minnewawa Aitkin 1017 6 
North Twin Beltrami 127 18 
Orchard Dakota 101 10 
Sand Cass 54 17 
Sissabagamah Aitkin 148 11 
Wilkins Aitkin 150 12 

Sampling schedules varied among lakes and 
years. During 1990 and 1991, we attempted to 
sample all bluegill ages and reproductive strate
gies. Sampling was done in spring or early 
summer to assure maximum gonad weight. 
Bluegill were sampled during July 1990 and 
during May and June 1991. Reproductive type 
was determined based on length at age and 
Gonadosomatic Index (GSI) (Gross 1982). 

During 1992, bluegill were subsampled 
from length ranges corresponding to lengths of 
age 3 fish taken in 1990-91 to remove the sub
jectivity of determining reproductive types. 
Sampling was done from July to September. 
Gonads of age 3 males were sufficiently devel
oped to distinguish cuckolders from immature 
parental males as late as September (M. Gross, 
University of Toronto, Ontario, Canada, person
al communication) permitting sampling outside 
the spawning season. Also by targeting one age 
class of bluegill, we attempted to avoid bias 
caused by differential mortality among age 
classes (M. Gross, University of Toronto, 
Ontario, Canada, personal communication). 
However, the percentage of cuckolders could not 
be calculated based solely on age 3 bluegill 
because of small sample sizes. Thus the per
centage was calculated based on fish ages 2, 3, 
and 4. 

Bluegill preserved in alcohol or formalde
hyde were difficult to sex so fish were either 
processed immediately or frozen. Total length 

Total Surrmer Bluegill CPUE 
alkalinity fishing Lake Median for Mean from 
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~1212!!!2 12ressure class lake class survey Year 

98 158 24 30 101 1987 
40 91 35 12 9 1990 
80 65 20 20 9 1989 
79 497 43 3 404 199~ 

100 662 38 22 40 1990 
100 52 25 22 22 1977 
34 107 35 12 11 1987 
90 54 31 31 14 1988 

140 203 33 18 137 1986 
37 low 20 20 12 1984 
60 73 29 24 10 1989 
35 50 31 31 37 1989 

(mm), body weight (g), and gonadal weight (g) 
were measured, sex was determined, and scales 
were removed for aging. About one-half the 
fish from Coon-Sandwick, Orchard, and Sand 
lakes were processed fresh and one-half were 
frozen. Samples from all other lakes were 
frozen. Fresh and thawed gonads were analyzed 
separately to evaluate differences in gonad 
weight by treatment. Rank sum tests were 
performed to compare fresh and thawed gonad 
weights for ages 2, 3, and 4 bluegill and differ
ences were not significant. 

In addition to netting, bluegill reproductive 
behavior was observed. Colonies were located 
in Coon-Sandwick, Long, and Orchard lakes. 
Spawning events were witnessed in Coon
Sandwick and Long lakes. Post-spawning 
behavior was observed in Long and Orchard 
lakes. During the spawning event on Coon
Sandwick Lake 26 June 1991, the numbers of 
dips made by a female and the number of suc
cessful and unsuccessful intrusions by cuckolders 
were ·recorded for 5 minutes per spawning act 
for comparison with Canadian data (Gross 
1982). Eggs were extruded by females on each 
dip and were fertilized by attending males. 

Length at annulus was back-calculated from 
scale measurements using DisBcal (Frie 1982). 
A standard intercept of 15.2 mm was used for 
back-calculation. Age and year effects on 
growth were estimated by ANOV A using a 
linear growth model (Weisberg and Frie 1987). 



Growth rates between reproductive types and 
sexes were compared using F tests of the vari
ance of age and year effects (Weisberg 1993). 

Results 

Cuckoldry varied among lakes. Percentages 
of age 2 to 4 cuckolder males ranged from 0 % 
to 94 % (Table 2). The percentages of cuckold
ers in two lakes, Hyland and Orchard were 
estimated to be > 7 5 % . Fishing pressure was 
high at both lakes (Table 1). The percentages of 
cuckolders in three lakes, Calhoun, Lake of the 
Isles, and Long, ranged from 12 % to 14 % . 
Fishing pressure at Lake of the Isles was the 
highest estimated for lakes in this study while 
pressure at Long Lake was among the lowest. 
Cuckolders were estimated to be 4 % or less in 
the remaining 7 lakes. 

The proportion of cuckolders sampled 
varied between gear and dates within the same 
lake. In a sample of 16 males caught by electro
fishing at Long Lake, 12 (75 % ) were cuckolders 
(Table 3). In a sample of 57 males caught by 
trap netting two weeks later, only one could be 
identified as a cuckolder. 

The absence of cuckolders in samples from 
Coon-Sandwick Lake (Tables 2 and 3) was 
supported by direct observations of low intrusion 
frequencies by cuckolders during spawning 
bouts. No successful cuckoldry was recorded 
during two hours of spawning colony observa
tion in Coon-Sandwick Lake. Intrusion by 
cuckolders was observed in only 4 % of the total 
dips by female bluegill. In contrast, Gross 
(1982) found an intrusion frequency of 60%, 
and successful intrusion frequency of 17 % for 
colonies in Lake Opinicon, Ontario, Canada, 
where cuckoldry was more prominent. 

The GSI of male bluegill varied seasonally. 
GSI of cuckolders caught from four lakes during 
early to mid-summer ranged from 3.2 to 7.2 
(Table 4). The mean GSI of 83 cuckolder males 
sampled from 6 lakes during mid-summer to fall 
1992 was 1.1. GSI,of parental males and cuck
olders caught during early to mid-summer 1990-
91 (Table 4) were similar to those reported by 
Gross (1982). 

The ratio of males to females for ages 2, 3, 
and 4 was highest in the two lakes with the 
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Table 2. Percentage of cuckolder bluegill males 
(95% confidence interval in parentheses) 
based on age 2, 3, and 4 fish and 
male:female sex ratios (ages 2, 3, and 4 
bluegill) in 12 Minnesota lakes, 1990-
1992. 

Lake Number 

1990 

Long 56 

1991 

Coon-Sandwick 15 
Long 21 
Orchard 28 
Sand 65 

1992 

Calhoun 16 
French 7 
Hyland 55 
Lake of the Isles 14 
Minnewawa 25 
North Twin 44 
Sissabagamah 70 
Wilkins 62 

Percent 
cuckolders 

(%) 

2 ( 0-11) 

0 ( 0-75) 
14 ( 4-37) 
75 (55-89) 

2 ( 1- 9) 

12 ( 2-40) 
0 ( 0-44) 

94 (84-99) 
14 ( 6-28) 
0 ( 0-16) 
4 ( 1-19) 
1 ( 0- 9) 
3 ( 0-12) 

M:F 
ratio 

3.2 

3.0 
2.1 
4.0 
1.1 

2.0 
0.7 
4.3 
1.5 
1.8 
3.8 
1. 1 
1. 1 

highest percentage of cuckolders (Table 2). The 
ratio was 4.3 (1992) in Hyland Lake and 4.0 
(1991) in Orchard Lake. North Twin Lake had 
the next highest ratio, 3.8 (1992), but had little 
cuckoldery. The mean ratio was 2.0 (all years). 
No consistent relationship between sex ratio and 
percent~ge of cuckolders could be detected. 

Differences in growth between parental 
males and cuckolders could not be analyzed 
statistically because of small sample sizes for at 
least one reproductive strategy in any particular 
lake. Inspection of Tables 4 and 5 suggest that 
parental males grow faster than cuckolders. 
Maximum mean lengths of cuckolders did not 
reach 150 mm in the 8 sampled lakes. On the 
other hand, maximum mean lengths of mature 
parental males exceeded 150 mm in 5 lakes. 
The oldest cuckolders were age 6, while the 
oldest sampled parental males ranged from age 
7 to 9. 

There were growth differences between 
female bluegill and males of either breeding 
strategy. Parental males grew faster than fe
males in Coon-Sandwick (F=6.41, P < 0.01) 



Table 3. Sampling dates, gear, and number of bluegill sampled by sex and reproductive strategy in 12 Minnesota 
lakes, 1990-92. 

Date Cuck- Par- Unas-
Lake sampled Gear Male older ental signed Female Total 

Long 71 2/90 electrofish 16 12 2 2 1 17 
Long 7/17/90 19 mm trap 57 1 4 52 36 93 

Coon-Sandwick 6/ 7/91 19 mm trap 148 0 67 81 78 226 
Long 5/31/91 19 mm trap 53 3 14 36 41 94 
Orchard 5/24/91 19 mm trap 165 36 3 126 40 205 
Sand 5/22/91 19 mm trap 102 1 13 88 110 212 

Immature 
Qarental 

Calhoun 8/18-19/92 seine 49 5 44 58 107 
French 9/23/92 seine 13 0 13 19 32 
Hyland 8/18/92 seine 79 62 17 24 103 
Isles 8/19/92 seine 153 6 147 161 314 
Minnewawa 7/24/92 19 mm trap 25 0 25 14 39 
North Twin 9/16/92 seine 65 5 60 23 88 
Sissabagamah 7/22,8/5-6/92 13 mm trap 70 1 69 67 137 
Wilkins 7/23,8/6/92 13 mm trap 82 4 78 70 152 

Table 4. Mean physical characteristics of parental and cuckolder male bluegi L l from four Minnesota Lakes, early 
to mid-summer 1990-91. Gonadosomatic index (GSI) was estimated as gonad weight/total body weight x 
100. Standard deviation is in parentheses. 

Total Body Gonad 
Age length weight weight 

Lake Year Number ~~ean ~mm2 ~92 ~92 GSI 

Cuck.olders 

Long 1990 13 2.7(1.4) 84(26) 14.3(18.0) 0.4(0.4) 3.7(1.5) 
Long 1991 3 3.0(0.0) 80( 5) 9.3( 1.5) 0.7(0.1) 7.2(0.4) 
Coon-Sandwick 1991 0 
Orchard 1991 36a 4.2(0.8) 119( 18) 33.2(15.1) 0.9(0.4) 3.2(1.1) 
Sand 1991 1 4.0 106 22.2 1.3 5.9 

Parental Hales 

Long 1990 6 6.0(0.0) 188(12) 138.3(22.3) 1.2(0.8) 0.9(0.5) 
Long 1991 14 7.2(0.9) 189(13) 151.4(30.7) 3.4(1.8) 2.1(0.9) 
Coon-Sandwick 1991 67a 7.5(0.6) 177( 5) 112.8(11.4) 1.3(0.4) 1 .2(0.3) 
Orchard 1991 3a 7.0(0.0) 173( 4) 91.8( 6.1) 1.4(0~4) 1 .5(0.5) 
Sand 1991 13 5.6(0.8) 187(16) 156.8(49.4) 2.5(1.7) 1.4(0.6) 

a Three cuckolders and one parental male from Orchard Lake and one parental male from Coon-Sandwick Lake could 
not be aged. 
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Table 5. Mean annual growth increments (mm), L00 (mm), and k from Walford plots of parental males, cuckolder 
males, and female bluegill from Long, Coon-Sandwick, Orchard, and Hyland Lakes. 

Long 
Parental 

Age 0 '? 

1 32.7 33.8 
2 21.9 21.0 
3 25.8 25.4 
4 27.8 31.9 
5 28.7 26.2 
6 24.4 19.9 
7 22.1 16.7 
8 14.8 13.9 
9 5.9 6.2 

Loo 248a 223b 
k 0.1682 0.2759 

a From Walford plot using ages 5-8 
b From Walford plot using ages 4-9 
c From Walford plot using ages 3-9 
d From Walford plot using ages 1-6 
e From Walford plot using ages 1-5 

Coon-Sandwick 
Parental 

0 '? 

29.2 
22.0 
26.0 
23.4 
24.4 
20.4 
18.2 
15.4 
8.2 

215c 
0.2818 

30.1 
22.8 
23.7 
23.4 
23.1 
18.6 
12.5 
9.4 

2or 
0.2186 

and Long lakes (F=5.27, P < 0.01) (Figure 1). 
Females grew faster than cuckolders in Orchard 
Lake (F=23.2, P < 0.01). No significant 
difference could be detected between females 
and cuckolders from Hyland Lake, but a plot of 
available data suggested that females grew faster 
than cuckolders (Figure 1). 

Growth of parental males and females from 
Long and Coon-Sandwick lakes was similar 
through age 5 (Figure 1). Annual growth incre
ments of females declined rapidly after age 5 in 
both lakes (Table 5). Growth increments of 
parental males from Long Lake did not decline 
sharply until age 7 while growth increments of 
parental males from Coon-Sandwick Lake de
clined sharply after age 8. Growth of cuckolder 
males and females from Orchard Lake was 
similar through age 2, but females grew faster 
thereafter. Growth of Orchard Lake females, 
like growth of females from Long and Coon
Sandwick lakes, declined rapidly after age 5. 

Walford plots indicated that parental males 
reach larger sizes than females, and that females 
reach larger sizes than cuckolders (Table 5). 
Loo of parental males from Long Lake was 248 
mm compared to 223 mm for females. Loo of 
parental males from Coon-Sandwick Lake was 
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Orchard 
Cuckolder 

0 '? 

44.6 
29.6 
22.5 
16.1 
14.0 
6.4 
6.2 
3.9 

157d 
0.3104 

40.8 
32.7 
26.1 
21.2 
17.5 
6.4 

179d 
0.2820 

Hyland 
Cuckolder 

0 '? 

43.5 
34.5 
23.0 
17.4 
10.9 

155e 
0.3685 

45.6 
40.7 
28.9 

215 mm compared to 207 mm for females. Loo 
of females from Orchard Lake was 179 mm 
compared to 157 mm for cuckolders. Loo of 
cuckolder males from Hyland Lake was 155 
mm. 

Bluegill growth rates were faster in heavily 
fished Orchard and Hyland lakes through age 3 
for both sexes than in the moderately fished 
Long and Coon-Sandwick lakes (Table 5). 
Growth rat~s after age 4 were faster in the more 
northerly lakes. By age 6, mean lengths of 
bluegill from Long and Coon-Sandwick lakes 
equaled or exceeded those from Orchard Lake, 
and differences continued to increase through 
age 8 and older. 

Discussion 

No conclusive relationship between the 
proportion of parental male bluegill and rate of 
exploitation was established in this study. The 
high percentages of bluegill cuckolders in two of 
the lakes with the highest fishing pressure -
Hyland and Orchard lakes - provided some 
support for the hypothesis that high rates of 
exploitation were associated with increased 
cuckoldry. On the other hand, the relatively low 
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proportion of cuckolders sampled in Lake of the 
Isles (which had the highest fishing pressure) 
was not explained. Faster growth and larger 
L oo of parental males underscores their impor
tance in maintaining a population size structure 
desirable to anglers. 

No relationship between cuckoldry and 
exploitation in the 12 lakes was detected possibly 
due to difficulties measuring both variables. 
Colonies of spawning bluegill were difficult to 
locate in Orchard, Coon-Sandwick, and Long 
lakes and were not the size that Gross (1982) 
described for Lake Opinicon. Furthermore, 
bluegill spawning occurs as several relatively 
short events of a few hours duration within a 
spawning season. Consequently, direct counts 
of intrusion frequencies by cuckolders are not 
practical if the study includes several lakes. In 
addition, estimating the proportion of cuckolders 
in several lakes from samples taken by tradition
al gears during spawning also is dependent on 
being at the right place at the right time and on 
the selectivity of the gear type. 

The relative frequency of parental males 
and cuckolders on spawning colonies also may 
vary among lakes due to intrinsic factors. 
Factors which may cause the equilibrium relative 
frequency of cuckolders and parental males 
within lakes to vary include depth of colonies, 
degree of population instability (founding or 
declining populations), extrinsic mortality rates 
(Gross 1982), predator density, vegetation 
density, lake size, percent littoral area, and the 
physical-chemical attributes of the waters. All 
of these factors can confound the detection of 
the relationship between cuckoldry and exploita
tion. For example, the percentage of cuckolders 
should decrease as average depth of spawning 
colonies increases because of lack of hiding 
structure and increased predation (Gross 1982). 
Hyland Lake may be an example of an unstable 
population since the lake periodically winter 
kills. 

Total hours of fishing pressure may be a 
weak measure of the effects of exploitation since 
not all fishing is directed at bluegill. Fishing 
pressure at Lake of the Isles was the highest in 

·this study, but cuckoldry was moderate. Person
al observations, however, suggested that little of 
the fishing effort was directed at bluegill. 
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Sampling times and gears to acquire a 
representative measure of the proportion of 
males of the two reproductive strategies within 
a lake need more research. The suggestion by 
M. Gross (University of Toronto, Ontario, 
Canada, personal communication) to sample 
during late summer and fall, and examine go
nads of one age group has merit. It avoids the 
problem of sampling during a relatively short 
spawning season, and should reduce some of the 
potential biases identified in this study. Howev
er, cuckolders experience high mortality during 
spawning, therefore, the proportion of cuckold
ers in the fall could be significantly lower than 
it was at the beginning of the spawning season. 
The same is true for nesting parentals which 
experience high fishing mortality. Appropriate 
sampling gear and timing need to be identified. 
In this study, trap netting with nets of two 
different mesh sizes, seining, and electro fishing 
were used. Samples taken by trap netting and 
electrofishing on Long Lake during 1990 result
ed in widely disparate estimates of cuckolder 
percentages. Electro fishing was, however, done 
15 days earlier than trap netting. 

If growth rates of parental male bluegill and 
cuckolders differ significantly in many Minneso
ta lakes as in Lake Opinicon, Ontario (Gross 
1982), then only comparisons of female and 
male growth rates separated by strategy are 
valid. In this study, parental males grew signifi
cantly faster than females after age 5 in Long 
and Coon-S~ndwick lakes, while females grew 
significantly faster than cuckolder males in 
Orchard Lake and appeared to grow faster in 
Hyland Lake. This suggests that the findings by 
Gross (1982) are probably applicable for Minne
sota bluegill populations. 

No conclusive relationship was detected 
between fishing pressure and growth in northern 
and southern Minnesota lakes. Bluegill growth 
to age 3 was better in the high pressure, south
ern Minnesota lakes compared to bluegill growth 
in low pressure, northern lakes. Young bluegill 
in southern Minnesota lakes may have been 
responding to the high angling pressure with an 
increased growth rate, or their growth may have 
been a response to the warmer temperature 
regimes and longer growing season in southern 
Minnesota. After age 3, bluegill growth rates in 



southern Minnesota lakes slowed, and growth 
rates of bluegill in some northern Minnesota 
lakes surpassed them. The cause of this reverse 
is unknown. 

Management Implications 

These results in two lakes tends to indicate 
that fishing pressure in certain circumstances 
could reduce the proportion of parental males in 
a bluegill population. If parental males have a 
significant influence on the size structure of 
bluegill populations, regulating fishing to reduce 
or eliminate harvest of parental males may be 
necessary to develop or maintain bluegill popula
tions with a more acceptable size structure. 
Stocking may not be an alternative to harvest 
reduction due to unknown effects on current 
population structure, and the genetic consid
erations associated with stocking fish from 
another system into an established population. 
(Allendorf 1991; Wingate 1991). 

In the development of techniques to study 
bluegill reproductive strategies, we found freez
ing was the best gonad preservation technique. 
The use of different sample gear and sample 
times was useful in targeting certain bluegill age 
classes. 

Information on size-specific bluegill harvest 
and hooking mortality could provide more 
accurate estimates of how many parental bluegill 
are removed or lost to mortality. This would 
give a better estimate of the influence of angling 
on the proportions of the two reproductive 
strategies in a lake. Lakes with high and low 
angling pressure directed at bluegill as well as 
lakes with the same classification are needed to 
standardize factors other than fishing pressure. 
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