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ABSTRACT

Age and growth of largemouth bass, Micropterus salmolides, in Lake
Shelbyville, Tlinois, were determined based on electrofishing eollections made in
September of 1979-81. Age-structure analysis indicated that recruitment of large-
maouth bass was variable; stronger yvear classes were associated with vears that had
mean water levels higher than the previous summer. Weighted mean lengths at
annulus formation for age I-IV largemouth bass were 133, 247, 311, and 356 mm.
respectively. Corresponding calculated weights were 27, 198, 413, and 635 g. The
scarcily of largemouth bass older than age TV indicated high mortality after
harvestable size (356 mm TI.) was attained. Analysis of length-frequency
distribulions indicated a desirable size structure during this study. A decrease in
proporlional stock density (PSD) from 1979 to 1981, reflected variable recruit-
ment. The pereentage of harvestable-size bass (=356 mm TIL) increased from
1979 to 1981, reflecting variable reeruitment and reduced mortality caused by im-
position of a 356-mm length limit in 1878, Management stralegics should be
directed toward increasing recruitment of largemouth bass lo age I rather than
attempting to increase growth rates or improve the condition of older fish.

INTRODUCTION

The lurgemouth bass, Micropterus salmoides, is one of the most important
game {ish in [llinois. Comparative estimates of age and growth of this species are
needed to develop effective managemenl strategics. Although data are availuble
on growth of largemoulh bass in smaller hodics of water in Illinois (Carlander
19773, there is little information on growlh rates in larger reservoirs.

From scale samples collected in 1975 and 1976, Joy and Tranquilli (1979)
reported the growth of this bass in Lake Shelbyville, Illinois, during the first 5
years of impoundment (1971-1973). The purpose of this paper is to describe age
and growth of largemoulh bass in Lake Shelbyville during the second 3 vears of
impoundment (1976-1980).
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STUDY AREA

Lake Shelbvville, a flood control reservoir in central [llinois, was cstablished
in 1970: its major tributaries are the Kaskaskia and West Okaw Rivers. Al normal
summer pool (182.8 m ms!) the reservoir has a surface arca of 4,490 ha with mean
and maximum depths of 4.9 and 18.0 m, respectively. A draw down of 1.2 m
oceurs in October. Refill begins the following May. For chemical characteristics
see Davis and Storck (1983).

Largemouth bass were sampled at two slations in the reservoir: Iin the lower
muain hody and IT in the Kaskaskia arm (Figure 1), In January 1978, a 356-mm
{14-in} length limit was established for largemouth bass. The principal forage of
age I and older largemouth bass is gizzard shad, Dorsoma cepedianum (Storck et
al. 1982).

METHODS

Largemotuth bass were collected in mid-September of 1979, 1980, and 1981
using 230-v, AC boat-mounted clectrofishing gear. Collections were made at the
two stations on consecutive days: sampling techniques consisted of continuous
electrofishing along the shoreline, emphasizing the samc arca each year. All large-
mouth bass taken were measured to the nearest millimeter total length (TL) and
weighed to the ncarest gram.

Scale samples, from all fish collected, were removed below the lateral line at
the tip of the pectoral fin, cleaned, impressed on cellulose acetate strips, and cx-
amined on a microprojector (26.5X). Age was determined by counting annuli on
non-regenerated scales. Total scale radius (distance from the {ocus to the margin
measured along the anteriomedian radius) and distance to cach annulus were
measured to caleulate growth history.

The body length-scale radius relationship was determined from pooled data
for all 3 yeurs (n=847) by plotting the mean total length against scale radius tor
fish in 10-mm length groups. The resulting plot revealed a curvilinear relationship
and a line was fitted by eye {Figure 2), Means of total length, scale radius, and
distance to cach annulus were calculated for each age group in each year and
adjusted to fit the line {Bagenal and Tesch 1978}, Using the adjusted values, cor-
responding mean lengths at annulus formation for cach age group were determined
from the graph. Weighted mean lengths at annulus formation were also established
for each age group and for all age groups combined.

The length-weight relationship was determined from 332 largemouth bass
age 1 and older. Age 0 fish were not included because the field scale did not ac-
curately weigh small fish. Log-log plots of mean length against mean weight for
fish in 10-mm length groups revealed a linear relationship {12 = 0.995) that was
best deseribed by the equation

log WT = 3.1925(log TL) — 5.4327 (1)
To evaluate condition, relative weights (Wr, Wege and Anderson 1978) were
calculated for individual fish using the equation

Wr = W/iWs x 100 (2)

where W = the actual weight of the fish and Ws = a standard weight determined
{or fish of the same length. Standard weights were determined using the equation

log Ws = ~5.316 + 3.191 log TL (3)
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{(Wege and Anderson 1978). Meun Wr values were caleulated for cach age group
and [or all age groups combined,

To assess the balance of the largemonth bass population in Lake Shelbyville,
proportional stock density values (PSD, Anderson 1976) were determined [or each
vear. PSIY (%) was determined by dividing the number of qualitv-size largemouth
bass ( =300 mm TL) by the number of stock-size bass (=200 mm TL),

Relative stock densities (RSI). Wege and Anderson 1978) of bass =336 mm
TI. were determined to evaluate the percentage of harvestable-size bass in the
stock. RSD {% ) was determined by dividing the number of fish =356 mm TI. by
the number of fish =200 wimn TI.. o

Mean reservoir elevalion (meters above mean sca level) from April through
October, the normal growing scason of largemouth bass in Take Shelbyville (Joy
and Tranquilli 1978). was obtained for each vear from data corpiled by the 118,
Army Corps of Engincers.

RESULTS AND DISCUSSION

Age Structure

The age structure of largemouth bass collected indicated that recruitment in
Lake Shelbyville was highly variable (Figure 3), During 1979 and 1980, the 1977
vear class was dominant, comprising 64 and 40% of age [ and older fish captured.
In 1981 no year elass was clearly dominant. excluding voung-of-the-vear: however,
the 1980 vear class was most aubundant. The strength of the 1978 vear class was ap-
parcntly underestimated in 1979 because greater numbers were collected in 1980
and 1981 (Figure 3).

Growth

Weighted mean lenghts at annulus formation for ages T-1V largemouth bass
were 133, 247, 311, and 356 min, respectively (Table 1). Corresponding caleu-
lated weighls at annulus formation were 27, 198, 413, and 635 g. respectively.
CGrowth beyond age 1V was not determined, because [ew older fish were collected
and their scales were diffienlt to interprel.

The pooled length-frequency distribution of all bass collected was compared
with weighted mean lengths at annulus formation determined by back-culeula-
tion (Figure 4). Successive modes in the length-[requency distribution corresponded
to weighted mean lengths at annulus formation for age 1-IV largemouth bass.
Considerable overlap occurred, however, in the length distributions of age 1T and
older tish. The buck-calculated mean length of bass at the first annulus was con-
siderably larger than the mean length of voung-of-the-year collected in the fall
{Figure 4). Back-caleulated lengths at the first annulus for the 1979 und 1980 vear
classes were 116 and 126 mm, respectively: but, mean lenghts of those year classes
in September of their first year were 99 and 110 mm, Because little growth occurs
between late September and the time of aunulus formation, mortality was greater
for smaller members of the two vear classes between fall of their first and second
years of lile. Joy {1976) reported an increase in mean total length of young-of-the-
vear largemoulh bhass in Lake Shelbyville from 100 mm in December 1975 to 118
mm in March 1976, attributing the increase to greater winter mortalily of smaller
individuals duc to predation and cxhaustion of stored energy reserves. Higher
winter mortality of smaller members of a year class of largemouth bass has also
been reported for Bull Shoals reservoir (Aggus and Flliott 1975) and for Dryden
Lake. New York (Green 1982).
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CONDITION

The slope of the length-weight regression of largemouth bass was significantly
greater than 3.0 (t test, P’ < 0.05), indicating allometric growth. Thercfore. tradi-
tional measures of condition conld not be used to compare fish of different lengths
(Ricker 1975). Relative weighls (Wr) were caleulated instead because they com-
pensate [or the inherent chunge in body form with inereasing length and. thus,
can be used to compare condition of fish of different lenglhs {Wege and Anderson
1978, Table 3).

A Wr value of 100 indicates that 75% of the populations of largemouth bass
summarized [rom Carlander {1877) had a lower mean wright for that particular
length. A Wr value of 93 indicates that only 50% of the populalions had a lower
mean weighl for that particular length, Average Wr values for largemouth buss at
the end ol their second through fifth ycar of growth were 98.1, 93.6, 94.5, and
97.0, respectively (Table 3). Mean Wr values for the population of age I1 through
IV largemouth bass increased from 94.7 to 95.9 from 1979 1o 1981 (Table 3).
These results indicate that largemouth bass in Take Shelbyville during this study
were in relatively good condition as compared lo other populations from which
standard weights have been derived.

Changes in Size Structure (1979-81)

Proportional stock density {(PSDD), an index used to assess the size structure of a
species, is based upon the length-lrequency distribution of the stock (Anderson
1976). Reynolds and Babb (1978) proposed larget PSD values of 40-60% for
largemouth bass in small midwestern impoundments dominated by the hass-
bluegill combination, Anderson and Weithman (1978) recommended a PSD from
50 to 70% for largemouth bass in Missonri impoundments where gizzard shad is
the dominant prey species. PSD values in Lake Shelbyville decreased from 68% in
1979 to 64 % in 1980 and to 59 % in 1981, indicating that a desirable size structurce
of largemaouth bass was present during all 3 vears.

PSD in Lake Shelbyville fluctuated in response lo variable recruitment. In
1979, the 1977 vear class was dominant (Figure 2). A majority of fish in this year
class were =300 mm TL, resulting in the high PSD valuc for 1979 (68%). It is
likely, however, Lhat PSD) was overestimated because the strength of the 1978 vear
class was undercstimated. In 1980, the dominance of the 1977 and 1978 vear
classes, in conjunction with the relatively weak 1979 year class, resulted in a high
PSD) value (64 % }. A decrease in PSD in 1981 (59 % ) resulted [rom the reernilment
of the 1978 year class into the sport fishery and their subsequent decline in abun-
dance; also, the 1980 vear class, which had reached stock size { =200 mm TL),
was the most abundant age group in the sample.

Relative stock density (RS is the percentage of any defined size group in the
stock (Wege and Andersan 1978). RSD values for largemouth bass = 356 mm 1'L.
increased from 16% in 1979 to 27% in 1980 to 39% in 1981. This increase in
pereentage of harvestable largemouth bass reflected the entry of the strong 1977
and 1978 year classes into the sport fishery and a reduction in fishing mortality
due to the 356-mm (l4-in} length limit imposed in 1978.

Muanagement Implicationy
The largemouth bass population in Lake Shelbyville is characterized by
highly variable recruitment, satisfactory growth and condition. and a high mor-
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tality rate of older age groaps after they attain a harvestable size { =356 mm TL).
Management strategies to enhance the largemouth bass fishery, therefore, should
try to increase recruilment rather than growth rates,

The results of this study indicate that growth and survival of voung-of-the-
vear largemouth bass were greatest in vears when large arcas of terrestrial vegeta-
tion were inundated. Consequently, the size of the largemouth bass population
may be munaged by manipulating water levels, However, Lhe lake is a flood con-
trol reservoir. and therelore, this strategy cannot be consistently applied. Alter-
native strategies to enhance recruitment may involve supplemental stocking of
fingerling largemouth bass during vears of inadequate reproductive success, or
seeding of the reservoir fluctnation zone (Strange et al. 1982) to provide ad-
ditional food and cover for young-of-the-year. Beeause our data suggest that
winter mortality of young-of-the-vear largemouth bass may be size-selective for
smaller individuals, recruitment mav be enhanced by melhods that increase
growth of smaller individuuals. The cffect of differential mortality on subsequent
vear class strength, however, requires further investigation.

PSTY values obtained during this study indicated a desirable size structure of
largemouth bass in Lake Shelbyville. Tt is believed that this is due, in parl, to the
imposition of the 356-mm length limit in 1978, Changes in the eurrenl size limit
would affeet angler cateh and harvest rates of largemouth bass; but, further
research in to the causes of high mortality of the older age groups is needed before
turther changes are proposed.
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Table 1. Calculated lengths (mm) and average growth increments of large-
mouth bass from Lake Shelbyville. Sample sizes of each age group are
in parenthescs. Waler level is an average from April through October

{minsl}.

Age Group

Year Watcer . U
Class Level 1 11 I11 14%
1981 602.8

1980 599.0 126 { 52)

1979 602.4 116 ( 57y 228 { 23)

1978 602.3 138 (1'3 Y247 {106y 308 ({ 28)

1977 599.5 141 (228) 254 228) 313 (1200 331 { 29)
1976 592.1 116 ( 48) 225 ( 48) 308 ( 48) 363 ( 16)
Weighted mean 133 24: 311 356
Annual increment 133 114 64 45
Average weight al

annulus formation (i) 27 198

413 635
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Table 3. Relative weights (Wr) of largemouth bass collected from Lake Shelby-
ville, September 1979-81. Sample sizes are in parentheses.

Year (_fnllccted

Mean for all

Age 1979 1980 1981 3 veurs

I+ 93.3 { 23) 99.1 { 30 99.6 { 52 08.1 (103)
1+ G0.1 (112) 9.9 ( 75) 91.51{ 23 893.6 (210)
1+ 94.5 { 35) 35.7 { 89) 1.0 { 29) 94.5 (153)
IV + 94.2 { 6) 97.1 ( 12) 7.6 { 29) 97.0 { 47)
Taotal 894.7 (176) (J4 '} {206) 85.9 {133

siMLE

I AKE

BoOMIITES

SHELBYVILLE

Figure 1. Lake Shelbsville, Tllinois, showing stations sampled for lurgemouth bass,
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Figure 4. Length frequency disteibutions of largemouth bass eollected from Lake Shelbyville.
September T979-1981. and mcan lenghts at annulus formation hased on back-calenlation,



