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Preface

The Long Term Resource Monitoring Program (LTRMP) was authorized under the Water Resources
Development Act of 1986 (Public Law 99-662) as an element of the U.S. Army Corps of Engineers’
Environmental Management Program. The LTRMP is being implemented by the Upper Midwest
Environmental Sciences Center, a U.S. Geological Survey science center, in cooperation with the five
Upper Mississippi River System (UMRS) States of Illinois, lowa, Minnesota, Missouri, and Wisconsin.
The U.S. Army Corps of Engineers provides guidance and has overall Program responsibility. The mode
of operation and respective roles of the agencies are outlined in a 1988 Memorandum of Agreement.

The UMRS encompasses the commercially navigable reaches of the Upper Mississippi River, as
well as the Illinois River and navigable portions of the Kaskaskia, Black, St. Croix, and Minnesota
Rivers. Congress has declared the UMRS to be both a nationally significant ecosystem and a nationally
significant commercial navigation system. The mission of the LTRMP is to provide decision makers
with information for maintaining the UMRS as a sustainable large river ecosystem given its multiple-use
character. The long-term goals of the Program are to understand the system, determine resource trends
and effects, develop management alternatives, manage information, and develop useful products.

This report was prepared under Strategy 1.3.2 and Tasks 1.3.2.2 and 1.3.2.4 as specified in Goal 1,
Develop a Better Understanding of the Ecology of the Upper Mississippi River System and its Resource
Problems of the Operating Plan (U.S. Fish and Wildlife Service 1993). This report was developed with
full funding provided by the LTRMP.

Vil



Analysis of Fish Age Structure and Growth in the lllinois River
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Abstract: Otoliths and other calcified structures have been used to age and determine growth

rates of fish from a variety of habitats. Sagittal otoliths were removed from fishes representing five
species from La Grange Pool of the Illinois River for age determination. Species collected included
largemouth bass (Micropterus salmoides), black crappie (Pomoxis nigromaculatus), bluegill (Lepomis
macrochirus), white bass (Morone chrysops), and freshwater drum (Aplodinotus grunniens). Common
univariate techniques were used to analyze the significance of spatial and temporal variation in growth
and back-calculated mean length-at-age for all five species. For largemouth bass, black crappie,

and bluegill, age-frequency distributions were derived using an age-length key in conjunction with
LTRMP fish length data. Annual mortality rates were calculated and compared to mean spring
(March through May) discharge of La Grange Pool. For largemouth bass and bluegill, the proportion
of Age-0 fish collected was also compared to mean spring discharge to determine if extreme events
(mean spring discharge >991 m/sec or <425 m*sec) affect year-class strength, recruitment, or age
structure. Responses to spatial and temporal variation of river conditions were variable among species.
Largemouth bass, bluegill, and white bass seemed to be more affected by temporal variation whereas
black crappie mean length-at-age varied more with habitat variability. Freshwater drum mean length-
at-age did not seem to be affected by time or habitat. Our results suggest that largemouth bass and
bluegill age structure may be affected by extreme spring discharge events. Black crappie age structure
did not exhibit this trend, but black crappie were the only species that exhibited significant variation in
growth among habitats. Our results suggest that fish populations in La Grange Pool are not influenced
in the same ways by river conditions.

Key words: age structure, growth, Illinois River, La Grange Pool, otolith

Introduction If a strong relation exists between the size of
fish calcified (or hard) structures and overall body
Fisheries managers can acquire a great deal of  length at capture, biologists can estimate a fish’s
information about the health and sustainability of length at age by proportionately extrapolating

a fish population from its size and age structure. information from those structures. These data can
This information is also important for evaluating then provide information on growth rates. Many
the successes or failures of management activities.  factors, both biotic and abiotic, affect fish growth.
Similarly, knowing the conditions that promote Biotic factors include size, quality, and availability
desired growth and age structure for a particular of food organisms, the condition of the fish itself,
species allows managers to tailor their efforts and competition from other organisms. Abiotic

accordingly. factors, such as water quality and the timing,



duration, and magnitude of floods affect fish
growth and can be very difficult to control.

Fish growth, particularly in largemouth
bass (Micropterus salmoides), has been well
documented in lakes and reservoirs across the
United States. Much less is known, however,
about age structure and growth of fishes in large,
floodplain rivers such as the Illinois River (Raibley
et al. 1998). Our objectives were to document age
and growth information, year-class strength, and
mortality for several sport fish species in La Grange
Pool of the Illinois River using existing otolith data
and investigate relations between river conditions,
recruitment, and age structure. Ultimately, we
address the questions (1) does age structure change
through time in response to extreme events and
(2) do growth rates differ among habitats? Our
results will be used to make recommendations
for incorporation of age and growth analyses in
the Long Term Resource Monitoring Program

(LTRMP).

Methods

Otoliths were collected from largemouth bass
(Micropterus salmoides), black crappie (Pomoxis
nigromaculatus), bluegill (Lepomis macrochirus),
white bass (Morone chrysops), and freshwater
drum (Aplodinotus grunniens) from La Grange
Pool intermittently from 1992 to 2001 using day
electrofishing in the fall. A small subset of fish
was also collected during angling tournaments
to supplement the electrofishing sample when
available. Age determinations typically followed
methods described by Pegg et al. (1998). Sagittal
otoliths were removed from all fish collected
and stored in envelopes. Each envelope was
labeled with species, date of capture, location of
capture, total body length, weight, and sex (sex
was not recorded for freshwater drum). For age
determination, otoliths were soaked in glycerin,
placed on a dark background, and illuminated with
a fiber optic light source. A dissecting microscope
with varying magnification levels was used. Image
analysis software (Optimas) was used to measure
distances from otolith focus to margin and between
annuli. These data were then exported into a data
file for further investigation.

Locations of capture and years of otolith
collection differed among species (Table 1). All
fish collections were from La Grange Pool, located
between river kilometers 128.8 and 254.3 (Figure
I). Sample location types included main channel
border (MCB), side channel (SC), backwater
contiguous (BWC), and backwater isolated (BWI)
and were derived from criteria proposed by Wilcox
(1993). The MCB habitat refers to areas along the
shoreline of the main river channel or to collections
where location of harvest could not be determined
(e.g., fish from bass fishing tournaments).
Locations in side channels are designated SC.
BWC refers to backwater areas contiguous to the
main channel, whereas BWI refers to backwaters
isolated from the main channel.

Statistical Analysis

Largemouth Bass, Black Crappie, and Bluegill

The same statistical analyses were performed
for largemouth bass, black crappie, and bluegill.
However, location and year of otolith collection
differed among these species (Table 1).

A strong relation existed between overall
length at capture and otolith length from focus to
margin (Figure 2 A, B, and C), therefore it was
possible to back-calculate length-at-age using the
direct proportion method described in Devries and
Frie (1996). From these data, mean length-at-age
were calculated (collapsed across years, locations,
and sex; Table 2). Sex-specific mean lengths were
then calculated for all ages. Site- and sex-specific
mean length-at-age were compared using analysis
of variance (ANOVA) with further tests among
sites or year compared using a post hoc Tukey’s
test (o = 0.05).

Annual growth increment in millimeters was
calculated for each fish collected for each year
of its life using back-calculated mean length-at-
age data. Growth was quantified by taking the
difference between back-calculated growth at
Age-x and Age-x+1. Size-specific growth was
calculated for each species using linear regression
analysis for each year of otolith collection. Mean
length-at-hatch information was taken from Becker
(1983) for these three species to quantify growth



for Age-0 individuals. Mean growth increment

by age was calculated by collapsing across years,
locations, and sex (Table 3). Age-specific mean
growth was calculated for each location and year.
Analysis of variance with subsequent Tukey’s tests
was used to test for differences in growth among
locations and among years.

Additional fish population metrics were
calculated from the LTRMP monitoring of La
Grange Pool (Gutreuter et al. 1995). Length and
abundance data from day electrofishing were used
for fish from August 1 to October 31 each year
and combined with ages from otoliths to construct
an age-length key for each year. Age-frequency
distributions were prepared using the age-length
key. Because LTRMP electrofishing effort is the
same each year, age-frequency graphs could be
directly compared across years. Mean spring
(March through May) discharge data were taken
from the USGS water resources web page, USGS
Water Data for Illinois, available at
http://nwis.waterdata.usgs.gov/il/nwis
(U.S. Geological Survey 2005) for years 1993—
1998 and 2000-2001. For this study, we define
“extreme” events as episodes where mean spring
discharge was >991 m*/second or <425 m?*second
(Figure 3). The proportion of Age-0 fish to total
fish caught (independent variable) was compared to
mean spring discharge (dependent variable) using
linear regression analysis. Black crappie were not
examined in this analysis due to insufficient sample
sizes of Age-0 fish.

Annual mortality rates were calculated using
linear regression between fish age (independent
variable) versus the natural log of catch (dependent
variable) following Krebs (1999). Linear regression
was then used to test the relation between mean
spring discharge (independent variable) and annual
mortality (dependent variable) for 1993-1998 and
2000-2001.

Freshwater Drum and White Bass

A strong relation existed between overall
length at capture and otolith length from focus
to margin (Figure 2 D and E), therefore it was
possible to back-calculate length-at-age using the
direct proportion method described in Devries and
Frie (1996). Small sample sizes limited further

analyses for freshwater drum and white bass.
Therefore, only back-calculated mean length-at-age
data were estimated and analyzed. Analyses

for back-calculated mean length-at-age data

were similar to those used for the other species.
Mean length-at-age were calculated (collapsed
across years, locations, and sex; Table 2). For

white bass, sex-specific mean length-at-age were
calculated for each year of otolith collection using
back-calculated data and compared using an
ANOVA among sites and years. A post hoc Tukey’s
test was used to compare spatial and temporal
variation in back-calculated mean length-at-age for
each sex (white bass only) and both sexes together.

Results

Largemouth Bass

Back-calculated mean length-at-age were
determined for males, females, and sexes combined
(Figure 4). The combined largemouth bass data
showed that Age-1 and Age-2 had significantly
different back-calculated mean lengths with
respect to year of collection (Table 4). Age-1
largemouth bass showed the most variation
within each sex (Table 4). For males, significant
variation among years was found for Age-1, Age-2,
and Age-4. Similarly, Age-1 females showed
significant variation among years. Although
variation of back-calculated mean length-at-age
exists among locations, patterns were not obvious
(Tables 5-7). However, largemouth bass collected
from Lake Chautauqua had significantly smaller
back-calculated mean lengths compared to other
locations for all years.

Size-specific growth was calculated for
each year (Figure 5). Other than the year 2001,
size-specific growth rates were similar across
years. Annual growth increments of largemouth
bass showed little variation with respect to location
collected. Significant differences in annual growth
among locations were only found for Age-1 fish
with few exceptions (Table 8). Largemouth bass
collected from Lake Chautauqua grew significantly
slower in their first and second years of life than
bass collected from other locations. Variation in
annual growth was found across years (Table 9).



The 2000 growing season exhibited significantly
higher growth for Age-2, Age-3, and Age-4
largemouth bass.

The overall age structure of largemouth bass
in La Grange Pool did not change during our
study but strong year classes were observed in
some years (Figure 6). Age-0 bass abundances
were positively correlated with spring discharge
and explained 40% of the variability in age-0
bass abundances (Figure 7). Annual mortality
was variable ranging from 8% in 1994 to 79% in
1993 (Figure 8) and averaged 45% from 1993 to
2001. There was no relation between mean spring
discharge and mortality (Figure 9).

Black Crappie

Back-calculated mean length-at-age were
calculated for each year (Figure 10) for males,
females, and for sexes combined. Back-calculated
mean lengths differed among years for Age-1
and Age-2 (Table 10). Spatial patterns in
back-calculated mean length-at-age were more
evident for black crappies than largemouth bass
(Tables 11-13). Side channel habitats showed
smaller mean length-at-age, whereas backwaters
produced larger mean length-at-age for males,
females, and combined sexes. Also, significant
spatial variation in back-calculated mean length
was apparent for Age-2+. No discernible sexually
dimorphic growth of black crappie was observed in
La Grange Pool population (Figure 10).

Annual growth increment in black crappies was
similar for all years (Figure 11) and, with a few
exceptions, locations (Table 14). Although sample
sizes were small and differences were not always
significant, growth of black crappies in Lily Lake
tended to be higher compared to other locations.
Similar to the back-calculated mean length data,
significant variation in growth among location
was not limited to Age-1 and Age-2. Age-specific
differences in growth showed no obvious patterns
among years (Table 15).

Black crappie age structure changed during
the study (Figure 12). Evidence of strong cohorts
(1993 and 1996) moving through the population
was found. Annual mortality varied from 15% in
1994 to 90% in 1996 and averaged 55% from 1994

to 2001 (Figure 13). No relation was observed
between mortality and discharge (Figure 14).

Bluegill

Back-calculated mean length-at-age were
calculated for each year (Figure 15) for males,
females, and for sexes combined. Significant
variation among years was found for Ages 1-4,
with greater variation among females than males
(Table 16). Patterns of variation in bluegill
back-calculated mean length-at-age among
locations were not as apparent as they were among
years (Tables 17-19). As with temporal variation,
female bluegills demonstrated more variation in
back-calculated mean lengths than males between
locations.

Size-specific growth increments for bluegill
were variable among years (Figure 16). Annual
growth of bluegills showed little variation among
locations (Table 20). Significant differences in
growth among locations were only found in Age-1
and Age-2 bluegills. Age-1 and Age-2 bluegills
taken from Lake Chautauqua in 2000 showed
significantly higher growth. Bluegill growth in
1991 was slower for Age-1, Age-2, and Age-3
individuals (Table 21). The 2000 growing season
demonstrated higher bluegill growth for Age-1 and
Age-2.

Bluegill age structure did not change through
time throughout our study years (Figure 17). Our
collections were dominated by Age-0, Age-1,
and Age-2 bluegills. Strong year classes could
be found in most years. A positive relation was
observed between mean spring discharge and the
proportion of bluegill collected that were Age-0
(r* = 0.5; Figure 18). Annual mortality was fairly
stable and ranged from 59% in 1994 to 75%
in 1997 and averaged 69% from 1993 to 2001
(Figure 19). No relation was observed between
mean spring discharge and annual mortality of
bluegills (Figure 20).

White Bass

Back-calculated mean length-at-age were
calculated for each year (Figure 21) for males,
females, and for sexes combined. There appeared
to be more variation in back-calculated mean



lengths among years for males than females
(Table 22). Significant variation existed for Age-1,
Age-2, and Age-3 males among years. Only Age-4
females were significantly different. When both
sexes were analyzed together, Age-1, Age-2, and
Age-3 demonstrated significant differences in
back-calculated mean length among years. Very
little evidence was found suggesting location or
habitat had an effect on white bass age structure
(Tables 23-25).

Freshwater Drum

Back-calculated mean length-at-age of
freshwater drum were calculated for both years
(Figure 22). Significant variation in back-calculated
mean length was only found for Age-2 among the
2 years (Table 26). Back-calculated mean lengths
from Bath Chute (SC) were significantly longer
than those from BWC or MCB for Age-1 and
Age-2 (Table 27). Variation in back-calculated
mean length between locations was not significant
beyond Age-2.

Discussion

Our results suggest that species-specific
growth responses to spatial and temporal variation
of river conditions in La Grange Pool were
inconsistent. Largemouth bass growth was more
variable over time than among locations. Black
crappie, by contrast, showed more variation
spatially whereas white bass were more variable
over time. Gutreuter et al. (1999) suggest that
this relation is contingent upon each species’
complex interaction with the moving littoral zone.
Furthermore, Gutreuter et al. (1999) suggest that
the more a species exploits this zone, the more
affected they are by fluctuating river conditions
and extreme events. We looked at mean spring
discharge of the Illinois River at Kingston Mines
(Figure 3) and identified 1993, 1996, and 2000
as years with extreme spring discharge. From
our analyses, we found that whereas the age
structure of black crappie changed through time
(Figure 12), it cannot be concluded that extreme
spring discharges were the cause. Because the gear
did a poor job of collecting Age-0 black crappie,
we were unable to compare mean spring discharge
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to year-class strength. The age structure of bluegill
and largemouth bass remained similar throughout
the years of this study and were dominated by
Age-0, Age-1, and Age-2 fish. There did appear

to be a correlation between mean spring discharge
and the percent of largemouth bass collected that
were Age-0. Raibley et al. (1998) found that strong
cohorts of largemouth bass were produced in years
with high spring floods whereas weaker cohorts
were produced in years where water levels were
low. We observed this same relation for bluegill.
Strong year classes of bluegill were observed in
every year but they were stronger when mean
spring discharge was higher.

Small sample sizes made it impossible to draw
any conclusions about the effect of extreme events
on the age structure of white bass or freshwater
drum. However, we wanted to determine whether
or not these mean length-at-age differed spatially or
temporally. Gutreuter et al. (1999) concluded that
white bass growth in La Grange Pool showed no
response to water level fluctuations and believed
this was because of the open water niche this
species occupies. We found a great deal of variation
in back-calculated mean length-at-age among years
for white bass. It is impossible to conclude from
our results that the variation was the result of water
level fluctuation and it is likely that there are other
contributing factors.

Koel and Sparks (2002) found that the length
of the spring flood was one of the most important
parameters influencing abundance of Age-0 fish in
the Illinois River. We think it would be beneficial
to investigate any relation between spring flood
duration and numbers of Age-0 fish. It could be
that flood duration is more of a driving factor of
year-class strength than mean spring discharge. It
would also be useful to compare flood duration
with annual mortality of each species. Answering
these questions would greatly increase our
knowledge of how fish communities respond to
water level fluctuations and could influence the
operation of locks and dams.

There is little evidence to suggest that growth
rates differed among locations for all species we
analyzed except black crappie. This could be due
to the well-documented finding that all fish move
quite a bit between different habitat types in lotic
systems (Pitlo 2001). Back-calculated mean lengths



tended to be greater for black crappie taken from
backwater areas than those from MCB or SC
habitats for most ages (Tables 11-13). Consistent
with the back-calculated mean-length-at-age data,
black crappie annual growth increments varied
among locations with BWC areas exhibiting
higher growth than MCB or SC areas (Table 14).
Our findings suggest that certain habitats of the
Illinois River may offer better potential for growth
than others for this species. This may be due to
factors such as availability or condition of prey,
habitat availability, water quality, and competition.
In Lake Chautauqua (BWI), mean length-at-
age and mean annual growth increments of all
species tended to be significantly different from
other areas (Tables 5, 8, 11, 13, 14, 17-20, and
23-25). Because this was not observed in BWC
habitats, isolated backwaters may not have enough
intermingling with the main channel to respond to
conditions in a manner similar to that of the MCB
or SC. This idea warrants further investigation.
Lake Chautauqua is the only BWI area from
which otoliths were collected for this study. The
variations in mean lengths and mean annual growth
mentioned above could indicate that this type of
habitat yields quite different growth rates and
age structures compared to the other habitats we
analyzed. For example, bluegill and black crappie
mean length-at-age and growth were higher in Lake
Chautauqua than in other areas. On the other hand,
largemouth bass and white bass taken from Lake
Chautauqua had lower mean length-at-age and
growth than those taken from other areas. Figure
5 shows that largemouth bass had very different
growth with respect to size in 2001 such that larger
bass experienced higher growth. All of these bass
were collected from Lake Chautauqua. These
trends may mean that isolated backwaters are
subjected to environmental conditions that are more
lacustrine compared to contiguous, lotic habitats
connected to the Illinois River.

Future Recommendations

Incorporating age and growth analyses into
the LTRMP could prove valuable in the future.
Many of the limitations of this study would not
be an issue with a fish sampling design fully
implemented as part of the LTRMP. One of the

difficulties we encountered was that the gear did a
poor job of collecting very small fish. The multiple
gear approach employed by the LTRMP would
compensate for this because the gears used target
both small and large sized fish. Another limitation
to this study was that locations of otolith collection
differed among years. Also, there were very few
fish aged from certain locations in some years.
A standardized protocol that targets meaningful
samples sizes from all habitats is another reason
why LTRMP is well suited for these types of age
and growth analyses because the program samples
the same types of habitats or “aquatic area types”
every year and collects many fish from each
location. This would allow for direct comparison of
mean length-at-age and growth increments among
habitats and years while maintaining adequate
sample sizes.

We suggest a given number of fish (up to
5) from each 10mm length group be taken for
aging if this sampling were to be adopted by the
LTRMP. This would mean approximately 125 fish
would need to be aged per species. Obviously,
this number would be slightly higher for fish that
grow larger and slightly lower for fish that stay
relatively small throughout their lives. It would take
approximately six person-hours for an experienced
individual to extract and read all otoliths for one
species. This number could then be multiplied
by number of species in order to determine the
total amount of effort required to complete the
task. Certain factors would need to be considered
when selecting species to age. For example, only
52 largemouth bass (total) were collected from La
Grange Pool in 2005 LTRMP sampling. Even if all
of these fish were aged, there would not likely be
enough information to make any inferences about
spatial or temporal variation in mean length-at-age
or growth. If this extra sampling is ever included in
the LTRMP, it is our opinion that the information
gained would outweigh expected costs.
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Table 2. Mean total length-at-age (mm) for each species collected from La Grange Pool of the Illinois River from 1993 to 2001.

Species Age Mean N Standard deviation  Standard error
Largemouth bass 1 140 694 38.09 1.45
(Micropterus salmoides) 2 234 366 49.79 2.60
3 297 242 41.40 2.66
4 338 152 37.44 3.04
5 376 72 31.83 375
6 401 26 33.89 6.65
7 417 10 30.88 9.77
8 439 6 3347 13.66
9 454 3 38.37 2215
Black crappie 1 110 411 19.94 0.98
(Pomoxis nigromaculatus) 2 171 230 25.05 1.65
3 214 122 25.72 233
4 243 70 20.32 243
5 268 16 23.24 5.81
Bluegill 1 71 408 21.14 1.05
(Lepomis macrochirus) 2 119 164 23.18 1.81
3 145 55 17.58 2.37
4 164 29 12.75 237
5 182 12 7.13 2.06
White bass 1 156 276 36.76 2.21
(Morone chrysops) 2 218 163 49.47 3.87
3 269 73 55.45 6.49
B 318 30 40.95 7.48
5 377 3 2745 15.85
Freshwater drum 1 105 133 40.58 3.52
(Aplodinotus grunniens) 2 174 108 32.15 3.09
3 217 80 35.50 397
4 249 52 40.85 5.66
5 279 38 50.80 8.24
6 284 24 38.69 7.90
7 293 12 49.82 14.38
8 298 9 27.36 9.12
9 315 9 29.79 993
10 320 6 28.85 11.78
11 330 5 2941 13.15
12 347 5 2258 10.10
13 360 4 2434 12.17
14 372 4 23.71 11.86
15 384 4 23.94 11.97
16 402 2 439 3.10
17 414 2 402 2.84




Table 3. Mean growth increments (mm) by age for each species collected from La Grange Pool of the lllinois River from 1993 to 2001.

Species Age Mean N Standard deviation Standard error
Largemouth bass 1 135 694 38.09 1.45
(Micropterus salmoides) 2 89 366 27.81 1.45
3 63 242 26.89 1.73
4 43 152 2143 1.74
5 32 72 14,94 1.76
6 22 26 9.22 1.81
7 15 10 4.18 1.32
8 15 6 3.12 1.27
9 15 3 2.57 1.48
Black crappie 1 108 411 19.94 0.98
(Pomoxi nigromaculatus) 2 60 230 16.07 1.06
3 46 122 1473 1.33
4 37 70 9.82 1.17
5 23 16 8.67 217
Bluegill 1 68 408 21.14 1.05
(Lepomis macrochirus) 2 49 164 15,15 1.18
3 30 55 11.22 1.51
4 22 29 6.82 1.27
5 21 12 9.87 2.85
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Table 4. Mean total length-at-age (mm) for largemouth bass (Micropterus salmoides) for both sexes (and undetermined sex), males, and
females from La Grange Pool of the lllinois River. Mean lengths with different superscripts were significantly different with respect to year
[P < 0.05). Sample sizes are in parentheses. Sex was not determined in 1993.

Year Tukey's test
Age 1993 1994 1995 1996 1997 1998 2000 2001 df  f-value p-value
Sexes combined
1 125"(53) 123°(200) 152 (191) 156*(61) 146°(50) 139" (45) 148*(61) 137**(33) 7 13.52  <0.0001
2 240(25) 208(99) 243(125) 244 (48) 245(17) 244(19) 242(21) 246(12) 7 575 <0.0001
3 312®(16) 276°(78) 307 (86) 305 (23) 309 (13) 295* (15) 326*(4) 303*(7) 7 523 <0.0001
4 323(4) 314(51) 350(65) 361(11) 349(9) 345(9) 344 (3) 6 692 <0.0001
5  359(3) 348(9) 381(43) 389(7) 378(4) 374(6) 5 213 0.072
6  397(2) 371(5) 413(14) 410(3) 386 (2) 4 1.67 0.194
7 375(1) 412(2) 436(4) 428(1) 399 (2) 4 113 0.438
8 438(1) 453(3) 417 (2) 2 0.58 0.612
9 498 (1) 432 (2) 1 69.57 0.076
10 436 (1)
11 448 (1)
13 456 (1)
Males
1 118% (54) 154% (75) 146%™ (5) 144 (23) 142'*(23) 157*(23) 147* (10) 6 6.77 <0.0001
2 198° (48) 243*(56) 231*"(5) 244 (10) 238" (8) 242" (9) 265*(4) 6 546 <0.0001
3 26540) 296(38) 297(1) 307(7) 277(5) 287(1) 326(1) 6 3.22 0.007
4 308" (29) 331*(28) 350° (6) 340 (3) 3 5.50 0.002
5 357(5) 362(19) 378(3) 359(2) 3 0.66 0.587
6 383(2) 386(5) 1 0.04 0.854
7 388(1)
8 402 (1)
Females

1 127 (50) 1607 (82) 161*(15) 148*(26) 136 (22) 149* (35) 139*(17) 6 543 <0.0001
2 219 (47) 247(64) 246(15) 247(7) 249(11) 242(12) 237(8) 6 1.83 0.096
3 286 (36) 317(46) 309(8) 312(6) 305(10) 339(3) 299(6) 6 248 0.028
4 321(21) 367(36) 376(4) 346(3) 348(6) 344 (3) 5 5.20 0.000
5 338(4) 399(23) 401(3) 379(1) 382(4) 4 4.11 0.009
6 364(3) 427(9) 386 (2) 2 4.89 0.030
T 412(2) 452(3) 399 (2) 2 5.38 0.074
8 438" (1) 479" (2) 417% (2) 2 195.35 0.005
9 498 (1) 432 (2) 1 69.57 0.076
10 436 (1)
11 448 (1)
12 456 (1)
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Table 11. Mean total length-at-age {mm) for black crappie (Pomoxis nigromaculatus) for both sexes {and undetermined sex), males, and females
in La Grange Pool of the Illinois River. Mean lengths with different superscripts were significantly different with respect to year (P < 0.05).
Sample sizes are in parentheses.

Year Tukey's test
Age 1994 1995 1996 1997 1998 2000 2001 d.f. f-value  p-value
Both sexes
I 105%(70) 113*(64) 112%(54) 101<(101) 111°%(20) 122*(77) 117*(25) 6 1195  <0.0001
2 165" (44) 168"(55) 173"(33) 170°(47) 178°(17) 168"(26) 208" (8) 6 4.07 0.001
30202(29)  211(12) 226(30) 210(30) 219(7) 219(13) 228(1) 6 2.68 0.018
4 237(23) 240(9) 241(2) 246 (26) 263 (5) 236 (4) 264 (1) 6 1.64 0.152
5 256 (8) 272 (2) 281 (5) 297 (1) 3 2.30 0.129
6 286 (1)
Males
1 107°(33) 118*(13) 112*(21) 100°(44) 110°(7) 118™(35) 130*(14) 6 713 <0.0001
2 170°(20) 174%(12) 170°(12) 166"(18) 168°(5) 161°(11)  215°(5) 6 4.58 0.001
3 201(12)  220(5) 230(12) 209(12) 220(2) 202 (7) 5 3.31 0.013
4 240(11) 248(H 248 (1)  240(12) 276 (1) 230(2) 5 0.96 0.460
5 272 (4) 301 (1) 1 6.18 0.089
6 286 (1)
Females

1 103*(34) 110™(25) 113*(32) 106°(43) 111®(13) 126°(41) 112*(7) 726  <0.0001
2 161°(23) 163(22) 175 (21) 176™(28) 181®(12) 174" (14) 208*(2) 6 256 0.023
3 202(16) 215(4) 223(18) 215(17) 218(9) 240 (6) 5 236 0.051
4  234(12) 243(3) 233(1)  251(14) 259(4) 241 (2) 5 1.42 0.247
5 244 (2) 272(2) 276 (4) 2 2.28 0.198

25



9€T0 PLI £ () 0sT (L) 8€T (Doiz (1) 85T ¥
$90°0 19°¢ 3 (©) w817 (L) 60T (1) qpL1 (1) 2T £
£99°0 99°0 S (€) 091 (#) 6L1 (8) 91 (1 1¥1 (1) 6L1 (1) Ls1 4
LOO0 SLE S @ wl6 @11 (01) «901 (L) 4201 ©«lol  FDA6 1
L661
(1) 8¥e 14
L¥S0 6£°0 [ (9) 9tz (9) g€t £
8¥T°0 0S'1 1 (9) v91 (9oLt T
7650 62°0 1 (oD +11 (1o 111 [
9661
(1) 982 9
w60 90°0 z () 89t (DsLe (D¥Lz S
z08°0 820 z (2) 8¥2 (1) €9z (Dzee ¥
$SL'O €€°0 z (g) 122 (1) oz (1) Loz €
0920 LS'T z (9) €81 (1181 ($) €91 z
L8O'0 PLE z 9) Lz1 (Dsri (9) 601 1
S661
£50°0 €Y € (€) «0ET (1) etLT @€z Qaltz ¢
1L0°0 Ly'E € (1) aS61 (1) S¥2T (@681  (ac0T €
v10°0 6Ly £ (6) q0L1 (DeL1T (2) 4£91 (8) 4591 z
1820 PEl 14 (6) ¥01 (et (D 1€1 (6) €01 (D) or1 [
$661
enjea-d anjen-} ¥p aje] ybnojg heg aye] yag oe1An  syoop  enbneneyy  ewnyy 80N eby
Aempeai]  epeduS uejoodsnyy sezuejelpy  joodiaar] |eo) aye yieg
159) a.hou_:._. suoneaony

"sasayjualed Ul aJe sazis ajdwes ‘(500 >4) suoneao| Buowe
juasaylp Ajpueayiubis aiam syduiosiadns Jualelip yum syibua| ues|y Jaaly sioul||| 8yl J0 [ood sBueig e ul (smenoewolbiu sixowod) saiddesd yoe|q ajew Joj (ww) abe-je-y6ua) [e301 uesyy "Z) 8jqeL

26



(6 sz [4

(1) 0g1 I
1007
(?) ogz 14
ZLT0 €51 I (9) Lot (D ¥L1 3
8LE'D 011 z (8) 891 (1) LET @ vv1 z
$91°0 261 z (308481 () 101 (91) 9z1 1
000
(1) 10€ S
(oL 14
(7) 0zt £
9850 LEO 1 (1) L81 () ¥91 z
LLYO 650 I (1) L6 @zl I
8661
e—-_m:-n anjea-j ¥p ayeq _._m_._o_m .awm ayeq yag ayeq }__._ s$)yaop ﬂ-.__:._ug_._a—_u anyg g omd
Aempeal] euedlug uejo0dsnly sezuejely  |oodiaar] |eo) a)e yeg
1sa) shayng suonean)

(‘panunuo)) ‘zi elqeL

21



(@zLe <
7eeo 91 v (DT (no9Lz (8) 6T (€) 95T (1) p£T ¥
7790 Lo S (@) Tee (@ st (8) 60T (e)s1T (1) so0z (1) 19 3
8ST°0 w1 S () 081 (€) s61 (1) L1 (#) 1L1 (2) 991 (€) 081 z
0Z10 681 S (8) s01 () T2l (11) o1 (oD 111 (@ 66 (8) 96 I

L661
(1) g€z t
$00°0 90°11 I (S) 4661 (E1)£€T €
6v0°0 Wy I (L) €91 (v1)«Z81 T
¥10°0 18°9 I (S1) 9501 (L) 0TI l
9661
(D) vve S
$8E°0 11z I (@ eee (1) #82 14
$61°0 89°¢ I (€) L6T (1) 692 3
8500 (4:%4 v (6) «8S1 (1) qzs1 (1) €T (DPET  (OD 9T T
899°0 090 ¥ ozl (1) 601 (1 LTt (1) 56 (01) 601 1
S661
998°0 ¥T0 € @) 1€2 (S) veT (2)8ce (1 ese 4
LLTO Y61 € ($) 161 (9) €0z (T) 881 (€) 62T £
6900 8L'T € (01) 651 (9) weL91 (E)aSET (1) aLLl z
2010 €r'e ¥ (oD <01 @zl ©9) Lot (8) 68 (8) 601 1
r661
anjea-d anjea- ¥p el ybnoig Aeg e yana aeTAn $jo0p  enbneineyy  enyy oW eby
Aempess]  eueolUS  usjoodsnly sezuejely  |oodiaal] |eos aje yieg
159} shayny Suonean]

"sasayjuaied U] ale sazis ajdwes ‘(500 >4) Suoneao| Buowe Juaiayip
Ajuealyiubis aam siduosiadns Juaiayip yim syiBua) ueayy UsAlY sioull|| aus Jo j00d aBuelg e ul (smenaewoibiu Sixowog) saiddeJa yae|q ajews) Joj (ww) abe-je-yiBua| (e10} uesiy ‘gL a|qel

28



(2) 802 4
Wzt 1
1002
@ 112 14
(9) 0tT £
9590 120 I (1) LLY (€) 591 [/
§T0'0 £7'S I (81) 4811 (€27) «£€1 I
0002
(r)oLe S
(¥) 65T t
(s) g1z €
$26°0 100 I (01) 181 (@) €81 z
198°0 €00 [ (o1 z11 (®) ot I
8661
anjer-d  enjea P el ybnojg feg aje] yaug aye1Ain  sypoop  enbneneyy  eny) 80N efy
Aempeas]  euesiug uajoodsnjy sezuejely  |oodiaal] |e09) aye yieg
1sa) shaynp Suonean

(‘panupuog) g} o1qeL

29



(@ e S

w60 ¥T0 S (1 1€ () €€ (s1) s¢ (¥) 6€ (16T (1) s¢ 4

9660 LO0 S @ ¢v (©) 9t (SD<v ) Ly (1) 8¢ (€ Ly £

L680 €0 S (8) +9 L) s9 (61) 79 (S) €9 (€) 99 (S) ¥ z

1000 95 S (D66  (01) 801  (17) =£0L (61) «£01 (©)u86  (T€) 468 1
L661

@ Ls 14

6150 €70 [ (11 9¢ (61) ¥§ 3

6tE0 060 1 (€1 ¥S (02) LS z

110 £TT 1 (s2) 901 (62) €11 I
9661

(D11 9

7200 006 7 (9) 0T (1) 421 (1) T S

6170 86'1 T (9) 8¢ @ ¥t (1) sz ¥

121°0 0LT z (6) 1€ @ (1) 8% 5

€000 £y ¥ (€€) wES (1) 4e¥ (2) 98 (1) oIt @D abS T

vT80 8€°0 4 (19) 111 (1) 901 @611 (1) €6 6D 111 I
S661

190°0 26T 3 L) vt (9) g€ () Lg (9) € v

889°0 0S0 € (6) 9¢ (L) s¢ (b) €¥ 6) 1y €

1880 0 € (61) 09 (L) €9 (©) LS (€1 19 z

160°0 01z 4 (61) TO1 (#) s01 (L) 801 tnve  (€0) 901 I
$661

anjea-d anjea-} ¥Pp ayel ybno|g Aeg aye yaa aye1 AN s)yoop  enbnewneyy  anyg 9N aby
Aempees)  eueoiug uejooasnyy sezuejely  |oodiaan |e0) el yieg

30

¥se3 s Aayng suonesn

"sasayjuated ul ale sazis sjdwes ‘(500 >4) Suoieao| Buowe
saoussayp Jueaijiubis ajeaipur sydudsiadns Jualalip ylim sanjep UaAlY sioul] 8ys Jo |004 aBueig e ul (smegnaewoibiu Sixowo ) saiddesd 39e|q Jo (Ww) JuaWaioul Ymolh [enuue uesyy 'bL 8jqel



(1) €€ S
(1) 9¢ 4
(1) ¥$ £
(8) 1L z
(s2) p11 I
1002
) 19 t
91£0 or't I (1) zs (1 Lg €
¥$9°0 £7°0 z (61) LS (D gy (9)99 z
L000 67'S z (€€) b1 ()66  (OF) LTI I
0007
$00°0 $9' 1L 1 (P) oLl (1) 5T S
9290 62°0 I (¥) 9¢ (1 v
$£0°0 17’8 1 (S) oSt (@) 6L £
S87°0 €Tl I (1 1L 919 z
2880 $0°0 I (11) 801 (6) 601 I
8661
anjea-d anjea-} VP e ybnojg feg aye] youq ofe1Air7  syoop  enbneineyy &Yy 80N eby
Aempeary  aupeoiug uejooasnyy sezuejepy  joodisal] |eo) e yjeg
1sa) shAayng suoneaon]

(‘panunuog) ‘pL 8jqeL

31



(1

I 9
(1 (<) (@ (L (1
$00°0 el v @€ 461 43 61 frad S
() (62) (1) (D (0g) (n
1000°0> 0s'9 S a0 b€ WS Sl b€ %ST 4
(6) () @ () (LS) (L) W (0g) (n
1000°0> 1Ts 8 Sy €9 0s S¢ (4 9¢ o LE 8t £
(L) (€1) (6) (39 (61) (L) (oo1) (D) (L) (0€) (D
100°0 6T°€ 01 0L 9¢ 89 L9 0L 09 9¢ LS L LS 0 z
Ln (85) (€1 (z1) (69) (ov) (C19)] (o) (zo) O8] (0¢€) (1)
1000°0> 881 11 a0l 8T1 w801 wSI1 a6 €01 w911 @801 «801 alll 4001 aL01 1
enea-d  enjeay  yp 0002 6661 8661 1661 9661 5661 661 £661 2661 1661 0661 6861  eby

1se) sAayny

1e8)

“Uesw yoea yyeauaq uanif ale sezis sjdwes ‘(0°0 >4) S1eah Buowe saouasap
JueayluBis 8)eaipul $1d1assadns JUBIBLIP YIIM SBN|EA JBAIY SIOUI||| 8L Jo [004 8Buelg e ul (sniejnaewosbiu sixowo ) siddesd yoe|q 104 yBus) Ul (ww) uswasoul LmoIB [enuue uea ‘G 9jqeL

32



(1) 681 9
(1) €81 (1) €Lt (1) s81 (1) 6L1 <
£€90°0 e 14 @apt (D081 @alST (D99l (€) alLl 14
LLOO SY'T 14 ($) 621 @ Lst @ert (0D 11 (#) 9S1 3
1000°0> L9 ¢ (£)9s1  GDOIT Dbkl OD8IT  LDSTT (1) 2221 T
1000°0> 5501 9 ()18 (1£)es9 911 000 (999  (SDabL I
LE LUER |
888°0 £0°0 I (€) 691 (D 1L1 14
7080 £2°0 z ) Lr1 @ os1 (9) 51 £
0800 €17 < (D 91 (s ¥zl (oLt (o zzl (L) 1z1 (S1) 9¢1 z
10000> A WA S (9):sT1 (@08 (821 (0069  (@D69 (LD 4T6 I
safe]]
(1) 681 9
€8L°0 €70 14 (1) €81 (1) €L1 (1) s81 (@) 181 (L) ¥81 3
650°0 454 S @ap1 (D081 (©Dab9l (D991 BTl (01) w9l 14
£00°0 66'€ 9 a2l  (@eLST (OD8BPL  (@DWPT  (11:SST  (EDsrl  (2) 4601 £
1000°0> 911 ' P 8s1 O erIl (98T (90811 (WT)aLll  (@E)alZl (4T oETI (6) 56L 4
1000°0> €9°€T L (P1)aS6  (@ODSIL  (6) 4811 (86):L9  (@W)aL9  BS)BL  (BY)SL (1) e6¥ I
SaXas pog
anjea-d anjea-} TP 1002 0002 8661 1661 9661 5661 b661 €661 aby
158} sAayny 1ea)

“YB6L 40 £B6 L U] pauIWLIB)ap 10U SBM X3S "Sasayluaied u) aie sazis a|dwes ‘(0'0 >4) Jeah 0] 10adsal Yaim Jusiayip Apuedljiubis asam siduasiadns Jusalip yim sypbus|
UBB “I8AIY SIOUI||| 8L 40 |004 abueig ] Ul S8|eWS) PUB 'SBJEW '(X8S PaUIWIaIBPUN PUB) SBXaS UI0q S0} [snuiyaosoew siwoda) ||1Bang Joj (ww) abe-je-yiBua| |el0} Uea) ‘9] 8jqeL

33



(1) €81 S
T0T0 c1't I (©) oLl (T) 8s1 14
6600 0t l (6) L¥1 () 1€1 £
8e0°0 88'F I (91) «221 (8) oLOT (4
LT10 (3.4 I (so oL LD ¥9 I
9661
(1) 681 9
(T) 181 S
L9T0 (43 l (T) ¥91 () 081 L4
999°0 0z0o l (g) 151 (8) LS1 £
1200 c6¢ I 0D 911 (TT) «Tel (4
€00 S8y 1 (§2) aTL (67) 8 I
S661
6280 0z'0 Z (S) €81 (1) 681 (1) 081 ¢
£20°0 789 z (6) 951 ©LLT @a«091 ¥
610 96'1 C (9) LeT () 0s1 (€) 0s1 £
0Z80 0Z'0 C (8) 7Tl (T1) 9zl (¥) 0z1 [4
9L0°0 €LT [ (6) 0L (€€) 6L (9) 09 I
r661
(7) 601 £
(6) 6L (4
(1v) 6¥ I
€661
anjea-d anjea-j rp yaug s)joop jeog  ybnojg aje7Ain aye] Aeg ayeq enbnejneyy anyo yeg g9 afy
Joodiaar] aueaIug sezuejely uejooasnyy Aempess) aye]
1593 sAaynp suoneaon

'saseyjusied ul sie sazis ajdwes ‘(50°0 >4) suoneao| Buowe juaiagip Apueaniubis
a1am sjduosiadns Juslajip Yiim syibua| ues|y JaAIY S10ulll| 8y} 4O [004 8Bueig e Ul (xes paulwIalepun pue Saxas 410q Snuiyaosoew siwodal) ||1Ban|q 104 (ww) aBe-je-yiBua) (230} UBB| "L) eqeL

3



(¥) 8S1 T

(rD s6 1
1002

(@ 1v1 ¥

cl60 100 [ (19z1 () 621 £

0000 ¥8'6 < (6) 0TI (LT) 901 (¥) 961 [4

1000°0> L9°1T [ (+7) 469 (6€) 46 (6€) «S8 I
0002

(1) €81 <

(1) 081 2

(1) 651 (1) sS1 £

00€£°0 98°1 I () 951 (1 101 (4

080 LO0 I (8) 611 (1) 911 I
8661

(D gLt g

£€9°0 8T0 I () o1 (1) 8S1 14

6190 I€0 ré (1) 8r1 (L) ost (0) zr1 £

960 810 4 @@Ll (8) 811 (L) g1 (0) 9z1 (L) 121 [

9000 6v'€ S (8) #9 (SDqlL (L) €L (@201 (€) oSL (€9)q89 1
L661

anjea-d anjen-} P yaug syoop |eoy  ybinojs aye7 AN aye] Aeg aye] enbneneyy enyo yeg g9 afiy
joodianr] apeolug sezuejely uajooasnfy Aempeas) e

1593 shaynp

suonesn

(‘panuiueg) ‘L1 a1qeL

35



36

(1) ¥91 (v

(9) sz1 1
1002

coro LLT @ (€) os1 (4

000 vYTL (8) 419 (S€) 98 [
0002

(oLt ré

(¢) 821 l
8661

(€) 691 4

) L¥1 £

F0L°0 6¥'0 (D 121 (g) 9zl (¥) ST (@ 1€1 T

£65°0 1o () 89 (F)TL (F) 8L (@ LL (92) L9 l
L661

(1) 1L1 ¥

(T os1 £

ez c8'l () Tel vt [

$90°0 SEr st )19 I
9661

ci90 0£0 (1) 691 (S) €81 €

+29°0 §T0 (1) L¥1 (F1) 9¢1 C

690 910 (2) s8 (S1) €6 [
S661

anjea-d anjen-} sjoop |eoy  ybnojg e AN ajeq Aeg @je1  enbneneyy enyo yieg 9N abiy
joodianry aueojug sezuejely uejoodsny Aempeas| e

1581 sAayny suoneosony

'sasayiuaied u ale sazis a|dwes "y 10 £6GL Ul PaUILLSIAP J0U SBM XaS ‘(50’0 > 4) SUORBIO]
Buowe 1uaiapyip Ajpuealiubis asam sidiasiadns Juaisyip yim syibua) uesyy Jaaly sioul|| 8yl Jo (004 8Bueig e ul (snuiydossew Siwoday) |16an|q 8jew Joj (ww) abe-je-yibus| |e10) ueapy "gL 8|qel



(1) 981 (1) 8s1 v
$¥9°0 150 z (1 8yl (€) ST @t €
$08°0 0r'0 v (Wett (K30 (€) zz1 @9zl (1 L11 Z
1o (1] 44 v (€) +9 (S) €L ©)ws9 (@ ol LD«89 1

L661
(1) s81 S
9870 sl [ (b) 691 (T) 8S1 v
€910 vET 1 (L) 9p1 (€) 1€1 3
££0°0 1$°¢ [ (€1) «021 (#4001 T
91£0 01 1 (81) 89 (8) €9 1
9661
(1) 681 9
(1) 6LI <
SP1°0 7981 I (D vs1 (@ 081 14
€010 80'8 [ (1) zetl (£) 91 £
$81°0 90T 1 € st1 (8) sz1 z
¥LTO 0l 1 (woL (8) 8L |
S661
aneja-d anjea- ¥P youg  syoopjeoy  ybnois  exeAn aje] feg @je1  enbneneyy gy eby
joodiaan] apeoiug sezuejely usjooasnyy Aempeas) aje]

18} shayng

suonean]

1uaiayip Ajjueayiubis asem s1dusiadns Jusiagip yim syibua| ueayy Janiy sioul|| 8y} jo [004 abueig e ul (snuyaouew siwoda]) |)16an|q ajeway 1o} (ww) abe-1e-yibus) [230] uayy ‘gL 8lqeL

'sasayjualed ul aie $8zis ajdwes "pRE | 40 £66| Ul PaUILLIBIAP 10U SBM X8S *(50'0 >4 Suoiieao| Buowe

37



(¢) 951 C
(¥) 18 l
1002
(T 171 ¥
¢l6’0 100 I (19z1 (¥) 6T1 £
8000 (AR 4 () Tl (61) 4901 (1) eSLI (4
vr0'0 0SE C (L) abL (€2) 419 (1) «66 I
0002
(1) €81 S
(1) 081 ¥
(1) 681 (1) g¢1 £
98T0 80T [ (€) 181 (1) 1¥1 4
8C80 €00 I (SELT (o1 [
8661
(1) €L1 S
aneja-d anjea-} VP yoaug sjoop |[eoy  ybnojg aje1 AN aye Aeg ajeq enbneneyy Rl aby
joodiann] apeolug sezuejely usjoodsnyy Aempeas) e
158y s Aan) Suoneany

(‘panuiuo)) ‘6L e1qeL

38



(€t S
99¢°0 660 1 (€) 61 @9t v
$S0°0 SLY I (6) ¥T (€) 9¢ £
LYE0 760 [ (91) Z8 (8) sp z
LT1o 9T I (52 L9 Ln 19 I
9661
(Dot 9
@91 S
800 6£°01 I @z @71 1
£€1°0 ELT I () €T (8) €€ €
550 9¢°0 1 (1) 8 @sy ¢
7800 S8y I (52) 0L 6018 1
$661
989°0 o z )Lz (1) 61 (192 S
$61°0 60T T (S) €T (€) 0g @z ¥
1750 §9°0 z (9) 62 ) 6¢ () ze £
LLSO 950 z (8) 08 (T1) 98 #) ¥s z
9L0°0 €LT T (6) 89 (€€) 9L (9) 85 I
v661
@ 1€ £
(6) €€ z
(1v) Ly I
£661
anjea-d anjeA-} ¥p yoaug  syoopjeoy  ybinojs  exeqAin axe heg aje7  enbnewneyy anydyeg  gow  eby
joodiann] ayeolug sezuejely uejooasnyy Aempeas) ajeq
1591 shaynp Su0Nean]

"sasayjuaied U) ale sazis a|jdwes ‘(50’0 >4) SU0Nean|
Buowe saauaiayyip Juedljiubis a1eaipul s1d19sI8ANS JUaIBYIP UM SBN[EA JBAIY SI0UI(| 8U3 JO |00d abueig e Ul (Snuyaosew Siwoda?) |iBan|q Jo (W) Juswaiou) ymolB [enuue ueajy "oz e1qel

39



) 1L

i

(r1) 6 1
1002
(@) ¥t ¥
109°0 vE0 I (M ey (t) 9¢ €
9000 6 '€ s (6) 4£S (LT) 8F (P) «EL [
10000 L9°1C 4 (¥2) 499 (6€) oLS (6€) «T8 l
0002
(e S
(1) sz 14
(nzl (D1 £
+90°0 ¥T'8 [ (¥) 6¢ (1) sz (4
¢08'0 LO0 I (8) 911 (MLl I
8661
VA S
6L6°0 000 I (¥) 0T (161 14
9L1'0 TT z (1) 8¢ (L ze (@91 €
00 10 14 (2) 08 (8) et (L) St (@) q¥T (L) S C
9000 6t g (8) 419 (S1) 469 (W 0L (2) 001 (€£) oEL (£9) 429 [
L661
anjea-d anjen-} ¥p yaug syoop jeog  ybnojg aye1 AN aje] Aeg aye enbneyneyy ey yeg g9 aby
|oodiear] aueolus sezuejely uejooasny Aempeal) aye
158} shaynp suoneaony

(‘penuiu0)) ‘0z ejqeL

40



(1)

01 9
(1) (1 (D (D (8)
6500 €8°¢ ¥ £ LT €1 8 97 S
() () (L) (€) ) (8)
L8Y'0 260 S b4 4 81 61 9T €T ¥
(€) @) (1 (s (oD (1) ) (9) (8)
6000 86'C 8 v wl€ ral a0€ 6T all a4y ab€ wll £
() (se) (€) (<) (Lo @n (1€) (s2) (€D (9) (8)
10000>  S8L 01 eIl €S )4 «Th «6F =08 -8€ «l9 «lt oLE xSt [4
(o1 (99) (S€) 0 w (s¢) (6£) (s5) (Ls) (€D 9 (8)
10000>  St'6 11 56 poeSL w19 06 w9 789 px0L 208 PSS pES pE9 59 [
anjea-d  anjen-} ¥p oooz 6661 8661 L661 9661 G661 v661 £661 2661 1661 0661 6861 aby
159} shaxny

"Ueauw yaea yieauaq uaaib ale sazis ajdwes (50°0 >4) sieah Buowe

saouaJayylp Juedlylubis ajeaipul syduasiadns Jualayip Yim san|ep JaAlY SIoul]|| 84} Jo (004 abuelg e ul (snayoos0ew siwoda7) (1Ban|q oy Yibua| ul (W) 1uswaioul yimolb [enuue ueapy 'Lz ejqeL

4



(1) 601 (1) 09¢ S
8€0°0 y1°S ¥ (1) «b6g @ aoee  (Dqtze (1) ab6EE (@ 1€ ¥
LEL'O 080 4 (?) zog (9) s6T (?) €92 (D) gte (@ o0g 3
$00°0 T 9 () 06T (11) 681 (NzLe (o1) g£2 (2) 00z (81) 0£T (@ eLT T
S100 88'C 9 (6) 861 FD 191 (€) s61 (87) 861 (2) 651 (81) SST @ oLt [

CEIANER |
@ 161 4
1000°0> 6L°61 < (1)+887  (S1)oBLI (1)«SLT (D) +0LT (€) «¥6T (9) £ST €
10000> 0€91 < (S)es7T  (OF) €91 () vzsT (S) «ThT (S) «S0T  (TT)WTZT z
1000°0> 19°6 < (€D €8T (89921  (DalSI  ODI9 @ appl  (£7) w291 I
Sa[eIAl
(1) 60% (1) 09¢ (1) z9g S
L8O0 0£¢C 14 (€) 65T (9) 9¢€ (1) zee (2) gee (81) 0ze 14
10000> P9°LL 9 (1).88C  (L1)a€61  (I)aSLT (8) 4682 (©) 8T (B allt  (T€):l10E €
1000°0> 9€'67 9 (6)wsz  (1S) 691 (9957  (D«9€T W0z (I a9ZT (SE) 09T T
1000°0> ¥9°C1 9 (D) 681  (S9)-821 (0D w891 (P a6ST  (B) x8Y1  (EF) 6ST  (P8) EOT 1
SAXas oy
anjea-d anjea-} ¥ 1002 0002 8661 L661 9661 5661 1661 aby
159} shAaxyny lea)

'sasayiualed ul ase sazis a|dwes ‘(S0'0 >4) Jeak 0} 30adsa) yiim Juasalip Ajpuedyiubis aem siduasiadns Jusiagip yim sybus| ueapy JaAly sioul|||
8u1 4o |00 abueig e Ul S8[EWa) PUE "SB|ewW '(xas PaulwIa}apun pue) saxas yjoq Joj (sdosAiya auoiopy) sseq ayym Joj (ww) abe-je-yibua) |eyo) uea ‘ZZ @1q8L

42



Table 23. Mean total length-at-age (mm) for white bass (Morone chrysops; both sexes and undetermined sex) in
La Grange Pool of the lllinois River. Mean lengths with different superscripts were significantly different locations (P<
0.05). Sample sizes are in parentheses.

Locations Tukey's test
Lake Matanzas
Age MCB Chautauqua Lake Sc d.f. f-value p-value
1994
1 164 (78) 155 (6) 1 0.55 0.459
2 259 (33) 257 (2) 1 0.02 0.892
3 302 (30) 284 (2) 1 1.12 0.298
4 321 (16) 313(2) 1 0.22 0.647
5 362 (1)
1995
1 160 (42) 148 (1) 1 0.16 0.693
2 227 (40) 213 (1) 1 0.15 0.698
3 269 (8) 290 (1) 1 0.20 0.669
4 333 (2)
5 360 (1)
1996
1 148 (8)
2 204 (7)
3 282 (5)
4 322 (1)
1997
1 161 (35) 151 (4) 154 (5) 2 0.19 0.824
2 243 (9) 250 (3) 200 (3) 2 1.65 0.233
3 305 (3) 306 (2) 261 (3) 2 1.62 0.286
4 343 (3) 330 (1) 330(2) 2 0.61 0.599
1998
1 168 (10)
2 256 (5)
3 275(1)
2000
1 139° (28) 1207 (37) 1 7.39 0.009
2 178 (20) 163 (31) 1 2.81 0.100
3 240 (1) 190 (16) 1 1.02 0.328
4 259 (3)
5 409 (1)
2001
1 189 (22)
2 254 (9)
3 288 (1)




Table 24. Mean total length-at-age (mm) for male white bass (Morone chrysops) in La Grange Pool of the Illinois
River. Mean lengths with different superscripts were significantly different among locations (P< 0.05). Sample sizes
are in parentheses.

Locations Tukey's test
Lake Matanzas
Age MCB Chautauqua Lake Sc df. f-value p-value
1995
1 163 (22) 148 (1) 1 0.27 0.608
2 223 (22) 213 (1) 1 0.08 0.778
3 245 (5) 290 (1) 1 230 0.204
1996
1 144 (6)
2 205 (5)
3 294 (3)
1997
1 162 (13) 161 (2) 152 (1) 2 0.04 0.963
2 254 (3) 266 (1) 184 (1) 2 0.99 0.504
3 325(1) 215 (1)
1998
1 157 (7)
2 252 (4)
3 275 (1)
2000
1 138 (15) 120" (33) 1 5.80 0.020
2 183*(11) 156" (29) 1 11.38 0.002
3 178 (15)
4 191 (2)
2001
1 183 (13)
2 225 (5)
3 288 (1)




Table 25. Mean total length-at-age {(mm) for female white bass (Morone chrysops) in La Grange Pool of the lllinois
River. Mean lengths with different superscripts were significantly different among locations (P < 0.05). Sample sizes
are in parentheses.

Locations Tukey's test
Lake Matanzas
Age MCB Chautauqua Lake Sc df f-value p-value
1994
l 170 (2)
2 273 (2)
3 300 (2)
4 313 (2)
1995
1 155 (18)
2 230 (18)
3 323 (2)
4 339(1)
5 360 (1)
1996
1 159 (2)
2 200 (2)
3 263 (2)
4 322 (D)
1997
1 160 (22) 142 (2) 155 (4) 2 0.25 0.780
2 238 (6) 242 (2) 208 (2) 2 0.44 0.662
3 305(3) 286 (1) 284 (2) 2 0.56 0.619
-4 343 (3) 330(1) 330(2) 2 0.61 0.599
1998
1 195 (3)
2 272 (1)
2000
1 137 (12) 162 (2) 1 0.85 0374
2 172°(9) 264 (2) 1 18.78 0.002
3 240 (1) 363 (1)
4 394 (1)
5 409 (1)
2001
1 198 (9)
2 290 (4)
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Table 26. Mean total length-at-age (mm) for freshwater drum (Aplodinotus grunniens)
in La Grange Pool of the Illinois River. Mean lengths with different superscripts were
significantly different with respect to year (P< 0.05). Sample sizes are in parentheses.

Year Tukey's test

Age 1992 1993 df. f-value p-value
1 109(37) 104 (96) 1 0.36 0.551
2 163°(29) 178 (79) 1 4.71 0.031
3 206 (21) 220(59) 1 241 0.124
-+ 239 (13) 253 (39) 1 1.00 0.321
5 271 (12) 283 (26) 1 0.43 0.515
6 280 (8) 286 (16) 1 0.10 0.753
7 284 (3) 296 (9) 1 0.10 0.753
8 319 (2) 292 (7) 1 1.62 0.244
9 342 (2) 308 (7) 1 2.44 0.162
10 320 (6)

11 330(5)

12 347 (5)

13 360 (4)

14 372 (4)

15 384 (4)

16 402 (2)

17 414 (2)

18 421 (1)

19 429 (1)

20 438 (1)

21 446 (1)




Table 27. Mean total length-at-age (mm) for freshwater drum (Aplodinotus grunniens) in La Grange
Pool of the lilinois River. Mean lengths with different superscripts were significantly different among

locations (P< 0.05). Sample sizes are in parentheses.

Locations Tukey's test
Age MCB Bath chute BWC df. f-value p-value
1992
1 112 (33) 82(4) 1 0.85 0.364
2 166 (25) 148 (4) 1 1.07 0.310
3 209 (19) 180 (2) | 1.17 0.294
4 240 (12) 227 (1) 1 0.10 0.762
5 273 (11) 255(1) 1 0.15 0.709
6 280(7) 281 (1) 1 0.00 0.973
7 273 (2) 308 (1) 1 14.36 0.164
8 302 (1) 336 (1)
9 325(1) 359 (1)
1993

| 101° (74) 128* (14) 85" (8) 2 6.99 0.002
2 178" (61)  198*(10)  156°(8) 2 4.18 0.019
3 223 (46) 234 (5) 197 (8) 2 235 0.105
4 259 (28) 256 (3) 228 (8) 2 1.81 0.179
5 294 (17) 276 (2) 258 (7) 2 1.07 0.359
6 293 (8) 250 (1) 283 (7) 2 0.44 0.654
i 313 (3) 267 (1) 291 (5) 2 0.23 0.800
8 272 (2) 283 (1) 304 (4) 2 0.98 0.452
9 289 (2) 303 (1) 318 (4) 2 0.64 0.573
10 305(2) 318 (1) 331 (3) 2 0.35 0.731
11 280 (1) 336 (1) 345 (3) 2 15.29 0.061
12 308 (1) 355(1) 357 (3) 2 13.91 0.067
13 325(1) 371 (1) 372 (2) 2 5.77 0.282
14 338 (1) 384 (1) 383 (2) 2 5.31 0.293
15 351(1D) 396 (1) 395 (2) 2 3.26 0.365
16 405(1)  399(1)
17 417 (1) 411 (1)
18 421 (1)
19 429 (1)
20 438 (1)
21 446 (1)
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Figure 1. La Grange Pool of the Illinois River located between river
kilometers 128.8 and 254.3. River kilometer 0 is located near Alton,
Illinois, at the confluence with the Mississippi River.
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Figure 2. Relation of total
body length {mm) and otolith
length from focus to margin
for (A) largemouth bass
(Micropterus salmoides),
(B) black crappie (Pomoxis
nigromaculatus), | C) bluegill
(Lepomis macrochirus),

(D) white bass (Morone
N L ey chrysops), and (E) freshwater
drum (Apledinotus grunniens)
B. Black crappie in La Grange Pool of the
lllinois River.
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Figure 3. Mean spring discharge of La Grange Pool of the lllinois
River. Dashed lines represent “extreme” high and low discharges
defined for this study. Extreme discharges occurred in 1993, 1996,

Legend
E EE——— 1993
PR . SRR 1994
— e e 1995
v T s e 5 1996
— el — 1997
. ™ e 1998
_—— 2000
—— SO0

Figure 4. Largemouth bass (Micropterus
salmoides) mean total length-at-age (mm) for
males, females, and combined in La Grange Pool
of the lllinois River,
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Figure 5. Size specific annual growth in length of largemouth bass
(Micropterus salmoides) in La Grange Pool of the Illinois River.
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Figure 7. Proportion of largemouth bass (Micropterus salmoides)
collected that were Age-0 versus mean spring discharge of La Grange
Pool of the lllinois River from 1993 to 2001 (without 1999).
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Figure 8. Percent annual mortality of largemouth bass (Micropterus
salmoides) from 1993 to 2001 (except 1999) in La Grange Pool of the
Illinois River. The dashed line represents average mortality for all
years.
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Figure 6. Age-frequency graphs for all largemouth bass (Micropterus
salmoides) collected for the Long Term Resource Monitoring Program
using day electrofishing in La Grange Pool of the Illinois River. Effort

is consistent across years. Nis annual sample size.
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Figure 9. Percent annual mortality of largemouth bass (Micropterus
salmoides) versus mean spring discharge of La Grange Pool of the
Illinais River from 1993 to 2001 (without 1999).
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Figure 11. Size specific annual growth in length of black crappie
(Pomoxis nigromaculatus) in La Grange Pool of the lllinois River.
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Figure 10. Black crappie (Pomoxis
nigromaculatus) mean total length-at-age (mm)
for males, females and combined in La Grange
Pool of the lllinois River.
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Figure 12. Age-frequency graphs for all black crappie (Pomoxis
nigromaculatus) collected for the Long Term Resource Monitoring
Program using day electrofishing in La Grange Pool of the lllinois
River. Effort is consistent across years. Nis annual sample size.
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Figure 13. Percent annual mortality of black crappie (Pomoxis
nigromaculatus) from 1994 to 2001 (except 1999) in La Grange Pool
of the lllinois River. The dashed line represents average mortality for
all years.
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Figure 14. Mean spring discharge versus percent annual mortality
of black crappie (Pomoxis nigromaculatus) in La Grange Pool of the
lllinois River from 1993 to 2001 (without 1999).
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Figure 15. Bluegill (Lepomis macrochirus)
mean total length-at-age (mm) for males,
females, and combined in La Grange Pool

of the Illinois River.
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Figure 17. Age-frequency graphs for all bluegill (Lepomis
macrochirus) collected for the Long Term Resource Monitoring
Program using day electrofishing in La Grange Pool of the lllinois
River. Effort is consistent across years. Nis annual sample size.
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Figure 18. Proportion of Age-0 bluegill (Lepomis macrochirus)

collected versus mean spring discharge of La Grange Pool of the
Illinois River from 1993 to 2001 (without 1999),
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Figure 19. Percent annual mortality of bluegill (Lepomis macrochirus)
from 1993 to 2001 (except 1999) in LaGrange Pool of the Illinois River.
The dashed line represents average mortality for all years.
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Figure 20. Percent annual mortality of bluegill {Lepomis macrochirus)

versus mean spring discharge of La Grange Pool of the lllinois River
from 1993 to 2001 (without 1999).
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Figure 22. Mean total length-at-age (mm) of freshwater drum
(Aplodinotus grunniens) in La Grange Pool of the lllinois River.
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Figure 21. Mean total length-at-age (mm)
of white bass (Morone chrysops) for males,
females, and combined in La Grange Pool of
the lllinois River.
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