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EXECUTIVE SUMMARY: MuskellungeEsox masquinonggre an important sportsfish that

are commonly stocked throughout lllinois and mutthe Midwestern United States. In

lllinois, as in many other states, the demandtiese fishes far exceeds the supply. Stocking has
become the primary management tool for establisantgmaintaining muskellunge populations.
The high costs associated with producing thesedisheate the need for efficient management
practices. Previous research efforts have detewdirime size of fish and timing of stocking to
maximize growth and survival. However, additiomdébrmation on muskellunge stocking
strategies is needed. Specifically, more bioldgieda on different genetic stocks of

muskellunge is needed to determine the best popnltd stock in a particular body of water to
maximize growth and survival.

Morphological and geographic characteristics haggested multiple distinct groups of
muskellunge. More recently, genetic analysis idiext several different genetic stocks of
muskellunge (Ohio River drainage, Upper MississRpeer drainage, and the Great Lakes
drainage stocks), each with multiple populatioRsevious work with young-of-year from these
populations found differences in growth and foodszonption as a function of temperature. As
a trophy species, anglers and managers are irgdrigstitilizing populations of fish that grow
the fastest, live longest, and obtain a largestimam size. Because muskellunge populations
are either not naturally found or have been elit@dan many lllinois lakes and reservoirs, it is
not clear which population to use in stocking @8orThe muskellunge population currently used
as brood stock for the stocking program in lllin@i®f an unknown origin and may be made up
of several different populations. Muskellunge kofrom various populations may perform
differently in Illinois waters in terms of growtimd survival. Additional information is needed
on differences in growth and survival among staoksaters at varying latitudes in Illinois
before management recommendations can be madeion stbck is most appropriate.
Determining which stock has the highest levelsrofrgh and survival under the various
conditions found in lllinois waters will increas®sking success and angler satisfaction. This
study examines differences in growth and survimabag different stocks of muskellunge in
order to make recommendations regarding stockinljnois.

During segment five, all activities outlined in taenual work plan were accomplished
and were completed within the specified budgetrimguthis segment, two jobs related to
muskellunge stock evaluation were completed. Thas®are (1) evaluation of growth and (2)
evaluation of survival among stocks of muskellungethis segment of the study, we compare
growth and survival of muskellunge from the Uppasdissippi River drainage stock, the Ohio
River drainage stock, and the lllinois North Sprirake progeny in two lllinois lakes.
Muskellunge fingerlings from two sources were idtroed into Pierce Lake, Lake Mingo, and
Sam Dale Lake at rates ranging from 0.3 — 5.0gshhectare during fall 2006. Availability of
additional populations and stocks was limited dubdth production and concerns regarding the
recent identification and spread of the viral heragic septicemia (VHS), a viral disease of fish
caused by an aquatic rhabdovirus previously unkniovthe Midwest. During this segment,
electrofishing was conducted during fall 2006 apdng) 2007, and combined with modified
fyke net surveys from spring 2007 in both reses/oiAcross years and reservoirs, the Ohio
River drainage stock and the lllinois populatiopegr to have similar growth rates; both
consistently higher than the Upper Mississippi Rib@inage stock. Results from reservoir
introductions suggest that after the first sumrtiex,Ohio River drainage stock and lllinois
population typically have similar survival and batte higher than the Upper Mississippi River



drainage stock. These, and future introductiorlsneed to be monitored over additional years
to further assess growth and survival differencaeeragy stocks.

A pond experiment, consisting of three trials (2@D04) was initiated at the Sam Parr
Biological Station, Marion County, lllinois. Foaeh trial, three 0.4-ha ponds were used to
evaluate growth and survival differences among relisige stocks. Pooling data from all
three trials suggests the Ohio River drainage shaska growth advantage over the lllinois
population and the Upper Mississippi Rive drainsipek one year after stocking. The lllinois
population and the Upper Mississippi River drainaek had similar growth rates over this
same time period. The pond trials indicate a §icantly higher survival rate for the Ohio River
drainage stock and the lllinois population thantfer Upper Mississippi River drainage stock
one year following stocking.

These same, as well as additional, populationsusikeilunge will be evaluated for
growth and survival differences in future yearshaf study. The results obtained from these first
five years will be combined with those from futwyesars to identify the long-term growth and
survival differences among genetic stocks of muskge. Results will be used to develop
guidelines for future muskellunge stockings thakimaze growth, survival, and angler
satisfaction in reservoirs throughout lllinois. #h& management of muskellunge fisheries
improves due to increased understanding of int@Bpeariation, the effects of these highly
predacious fisheries on the existing aquatic comty@atso needs to be considered. Beginning
in segment six, Job 101.3 will be added to thigg@imed at describing the food habits of
introduced muskellunge and examining the effectmu$kellunge fisheries on existing and
native communities. This information, combinedhnain increased understanding of appropriate
stocks, will contribute to a more informed and &t approach to muskellunge management in
lllinois and the lower Midwest.



Job 101.1. Evaluating growth of different stocks of musketye

OBJECTIVE: To determine differences in growth among variooslst and populations of
muskellunge in lllinois waters.

INTRODUCTION: The taxonomy of the muskellunge has undergonstantal revision over
the last century (Crossman 1978; Crossman 1986Jin@the late 1800’s and early 1900'’s,
apparent correlations between markings and loc&ito the establishment of three separate
species for a short time (Crossman 1978). Aspnétation of the color and marking distinctions
progressed, the idea of subspecies was introditb@obs and Lagler 1958; McClane 1974;
Smith 1979). By the late 1970’s the idea thavatiations were indeed one single species,
without enough evidence to warrant subspeciesifitzgons, had been established (Crossman
1978). More recent genetic analysis of variousutetpons revealed three distinct clusters that
were found to be related to major river drainadgins, suggesting the existence of divergent
stocks (Koppelman and Philipp 1986). Existing infation indicates muskellunge persisted
through the Wisconsin glacier period in the Mispigsrefugium and upon glacial recession,
moved north up the Mississippi valley and establisits current range via the Mississippi and
Ohio River systems, as well as precursors to titess of the Great Lakes (Crossman 1978;
Crossman 1986). Muskellunge were isolated by nrajer drainages and experienced different
environmental conditions and thermal histories. tlfese isolated groups diverged through
recolonization, genetic processes, such as naelattion, resulted in stocks of muskellunge
that are genetically dissimilar, and likely physigically and behaviorally different from one
another (Altukhov 1981; MacLean and Evans 1981sdh<set al. 1981; Clapp and Wahl 1996;
Begg et al. 1999). The currently identified gecaty distinct muskellunge stocks are the Upper
Mississippi River drainage stock, the Great Laked/&~vrence River drainage stock, and the
Ohio River drainage stock (Koppelman and Philipp&,%lapp and Wahl 1996).

Stocks and populations of muskellunge have evolveter different ecological
conditions, and as a result, have likely develgpeygsiological differences through selection
processes and genetic drift. Such differencesdcaffiéct performance characteristics, such as
growth rates at various temperatures, as has bEaortstrated with other freshwater fishes.
Luey and Adelman (1984) found significant differeagn growth among groups of rainbow
smeltOsmerus mordagampled from three zones in Lake Michigan. THiegbBngs were
consistent with previous genetic evidence sugggshiree distinct stocks of rainbow smelt.
Studies directed towards evaluating adaptability differences between northern largemouth
bassMicropterus salmoides salmoidaad Florida largemouth bakt s. floridanugat the time
considered sub-species) in central lllinois fouigthiicant growth differences, both overwinter
and during the first growing season (Isely et 8B7; Philipp and Whitt 1991). Growth
differences were even observed between two stooks different river drainages within Illinois
(Philipp and Claussen 1995). In addition, a stofyfe history and electrophoretic
characteristics of five allopatric stocks of lakeitg@fish Coregonus clupeaformieund
differences in growth rate, as well as other traitaong stocks (lhssen et al. 1981). As
demonstrated by these studies, considerable pbgstal and/or behavioral differences can be
observed among stocks of fish perceived to be sinjlar and it is important to incorporate this
knowledge of stocks into management strategiefferi@nces in growth among genetically
distinct muskellunge stocks and populations may@to be a critical factor in management



decisions, such as determining the appropriatesfespopulation for developing various lllinois
fisheries.

Evolutionary theory predicts that organisms adaper generations, to the conditions
experienced in their specific environment. Howetlee actual mechanisms and response clines
of this adaptation are poorly understood for e@otts, specifically freshwater fishes. Arguably,
the most influential source of environmental vaoiats the latitudinal gradient and
corresponding thermal regime conditions experiefgechany temperate fishes. Currently, two
competing models exist to explain the nature inclhintraspecific growth rates vary across a
latitudinal gradient (i.e. among stocks). Thera@dptation, also termed local adaptation,
predicts that growth rates are adapted to the theamal regime (Levinton 1983; Yamahira and
Conover 2002). Physiological rates are expecteppavate most efficiently (e.g. highest growth
rates) at the temperatures most commonly experkeince native environment (Levinton
1983; Levinton and Monahan 1983; Lonsdale and ltewii985). Studies of marine
invertebrates (Levinton 1983; Levinton and Monah@83), crustaceans (Lonsdale and Levinton
1985), and fish (Galarowicz and Wahl 2003; Belkle2005) have supported the idea of thermal
adaptation.

The second model, countergradient variation, fesus differences in length of the
growing season across latitudes (Conover and Rr&960; Yamahira and Conover 2002).
There exists a latitudinal gradient with regardietayth of the growing season, with lower
latitudes having longer growing seasons than hidteudes. Countergradient variation predicts
relatively high growth rates for individuals exm@rcing environments that impose relatively
strong detrimental effects on growth, such as hagjludes (Conover and Schultz 1995; Belk et
al. 2005). The mechanism proposed to direct spdcigards a countergradient variation
response is selective pressure in relation to améewsurvival. In regions with growing seasons
of short duration and long winters, it is hypotlzesi that individuals must be large enough to
have the energy reserves necessary to survivernvasteell as to decrease predation risk. Over
time, the selection via survival towards phenotypéhk a propensity for faster growth rates
would structure a population, and species grougdjdplay countergradient variation in growth
rates. A growing body of literature for severahtes supports the concept of countergradient
variation in physiological rates, specifically gritmrates (Conover and Present 1990; Nicieza et
al. 1994, Schultz et al. 1996; Conover et al. 199Kichele and Westerman 1997; Jonassen et
al. 2000).

A commonly used and straight-forward method tol@epgrowth responses across a
latitudinal gradient, or among populations and ls$ps a common garden (or common
environment) experiment. One such experiment coegpi@od consumption, metabolism, and
growth among populations of muskellunge (Clapp Afahl 1996). These laboratory studies
evaluated six populations of young-of-year (YOY)skellunge (Kentucky’'s Cave Run Lake,
Minnesota’s Leech Lake, New York’s Lake Chautauddaio’s Clear Fork Lake, St. Lawrence
River, and Wisconsin’s Minocqua Chain) at varyiamperatures (5 — 27.5°C). The populations
investigated represented muskellunge from eacheoftiree identified muskellunge stocks, the
Ohio River drainage stock, the Upper MississippidRidrainage stock, and the Great Lakes
drainage stock (Table 1). Differences in growtd &ood consumption of YOY among
populations were observed at higher temperatufes @7.5°C). However, no significant
differences in metabolism were observed at any égatpre. Although results of these
laboratory experiments showed bioenergetic diffeesramong populations of muskellunge, they



could not be explained solely in terms of therngd@ation or countergradient variation among
the established genetic groupings.

Based on the model of thermal adaptation, it waneléxpected that muskellunge from
higher latitudes (Minnesota’s Leech Lake and Wisags Minocqua populations) would exhibit
higher food consumption, greater conversion efficie and faster growth at lower temperatures
than muskellunge from lower latitudes (Kentuckyavw€ Run Lake population, for example) and
conversely, muskellunge from lower latitudes wetgeeted to exhibit greater rates and
efficiency at higher temperatures. These relatigrss although observed in a few instances,
were not consistent in previous work with muskeji@riClapp and Wahl 1996). If
countergradient variation explained growth rateatem, it would be expected that across all
temperatures comprising the growing season, musige from the northern populations would
exhibit higher food consumption, greater conversfiitiency, and faster growth than
muskellunge from lower latitudes. Although nottistacally significant, muskellunge from the
Upper Mississippi River drainage stock had slighilyher consumption, growth, and metabolic
rates from 15 — 25 C than muskellunge from the Gtiw@r drainage stock (Clapp and Wahl
1996). This pattern, although not significant, raats further investigation.

In this study, we investigate population differation of muskellunge in the field from
the YOY stage to adults. Long-term growth of muiskee will be evaluated in pond and lake
experiments. Identifying growth differences amomgskellunge populations at these scales is
important in defining these populations and in dateing the most appropriate populations for
specific management applications. Populations vaay in long-term growth, age-at-maturity,
and maximum size. In this job, we assessed vanat growth among newly stocked YOY
muskellunge from different populations and contshassessment of growth differences among
previously introduced populations of muskellunge.

PROCEDURES: As described in previous annual reports, we begatoimparing growth
between different stocks and populations of muskek in Lake Mingo, Vermillion County,
lllinois, as well as in Pierce Lake, Winnebago Ciyufrorbes Lake, Marion County, and Sam
Dale Lake, Wayne County (Figure 1, Table 2). Theservoirs represent the climatic variation
associated with latitude that exists throughourtdik. Introductions were again made into study
lakes in fall 2006 (Table 3); however, stockingsevemited due to both limited availability of
stocks and recent concerns regarding the effectsliapersal of the viral hemorrhagic
septicemia virus (VHSv, Elsayed et al. 2006; Gagjred. 2007). Research laboratories and state
natural resource agencies are continuing to exathaecology, dispersion, and threat of VHSv
and future segments of this project will includeiddnal muskellunge introductions contingent
on these findings.

The Cave Run Lake population obtained from the Y&k Department of Fish and
Wildlife represented muskellunge from the Ohio Rigieinage stock introduced into Lake
Mingo in fall 2006. The mixed-stock lllinois pogtion, F1 progeny from North Spring Lake,
was obtained from the Jake Wolf Memorial Fish Hatghlllinois Department of Natural
Resources in 2006 and introduced into three steggrvoirs (Table 3). Attempts were made to
stock as similar of sizes and condition of fistpassible in each lake. Subsamples of each stock
were held in three 3-m deep predator-free caged§i¢age) for 48-hrs to monitor mortality
associated with transport and stocking stress (Céa@l. 1997; Hoxmeier et al. 1999).
Muskellunge from each population were stocked tasrbetween 0.3 — 5.0 fish per hectare and a
subsample of each population was measured in léngdrest mm) and weighed (nearest g)



prior to each stocking (Table 3). Each fish waggian identifying complete pelvic fin clip
(individual or in combination, Table 4) and freeziterization of the wound for later
identification of the stock (Boxrucker 1982). Beging in fall 2004, we also freeze branded all
stocked fish in an effort to better enable agerdateation (in combination with scale aging) in
future years. The 2006 brand was a right-anteratical brand. The brand will be applied
differentially by year, with 2007 fish receivindeft-posterior vertical brand, and so forth (Table
4).

To determine growth rates, nighttime pulse DC @atirofishing sampling was
performed from October through November 2006 aaohfMarch through April 2007 on all
study reservoirs. Length (nearest mm) and weigdiiest g) measurements were taken on
sampled muskellunge. The pelvic fin clip was utedentify the stock and population and a
caudal fin clip was used to conduct a Schnabel jadipu estimate within each sampling season
(Ricker 1975). Scales were taken from all sampiedkellunge older than YOY in order to
determine age class (herein described as 20026-y# classes). Upon capture, muskellunge
from the 2002 — 2005 year classes in Lake Mingothad?003 — 2005 year classes in Pierce
Lake were implanted with a Passive Integrated Tpander (PIT) tag prior to release to aid in
future identification (Wagner et al. 2007). Daigmperatures were recorded using a
thermograph placed at 1-m depth to assess thefrtéenperature in influencing growth rates of
different stocks and populations. Data were usatktermine mean daily growth rates (g/d) and
mean relative growth rates (standardizing by ihitieight, g/g/d) among the stocks of
muskellunge in the study reservoirs. Growth ratege analyzed using analysis of variance
(ANOVA) models and, as sample sizes allowed, siz&ga data were used to estimate von
Bertalanffy growth functions (Beverton 1954; Bewerand Holt 1957; VONBIY 2005).

Data from electrofishing were combined with modiffgke net surveys conducted April
2 — April 6, 2007 on Mingo Lake and April 16 — Apt9, 2007 on Pierce Lake. Modified fyke
nets (N = 15) were set in Lake Mingo and run faights, resulting in 58 net-nights of effort (2
net-nights were discarded due to poor sets, Figuré&ix modified fyke nets were set in Pierce
Lake for 3 nights yielding 18 net-nights of eff@figure 3). Nets were 3.8 cm bar mesh (1.5 in)
and frames were 1.2 X 1.8 m with six 0.75 m hodjsts were checked between 0800 and 1200
hr each day. Surface water temperatures were Y100-°C during the sampling weeks.

In addition to the evaluation of growth among muiskee stocks in reservoirs, we
conducted multiple trials of a pond experimentualeate growth among stocks in a more
controlled environment. Advantages of this apphoaclude greater precision via increased
sample sizes, individual fish growth measuremeanrtd, replication by means of using several
ponds. Each year, three 0.4-ha experimental pahtiie Sam Parr Biological Station,
Kinmundy, lllinois (Figure 1), were used for thasals. As outlined in prior segments,
muskellunge from the Upper Mississippi River drg@atock, the Ohio River drainage stock,
and the lllinois population were stocked into tperimental ponds in the falls of 2002, 2003,
and 2004; herein referred to as the 2002 — 208K triT hirty-three individuals from each
population were stocked into each of the three pdtatal N = 99 fish/pond). Immediately prior
to stocking, fish were anesthetized and intrapeeiatly implanted with a passive integrated
transponder (PIT) tag (Wagner et al. 2007). Falhawhe tagging, each fish was measured in
length (nearest mm) and weight (nearest g) anevatido recover prior to being stocked into
one of the ponds. Hourly temperature readings wesrerded using thermographs placed at 1-m
depth and on the bottom.



Experimental ponds were drained each spring ahébfldwing initiation for two years.
Muskellunge were collected and identified by th& &Ig. All fish were measured in length
(nearest mm) and weight (nearest g) and placedib&zlone of three 1-acre (0.4-ha)
experimental ponds for future evaluations. Thesa diere used to determine mean daily
growth rates and mean relative growth rates amioagtocks of muskellunge in experimental
ponds. Mean daily growth rates were analyzed waitlanalysis of covariance (ANCOVA) with
initial weight as the covariate and mean relatixe@agh rates were analyzed using an ANOVA
model. Results of the reservoir and pond evalnatiwill provide insight as to the fastest
growing population in lllinois environments.

FINDINGS:
Modified Fyke Net Surveys — Lake Mingo and PieiaeeL

In Lake Mingo, a total of 98 muskellunge weré&ea during the 4 nights in April 2007
resulting in an average of 1.7 fish per net-niglightly average capture rates (catch-per-unit-
effort, CPUE) ranged from 0.40 to 4.21 fish permght, with CPUE steadily decreasing each
consecutive night of sampling. Of the 98 muskejrioaptured, 48 were Ohio River drainage
stock, 48 were lllinois population, one was Uppasdtsippi River drainage stock, and one was
unidentifiable and excluded from subsequent anal{Eable 5). The smallest muskellunge
captured was 362 mm and the largest was 1035 mightseanged from 231 g to 9163 g. One
muskellunge was age-1, seventeen were age-2 -thiveywere age-3, twenty-three were age-4,
and seventeen were age-5 (Table 5). Sex was leotabe determined for all muskellunge;
however, of those identifiable, 28% were female &% were male. In future segments, data
will be analyzed by gender as sample size permits.

Twenty-four muskellunge were captured during theghits of modified fyke net
sampling in Pierce Lake during April 2007, yieldiag average of 1.3 fish per net-night.
Nightly average capture rates ranged from 0.5Q56 fish per net-night. Of the 24 muskellunge
sampled, 6 were Ohio River drainage stock, 18 wimeis population, and 0 were Upper
Mississippi River drainage stock (Table 6). Theabest muskellunge captured was 680 mm and
the largest was 881 mm; weights ranged from 2180540 g. No age-1 or age-2 muskellunge
were captured; however, nine age-3 and thirteerdd were sampled (Table 6). Males
represented 83% of the sampled muskellunge anddertie other 17%. Data obtained from
the modified fyke net surveys was integrated widitteofishing data for calculations of growth
and survival.

2002 Year Class

Two populations, Cave Run Lake (Ohio River drainsigek) and lllinois, stocked into
Lake Mingo during fall 2002 (Table 2) were monitmiduring fall 2006 and spring 2007 (Table
7). Unequal numbers were stocked due to limitedlaility of Cave Run Lake muskellunge.
Mean initial lengths of the two populations wenaigar, but mean initial weights were higher for
the lllinois population than the Cave Run Lake dapon (Table 2). One year after stocking,
the Ohio River drainage stock exhibited higher medative daily growth rate compared to the
lllinois population (Figure 4, Table 8). Four aadhalf years following stocking (spring 2007),
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the lllinois population and Ohio River drainagecétare of similar length (P = 0.35) and weight
(P =0.77, Table 7).

2003 Year Class

In fall 2003, three populations were introducedPiarce Lake (Table 2) and were
sampled during fall 2006 and spring 2007 (Table®)me differences in stocking sizes existed
with the Upper Mississippi River drainage stockihgwhe lowest mean initial lengths and
weights and the lllinois population having the leghmean initial lengths and weights (Table 2).
Previous sampling showed no differences in medy deowth and mean relative daily growth
rates between the lllinois population and the (Riner drainage stock (Figure 5, Table 10) one
year after stocking. No Upper Mississippi Rivesidage stock fish were collected during fall
2004 sampling. Three and a half years followirggking (spring 2007), the Upper Mississippi
River drainage stock muskellunge were longer (PO3)xhan the Ohio River drainage stock fish
(Table 9). lllinois muskellunge were intermediatel not different than either conspecific (P >
0.07). Weights were not different among stocksmuspring 2007 sampling (P > 0.34, Table
9).

Three populations of muskellunge were introduceldake Mingo in fall 2003 (Table 2)
and were sampled during fall 2006 and spring 2d@ble 11). Stocking sizes were similar,
with the lllinois population having only slightlyigher mean initial lengths and weights (Table
2). Three 3-m deep predator-free mortality cagesewnonitored for 48-hrs post-stocking to
evaluate stocking mortality of each population.e Thpper Mississippi River drainage stock and
the Ohio River drainage stock exhibited 0% monadind the Illinois population exhibited 13%
mortality. This mortality was attributed to the nveer water temperatures (~ 26.7° C) when the
lllinois muskellunge were stocked in late Augustatier and Wahl 1989; Wahl 1999).
Subsequent analyses of survival will be adjusteattmunt for this initial mortality. Previous
sampling revealed no differences in mean daily ginaates or mean relative daily growth rates
between the Ohio River drainage stock and theoikipopulation one year after stocking (Figure
6, Table 12). No Upper Mississippi River drainageck muskellunge were sampled after spring
2004 (Table 11). Three and a half years followstarking (spring 2007), the Illinois population
is significantly longer (P = 0.03), but not heavier= 0.33) than the Ohio River drainage stock
muskellunge (Table 11).

2004 Year Class

Three populations were introduced in Pierce Lakénduall 2004 (Table 2) and were
sampled in fall 2006 and spring 2007 (Table 13hlyGlight differences in stocking size existed
with the Upper Mississippi River drainage stock giaally longer and heavier than the lIllinois
population. In turn, the lllinois population waslyslightly larger, an average of 11 mm and 12
g, than the Ohio River drainage stock muskellufigidble 2). One year after stocking, only two
lllinois population and five Ohio River drainag@esit muskellunge were sampled during fall
2005. Consequently, statistical comparisons ofvgtoates are limited; however, of the fish
collected in fall 2005 (Table 13), the lllinois nkedlunge are larger than the Ohio River drainage
stock, suggesting higher growth rates one yeapviollg stocking. No muskellunge from the
Upper Mississippi River drainage stock were samplger spring 2005 (Table 13). Two and a
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half years following stocking (spring 2007), thinibis population and Ohio River drainage
stock are of similar length (P = 0.80) and weidght=(0.42).

In fall 2004, three populations of muskellunge eveitroduced in Lake Mingo (Table 2)
and sampled in fall 2006 and spring 2007 (Table INBgligible differences in stocking size
existed among populations, with the Leech Lakeltimdis populations not differing in mean
initial length or weight and the Leech Lake andaCleork Lake populations having similar
mean initial weight. The lllinois population hadlaghtly higher mean initial length and weight
than the Clear Fork Lake population that, in tinad a modestly higher mean initial length than
the Leech Lake population (Table 2). Three 3-npdeedator-free mortality cages were
monitored for 48-hrs post-stocking to evaluate ldtag mortality of each population.
Subsequent analyses of survival will be adjusteattmunt for this initial mortality. During fall
2005 sampling, one year after stocking, threedisrpopulation and one Upper Mississippi
River drainage stock muskellunge were capturednan@hio River drainage stock fish were
sampled. Small sample sizes prohibited statiséinalyses of growth rates. Two and a half
years following stocking (spring 2007), the lllisg@opulation and Ohio River drainage stocks
are of similar length (P = 0.94) and weight (P 85). Although only one Upper Mississippi
River drainage stock fish was captured during gp2007, this fish is of similar size compared
to same-age conspecifics.

2005 Year Class

Three populations were introduced in Pierce Lakénduall 2005 (Table 2) and sampled
in fall 2006 and spring 2007 (Table 15). Minimé#ferences in stocking size existed between
the Ohio River drainage stock and lllinois popuatmuskellunge. The Upper Mississippi River
drainage stock was slightly smaller than the otiverpopulations at stocking (Table 2). Three
3-m deep predator-free mortality cages were mositdor 48-hrs post-stocking to evaluate
stocking mortality of each population. The Uppdssiksippi River drainage stock exhibited 7%
mortality and the Ohio River drainage stock 47%taldy. Due to logistical constraints,
mortality cages were not used when stocking theol population; however, a stocking event
in Lake Mingo, the study reservoir with the mostigar climate, the day prior revealed 0%
mortality. We assume mortality for the Illinoisgadation to be minimal. Subsequent analyses
of survival will be adjusted to account for thesgial mortality calculations. One year after
stocking, only one Upper Mississippi River drainageck muskellunge and two Ohio River
drainage fish were collected (Table 15), limitihg relevancy of statistical comparisons. Based
on the limited sample, the lllinois population agpeto be exhibiting higher growth rates than
conspecifics (Table 15). Further, no muskellumgenfthe 2005 year class were collected during
spring 2007 electrofishing and modified fyke nehpéng.

Three populations of muskellunge were introduceldake Mingo in fall 2005 (Table 2)
and sampled during fall 2006 and spring 2007 (TaBle Negligible differences in stocking size
existed between the Upper Mississippi River dragnstgck and the Ohio River drainage stock,
and the lllinois population was about 30 mm longred 30-35 g heavier than the other two
populations at stocking (Table 2). Three 3-m derglator-free mortality cages were monitored
for 48-hrs post-stocking to evaluate stocking miytaf each population. Both the lllinois
population and the Ohio River drainage stock exéthD% mortality and the Upper Mississippi
River drainage stock had a 4% mortality rate. ghent analyses of survival will be adjusted
to account for this initial mortality. Only llline population muskellunge were collected during
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fall 2006 sampling (Table 16). Consequently, ratistical comparisons are possible for growth
rates one year after stocking. No Upper MissigdRiper drainage stock fish were collected
after spring 2006 (Table 16). One and a half ya#ies stocking (spring 2007), the lllinois
population is significantly longer (P = 0.0013) drehvier (P = 0.0011) than the Ohio River
drainage stock (Table 16).

Because of low survival or catchability, samplofd-orbes Lake was terminated in fall
2005 and, as a replacement; Sam Dale Lake wagimi@ied into the study design beginning in
2005. Four populations (three stocks) were intcedun Sam Dale Lake in fall 2005 (Table 2)
and sampled in spring 2007. Stocking sizes werly familar with the largest difference
existing between the Kentucky Cave Run Lake pomrand the lllinois population (Table 2).
Three 3-m deep predator-free mortality cages wereitored for 48-hrs post-stocking to
evaluate stocking mortality of each population.e Upper Mississippi River drainage stock
exhibited a 4% mortality rate and the lllinois p&gdion had a 38% mortality rate. The water
temperature at the time of the lllinois populatgtacking was 27.4 °C. Muskellunge from the
Kentucky Cave Run Lake population were obtaineahit- August and experienced a 97%
mortality rate, likely due to the cumulative st@ssof transportation, handling, and stocking at
warm (31.0 °C) water temperatures. Because ofiatitex] stocking, Ohio Clear Fork Lake
muskellunge were obtained in late September araketowith a 62% mortality rate, also likely
due to warm (29.3 °C) water temperatures in théhson reservoir. Collectively, 125
muskellunge were estimated to survive from the Gtiier drainage stock introductions (Table
2). Subsequent analyses of survival will be adgiso account for this initial mortality. No
muskellunge were captured during fall 2005, sp#@@6, fall 2006, or spring 2007 despite
significant electrofishing effort. This lake wile stocked again in future segments and sampling
will continue.

2006 Year Class

Only one population of muskellunge, the lllinoisrth Spring Lake progeny, was
introduced into Pierce Lake during fall 2006 (TaB)alue to limited availability of additional
populations and in- and out-of-state concerns thggVHSv. This lake will be stocked in
future segments to establish additional year ctastenultiple populations and stocks. Sampling
will continue on this lake in future segments.

Two populations of muskellunge were introducetlake Mingo in fall 2006 (Table 3)
and sampled in spring 2007 (Table 17). Unequalberswere stocked (Cave Run Lake N =
332 and lllinois N = 302) due to limited availabjlof the populations. Fish from the Upper
Mississippi River drainage stock were not obtaided to concerns regarding VHSv.
Muskellunge from the lllinois population were abd%€6 longer than fish from the Ohio River
drainage stock (Table 3). Three 3-m deep predetermortality cages were monitored for 48-
hrs post-stocking to evaluate stocking mortalitgath population. The lllinois population
exhibited a 7% mortality rate and the Cave Run Ladgulation experienced a 42% mortality
rate. The water temperature at the time of theeGawn Lake population stocking was 28.2 °C.
Subsequent analyses of survival will be adjusteattmunt for this initial mortality. Twenty-
five Illinois muskellunge were sampled during sgrig007 (Table 17); however, only two fish
were captured from the Ohio River drainage stdokiting the validity of statistical analyses of
growth rates. This lake will be stocked in futseggments to establish additional year classes of
multiple populations and stocks. Sampling will tone on this lake in future segments.
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Only one population of muskellunge, the lllinoisfoSpring Lake progeny, was
introduced into Sam Dale Lake during fall 2006 ([ea®) due to limited availability of
additional populations and in- and out-of-stateasons regarding VHSv. This lake will be
stocked in future segments to establish additipeaf classes of multiple populations and stocks.
Sampling will continue on this lake in future segnse

Pooled Year Classes

To compare growth of stocks across year classga,filbm spring sampling periods in
Pierce Lake were pooled and used to constructagiagie von Bertalanffy growth functions.
Mean total length and age frequencies at agelighr4 were incorporated into VONEIT
version B/2005. Overall, the growth trajectoriéshe Illinois population and the Ohio River
drainage stock were similar; with the exceptiom slightly lower size-at-age of the Ohio River
drainage stock at ages 1-3 (Figure 7). Currentiylable data was insufficient to construct a
growth function for the Upper Mississippi River ohage stock. Data collected in future
segments will be incorporated with current datprtovide more precise growth functions and to
extend growth functions to older ages.

Stock-specific growth was also summarized acress glasses using pooled data from
spring sampling periods in Lake Mingo. Mean tdgalgth and age frequencies at ages 1 through
5 were incorporated into VONBfTversion B/2005. Growth trajectories were veryikim
between the lllinois population and the Ohio Rigeinage stock (Figure 8). Available data was
insufficient to construct a growth function for tbpper Mississippi River drainage stock;
however, growth rates from previous segments weneglly lower for the Upper Mississippi
River drainage stock compared to conspecifics.alBatlected in future segments will be
incorporated with current data to provide more {gegrowth functions and to extend growth
functions to older ages.

Pond Experiment

Trials were initiated in fall 2002, 2003, and 20(esults from the fall 2002 and 2003
trials were presented in previous annual repoFtsee populations of muskellunge were also
stocked in equal numbers into three 0.4-ha expetah@onds at the Sam Parr Biological
Station in late October 2004 (Table 18) and samghesligh fall 2006. The Upper Mississippi
River drainage stock is represented by the Minocgjuan population, the Ohio River drainage
stock is represented by the Chautauqua Lake paopujand the lllinois population is the
progeny of the North Spring Lake. The initial méamgths and weights were not significantly
different between the lllinois muskellunge and theper Mississippi River drainage stock fish
(Table 18). The initial mean length and weighttfue Ohio River drainage stock was slightly
lower. No short-term mortality was observed anddgsowere drained each subsequent spring
and fall (Table 18, Figure 9). As presented invmes annual reports, the lllinois population and
Ohio River drainage stock exhibited significantlgtrer mean daily growth rates than the Upper
Mississippi River drainage stock one year afteclstay. However, the Ohio River drainage
stock had a higher mean relative daily growth taéa both the lllinois population and the
Upper Mississippi River drainage stock during sasne period.

A mixed-model ANOVA was used to assess the effecttock on growth rates one year
after stocking using combined data from the thrigdst Year and pond nested within year were
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treated as random block effects and stock wased fiseatment effect. The mixed-model adjusts
for the missing Upper Mississippi River drainagac&tin the 2002 trial. Response variables
were mean daily growth (g/d) and mean relativeydgibwth rate (g/g/d). Mean daily growth
was analyzed using an analysis of covariance (ANBDMth initial weight as a covariate and
mean relative daily growth was analyzed with anyais of variance (ANOVA). Blocking
efficiently accounted for variation associated witind and year and the covariate was
significant in the ANCOVA analysis (Table 19). Té#ect of stock was significant (ANCOVA,
ANOVA, P < 0.0001) for both the mean daily growtidanean relative growth analyses (Table
19). The Ohio River drainage stock exhibited digantly higher mean daily growth and mean
relative daily growth than both the lllinois poptita (Tukey, P < 0.0001) and the Upper
Mississippi River drainage stock (Figure 10, Tukey; 0.0001). The lllinois population and the
Upper Mississippi River drainage had similar meaitydgrowth rates (Tukey, P = 0.67) and
mean relative growth rates (Tukey, P = 0.71).

RECOMMENDATIONS:. Any long-term differences among muskellunge popoitet we
observe in reservoir and pond experiments will haygortant implications for conservation of
native muskellunge populations, as well as footictions of muskellunge into waters where
they do not naturally occur. When muskellungeiait®duced in areas where they have not
previously occurred, such as lllinois impoundmeki®wledge of population differentiation will
be useful in planning stocking programs. Growffedences we observed among juvenile
muskellunge during the first five years of thisdstiwan influence initial survival; both by loss to
predation (Wahl and Stein 1989) and loss due to-ovater mortality (Bevelhimer et al. 1985;
Carline et al. 1986). We have found initial growlifferences among populations of
muskellunge that will need to continue to be mamitoas fish mature.

In the reservoir experiment, the lllinois popwatiand Ohio River drainage stock
generally exhibit similar growth rates and trajee®. The Upper Mississippi River drainage
stock has typically grown slower. However, in gand experiment, the Ohio River drainage
stock had significantly higher growth rates thathtibe Illinois population and the Upper
Mississippi River drainage stock when the thregddrwere pooled. The lllinois population and
the Upper Mississippi River drainage stock exhibgamilar growth rates. Thus far in this
study, the thermal adaptation concept appearspiaiexgrowth of muskellunge stocks more
closely than the countergradient variation thedrize climate of the Ohio River drainage is
generally more similar to Illinois than is the chte of the Upper Mississippi River drainage.
Under the assumptions of the thermal adaptatioseqnit would be predicted that the Ohio
River drainage stock would exhibit higher growttesain lllinois than the Upper Mississippi
River drainage stock. The North Spring Lake poporreused for broodstock in Illinois was first
established in the early 1980’s and has subsequesin stocked yearly with muskellunge from
throughout the native range of the species. Thehprogeny of broodstock from any particular
year results in an unknown-origin population, osgbly, a mixed-origin population. Future
years of data are needed, with as similar of ingagths and weights as possible among stocks
and populations, to be able to determine if theenirtrend of faster growth of the Ohio River
drainage stock, as compared to the Upper MissisBiper drainage stock, is consistent.

Further fall and spring monitoring of the studyaeirs will be conducted, as well as
additional introductions of the various stocks itfie reservoirs for the purpose of growth
evaluations. Modified fyke netting will be contiediin Pierce and Mingo Lakes in future
segments and incorporated into the protocol of Bale Lake as year classes mature. The pond
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experiment is complete and findings will continaeébe compared to reservoir samples in future
segments of the study. The results containedisiréport will be combined with data from
future segments to identify differences among gersédcks of juvenile and adult muskellunge
and to develop guidelines for future stockings thakimize growth in impoundments
throughout lllinois.
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Job 101.2. Evaluating survival of different stocks of mudkabe

OBJECTIVE: To determine differences in survival among varisieeks and populations of
muskellunge in lllinois waters.

INTRODUCTION: In addition to growth, survival differences amorengtically distinct
muskellunge stocks and populations may be impomaadé¢termining the most appropriate
populations for use in management applicationsvigal and other population characteristics is
the consequence of life history modes to whichksd@ave evolved (Begg et al. 1999).
Physiological differences among stocks could aféecvival rates at various temperatures and
will affect the value of a population for stockimgvarious waters throughout lllinois.

Numerous studies have investigated differencasiimival among stocks; however most
of this work has been done with salmonids. Sigaiit differences in survival were found
between hatchery reared and wild steelhead 8almo gairdnerin stream and pond
evaluations; however outcomes varied between sgstReisenbichler and Mcintyre 1977).
Genetic origin has been shown to influence sunawabng stockings of lake tro8alvelinus
namaycushn two lakes in Ontario (MacLean et al. 1981).cémparisons of survival of
northern largemouth bad4icropterus salmoides salmoidddorida largemouth bass
Micropterus salmoides floridanuand their F1 hybrids in central lllinois, the imatnorthern
largemouth bass was shown to have the highestvalirates (Philipp and Whitt 1991). Further
work suggested significant survival differencesamn stocks of northern largemouth bass from
two different river drainages within Illinois whdxoth were stocked in northern and southern
lllinois (Philipp and Claussen 1995). These stsidieggest that geographic origin (stock) can
have a substantial influence on survival in a gikegion.

Limited work has been done evaluating survivdiedénces among muskellunge stocks
and populations. In Minnesota, performance of faative muskellunge populations of the
Mississippi River drainage stock showed similavsual, with the exception of the lower
survival of the Shoepack population (Younk and 181r4992). Performance differences were
also evaluated among 5 local populations in Wiskcoasd compared to the performance of the
Leech Lake, Minnesota population (Margenau and blai®96; Margenau and Hanson 1997).
Short-term (<60 d) survival was higher for the Modllahan Lake population compared to the
other four Wisconsin populations (Maragenau andsdari996). The remaining four
populations all expressed similar short-term swaivi\Results showed that the Leech Lake
population could be introduced into Wisconsin lalied survive; however, there was no distinct
advantage over the Wisconsin lake muskellunge ptipals (Margenau and Hanson 1997). All
of these studies examined survival among populatddmuskellunge from one stock, the Upper
Mississippi River drainage stock. There existeadto evaluate the survival differences among
the three genetic stocks of muskellunge, the OliwerRirainage stock, the Upper Mississippi
River drainage stock, and the Great Lakes draistmk (Table 1). Many muskellunge
fisheries, including those in lllinois, are sustrby stockings of muskellunge into waters where
the species has been extirpated or for new inttoghs: In these scenarios, it would be
beneficial to know which stock and populations htheshighest survival in the thermal regime
of the region to be stocked.

In this job, we are investigating population atatk differentiation in terms of survival
of muskellunge in the field. Long-term survivalmafiskellunge is being evaluated in reservoir
and pond experiments. ldentifying survival difieces among muskellunge populations at these
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scales is important in defining these populatioms ia determining the most appropriate
populations for specific management applicatidinsthis job, we continued assessment of
variation in survival among muskellunge populatiofsiture work will monitor survival of
these populations through adults.

PROCEDURES: As described in prior segments, survival amoffigigint stocks and
populations of muskellunge is being compared imdei¢éake, Winnebago County, Lake Mingo,
Vermillion County, and Sam Dale Lake, Wayne Coufiigble 2, Figure 1). These reservoirs
represent the latitudinal climatic variation thaisés throughout Illinois. In 2006, limited
introductions were again made into Pierce Lakeelidingo, and Sam Dale Lake (Table 3).
Asides from the lllinois population, only one adioiital population was obtained and introduced
into a study reservoir due to availability and cemms regarding VHSv (Elsayed et al. 2006;
Gagne et al. 2007). Future segments of the projdidnclude additional stockings, depending
on VHSV research findings and regulatory policies.

As described in Job 101.1, we stocked muskelldirgge the lllinois population and the
Ohio River drainage stock into three study resesvioi fall 2006 (Table 3). Muskellunge were
stocked at a large fingerling size to increaseahsurvival across all populations as determined
in previous studies (Carline et al. 1986; Szenadmy Wahl 1996; McKeown et al. 1999). Size-
specific effects from predation (Wahl and Stein@QQ@rey availability (Szendrey and Wahl
1996), and thermal stress (Wahl 1999) have beenrsktmbe negligible with muskellunge200
mm total length. Stocked fish were also reareceuad similar conditions and feeding regimes
as possible so as to eliminate any indirect biasesither survival or vulnerability to predation
(Szendrey and Wahl 1995). Subsamples of each stesk held in three 3-m deep predator-free
cages (N = 15/cage) for 48-hrs to monitor mortasgociated with transport and stocking stress
(Clapp et al. 1997; Hoxmeier et al. 1999). Muskatle from each population were stocked at
rates between 0.3 — 5.0 fish per hectare (Tabld=agh fish was given an identifying complete
pelvic fin clip (individual or in combination) arfdeeze cauterization of the wound for later
identification of the stock (Table 4). Previousrwbas suggested that removal of any single
paired fin is equally detrimental to short-termwsual (3-mos) and the loss of a pelvic fin is less
detrimental than loss of a pectoral fin over thegléerm (McNeil and Crossman 1979).
Additionally, foraging behaviors and growth of a@@uskellunge were not affected by fin-
clipping any of the paired fins (individual or inmbination) in controlled trials (Scimone et al.,
in review). Beginning in fall 2004, we freeze bded all stocked fish to be used in combination
with scale aging to better determine age in fuy@@s. The 2006 brand was a right-anterior
vertical brand. The brand will be applied diffetiatly by year, such that each stocking year will
have a different freeze brand location (Table®)e freeze brand, in conjunction with the pelvic
fin clip, will allow accurate identification of bbtthe major river drainage stock as well as the
specific population under examination. To detemrsarvival, nighttime pulse DC boat-
electrofishing sampling was conducted from Octdabevugh November 2006 and from March
through April 2007 on all study reservoirs. Moddifyke net surveys were also conducted on
Lake Mingo April 2 — April 6, 2007 and on PiercekieaApril 16 — April 19, 2007. As
appropriate, electrofishing and modified fyke naticb-per-unit-effort (CPUE, fish per hour or
fish per net-night) and Schnabel population eseméRicker 1975) were used to assess survival
differences among stocks.

In addition to the evaluation of survival diffecss among muskellunge stocks in
reservoirs, we conducted multiple trials of a pergeriment to evaluate survival among stocks
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in a more controlled environment. Advantages of #fpproach include the ability to obtain a
direct measurement of relative survival via ponaining. Three 0.4-ha experimental ponds at
the Sam Parr Biological Station, Kinmundy, Illinoigere used for this experiment. As
described in previous annual reports, muskellung® the Upper Mississippi River drainage
stock, the Ohio River drainage stock, and thedlBrpopulation were stocked into the
experimental ponds in falls 2002 — 2004. Each was initiated by introducing thirty-three
YOY from each population into each of the threegsoftotal N = 99 fish/pond). Experimental
ponds were subsequently drained every spring dhatfapproximately 6 mo intervals.
Muskellunge were collected and population idenditoy PIT tags (Wagner et al. 2007). All
surviving fish were returned into one of three Badexperimental ponds for future evaluations.
These data were used to determine survival amangttitks of muskellunge in experimental
ponds using a two-factor logistic analysis of vace model (Proc Genmod, SAS) with stock and
pond as factors. Results of the reservoir and geatliations will provide insight as to the best
surviving population in lllinois.

FINDINGS:
2002 Year Class

Two populations, Cave Run Lake (Ohio River dragatpck) and lllinois (Table 1),
stocked into Lake Mingo during fall 2002 (Tablev&re monitored during fall 2006 and spring
2007. As reported in previous annual reports,igahwone year after stocking was similar for the
Ohio River drainage muskellunge (28%) and thediBrpopulation (24%) as determined from
Schnabel population estimates. Adjusted CPUE waksilated to account for unequal stocking
numbers between stocks and populations and agaweshno differences between populations
one year after stocking (Table 20). Adjusted CRUHS similar (P = 0.17) between the Ohio
River drainage stock and the lllinois populatiomidg the spring 2007 modified fyke net survey,
suggesting similar survival of the two populatidosr and a half years after stocking. Schnabel
population estimates were not computed due to ozate within-season recapture numbers
during spring 2007.

2003 Year Class

In fall 2003, three populations were introducedPiarce Lake (Table 2). Too few
within-season recaptures of muskellunge duringZ@@4 prevented the calculation of Schnabel
population estimates. Adjusted CPUE indicatesifferdnces between the Ohio River drainage
stock and the lllinois population (Tukey, P = 0.45)o Upper Mississippi River drainage stock
fish were captured during fall 2002, one year foiloy stocking. Three and a half years
following stocking, the Ohio River drainage stocldéahe Illinois population exhibited similar
adjusted CPUE (Tukey, P = 0.94) during the sprid@72modified fyke net survey, indicating
similar survival. No Upper Mississippi River drage stock muskellunge from the 2003 year
class were sampled in the spring 2007 modified fy&is (Table 6).

Three populations of muskellunge were introduceldake Mingo in fall 2003 (Table 2).
As presented in earlier annual reports, no diffeeen adjusted CPUE was observed between the
Ohio River drainage muskellunge and the lllinoshfduring the fall 2004 sampling season
(Table 21), indicating no survival differences gear after stocking. No Upper Mississippi
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River drainage stock muskellunge were sampled afteng 2004. Three and a half years
following stocking, the Ohio River drainage stociddhe lllinois population exhibited similar
adjusted CPUE (Tukey, P = 0.99) during the sprid@72modified fyke net survey, indicating
similar survival. No Upper Mississippi River drage stock muskellunge from the 2003 year
class were sampled in the spring 2007 modified fydes (Table 5). For both Pierce and Mingo
Lakes, Schnabel population estimates could nobieireed for the spring 2007 sampling period
due to low or no within-season recaptures.

2004 Year Class

In fall 2004, three populations of muskellunge eveitroduced in Pierce Lake (Table 2).
One year following stocking, no differences in atigd CPUE were detected between the Ohio
River drainage stock and the lllinois populatiomk&y, P = 0.24). No fish from the Upper
Mississippi River drainage were sampled during285 (Table 22). Further, no muskellunge
from the Upper Mississippi River drainage stocHhllarois population were sampled during
electrofishing sampling from spring 2006 — sprif®2 (Table 22). Two and a half years
following stocking (spring 2007), no differencesnmodified fyke net CPUE existed between the
Ohio River drainage stock and the lllinois popuat{Tukey, P = 0.33). No Upper Mississippi
River drainage fish from the 2004 year class wapgured in spring 2007 nets (Table 6). Too
few within-season recaptures for the Ohio Riveirdrge stock and the lllinois population
limited our ability to calculate Schnabel populatiestimates during spring 2007.

Three populations were introduced in Lake Ming¢aih2004 (Table 2). Although
survival during the first winter was high for theher Mississippi River drainage stock, catch
rates have declined and were lowest for this stbakder ages. No differences (Tukey, P =
0.99) in adjusted CPUE were observed one yeanollp stocking between the Upper
Mississippi River drainage stock and the lllinogpplation (Table 22). No fish from the Ohio
River drainage stock 2004 year class were colledtenhg fall 2005 sampling (Table 22). Two
and a half years after stocking, no differencesadified fyke net CPUE were observed among
stocks (P = 0.38, Table 5) during the spring 200Yesy. Specifically, the Ohio River drainage
stock and the lllinois population exhibited vergngar catch rates (Tukey, P = 0.94). Lack of
sufficient within-season recaptures in spring 2p@hibited the computation of Schnabel
population estimates.

2005 Year Class

Three populations of muskellunge were introducelierce Lake in fall 2005 (Table 2).
No differences in adjusted CPUE were detected amstouks one year after stocking (Table 23).
Further, no muskellunge from the 2005 year clasg wellected during the spring 2007
modified fyke net survey (Table 6), limiting ourilly to address survival to date.

In fall 2005, three populations of muskellunge evertroduced in Lake Mingo (Table 3).
Fish from the lllinois population were capturedidgrfall 2006 sampling; however, no
muskellunge from the Upper Mississippi River drgi@and Ohio River drainage stock were
captured one year after stocking (Table 23). Oukaahalf years after stocking, no 2005 year
class muskellunge from the Upper Mississippi Rot&inage stock were collected in modified
fyke net sampling (Table 5); however, fish from @leio River drainage stock and Illinois
population were collected at similar rates (Tukey 0.97, Table 5).
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Three populations of muskellunge were introduceéa 8am Dale Lake in fall 2005
(Table 2). No muskellunge were captured during2@06 or spring 2007 sampling seasons,
despite adequate effort. Sampling of Sam Dale kakeontinue and any captures of this year
class will be reported in subsequent segments.

2006 Year Class

During fall 2006, only lllinois population muskefige were introduced into Pierce Lake
(Table 3) due to limited availability and conceraegarding VHSv. Because of a lack of
conspecific comparisons, survival within this yekass will not be compared during this or
future segments.

In fall 2006, two populations of muskellunge wargoduced in Lake Mingo (Table 3).
Unequal numbers were stocked (Cave Run Lake N =a883llinois population N = 302) due to
limited availability of the populations. Three 3deep predator-free mortality cages were
monitored for 48-hrs post-stocking to evaluate lstag mortality of each population. The Ohio
River drainage stock exhibited a 42% initial matyalate and the lllinois population had a 7%
initial mortality rate (Table 3). Subsequent asalyof survival will be adjusted to account for
the initial mortality experienced by both populato Lack of within-season recaptures
prohibited the calculation of Schnabel populatistireates for the 2006 year class muskellunge
during spring 2007 sampling. The lllinois poputatiexhibited significantly higher adjusted
CPUE (Table 24) compared to the Ohio River drairsigek, suggesting higher overwinter
survival.

Only the lllinois population was introduced intar® Dale Lake (Table 3) during fall
2006 due to limited availability of other stocksdla¥iHSv concerns. Despite adequate effort, no
muskellunge were collected during spring 2007 sargplAs a result, survival will not be
compared during this or future segments for thes2@ar class in Sam Dale Lake.

Pond Experiments

As discussed in greater detail in Job 101.1 aadipus annual reports, three pond trials
(2002-2004) were conducted at the Sam Parr Biokb@tation. Each trial consisted of three
ponds (0.4-ha) that were stocked with equal numbieesich of three stocks during the fall and
drained in subsequent springs and falls. Durimgsagment, the 2004 trial was terminated by
draining ponds in fall 2006. Two years after stogksignificant differences (XP = 0.035) in
survival existed among stocks for the 2004 triethe Upper Mississippi River drainage stock
exhibited the highest survival rate (24%), mardinhigher than the lllinois population (14%,
X2 P =0.069). The Ohio River drainage stock hadpthorest survival (11%) and was similar to
the lllinois population (X, P = 0.57) but less than the Upper MississippeRdrainage stock
(X3 P =0.018).

A logistic analysis of variance (Proc Genmod, SA@} used to assess survival
differences one year after stocking among genétidatinct stocks of muskellunge fingerlings.
Data from all three trials were incorporated irite tnodel, blocking by pond nested within year.
Both the pond and stock effect significantly cdmited to the variation observed in survival
rates (X, P < 0.0001). The lllinois population and the ©Riiver drainage stock had similar
one year survival rates {XP = 0.46), and both exhibited significantly higkarvival rates than
the Upper Mississippi River drainage stock (FigliteX?, P < 0.0001).
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RECOMMENDATIONS: Any long-term differences in survival among mubkege
populations will have important implications foethonservation of native muskellunge
populations, as well as for introductions of mukkeje into waters where they do not naturally
occur. Survival differences we observed among rlliekge during the initial segments of this
study can influence the success and cost-effeesgenf a muskellunge stocking program
(Margenau 1992). We have found initial survivdfetences among populations of muskellunge
that will need to continue to be monitored as fisiture.

Preliminary reservoir results suggest that the qufieng trend in survival one year after
stocking is equal survival between the Ohio Rivairthge stock and lllinois population, with
the Upper Mississippi River drainage typically eiting poor survival. The first summer at
lllinois latitudes appears to negatively affect shevival of muskellunge from the Upper
Mississippi River drainage stock. During sprindting surveys, the Ohio River drainage stock
and lllinois population consistently were represédndimilarly in catches. The Upper
Mississippi River drainage stock is typically cajei at lower rates than conspecifics,
suggesting that the trends observed in survivalye@ae after stocking remain as cohorts age.
The pond experiment supports these general conalisiThe pooled analysis of the three pond
trials suggest that the Ohio River drainage stoaklfinois population have similar survival one
year after stocking, and collectively these muskele have significantly higher survival than
fish from the Upper Mississippi River drainage.

Further fall and spring monitoring of the studyae®irs will be conducted, as well as
additional introductions of the various stocks ittte three reservoirs for the purpose of
evaluating survival differences among stocks. drtipular, additional stockings in Sam Dale
Lake are needed given the apparent low surviviieinitial stockings. In future segments,
sampling effort will be shifted to include lesslfallectrofishing sampling and will include
greater effort during spring modified fyke net seys. Capturing more muskellunge during
these net surveys will provide greater precisianvim Bertalanffy growth functions and will
result in more within-season recaptures, enablaigutation of Schnabel population estimates.
The results obtained from these past and futuresyeil be used to identify long-term
differences in survival and longevity among genstacks of muskellunge.

Muskellunge introductions in Pierce and Mingo Lakes generally successful and an
increasing high density muskellunge fishery is gemaintained or developed in study
reservoirs. The establishment or enhancement sketlunge fisheries requires not only an
understanding of the appropriate source stockalsatthe potential effects on the recipient
aguatic community. Specifically, the rate that kallsinge populations feed on other
ecologically and recreationally important fisheswd be considered. In addition, an introduced
top predator such as muskellunge may have impardirect effects, such as competition for a
common prey resource, that can cascade thoughli@ndhee aquatic community. A limited
number of studies have examined diet compositicadoft muskellunge and even fewer have
considered potential interactions between muskgéiand other piscivorous top predators.
Results from previous studies have been inconausibout the effects of introduced
muskellunge on the existing fish community. Theseertainties have allowed angler groups
targeting species other than muskellunge to devahb@gonistic opinions and attitudes towards
muskellunge populations that may be unwarrantethofgh muskellunge can provide new and
exciting fisheries in lllinois waters, it is essahto consider their potential effects on other
recreationally and ecologically important sportsfopulations; most notably largemouth bass
populations.
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In future segments, we will examine food habitsnoiskellunge populations located
throughout lllinois in multiple lakes (3 — 5) acsos range of latitudes in lllinois, including the
three previously stocked as part of this studyrdeieMingo, and Sam Dale Lakes. Additional
lakes will include Lake Shelbyville, Ridge Lake danthers to be determined with input from
IDNR District Fisheries Biologists, based on fordgese and existing fish communities.
Muskellunge will be collected during the springpsuer, and fall of each study year by
modified fyke netting and electrofishing and stomaontents will be extracted using modified
gastric lavage techniques. In addition, prey comitres will be assessed through relative
abundance of prey fish species collected by sejmlagtrofishing, and hydroacoustics. Food
habits of potential sympatric competitors, primatdrgemouth bass, will also be examined.
Diets will be described using a variety of indices]uding the percent index of relative
importance. Data collected will allow for the degtion of muskellunge diet characteristics and
those of other top predators. This informationlembed as part of a new Job 101.3, when
combined with ongoing studies of growth and suriwall provide much needed information
concerning the establishment and management ofetlusge fisheries in Illinois and the lower
Midwest.
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Job 101.3. Analysis and reporting

OBJECTIVE: To prepare annual and final reports summarizingrmétion and develop
guidelines for proper selection of muskellunge pafons for stocking in Illinois

impoundments.

PROCEDURES and FINDINGS: Data collected in Jobs 101.1 — 101.2 were andlyadegin
developing guidelines regarding appropriate muskek populations for stocking throughout
lllinois. In future segments, recommendations Wdlmade that will allow hatchery and
management biologists to make decisions that walkimize benefits for the muskellunge

program in lllinois.

BUDGET TABLE:

Project Segment 5

Job Proposed Cost  Actual Cost
Job 101.1 $22,29p $22,292
Job 101.2 $22,82p $22,822
Job 101.3 $7,961 $7,961
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Table 1. Sources of young-of-year muskellunge staded for evaluation of growth and survival. Kekly, Ohio, Pennsylvania,
and New York populations are from the Ohio Rivexidage (Ohio stock); Minnesota and Wisconsin pdjuia are from the Upper
Mississippi River drainage (Mississippi stock); Sawrence River muskellunge are from the Great kakainage (Great Lakes
stock). Cooling (CDD) and heating (HDD) degreesdase calculated using a base temperature of 6bftl+1961 - 1990 data from
the National Oceanic and Atmospheric Administratididwest Climate Center, Pennsylvania State Clotogfist, and the New York
State Climate Office.

Population Source Drainage Latitude Cooling Degree  Hgddegree  Mean Annual
(abbreviation) Water (stock) (north) Days (CDD) Days ®ID Temp. (F)
Kentucky (KY) Cave Run Lake Ohio River 37° 38 1154 4713 55.2
Ohio (OH) Clear Fork Lake Ohio River 39° 30 703 6300 49.6
Pennsylvania (PA) Pymatuning Reservoir  Ohio River 41° 30 322 6934 47.4
New York (NY) Lake Chautauqua Ohio River 42° 07 350 6279 49.4
St. Lawrence (SL) St. Lawrence River Great Lakes 42° 28 551 6785 454
Wisconsin (WI) Minocqua Chain Mississippi River 45° 30 215 9550 39.3
Minnesota (MN) Leech Lake Mississippi River 46° 33 347 9495 39.9
lllinois (IL) North Spring Lake * 40° 40 998 6097 50.8
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Table 2. Stocking summary of muskellunge populatimom the Upper Mississippi River drainage (MISShio River drainage

(OH) and North Spring Lake, IL progeny (IL) intrazkd in Pierce Lake, Lake Mingo, Forbes Lake, and Bale Lake during falls
2002 - 2005. Unequal numbers were stocked dumtted availability of the populations. Adjustedmber of fish and number per
hectare account for initial mortality as determimgdnortality cage estimates. Total length (ndares) and weight (nearest g) were
measured prior to stocking. Values in parenthesgesent 95% confidence interval.

Number of Fish Number per Hectare  Mean Mean
Stocking Length Weight
Lake Stock Population Date Stocked Adjusted Stocked Adfust (mm) (9)
2002
Mingo OH Cave Run Lake, KY October 30, 2002 171 171 2.4 4 2.315(£7.5) 155 (£8.2)
IL North Spring Lake, IL October 24, 2002 400 400 5.6 5.6336 (+5.6) 200 (+11.7)
2003
Pierce MISS Leech Lake, MN November 7, 2003 100 100' 1.6 1.6 197 (#5.0) 28 (x2.5)
OH Lake Chautauqua, NY September 19, 2003 234 234" 3.8 3.8 225 (x2.6) 44 (x1.7)
IL North Spring Lake, IL August 29, 2003 500 500 8.2 8.2 258 (¥3.3) 77 (x2.9)
Mingo MISS Leech Lake, MN October 31, 2003 285 285 4.0 4.@237 (#9.0) 60 (+7.7)
OH Clear Fork Lake, OH September 4, 2003 288 288 4.0 4.027 (22.5) 56 (x2.2)
IL North Spring Lake, IL August 29, 2003 500 433 7.0 6.0 582+3.3) 77 (£2.9)
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Table 2. continued.

Number of Fish Number per Hectare = Mean Mean
Stocking Length Weight
Lake Stock Population Date Stocked Adjusted Stocked Adgust (mm) (9)
2004
Pierce MISS Leech Lake, MN October 29, 2004 200 200 3.3 3.3 287 (x7.9) 96 (x9.7)
OH Cave Run Lake, KY September 14, 2004 242 242" 4.0 40 261 (x5.0) 76 (¢5.1)
IL North Spring Lake, IL August 26, 2004 300 300 4.9 49 272 (x4.7) 88 (+5.1)
Mingo MISS Leech Lake, MN October 30, 2004 193 193 2.7 2.7280 (¥8.2) 85(+9.1)
OH Clear Fork Lake, OH September 14, 2004 245 147 3.4 2261 (#5.6) 74 (£5.3)
IL North Spring Lake, IL August 27, 2004 300 293 4.2 4.1 732+4.6) 88 (%5.3)
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Table 2. continued.

Number of Fish Number per Hectare  Mean Mean
Stocking Length Weight
Lake Stock Population Date Stocked Adjusted Stocked Adgust (mm) (9)
2005
Pierce MISS Leech Lake, MN October 10, 2005 166 154 2.7 25 235)(+5.80 (x3.7)
OH Clear Fork Lake, OH September 24, 2005 302 161 4.9 26 261 (415 (x3.8)
IL North Spring Lake, IL August 31, 2005 300 300 4.9 49 270(x4.6) 87 (¢5.1)
Mingo MISS Leech Lake, MN October 11, 2005 193 186 2.7 2.6 233 (£5.38 (+3.8)
OH Chautauqua Lake, NY September 28, 2005 196 196 2.7 2.7 234 (3456 (x2.3)
IL North Spring Lake, IL August 30, 2005 325 325 4.5 45 267 (+4.8)9 (5.8)
Sam Dale MISS Leech Lake, MN November 16, 2005 192 185 2.4 24  EG)(+ 57 (x4.9)
OH Cave Run Lake, KY August 19, 2005 306 10° 3.9 0.1 232(5.0) 56 (+3.5)
OH Clear Fork Lake, OH September 23, 2005 306 115 3.9 15 261(x4.1) 75 (%3.8)
IL North Spring Lake, IL August 31, 2005 300 186 3.8 24 273 (%4.1)8 (#5.2)

TMortaIity cages not utilized due to logistical constraints

’ Populations differentially marked with vertical vs. lzomtal back-right freeze brand on side of body
*Stocking events combined for subsequent analyses duaitial survival
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Table 3. Stocking summary of muskellunge populatimom the Ohio River drainage (OH) and North Sgpiiake, IL progeny (IL)
introduced in Pierce Lake, Lake Mingo, and Sam Dalee during fall 2006. Adjusted number of fisldarumber per hectare
account for initial mortality as determined by nadityy cage estimates. Total length (nearest mrd)vegight (nearest g) were
measured prior to stocking. Values in parenthesg®sent 95% confidence intervals.

Number of Fish Number per Hectare  Mean Mean
Stocking Length Weight
Lake Stock Population Date Stocked Adjusted Stocked Adfust (mm) (9)
Pierce IL North Spring Lake, IL August 23, 2006 303 5.0 5.0 286 (+6.3) 116 (+8.8)
Mingo OH Cave Run Lake, KY August 16, 2006 192 4.6 2.244 (¥5.3) 66 (¥5.9)
IL North Spring Lake, IL August 23, 2006 282 4.2 3.9 817+£7.6) 112 (+10.1)
Sam Dale IL North Spring Lake, IL August 23, 2006 20 3.9 0.3 278(x7.2) 106 (x10.0)

TMortaIity cages not utilized due to logistical ctramts
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Table 4. Summary of age-identifying freeze bransergto all stocked muskellunge by year.
Freeze brands, in conjunction with scale samplésallow for greater aging accuracy. Prior to
introduction, muskellunge from the Upper MississiBpver drainage (MISS), the Ohio River
drainage (OH), and the North Spring Lake, IL prog@h) are given a unique and consistent
complete pelvic fin clip followed by cauterizatiohthe wound.

Stocking Age-ldentifying
Year Freeze Brand

Fall 2004 Right-Posterior Vertical

Fall 2005 Left-Anterior Vertical

Fall 2006 Right-Anterior Vertical

Fall 2007 Left-Posterior Vertical

Stock-Identifying

Stock Complete Fin Clip
MISS Both pelvic

OH Left pelvic

IL Right pelvic
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Table 5. Summary of muskellunge captured in modifi&ke nets April 2-6, 2007 in Lake
Mingo. Catch-per-unit-effort (CPUE) is expressedrauskellunge per net-night adjusted to
account for different initial stocking numbers. édgasses correspond to year of stocking: V =
2002, IV = 2003, Il = 2004, Il = 2005, and | = A0

Ohio River Mississippi

Drainage River Draiange lllinois
Age N CPUE N CPUE N CPUE
I 0 0.00 N/A  N/A 1 0.06
I 7 0.62 0O 0.00 10 0.53
Il 20 2.35 1 0.09 18 1.06
v 9 054 0O 0.00 14  0.56
\% 12 1.21 N/A N/A 5 0.22
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Table 6. Summary of muskellunge captured in modifi&e nets April 16-19, 2007 in Pierce
Lake. Catch-per-unit-effort (CPUE) is expressedhaskellunge per net-night adjusted to
account for different initial stocking numbers. édgasses correspond to year of stocking: IV =
2003, 1ll = 2004, Il = 2005, and | = 2006.

Ohio River Mississippi
Drainage River Draiange lllinois
Age N CPUE N CPUE N CPUE
I N/A  N/A N/A  N/A 0 0.00
I 0 0.00 0O 0.00 0O 0.00
Il 3 0.69 0 0.00 6 111
v 3 071 0 0.00 10 1.11
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Table 7. Summary of stocking and subsequent memtHe (nearest mm) and weights (nearest
g) of two stocks of muskellunge introduced in Lalkiego during fall 2002. Spring and fall
sampling periods are comprised of multiple sampéngnts per season. The Ohio River
drainage stock is represented by the Kentucky GawelLake population and the lllinois
muskellunge are North Spring Lake, IL progeny. Uéslin parentheses represent 95%

confidence intervals.

Ohio River
Season Drainage lllinois
Lengthm)
Fall 2002 315 (£7.5) 336 (£5.6)
Fall 2003 623 (£16.3) 650 (£11.6)
Fall 2004 818 (£35.4) 843 (+0.0)
Fall 2005 897 (+41.6) 849 (£78.2)
Spring 2006 874 (x24.1) 877 (x438.4)
Fall 2006 935 (+0.0) -
Spring 2007 944 (+30.2) 967 (+49.5)
Weigh (
Fall 2002 155 (£8.2) 200 (£11.7)
Fall 2003 1457 (+106.4) 1735 (£118.3)
Fall 2004 3983 (£592.2) 4639 (x0.0)
Fall 2005 5355 (£1141.9) 4233 (x1839.2)
Spring 2006 5220 (£387.7) 5050 (+15501.6)
Fall 2006 5920 (+0.0) -
Spring 2007 6627 (£705.5) 6823 (£1705.7)
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Table 8. Analysis of variance tests of the effdcttock on mean daily growth rates (g/d) and
mean relative daily growth rates (g/g/d) of muskedje populations from the Ohio River
drainage and North Spring Lake, IL introduced ik&&lingo during fall 2002. Growth is for
the 1-yr interval from stocking through the followifall (October through December 2003).
Sum of squares are Type Il (SAS Institute V8).

Source of Degrees of Sum of F Pr>F
Variation Freedom Squares

Mean daily growth rate (gjd

Stock 1 2.470 6.26 0.02
Error 38 14.990

Mean relative daily growth rate (g/g/d)

Stock 1 0.0000575 5.09 0.03

Error 38 0.000429
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Table 9. Summary of stocking and subsequent memtHe (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced inrd¢&d_ake during fall 2003. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by the Mevk Lake Chautauqua population, and the
lllinois muskellunge are North Spring Lake, IL pesty. Values in parentheses represent 95%
confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2003 197 (£5.0) 225 (£2.6) 258 (£3.3)
Spring 2004 202 (+46.2) 284 (+9.4) 347 (x11.4)
Fall 2004 - 471 (x324.0) 552 (+34.0)
Spring 2005 - 511 (+457.4) 580 (+163.2)
Fall 2005 - - 666 (+870.4)
Spring 2006 - - 892 (+0.0)
Fall 2006 - - -
Spring 2007 903 (+95.3) 819 (£73.5) 843 (+21.6)
Weight (g)

Fall 2003 28 (£2.5) 44 (+1.7) 77 (£2.9)
Spring 2004 28 (£21.7) 102 (£11.6) 191 (+£30.8)
Fall 2004 - 532 (+813.2) 931 (+251.4)
Spring 2005 - 839 (£3621.3) 1319 (£1572.3)
Fall 2005 - - 1460 (£6099.0)
Spring 2006 - - 6096 (+0.0)
Fall 2006 - - -
Spring 2007 5070 (£3049.5) 3980 (x1775.3) 4318 (5p5.5
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Table 10. Analysis of variance tests of the eftédcdtock on mean daily growth rates (g/d) and
mean relative daily growth rates (g/g/d) of musketje populations from the Upper Mississippi
River drainage, the Ohio River drainage, and N8yhing Lake, IL introduced in Pierce Lake
during fall 2003. Growth is for the 1-yr interfiabm stocking through the following fall. Sum
of squares are Type Il (SAS Institute V8).

Source of Degrees of Sum of F Pr>F
Variation Freedom Squares

Mean daily growth rate (gjd

Stock 1 0.921 3.18 0.12
Error 7 2.029

Mean relative daily growth rate (g/g/d)

Stock 1 0.000003363 0.07 0.80

Error 7 0.000353
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Table 11. Summary of stocking and subsequent negagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced ind_-dingo during fall 2003. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by the@iear Fork Lake population, and the

lllinois muskellunge are North Spring Lake, IL pesty. Values in parentheses represent 95%

confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2003 237 (£9.0) 227 (£2.5) 258 (£3.3)
Spring 2004 301 (+18.0) 306 (+9.7) 352 (+11.7)
Fall 2004 - 541 (£34.1) 562 (+44.6)
Spring 2005 - 578 (£58.6) 611 (£972.0)
Fall 2005 - 811 (+0.0) 747 (£26.8)
Spring 2006 - 744 (£22.5) 745 (£34.6)
Fall 2006 - - 835 (+0.0)
Spring 2007 - 856 (£22.3) 885 (+15.0)
Weight (g)

Fall 2003 60 (£7.7) 56 (£2.2) 77 (£2.9)
Spring 2004 105 (£22.2) 128 (£17.1) 202 (£29.0)
Fall 2004 - 1011 (+287.5) 1112 (£358.3)
Spring 2005 - 1461 (£605.3) 1836 (+11486.4)
Fall 2005 - 3830 (+0.0) 2625 (+417.3)
Spring 2006 - 3133 (+388.8) 2867 (x378.0)
Fall 2006 - - 4750 (+0.0)
Spring 2007 - 5226 (+613.6) 5500 (+308.7)
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Table 12. Analysis of variance tests of the eftédcdtock on mean daily growth rates (g/d) and
mean relative daily growth rates (g/g/d) of musketje populations from the Upper Mississippi
River drainage, the Ohio River drainage, and N8&ghng Lake, IL introduced in Lake Mingo
during fall 2003. Growth is for the 1-yr interfabm stocking through the following fall. Sum
of squares are Type Il (SAS Institute V8).

Source of Degrees of Sum of F Pr>F
Variation Freedom Squares

Mean daily growth rate (gjd

Stock 1 0.200 0.22 0.65

Error 16 14.486

Mean relative daily growth rate (g/g/d)

Stock 1 0.000245 1.05 0.32

Error 16 0.003725
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Table 13. Summary of stocking and subsequent negagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced inrd¢&d_ake during fall 2004. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by thetliaty Cave Run Lake population, and the
lllinois muskellunge are North Spring Lake, IL pesyy. No fish from the 2004 Year Class were
captured in the spring 2006 sampling. Values nepieses represent 95% confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2004 287 (£7.9) 261 (£5.0) 272 (x4.7)
Spring 2005 292 (x14.4) 331 (x19.5) 360 (+18.5)
Fall 2005 - 518 (x47.4) 551 (£393.9)
Spring 2006 - - -
Fall 2006 - 775 (x0.0) -
Spring 2007 - 741 (£77.5) 749 (£51.3)
Weight (g)

Fall 2004 96 (+9.7) 76 (5.1) 88 (5.1)
Spring 2005 98 (x21.0) 188 (x63.9) 236 (x48.4)
Fall 2005 - 721 (£207.6) 992 (+3195.6)
Spring 2006 - - -
Fall 2006 - 3250 (+0.0) -
Spring 2007 - 3090 (£996.4) 2822 (£392.5)
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Table 14. Summary of stocking and subsequent nmesagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced ind.dkingo during fall 2004. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by the@iear Fork Lake population, and the

lllinois muskellunge are North Spring Lake, IL pesty. Values in parentheses represent 95%

confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2004 280 (£8.2) 261 (£5.6) 273 (+4.6)
Spring 2005 297 (¥9.2) 334 (£8.4) 371 (£9.9)
Fall 2005 540 (£914.8) - 573 (£285.9)
Spring 2006 449 (x0.0) 563 (£33.8) 602 (£21.9)
Fall 2006 740 (x0.0) - 753 (£38.8)
Spring 2007 780 (x0.0) 772 (x17.1) 771 (x18.0)
Weight (g)
Fall 2004 85 (9.1) 74 (£5.3) 88 (£5.3)
Spring 2005 104 (x10.6) 179 (x16.7) 250 (x25.6)
Fall 2005 966 (+6321.3) - 1125 (£2477.7)
Spring 2006 480 (x0.0) 1216 (£258.9) 1440 (£204.4)
Fall 2006 2080 (+0.0) - 2973 (£518.5)
Spring 2007 3610 (x0.0) 3421 (x237.6) 3388 (£282.6)
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Table 15. Summary of stocking and subsequent nmesagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced inrd¢&d_ake during fall 2005. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by the@itear Fork Lake population, and the

lllinois muskellunge are North Spring Lake, IL pesty. Values in parentheses represent 95%
confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2005 235 (£5.1) 261 (#4.1) 270 (+4.6)
Spring 2006 255 (£7.4) 317 (x34.0) 307 (£35.1)
Fall 2006 443 (£0.0) 430 (£1124.5) 503 (¥51.0)
Spring 2007 - - -
Weight (g)

Fall 2005 50 (£3.7) 75 (£3.8) 87 (£5.1)
Spring 2006 63 (£6.3) 142 (£59.3) 140 (£39.5)
Fall 2006 362 (+0.0) 498 (+2515.0) 693 (£316.7)
Spring 2007 - - -
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Table 16. Summary of stocking and subsequent nmesagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced ind-dkingo during fall 2005. Spring and fall
sampling seasons were comprised of multiple sam@uents per season. The Upper
Mississippi River drainage stock is representethiyMinnesota Leech Lake population, the
Ohio River drainage stock is represented by the Mevk Chautauqua Lake population, and the
lllinois muskellunge are North Spring Lake, IL pesty. Values in parentheses represent 95%
confidence intervals.

Mississippi Ohio River
Season River Drainage Drainage lllinois
Length (mm)
Fall 2005 233 (£5.5) 234 (£3.7) 267 (+4.8)
Spring 2006 250 (+£38.3) 283 (£81.0) 366 (+38.4)
Fall 2006 - - 594 (x67.0)
Spring 2007 - 562 (£29.0) 638 (£29.9)
Weight (g)

Fall 2005 48 (£3.8) 45 (+2.3) 79 (£5.8)
Spring 2006 61 (£32.7) 98 (+88.5) 247 (£82.1)
Fall 2006 - - 1346 (£869.2)
Spring 2007 - 1225 (+236.9) 1712 (x169.7)
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Table 17. Summary of stocking and subsequent negagilis (nearest mm) and weights (nearest
g) of three stocks of muskellunge introduced ind.dkingo during fall 2006. Spring sampling
was conducted from March 15 through May 4, 200ie Dhio River drainage stock is
represented by the Kentucky Cave Run Lake populati the Illinois muskellunge are North
Spring Lake, IL progeny. No Upper Mississippi Ri@rainage muskellunge were introduced.
Values in parentheses represent 95% confidencevatse

Ohio River
Season Drainage lllinois
Lengthrntm
Fall 2006 244 (15.3) 281 (£7.6)
Spring 2007 359 (+343.1) 375 (£13.1)
Weight ()
Fall 2006 66 (+5.9) 112 (x10.1)
Spring 2007 223 (x711.5) 270 (x37.2)
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Table 18. Summary of initial and subsequent len@tbearest mm) and weights (nearest g) of
three stocks of muskellunge introduced into 3,la4sonds in October 2004. Ponds were
drained in spring and fall of each subsequent y&ae Ohio River drainage stock is represented
by the New York Lake Chautauqua population andtpper Mississippi River drainage stock is

represented by the Wisconsin Minocqua Chain pojamatValues in parentheses represent 95%
confidence intervals.

Ohio River Mississippi
Season Drainage River Drainage lllinois
Length (mm)
Fall 2004 234 (£ 1.9) 304 (£ 2.5) 308 (+ 3.5)
Spring 2005 289 (+ 2.9) 336 (£ 3.9) 340 (£ 5.0)
Fall 2005 419 (+ 16.8) 436 (£ 9.3) 440 (£ 11.7)
Spring 2006 430 (£ 17.4) 456 (£ 9.4) 454 (+ 15.7)
Fall 2006 460 (+ 18.5) 498 (+ 9.4) 502 (+ 19.6)
Weight (g)
Fall 2004 51 (+ 1.5) 137 (+ 4.0) 128 (+ 5.8)
Spring 2005 120 (£ 5.3) 198 (+ 7.4) 196 (+ 9.6)
Fall 2005 343 (+ 49.8) 380 (+ 32.0) 381 (+ 37.3)
Spring 2006 383 (£ 53.2) 462 (£ 33.0) 463 (£ 53.0)
Fall 2006 450 (+ 52.5) 575 (+ 34.0) 591 (+ 78.1)
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Table 19. Analysis of variance tests of the effeftstock, initial weight, year, and pond nested
within year on mean daily growth rates (g/d) anchmeelative daily growth rates (g/g/d) one
year after stocking of three stocks of muskellumggoduced into 3, 0.4-ha ponds in October
2002, 2003, and 2004. Sum of squares are Tyg8AS Institute V8).

Source of Degrees of Sum of F Pr>F
Variation Freedom Squares
Mean daily growth rate (g/d)
Stock 2 1.0417 22.52 <0.0001
Initial Weight 1 0.1515 6.55 0.011
Year 2 2.4001 1.53 0.289
Pond (Year) 6 6.2055 44.72 <0.0001
Error 284 6.5681
Mean relative daily growth rate (g/g/d)

Stock 2 0.0023 223.21 <0.0001
Year 2 0.0010 4.13 0.073
Pond (Year) 6 0.0009 29.24 <0.0001

Error 285 0.0015
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Table 20. Adjusted catch-per-unit-effort (CPUE)etdctrofishing (fish/hr) through time of two
stocks of muskellunge introduced into Lake Mingdath 2002. Adjusted CPUE is subject to a
natural logarithmic transformation and analyzechgsin analysis of variance.

Sampling Adjusted CPUE
Season Effort (hr)  OH IL P
Spring 2003 26.4 8.97 5.30 0.14
Fall 2003 16.0 6.40 4.40 0.36
Spring 2004 21.0 7.57 0.97 0.031
Fall 2004 22.6 1.16 0.10 0.051
Spring 2005 28.4 1.34 0.76 0.53
Fall 2005 17.7 1.86 0.34 0.034
Spring 2006 111 0.00 0.23 0.36
Fall 2006 15.7 0.40 0.00 0.35
Spring 2007 15.8 0.00 0.14 0.34
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Table 21. Adjusted catch-per-unit-effort (CPUE)etdctrofishing (fish/hr) through time of three
stocks of muskellunge introduced into Pierce andddiLakes in fall 2003. Adjusted CPUE is
subject to a natural logarithmic transformation andlyzed using an analysis of variance.
Lower case letters denote statistical differenoliewing Tukey’s means separation.

Sampling Adjusted CPUE
Season Effort (hr) MISS OH IL P

Pierce Lake

Spring 2004 16.5 2.92 3.33 0.74 0.22

Fall 2004 17.6 0.00 0.55 0.98 0.053

Spring 2005 26.0 0.00 0.31 0.23 0.43

Fall 2005 18.1 0.00 0.00 0.24 0.12

Spring 2006 15.6 0.00 0.00 0.00 -

Fall 2006 13.8 0.00 0.00 0.00 -

Spring 2007 11.3 1.54 0.00 0.31 0.52
Lake Mingo

Spring 2004 21.0 2.28 3.83 3.53 0.47

Fall 2004 22.6 0.00° 1.26" 0.74° 0.014

Spring 2005 28.4  0.00 0.73 0.15° 0.049

Fall 2005 17.7 0.00 0.17 0.51 0.17

Spring 2006 11.1 0.00 0.00 0.21 0.41

Fall 2006 15.7 0.00 0.00 0.15 0.40

Spring 2007 15.8 0.00 0.00 0.50 0.16
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Table 22. Adjusted catch-per-unit-effort (CPUE)etdctrofishing (fish/hr) through time of three
stocks of muskellunge introduced into Pierce andddiLakes in fall 2004. Adjusted CPUE is
subject to a natural logarithmic transformation andlyzed using an analysis of variance.
Lower case letters denote statistical differenoliewing Tukey’s means separation.

Sampling Adjusted CPUE
Season Effort (hr) MISS OH IL P

Pierce Lake

Spring 2005 26.0 1.77 1.08 1.10 0.79

Fall 2005 18.1 0.00° 1.2¢° 0.37° 0.046

Spring 2006 15.6 0.00 0.00 0.00 -

Fall 2006 13.8 0.00 0.26 0.00 0.39

Spring 2007 11.3 0.00 0.32 0.00 0.41
LakeMingo

Spring 2005 28.4  6.30° 317" 2.43 0.031

Fall 2005 17.7 0.46 0.00 0.34 0.49

Spring 2006 11.1 0.48 0.63 0.00 0.62

Fall 2006 15.7 0.29 0.0G" 1.29 0.0004

Spring 2007 15.8 0.00 0.35 0.52 0.24
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Table 23. Adjusted catch-per-unit-effort (CPUE)etdctrofishing (fish/hr) through time of three
stocks of muskellunge introduced into Pierce andddiLakes in fall 2005. Adjusted CPUE is
subject to a natural logarithmic transformation andlyzed using an analysis of variance.

Sampling Adjusted CPUE
Season Effort (hr) MISS OH IL P
Pierce Lake
Spring 2006 15.6 8.53 1.55 1.86 0.078
Fall 2006 13.8 0.39 0.94 1.72 0.41
Spring 2007 11.3 0.00 0.00 0.00
LakeMingo
Spring 2006 111 2.45 1.35 1.43 0.99
Fall 2006 15.7 0.00 0.00 0.75 0.16
Spring 2007 15.8 0.00 0.00 0.18 0.39
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Table 24. Adjusted catch-per-unit-effort (CPUE)etdctrofishing (fish/hr) through time of three
stocks of muskellunge introduced into Pierce andddiLakes in fall 2005. Adjusted CPUE is
subject to a natural logarithmic transformation andlyzed using an analysis of variance.

Sampling Adjusted CPUE
Season Effort (hr) MISS OH IL P
PierceLake
Spring 2007 11.3 N/A N/A 1.94
Lake Mingo
Spring 2007 15.8 N/A 0.79 4.67 0.0096
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Figure 1. Location of the Sam Parr Biological @tatand the lllinois reservoirs stocked for
evaluation of growth and survival among muskellustpeks.
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Figure 2. Locations of the 15 modified fyke netsisd.ake Mingo on April 2 and removed on AprilB)07. Total effort was 58 net-
nights.

Mints A007

(2501

57



Figure 3. Locations of the 6 modified fyke netsiad®ierce Lake on April 16 and removed on Apri] 2007. Total effort was 18
net-nights.
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Figure 4. Mean daily growth rates (g/d, solid banrs)l mean relative daily growth rates (g/g/d X
100, open bars) of muskellunge populations fromQh@ River drainage and North Spring
Lake, IL introduced in Lake Mingo during fall 200%rowth is from the time of stocking
through the first fall (October through Decembe®20 The Ohio River drainage stock is
represented by the Kentucky Cave Run Lake populaa the Illinois muskellunge are North
Spring Lake, IL progeny. Vertical lines represehtstandard error.
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Figure 5. Mean daily growth rates (g/d, solid banrs)l mean relative daily growth rates (g/g/d X
100, open bars) of muskellunge populations fromipper Mississippi River drainage, the Ohio
River drainage, and North Spring Lake, IL introddiae Pierce Lake during fall 2003. Growth
is from the time of stocking through the followifajl. The Upper Mississippi River drainage
stock is represented by the Minnesota Leech Lakelption and the Ohio River drainage stock
is represented by the New York Chautauqua Lakelptipo. lllinois muskellunge are North
Spring Lake, IL progeny. Vertical lines represehtstandard error.
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Figure 6. Mean daily growth rates (g/d, solid banrs)l mean relative daily growth rates (g/g/d X
100, open bars) of muskellunge populations fromipper Mississippi River drainage, the Ohio
River drainage, and North Spring Lake, IL introddiae Lake Mingo during fall 2003. Growth

is from the time of stocking through the followifajl. The Upper Mississippi River drainage
stock is represented by the Minnesota Leech Lakealption, the Ohio River drainage stock is
represented by the Ohio Clear Fork Lake populatod, the Illinois muskellunge are North
Spring Lake, IL progeny. Vertical lines represehtstandard error.
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Figure 7. Mean total length (mm) at age and fitted Bertalanffy growth functions for the lllinoi®pulation (solid line) and the
Ohio River drainage stock (dashed line) introduoceal Pierce Lake from fall 2003 through fall 2005.
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Figure 8. Mean total length (mm) at age and fitted Bertalanffy growth functions for the lllinoi®pulation (solid line) and the
Ohio River drainage stock (dashed line) introduocgéa Lake Mingo from fall 2002 through fall 2005.
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Figure 9. Stocking and subsequent sample mean tsgigdarest g) of muskellunge populations
introduced into 3, 0.4-ha ponds in October 2004 dmathed during April 2005, October 2005,
March 2006, and October 2006. Vertical lines repn¢ +1 standard error.
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Figure 10. Mean daily growth rates (g/d, solid hbarsd mean relative daily growth rates (g/g/d
X 100, open bars) of three stocks of muskellungg@duced into 3, 0.4-ha ponds in October
2002, 2003, and 2004. Growth is shown for one j@kowing stocking. Vertical lines
represent £1 standard error.
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Figure 11. Survival of three stocks of muskellungeoduced into 3, 0.4-ha ponds in Octobers
2002, 2003, and 2004. Data are pooled and analyizbedogistic analysis of variance. Survival
estimates are calculated from the time of stockimiyj one year after stocking. Vertical lines
represent 95% confidence limits.
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