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EXECUTIVE SUMMARY:

During the past segment, all activities outlinedhie@ annual work plan were
accomplished and within the specified budget. g of this study is to develop
management strategies that maximize growth, reoant, and harvest of largemouth
bassMicropterus salmoides in lllinois impoundments. Largemouth bass arguently
stocked in many lllinois impoundments to compengateariable recruitment. Even so,
the long-term contribution of stocked fish to retment and harvest of natural bass
populations is unknown and we are addressing ttp@sstions. Because stocking is only
one of several management options for this speitissgritical that additional
information on factors limiting recruitment processe identified. In addition,
information on the importance of rearing technicgiee of stocked fish, forage base,
cover, resident predators, physical-chemical camuit and stocking stress in
determining largemouth bass stocking success @edkt® optimize use of hatchery
produced fish.

There was no new activity in Job 101.1 as finabnemendations were presented
in previous reports. In Job 101.2 we are assessouling strategies for largemouth
bass. Supplemental stocking is a widely used mamagt tool for increasing the
standing stock of an existing population. In $egment we continued to evaluate long-
term survival and growth of intensively and extgrli reared stocked fish. Scales were
collected from adult fish in electrofishing sampéesl were aged during this segment by
two independent readers. These age data werdaigsdign a rearing type to each
stocked fish that was collected and was used tluateathe long-term survival
differences of the fish reared from these diffeteshniques. Extensively reared
largemouth bass are more abundant than intensieated fish in fall following stocking
and the next spring. However they are no longaembundant by the second fall after
stocking. Thus far, no differences in survival édeen observed between intensively
and extensively reared fish in any of the threeysteservoirs. Based on our results thus
far, the usefulness of supplemental stocking asuaagement strategy will vary by
individual lake.

We continued an experiment in this segment to emartie relative advantages of
point and dispersed stocking of largemouth bass. sticked four lakes by both stocking
at the boat ramp and stocking into habitat at looataround the lake. We observed very
low survival of stocked fish regardless of stockatigategy. There is some evidence that
fish stocked using the dispersed method are expenig higher survival, but future
stockings will be needed to assess differencearvival and growth.

The objective of Job 101.3 is to evaluate the sahand reproductive success of
stocked largemouth bass to resident populatiomsdefermine the contribution of
stocked fish to a population, fingerlings were proed at the Little Grassy Fish Hatchery
with the MDH B2B2 allele as a genetic tag. Thesedgically tagged fingerlings were
then stocked into six study lakes. Once theseréiabhed sexual maturity, it is possible
to assess their reproductive success and recruittméime population by comparing the
pre-stocking MDH B2 allele frequencies with the tpstocking MDH B2 allele
frequencies. Young-of-the-year produced in eacr yeere collected from each of the
six study lakes and their allele frequencies weteminined for the MDH B2 allele. Five
of the six lakes showed an increase in the MDH IB22ea Stocking contribution was
high in small lakes, but relatively low in largeres. However, in the five study lakes



that showed an increase, reproductive contribusfcstocked largemouth bass as adults
was similar to contribution of naturally producedgemouth bass. Abundance of young-
of-year fish was variable throughout the study,didtnot appear to increase as a result
of stocking. Factors that contribute to a highpamtion of stocked largemouth bass in
the adult population can therefore increase theoteptive contribution of stocking
programs to lake populations of largemouth bass.

In Job 101.4, we continued to evaluate the rolegktation and woody habitat
on largemouth bass communities. We have develapednagement experiment in
lllinois lakes examining vegetation managementnegpies. We have identified 3 lakes
that will have vegetation rehabilitation effortslaBes with the need for vegetation
removal and 7 control lakes with varying vegetatieger. Dolan Lake was drawn down
and treated with rotenone in fall of 2006 to rembsk. CPUE of gizzard shad from
electrofishing dropped from 35.3 fish/hr in 20022t0 fish/hr in 2008 and carp CPUE
dropped from 0.8 in 2005 to 0.0 in 2008. In 2008,constructed three sizes of fish
exclosures on Lake Paradise and planted them aribus types of vegetation. Large
exclosures produced the highest density of plamisceeated the largest vegetated area
using fewer building materials. American Pondwsed/ived better than all other
species planted and were the most dense in thea&tily due to the ability to survive a
drawdown which occurred late in the summer. Wé eahduct additional plantings in
the existing exclosures in 2009 to aid in the rdliabon effort in Lake Paradise. Woods
Lake will be drained and treated with rotenoneaith2009 and vegetation and fish
communities compared before and after treatmetiliw&er and Airport Lakes will be
chemically treated to remove vegetation in sprihBG10. In this segment, we continued
to monitor these lakes for pre treatment condition& will continue to monitor
vegetation density, largemouth bass populatiores; prsources, and lake characteristics
through each of these treatments and compare theontrol lakes to determine the
influence of vegetation management on largemousis becruitment.

In this segment we also continued to conduct enctkosampling on Lake
Paradise to compare natural fish abundance in ep&og, and vegetated habitats. We
enclosed 3 areas in each of 3 habitat types (wbabitat, vegetation, no wood and no
vegetation). Young-of year largemouth bass anddludensities in wooded enclosures
were similar to the open enclosures and lower tharvegetation enclosures. In previous
segments, we also observed higher largemouth Ipasislaegill densities in vegetated
enclosures in Lincoln Trail when compared to nogetated enclosures. We will
continue to conduct similar sampling in multipléohats in several lakes to determine the
importance of habitat and potential nursery areatafgemouth bass as well as examine
densities of adult largemouth bass.

There is potential for angling to have a largeuafice on largemouth bass
populations. In particular, competitive tournamigstting for black bass has grown
rapidly over the past several years. Previous waskshown high levels of mortality
associated with these tournaments in other pattsedfnited States. In Job 101.5, we
evaluated the effects of largemouth bass tournamnera variety of experiments.
Mortality at small, club-style tournaments at Eveen Lake was low, and never
exceeded 5%. No seasonal differences in mortakie observed although temperatures
were as high as 27.6 °C in summer. Blood samplestfrom fish at tournaments at
Lake Bloomington indicated that the physiologicapact of these events was relatively
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similar across seasons. In all seasons, largent@sth incurred a large metabolic
disturbance that was likely due to air-exposurerduthe weigh-in. Largemouth bass
would likely benefit from adaptation or closer emfement of current recommendations
such as adequate aeration of livewells and minitoizaf air exposure during the
weigh-in, regardless of water temperature and seasbe low mortality and relatively
mild physiological disturbances incurred by largemimobass during club events suggests
that these types of tournaments can have minimadats on fish compared to larger
tournaments if proper care is taken.

We examined the potential of paper tournamentsedage mortality by
examining angler rank from paper and weigh-in fssuPaper tournaments ranked
anglers similar to weigh-in results when only lefisth are considered, but when all fish
caught were included, paper tournaments rankeaendifferently. Paper tournaments
can be used to eliminate weigh-in related mortalry stress, and allow inclusion of sub-
legal fish in ranking results.

In this segment, we initiated a multiple lake expent examining largemouth
bass populations in lakes with varying tournameasgure. We have begun to compile
data on catch rates on lakes where all tournamémtnation can be obtained and have
also identified a set of lakes with no tournamentitvities. We are continuing to collect
fish and scales from these populations to determ@geeof-maturity and length at age.
Preliminary analysis has identified age 3 as meggnod maturation among lakes and fish
of age 3 were larger on tournament lakes than aomament lakes. Similarly, CPUE of
fish over 14 inches was greater on lakes with taoments than lakes with no
tournaments. We will continue to determine sex agels of largemouth bass in lakes
with varying fishing exploitation. We will examiri®w angling activities influence sex
specific characteristics such as growth, longewatd age of maturity. Using this data,
we will be able to make predictions about how arglwvill affect recruitment of
largemouth bass and adult populations.

We also continued monitoring dam escapement oéraayth bass during high
water events. We have observed largemouth basmgiover the dam at Forbes and
Ridge Lake. This project is in the initial phasel ave will continue to evaluate fish
passage during high and low flows to evaluateghpement can effect largemouth bass
recruitment.

In Job 101.5, we completed a controlled pond expeni at the Aquatic Research
Facility in Champaign, IL to assess the effectarajling on largemouth bass recruitment.
We tested the effect of brood reduction on younghefyear recruitment, and found that
predation on largemouth bass nests during catchied@ase angling events did reduce the
number and biomass of YOY surviving later in thstfyear of life. We also conducted a
field experiment on Ridge Lake that was closedngliag during the largemouth bass
spawning season prior to 2007. Largemouth badsgrtgurnaments were conducted
during the spawning season in 2007. In 2008, noneoments were conducted, but will
be in the future in alternating years. We obsehigtier young-of-year densities from
seine and electrofishing samples in fall 2007 tinaiall 2008. Similarly, CPUE of adult
largemouth bass from fall electrofishing was higine2007 than 2008. More data will be
required to make recommendations on the relatipnséiween angling and recruitment.
Data collection and analysis on Ridge Lake willtamure in future segments to further
explore these relationships in a natural system.
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We continued monitoring largemouth bass spawnitigiaies at Lincoln Trail
Lake. Largemouth bass appeared to prefer cobblile and gravel nesting substrates,
while avoiding vegetation and detritus. Nest ptedawere relatively more abundant
near the preferred nest substrates and relatigely/dbundant near avoided substrates.
Spawning date for young-of-year largemouth basg\dag to the fall was
disproportionately skewed towards nests from letéine spawning season in most years.
Nesting activity was also compared to existing wgtelity parameters and frequency of
new nests was directly related to water temperature

In Job 101.6, a portion of Clinton Lake that wasseld to fishing was sampled to
continue assessment of the effects of a refugargemouth bass populations.
Electrofishing samples yielded a higher abundareglolt largemouth bass in the refuge
than in the main lake. Some increase in the numblargemouth bass has also been
observed throughout the lake. Sampling will camgirat Clinton Lake to monitor
largemouth bass populations for changes resultorg the refuge. We also began
sampling Otter Lake as an additional location taleate refuges. Electrofishing and
seine samples were initiated in two proposed refitgs as well as three control sites.
We plan to implement the refuge next year afteritoang pre refuge conditions in the
lake. We also began assessing effects of harggstations on largemouth bass
populations. Initial lakes were selected to corafihe effects of regulations on
largemouth bass populations. Current study lakes a number of different regulations
(length and slot limits) and were used to condnitial analysis. Lakes with different
regulations exhibited differences in angler catetl harvest rates as well as size structure
of largemouth bass populations among regulatioagydncreased size limits do seem to
decrease harvest and are associated with highadabce of larger fish. Total angler
catch rates were not related to harvest rates detnaing there are additional factors
influencing the decision to harvest. We will empleAS data from additional lakes in
future segments to supplement the initial studesaksed in this analysis. We will
specifically target assessments of how size lisgufations may influence angler
decisions to choose between harvest and releagéocanthose cumulative decisions
may alter population size structure over time. Sehdata can then be used to guide future
discussions about various management experimeatsnilght be implemented.
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Job 101.1 Evaluating marking techniques for fingerling lanwouth bass

OBJECTIVE: To determine the most reliable and cost-effeatiathod for mass-
marking fingerling largemouth bass.

RECOMMENDATIONS: No activity in this segment. Final recommendatio@se
presented in previous reports.



Job 101.2. Evaluating various production and stocking sti@® for largemouth bass.

OBJECTIVE: To compare size specific survival and growth amdiffgrent sizes of
stocked largemouth bass fingerlings and to compatieus rearing techniques.

INTRODUCTION:

Supplemental stocking of largemouth bi&Bsropterus salmoides is a commonly
used management tool to enhance populations. Supplal stocking efforts are
directed at either increasing harvest rates anwdejstive potential, or restoring a fish
community’s predator/prey balance. However, fasthpositive benefits to occur,
stocked fish must contribute to the natural popoiat Numerous studies have examined
either the introductions of different genetic stock largemouth bass (Rieger and
Summerfelt 1978; Maceina et al. 1988; Mitchellletl@91; Gilliland 1992; Terre et al.
1993) or the introductions of largemouth bass punds (Dillard and Novinger 1975;
Modde 1980; Stone and Modde 1982). Surprisingly, $tudies have examined the
factors thought to influence supplemental stockihargemouth bass. The few studies
that have examined the contribution of stockeddarguth bass to a natural population,
examined only one (Lawson and Davies 1979; BuymakNitchell 1999) or two lakes
(Boxrucker 1986; Ryan et al. 1996). Given thatkkre highly variable, examining
stocking evaluations from only one or two lakesitgnour ability to make
generalizations.

Factors influencing stocking success may inclugelgtion, prey availability, and
abiotic variables (Wahl et al. 1995). Predatia@nfrolder age classes of largemouth bass
may be especially important given that they haventshown to prey heavily on other
species of stocked fish (Wahl and Stein 1989; Qanaand Wahl 1993) and are highly
cannibalistic (Post et al. 1998). The availabitifyappropriate sized prey has also been
shown to be important to survival of stocked fishdther species (Fielder 1992; Stahl
and Stein 1993). Finally, abiotic factors suchvaser temperature at time of stocking
may contribute to stocking success. High watempenatures at time of stocking may
increase stocking stress and subsequent mort@liapp et al. 1997). Determining which
of these factors is most important to stocking sasdas important implications for
deciding the appropriate locations and times toksto

Previous stocking evaluations conducted in thevist have often examined
species that do not naturally reproduce in theprent water body (e.g. muskellunge
Esox masquinongy, Szendrey and Wahl 1996; walleSgzostedion vitreum, Santucci and
Wahl 1993). Largemouth bass, however, reprodutigalty in most Midwestern
impoundments, and therefore supplemental stockiograms are directed at enhancing
existing populations. The number of natural fisbduced during the year of stocking
may influence stocking success through competititeractions for food and habitat.
Because native largemouth bass may out competeestd@rgemouth bass, a large
natural year class may decrease stocking successinmividual lake. Conversely,
stocked largemouth bass may do well in years wiher@opulation exhibits high natural
recruitment because they are potentially influenzgthe same variables.

In addition to stocking bass in appropriate lakies,size of largemouth bass
fingerlings produced by lllinois hatcheries anditighof their release into recipient
populations could greatly affect the success g@fdarouth bass stocking efforts. New or



rehabilitated lakes in lllinois are often stockedlmiwo-inch fingerlings, however, most
supplemental stockings occur in the fall with fanech fingerlings. In addition, some
recent programs in lllinois have used eight-inctyérlings to stock populations in the
spring. Field results of growth and survival frgtocked 6 and 8” largemouth bass have
shown lower growth rates through time comparedatonal largemouth bass, even
though these fish are often stocked at a largertkian their natural cohorts. Field
sampling of largemouth bass diets shows stockédafis eating more invertebrates than
fish prey. Prior to stocking, hatchery largemob#éiss gain experience feeding on live
prey during extensive rearing in ponds, howevey tdre only exposed to fathead
minnows, prey that are relatively non-evasive aagehHow abundances in the wild.
Bluegill are abundant in many reservoirs and anoirtgmt prey species available to
juvenile largemouth bass, but can be evasive aaneemore experience to capture than
fusiform prey. We previously compared foragingadéincy of hatchery and natural
largemouth bass feeding on bluegill. Bluegill waowel prey for hatchery largemouth
bass, and fish did not forage as efficiently asirsiargemouth bass and showed no
improvement through time. Largemouth bass withtiooml exposure to bluegill in tanks
may show better growth and survival compared tolealy largemouth bass feeding only
on fathead minnow. We designed a laboratory sex@ynining foraging behaviors of 6
and 8” hatchery largemouth bass acclimated to figedin bluegill. Results are compared
to previous experiments examining foraging sucbesseen stocked hatchery and
natural largemouth bass.

Differences in rearing and stocking method (emgensive raceway versus
extensive ponds and point versus dispersed stockfrtge largemouth bass fingerlings
may also influence growth and survival. Largemdwdhs raised on commercial food
pellets have been shown to grow better when stochedearing ponds than those fed a
diet of fathead minnows (Hearn 1977). A numbeltlmiois reservoirs and
impoundments are stocked with largemouth bassd&seensively in rearing ponds.
These and other lakes can also be stocked usgenteruth bass raised at state
hatcheries. The relative merits of these two ngatechniques have not yet been
assessedln addition, stocking fish into habitat may befpreed to the common practice
of point stocking at the boat ramp. Bass have shoareased ability to avoid predation
when stocked in a variety of habitats or habitudtefre stocking (Schlechte et al.
2005). However, these two stocking strategies Imavéeen directly compared in a field
setting.

Previous experiments and available theory dealinig thophic interactions and
largemouth bass stocking suggest many possibletefba receiving aquatic
communities (Nowlin et al. 2006, Drenner et al. @0@f primary concern to fisheries
managers are the potential impacts of stockedhaogéh bass on prey species such as
bluegill and potential “biomanipulation” effectsathmay result in changes in prey
availability, density dependent interactions, walarity or macrophyte abundance
(Shapiro et al 1975, Drenner et al 2000, Lathrogl.€2002). Case studies addressing
community effects of largemouth bass stocking hen@vn a strong impact on prey
populations when introduced into predator freeesyst (Chapleau et al. 1997, Drenner
2000, Albright 2004); however biomanipulation efieehave been shown to be weaker in
systems with resident predator populations (Ro$e2@00), and systems with high
phosphorous loading rates (Benndorf 1991). Intamdiprey species that outgrow the



gape limitation of predators (e.g. bluegill andzgid shad) may also limit the extent of
community responses to largemouth bass stockinwliN@t al 2006). For example
Albright (2004) found that in a pond dominated bgiform prey (golden shiner
Notemigonus crysoleucas), largemouth bass introductions caused dramatinesan
planktivore abundance and strong biomanipulatiéeces, while similar experiments in
ponds dominated by the deep bodied pumpkinseedshulrgoomus gibbosus showed
much weaker effects on lower trophic levels (Hagiril994).

Research in a number of systems has produced etizab framework for
exploring the effects of predator stocking but ghbegpotheses have not been rigorously
tested in lakes similar to those found in lllin@idcQueen 1986). Many properties of
lllinois lakes including depth, trophic state, pmmunities and resident predator
populations have been shown to weaken communiggsfiof stocking in other systems
(Benndorf 2002). In addition, the specific outcoofigpredator stocking is often variable
which limits accurate prediction of the impactscking may have (Schaus and Vanni
2002, Schulze 2006). In this segment we contexyoring the community response of
stocking of largemouth bass in lllinois lakes immarison to unstocked lakes over time.
These analyses will shed light on the potentialdotp of largemouth bass stocking and
will help managers to predict the likely communiggponse of stocking this predator.

PROCEDURES:

Rearing Technique: Intensive v. Extensive

The effects of rearing techniques on growth andigal of stocked largemouth
bass were evaluated in lakes Shelbyville, Jackerand Walton Park. Extensively
reared bass were produced at the Little GrassyHragbhery where they were held in
ponds and fed on minnows until stocking. WaltorkReas stocked directly from Little
Grassy Fish Hatchery, while Jacksonville and Shelleyutilized lake side rearing
ponds. Fish were delivered to the rearing pontlime along with minnows for feed and
were allowed to grow until fall when the ponds wdrained and fish were stocked into
the lake. Intensively reared bass were producéuealake Wolf Fish Hatchery where
they were held in 265 L concrete tanks and fed ceraially produced pellets until
stocking. Each fish was given a distinct pelvicdiip for future identification of rearing
technique. Fish were transported from the hatclmeoxygenated hauling tanks to the
recipient lakes. Hauling time ranged between 6.5 hours. Fifty largemouth bass were
measured (nearest mm) and weighed (nearest g)estfucking on each date. Fish were
released near shore at a single location at e&eh lattempts were made to stock
largemouth bass at a rate of 60 fish per hectangeher rates varied by individual lake
due to varying success of rearing ponds and hatgreduction.

In this segment, we examined growth and survifaldult fish stocked in
previous segments. Growth and survival of stodkegemouth bass was determined in
each fall and spring by sampling during the daywit3-phase AC electrofishing boat.
Three shoreline transects on each lake were efesttea for 0.5 h each on a sampling
date and all largemouth bass were collected, medsweighed, and examined for clips.
Scales were removed from all clipped fish and dgetivo independent readers. The
year a fish was stocked and stocking size wasmeéted using the scale age and the




observed clip. Catch per unit of effort (CPUE) wafculated as the number of stocked
fish collected per hour and was used as a relateasure of survival across lakes.
Growth was estimated using the mean size of bas® aime of sampling.

Stocking Technique: Boat Ramp v. Dispersed

In this segment, we continued to evaluate theig@mfte of stocking location on
survival of stocked largemouth bass. Four lakeswtocked with 2100mm largemouth
bass fingerlings in 2008 using two stocking techesy Half of the fish at each lake were
stocked at the boat ramp, directly from the hatgtwerck, while the other half were
loaded into aerated hauling tanks in boats andilgiged throughout the lake.
Distributed stockings targeted placing fingerlimg® wood and vegetated habitat
dispersed throughout the lake. Fish were markeid avpelvic fin clip two weeks prior to
stocking at the Jake Wolf Memorial Fish hatchefish stocked at the boat ramp were
given a right pelvic fin clip and fish to be disped were given a left pelvic fin clip.
Lakes were sampled two times in the fall and twees in the spring using DC
electrofishing. Three 30 minute electrofishingigects were performed on each
sampling date and all largemouth bass were cotleateasured for total length,
examined for clips, and scales were collected fatimlipped fish for age determination.
CPUE was calculated for stocked and wild fish amatbution of stocked fish to the
total bass population was calculated as the prmpoof stocked fish CPUE to all
largemouth bass CPUE. We will use these datarngece survival and growth of
stocked fish from the two stocking techniques.

Prey Acclimation

We compared foraging behavior of 6 and 8 inch reatcheared largemouth bass
acclimated to a diet of bluegill over a two mongripd hatchery and wild fish of similar
sizes fed fathead minnows. Hatchery largemoutbk @s135-170 mm TL; 8"= 180-

223 mm TL) were obtained at the time of stockirggrfrthe Jake Wolf Memorial Fish
Hatchery in Manito IL. Wild fish were collecteding AC 3 phase electrofishing.
Bluegill acclimated fish were held in fiberglasaka at the Kaskaskia Biological Station
and fed bluegill of optimal size. Hatchery anddafish that were not bluegill acclimated
were held in similar tanks and fed fathead minnows.

After the two week acclimation period, foraging beior was tested for the three
treatment groups in half hour experiments condurtesh open 2.5 m pool. Individual
largemouth bass were starved and acclimated ipdbe24 hrs prior to experiments, and
10 bluegill prey (27-33% of largemouth bass TL) evalso placed in a covered enclosure
within the pool. An experiment began with releatéhe bluegill from the holding
compartment into the pool with the largemouth bd&sedator foraging was recorded by
an observer (behind a blind) as the number of fdlcstrikes, and captures on bluegill
prey. Activity, or time(s) spent swimming by treedemouth bass was recorded, as well
as how fast the predator moved (m/s) when not ngguey. Capture efficiency was
calculated as the ratio of captures to strikes. al§e recorded the number of dead
bluegill after 24 hours, as largemouth bass ofidadkbluegill without consuming them,
indicating aggressive behavior. After an experitngre largemouth bass was allowed to
forage for 24 hours and number of bluegill captuattdr 5 and 24 h was recorded.
Largemouth bass were returned to their holding &ftée an experiment and continued to




be fed the same diet they were fed during the metion period. Using the same
procedures, the same largemouth bass were agted &dter four and eight week
intervals, similar to previous experiments presgmbeearlier reports comparing hatchery
reared and natural largemouth bass. Ten expersnusitig ten individual largemouth
bass from each treatment were completed for edehval (2,4, 8 weeks) for a total of 90
trials.

Influence of Stocked Fish on Resident Populations

Lakes for this analysis were stratified into thosataining a gizzard shad forage
base (N=9) and those without gizzard shad (N=@ctmunt for the strong community
interactions of this prey species (Dettmers anthSi896) and to examine differences in
response between these lakes. Comparisons befd&tan stocking were then made
between lakes receiving largemouth bass stockinis shad N=5, without shad N=3)
and those without stockings (with shad N=4, withsh#d N=3) using a replicated
before-after control-impact (MBACI) design suiteda repeated measures analysis of
variance (Underwood 1994, Kough and Mapstone 19943 analysis was conducted
by fitting a linear mixed model with main factorsteeatment (Trt; stocked or
unstocked), and before-after (Period), with lakgsngested in Trt and years (Y) nested in
Period followed by interactions. The three neséeths were considered random
(because lakes were considered a random effelseimbdel) and the remaining terms
were considered fixed. The Trt*Period interactioeasures any change associated with
the onset of the largemouth bass stocking. Theskysas are suited to the detection of
abrupt changes in the mean of the parameter bevsgtigated but have limited ability to
detect gradual changes through time (Keough andrf000). To detect gradual
changes in stocked lakes we tested for a lineadtirethe difference between means
(Stocked vs. Unstocked) through time using Peatsorelations. Data collection and
stocking methodology were as described in the ptes/section “Mechanisms
Influencing Stocking Success” and are not descriterd. Collected data include larval
fish density, benthic macroinvertebrate abundaretative abundance of prey species,
zooplankton density and size structure, chloropaylater clarity, and total phosphorous
concentration. In this segment we report on respsif prey species abundance,
zooplankton density and size structure, algal besr{ahlorophyll a), nutrient
concentrations (total phosphorous) and water glésisupplemental largemouth bass
stocking.

FINDINGS:

Rearing Techniques: Intensive v. Extensive

In this segment, we concluded electrofishing samgph the three stocked
reservoirs. Few stocked fish were recapturedlir2€07 and none were collected in fall
2008. We began final analysis on catch rates aahrsize in order to evaluate the two
rearing techniques. In this segment, all scale® 1999 — 2008 were read by two
independent readers and were used to distinguishsive and extensively reared fish
using age and existing clip information. Fish wiglentified to stocking strategy and




mean size-at-age and CPUE from electrofishing waleulated and differences between
stockings were examined using repeated measuresVANDd Tukey-Kramer (T-K)
adjusted P value were used to determine signifeampost hoc tests.

Significant differences existed between stockimgtegies through time. There
was also a significant interaction between stockitngtegy and time after stocking
(RMANOVA, F =2.21, P =0.007). Extensively reatactgemouth bass were recaptured
at a significantly higher rate than intensivelyreshfish the first fall following stocking
(Figure 2-1, T-K, t = 4.11, adj. P = 0.02) and tbkowing spring (T-K, t = 4.33, adj. P =
0.007). After the first spring, catch rates fottbmtensive and extensive fish drop to
below 1 fish per hour of electrofishing and the@swo longer a significant difference
between the two rearing strategies (adj. P > 0.0®spite better survival of extensively
reared fish, we saw low long term survival of sedHkish from either rearing strategy
and no long-term differences in relative abundance.

Significant differences also existed in mean siz®ng intensive extensive, and
wild fish. Again there was a significant interactibetween stocking strategy and time
following stocking (RMANOVA, F =8.97, P < 0.0001kxtensively reared fish were
larger than wild fish (T-K, t = 4.18, adj. P = 0)dfut not significantly larger than
intensively reared fish (T-K, t = 3.06, adj. P 5@). the first fall following stocking
(Figure 2-2). Wild and intensively reared fish eatso not different in size in the first
fall following stocking (t = 0.58, adj. P = 1.00Rifferences in size were no longer
significant in the spring following stocking. Extgve fish were similar in size to both
wild (T-K, t = 2.64, adj. P = 0.82) and intensivehf (T-K, t = 0.38, adj. P = 1.00) and no
difference existed between intensive and wild B, t = 1.60, adj. P = 1.00). Wild,
intensive and extensive fish remained similar a® $hroughout the remaining months
they were collected in electrofishing samples. eBsively reared fish were larger than
intensively reared fish and wild fish when they &vstocked and they remain larger
through the first fall. However this size diffec&s is short lived and by the following
spring there are no differences in size among tfiglse

Stocking Techniques: Boat Ramp v. Dispersed

Three lakes were stocked in 2007 and 2008 withthalfish being stocked at the
boat ramp and half distributed throughout the laké.lakes had very low survival of
both boat ramp and dispersed stocked fish to teeféll following stocking (Table 2-1).
No stocked fish were observed in the spring of 2808 very few fish were observed in
spring 2009. This low survival may be due to treemw lake temperatures on the date of
stocking. High mortality of dispersed fish mayaalse affected by the increased handling
time associated with loading the fish onto a boat dispersing them throughout the lake.
We did not however observe greater survival of §igitked at the boat ramp where this
handling did not occur. Additional years of stoukare required to evaluate differences
in these stocking techniques. We will continusttick four lakes each year using these
strategies in order to make management recommendatgarding stocking locations to
maximize survival.

Prey Acclimation
Both 6 and 8” largemouth bass acclimated to blusgidwed responses
intermediate between hatchery and natural largeimoass reared on fathead minnows




(Table 2-2). Follows and strikes for 6 and 8" lgllleacclimated hatchery fish were
intermediate between natural and hatchery largeimoags reared on minnows. Capture
efficiency increased throughout the experimentfand 8” bluegill acclimated hatchery
largemouth bass (ANOVA; P<0.05), and equaled nhlargemouth bass at 8 weeks
(P>0.14). Hatchery largemouth bass fed fatheashowirs did not increase capture
efficiency through time for either 6 or 8” fish (2:38).

Bluegill acclimated fish also lowered activity léseompared to minnow fed
hatchery largemouth bass, and lower activity oemiimmediately when tested at 2
weeks and continued through 8 weeks. Bluegilliaatled hatchery largemouth bass
also had swimming speeds (m/s) intermediate betweenow fed hatchery and natural
largemouth bass, with minnow fed hatchery largemmdaiss swimming the fastest when
not foraging for prey (P<0.001). The number ofdjeamconsumed bluegill after 24 hrs
was higher for 8’ compared to 6” largemouth bassral (P<0.001). For 8" fish,
minnow fed hatchery largemouth bass killed, butrdditiconsume an average of 3.6
bluegill per experiment, bluegill acclimated killdc bluegill, and natural largemouth
bass killed 0.6 bluegill.

Influence of Stocked Fish on Resident Populations

We previously reported finding declines in averbfyegill density in non-shad
lakes in response to supplemental stocking of lamygh bass while this effect was not
observed in lakes containing gizzard shad. Indagment we expanded the analysis of
prey populations to include all potential prey fempled. Analysis of the number of
potential prey fish per square meter of seine seg@h non-shad lakes indicated a
marginally significant reduction in relative abunda of fish prey (ANOVA, Trt X
Period; P = 0.08; Table 2-3). A decline in averdgasity of littoral prey fish was not
evident in lakes containing gizzard shad (ANOVAL, X Period; P = 0.34) however a
significant negative trend was observed in both eéstocked lakes (non-shad r = -0.72;
P =0.04; shad r =-0.74; P = 0.04; Table 2-3).&aker but sustained effect of
largemouth bass stocking on relative prey fish danage is evident in lakes containing
gizzard shad. While we found evidence of an efdéctupplemental stocking of
largemouth bass on prey fish abundance, thesa®tletnot carry to other parts of the
food web. There was no significant change aftegydamouth bass stocking in the density
or average length of cladoceran zooplankton, fgtakphorous concentration, or water
clarity in either set of lakes relative to contrflable 2-3). There was a significant
increase in chlorophyll concentration in stockddeekawithout gizzard shad (ANOVA Trt
x Period; P = 0.01) but this effect was small (~g7 lu) and is not consistent with any
known effect of piscivore stocking previously refgar in the literature. In future
segments we will examine additional long-term reses to bass stocking including the
abundance of adult bluegill and gizzard shad, ldrsh densities and benthic
macroinvertebrate abundances. Analysis of thesspers will complete our
investigation into the effects of supplemental éanguth bass stockings on the recipient
community.

RECOMMENDATIONS:



Comparisons between intensive and extensive stdededhowed differences in
growth and survival initially following stockingextensively reared largemouth bass had
higher survival than intensively reared fish andedMarger than wild fish in the fall
following stocking. They remained more abundaantimtensively reared fish the
following spring, but were no longer larger thardafish. Despite higher initial stocking
success with extensively reared fish, there werdiffierences in growth or survival by
the second fall following stocking and survival waw for both stocking strategies (< 1
fish per hour of electrofishing). In future segrtsenve will incorporate the cost of
production in order to evaluate how cost benefalygsis can influence which stocking
strategy may be more effective. Final analysis$ balconducted to evaluate differences
in growth and survival of the two rearing types amghagement recommendations will
be made from these analyses.

We have initiated studies evaluating stocking lmcato assess the potential to
increase survival of stocked largemouth basshérfitst two years of stocking, we have
observed very low stocking survival of largemou#is$ stocked both at the boat ramp
and dispersed throughout the lake. Survival adelstocked fish has been lower than
survival observed from previous stockings we haxsuated. Survival may have been
limited due to the high temperatures on the datesocking or the increased handling
time due to the stocking techniques. Future effamitl be made to stock the fish during
the lowest possible temperatures and fish will fwedhed with extreme care to facilitate
survival. We will continue to compare survivalpadint stocking versus dispersed
stocking at multiple locations of optimal habitatdughout the study lakes. In 2009 we
will stock Lake Charleston, Homer Lake, Lake Mingad Otter Lake using these two
strategies. We will evaluate growth and surviwatbnducting spring and fall
electrofishing. Ultimately we hope to evaluatendreased survival of stocked
largemouth bass can be achieved through theseigeasnand provide management
recommendations on stocking strategies.

Our results continue to suggest the need to etealaag-term survival of stocked
largemouth bass to fully evaluate stocking succédthough stocked fish may exhibit
similar survival to wild fish in a lake initiallyollowing stocking, significant mortality
can occur through the adult age. Stocking sucomsisl be evaluated incorrectly if long-
term survival is not considered. We have found teeruitment of largemouth bass is
not determined in the first year after stockinganyl previous evaluations of stocking
success for other species have not examined stpskiccess beyond the first spring.
These studies may omit a critical period for detamg survival of stocked fish. For
largemouth bass, success of stocked fish in teeyf@ar is often not reflected in creel
data providing further evidence for variable sualifollowing the first year after
stocking (Boxrucker 1986; Neal et al. 2002). Masraghould consider survival to age-1
and adult fish when managing a lake or reservostbgking. Considering the
availability of appropriate prey and habitat farger stocked fish may reduce mortality
and increase recruitment to the fishery. We hawgicued to evaluate different stocking
methods which may increase long term survival oflstd largemouth bass. As of now,
we have not been able to find benefits of stoclexignsively reared fish or larger fish.
Future efforts are required to address if stockisly into habitat can increase stocking
success. In future segments we will examine d#ier specific factors that may
influence stocking success such as prey abundartcavailability, available habitat,



thermal regimes, and fishing pressure. We willneixe variation among lakes in order
to further explore what factors may play a rolel@ermining growth and survival of
stocked fish.

To improve capture success, we acclimated hatdaeggmouth bass to bluegill
prey to increase experience for capturing this ppscies. Results indicate foraging
behavior and capture efficiency can be improvedeleging bluegill to largemouth bass
prior to stocking. Since results were intermediz®veen largemouth bass feeding on
fatheads and natural largemouth bass, a longerpgaried (> 2 mo) than we examined
may be necessary to improve foraging ability faregjill to a level similar to natural
largemouth bass.

Largemouth bass reared with bluegill in tanks alsed less energy by moving
less and at a slower rate compared to hatchergriasgth bass, suggesting largemouth
bass may have modified foraging strategies fordluperey. Similarly, less movement
can result in lower energy demands for fish aftecldng. Overall, 8" hatchery
largemouth bass used more energy to capture pagyGhhatchery fish, leading to lower
capture efficiencies. Similarly, these fish enghjemore swimming activity and
aggressive behavior unrelated to foraging. Haicheared fish of other species have
been shown to be more active or aggressive thamatdish, behaviors both of which
would increase energy demands (Mesa 1991). Lalygratudies suggest foraging
ability can be improved by feeding largemouth bassatural bluegill forage. Results of
these studies should be tested in lakes with laogémbass reared on bluegill in
hatcheries or rearing ponds.

Strong reductions in prey fish abundances suchasetobserved in stocked lakes
without gizzard shad have the potential to causghic cascades that affect the entire
food web and ultimately affect water clarity anthpary production. Thus far however
we have found little evidence of cascading respoisstocked lakes beyond prey fish
abundance. Several possible reasons exist folattksof cascading responses including
the ability of bluegill and gizzard shad to outgrtive gape limitation of predators. If
sufficient numbers of juvenile prey fish are aldestirvive each year to maintain
predation on lower trophic levels and the incregsedation on juveniles is not affecting
adult abundances we might expect little effectstotked largemouth bass on lower
trophic levels. Other possible limiting mechanismey be the diversity of fish diets,
which may weaken links in the food web, compenyateproductive output by adult
prey species or other complex nutrient-planktonieractions. Aquatic food webs of
lllinois lakes appear to be more resilient to pdréions of top predator biomass than the
northern lakes where the trophic cascade hypotiesssnitially developed and tested.
The resilience of lllinois lake communities howedeles not mean that managers should
ignore the potential impacts of supplemental largetim bass stockings on lake
communities. Reductions in littoral prey fish adances are not trivial effects
considering that the abundance of juvenile bluegiiifish is a primary driver of
recruitment in many lllinois lakes. Our resultggest that an unintended consequence of
supplemental largemouth bass stocking may be isecemtraspecific competition for
limited prey resources. Littoral prey fish areslk a limited resource in lllinois lakes and
their abundance should be a primary consideratioenwnaking decisions regarding
supplemental stocking of largemouth bass population

10



Job 101.3 Assessing the long-term contribution of stockist fo largemouth
bass populations.

OBJECTIVE: To evaluate the long-term contribution of stockegemouth bass to the
numbers of reproducing and harvestable adults.

INTRODUCTION:

Many species of fish, including both largemouth andhlimouth bass, are
cultured in hatcheries for release into lakes d@rebms in an effort to establish new or
enhance existing populations. Although it is assditnat subsequent increases in the
standing stock are the direct result of those stockfforts, little data exist to either
refute or support that idea. Furthermore, if ttoeldng effort does indeed increase the
standing stock of adult bass, it remains unclear that increase could or would impact
the level of reproduction and recruitment in sulosed generations.

Both largemouth and smallmouth bass likely hom& bamatal areas to spawn
(Philipp, and Ridgway, personal communication)reéfi@re it is possible that introduced
bass may not compete successfully with residerst fooptimal spawning sites or may
simply make poor choices in selecting nesting sitésder either of these scenarios, the
level of reproductive success of stocked bass woelldbwer than that of resident bass.
Preliminary results of largemouth bass stocked @linton Lake during 1984 (Philipp
and Pallo, unpublished results) indicated thatisahof the stocked fish to at least age 4
was good (approximately 8-10% of that year classyyever those individuals made no
discernable contribution to any later year clas§egustify continued stocking efforts for
largemouth bass in lllinois, it is important to elehine the actual contribution that
stocked fish make to bass populations. The objedi this job is to compare the
survival and reproductive success of stocked lmaessident populations. In this way,
we can assess the costs and benefits of the loagsngt program in a long-term
timeframe.

PROCEDURES:

Largemouth bass to be stocked in each selected ktkiel were those produced at
the Little Grassy Hatchery bred specifically tofixed for the MDH-B2B2 genotype as a
genetic tag and were stocked into target lakesr Rr stocking, a sample of naturally
produced largemouth bass were collected from eacly $ake and analyzed to determine
the inherent background frequency of the MDH-B2ukcSix study lakes were stocked
and sampled; Lake Shelbyville and Forbes Lake oéggnin 1998, and Walton Park,
Murphysboro, McLeansboro, Sam Parr in 1999. Sasnuiéish from the hatchery
rearing ponds were sampled, and protein electragpiccaanalysis (Philipp et al., 1979)
was used to confirm that these fish had the MDH BgBnotype. Stocking continued in
all lakes through 2005. Young-of-year from thelsies were sampled by boat
electrofishing in each year to determine if thejirency of the MDH B2 allele had
increased through reproduction of the stocked fiBhese sampling efforts were used to
document the contribution of stocked fish to theroeluctive population.

Correlation analysis was used to determine whabfaevere important in
influencing the change in MDH B2 allele frequencyass years in the study lakes.
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McCleansboro Lake was excluded from the analysestdinigh initial MDH B2 allele
frequencies that made detection of changes inrétgiéncy difficult. Among the factors
examined were catch per unit effort of adult basgportion of B2B2 adults in the
population, and proportion of B2B2 YOY when theyrevstocked (see Job 101.4 for
electrofishing sampling methodology).

Finally, to determine if B2B2 adults and YOY werntributing to reproduction
proportional to their representation in the popalata regression analysis of actual
MDH B2 allele frequency to predicted MDH B2 alldétequency was conducted. To
estimate the predicted MDH B2 allele frequency atunally spawned YOY from adult
fish, we calculated the total frequency of the MBR allele in the adult population. This
was estimated using the proportion of natural adodfemouth bass multiplied by the
background MDH B2 allele frequency for those fisid avas added to the proportion of
B2B2 adults in the population. If B2B2 fish arentributing to reproduction equal to
their proportion in the population, the slope o tiegression of actual and predicted
MDH B2 allele frequencies in YOY fish should be afjto 1. Deviations from 1 indicate
lower or greater contribution then expected. prexlicted contribution of MDH B2
allele frequency was estimated similarly from YQ&g(three years) and compared to
actual MDH B2 allele frequencies, to evaluate grosluctive contribution of stocked fish
was related to the abundance of young-of-year stbékh .

FINDINGS:

The original largemouth bass fingerlings stocked aach lake were analyzed to
determine if the fingerlings all had the MDH B2B2mptype. All samples analyzed from
each stocking were 100% MDH B2B2 genotype withekeeption of fingerlings stocked
into Lake Shelbyville in the summer of 2001. lattkase, five of the fifty fingerlings
that were analyzed had the MDH B1B2; thereforeraection factor was used to analyze
samples from Lake Shelbyville.

The background frequencies of largemouth bass foumof the six study lakes
had less than 20% of the individuals with the MDBBR genotype. The exceptions
were Forbes (33%) and McLeansboro (55%) (Table 3the higher frequency of the
MDH B2 allele from McLeansboro is problematic ahdtlake was eliminated from
assessments of the contribution of stocked figle¢ouitment.

All lakes were sampled for YOY from 2002 to 2007determine if the frequency
of the MDH B2 allele has changed as a result oktbheked fish spawning and passing
on the MDH B2 allele (Figure 3-1). One of the stlakes, Walton Park, showed a
major change (51%) in the frequency of the MDH Be@la due to the stocking of
hatchery fingerlings. Sam Parr Lake showed a natdethange (32%) in allele
frequencies whereas Forbes Lake and Lake Murphgdtea minor influences (at 6%
and 11% contribution respectively). Shelbyvill@sled no influence of stocked fish
contributing to the reproducing population (Tabl2)3 The change in allele frequency
generally increased with decreasing lake size @ak?).

Correlation analysis found that the proportionhe& adult largemouth bass that
were from stocked fish was strongly related toftequency of the MDH B2 allele for
that year class of YOY (Pearson r = 0.65, P = GB0@yure 3-2). As proportion of
B2B2 adults in the population increased so didithguency in the B2 allele in that year
class of YOY. The frequency of the MDH B2 allelasnalso correlated with the
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proportion of fish stocked as YOY (Pearson r = QB& 0.0003, Figure 3-3). Thus it
appears that stocked largemouth bass do contribuggroduction when they reach
reproductive sizes.

Stocked B2B2 adult largemouth bass appear to depmas effectively as natural
largemouth bass if they survive to maturity. Tlogpe of the regression of predicted vs.
actual MDH B2 allele frequency based on the prapordf B2B2 adults was 0.72 and
was not significantly different from 1 {s=3.54, P=0.07; Figure 3-4). However, factors
occurring prior to reaching adulthood reduce thatrwoution to reproduction of stocked
fish. The regression of actual vs. predicted MDHallele frequency based on the
proportion of YOY B2B2 fish at the time of stockihgd a slope of 0.55 and was
significantly less than 1 (F+=4.71, P=0.05, Figure 3-5). This is most likdlg result of
poorer survival of B2B2 YOY compared to natural Y@Ygemouth bass. Therefore, it
appears that the most important factor affectimgdntribution of stocked fish to a
population is the number of individuals survivirgitecome reproductive adults.

RECOMMENDATIONS:

Stocked fish contributed to the spawning populaiiosome of the study lakes.
Genetic frequencies from YOY spawned from largerdass stocked with the MDH
B2 allele increased very little in three of thedstlakes (Forbes Lake, McLeansboro
Lake, and Lake Shelbyville). Forbes Lake and Lakelbyville are much larger than the
other lakes, which may influence the effectivermsstocking programs in these lakes.
Stocked fish appear to have made significant doutions to two of the smaller lakes,
Sam Parr Lake and Walton Park.

While data suggests that lake size may be an impbfactor influencing the
success of a stocking program, other factors magvmdved as well. These other factors
may be similar to factors being examined underliith?2 that can influence the survival
of stocked largemouth bass in different lakespadrticular factors that affect the early
survival and proportion of stocked largemouth kihas reach sexual maturity are very
important. Though it appears that stocked basswalto adulthood is roughly half the
survival of natural bass, the proportion of stockads to natural bass in the first fall after
stocking does predict reproductive contributiohndtural bass YOY numbers are low,
stocked bass can more easily represent a highpogian of YOY fish and thus have a
higher contribution to reproduction when that yelass reaches adulthood. Once
stocked largemouth bass do reach sexual maturiy,dppear to make similar
contributions to reproduction as natural adultésnguth bass. From these data it
appears that stocking largemouth bass will makegteatest contribution in small lakes
when natural reproduction by resident largemouts g low.
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Job 101.4. Evaluating factors that influence largemouth bassuitment in lllinois.

OBJECTIVE: To determine important mechanisms affecting lammaim bass
recruitment in Illinois impoundments and developrogment indices for management.

INTRODUCTION:

Recruitment in fish populations is a process dribgmrowth and mortality
during the earliest life stages (Hjort 1914; Hou®&87). Most fish species produce many
thousands of offspring in a reproductive seasonaaladge majority of these offspring die
before they reach the end of their first year f&f. liSometimes this early mortality is
episodic, involving large numbers of individualgriy simultaneously, and at other
times, high mortality rates occur throughout thistfgrowing season of life (Houde
1989). Even slight differences in mortality rabes result in large variation in year class
strength between populations and years. Parko¥\&id (2002) provided a conceptual
model of largemouth bass recruitment that accouimtethe importance of parental care
to survival of the earliest life stages (embryo &rga) of largemouth bass. Events that
can interfere with parental care of developingifsgy, such as extreme weather events
and removal of nesting males by angling (Kramer @&niith 1962; Philipp et al. 1997),
were hypothesized to have the potential to nedataféect overall year class strength.
Parkos and Wahl (2002) concluded that for some lptipus and cohorts, processes
operating during the earliest developmental stafi@Y largemouth bass (i.e., survival
of embryos and larvae) have a larger effect onalvegcruitment strength than patterns
of mortality occurring towards the end of the fiystar of life (i.e., first summer and
winter survival of juveniles).

Aquatic vegetation is a habitat feature that inflces the abiotic and biotic
conditions that determine largemouth bass recruitrsigength. Aguatic vegetation is
often an important habitat feature for age-0 fistwed recruitment (Wright 1990; McRae
and Diana 2005). Aquatic vegetation can benedfit By decreasing turbidity, providing
substrate for spawning, increasing structure faidiag predators, and acting as habitat
for important prey (Savino and Stein 1982; Carpeate Lodge 1986; Scheffer et al.
1993). Previous examinations of the effects ofaigwegetation on largemouth bass
growth and recruitment have been mixed. Wheth@obaquatic vegetation has a
positive or negative effect on YOY largemouth biadgkely to be dependent on the level
of vegetation coverage. Too much vegetation vatatively influence YOY largemouth
bass foraging efficiency and subsequent growth édswh 1984; Caliteux et al. 1996;
Sammons et al. 2003), while a moderate amountwdrege could positively affect YOY
survival (Miranda and Pugh 1997). Any benefitsviled will also vary by the type of
structure offered by different vegetation speckéavens et al. 2005). In this job, we are
evaluating the role of vegetation by relating deesiand types with largemouth bass
recruitment.

Woody debris may also provide some of the samefibendéfered by aquatic
vegetation. Studies have shown a potential fordnglverwinter survival of young-of-
year largemouth bass with increasing available wdwdsh habitat when predators are
present (Miranda and Hubbard 1994). In reservhigher centrarchid abundance was
associated with coarse woody habitat (Barwick 2@0w) removal of coarse woody
habitat has also been shown to cause reduced gratethin largemouth bass and a shift
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to eating more terrestrial prey (Sass et al. 2086jnerous studies have demonstrated
that complex wood substrate provides habitat focroiavertebrates (O’Connor 1991;
France 1996; Smokorowski et al. 2006). These avail@mod resources concentrate prey
fish and in turn provides forage for largemouthsbiasreasing their foraging success
(Hickey and Kohler 2004). All these previous datggest that woody habitat provides
an integral component of multiple trophic levelsnany aquatic ecosystems. We are
conducting management experiments where vegetatidrwoody habitat are
manipulated (e.g. plantings and removals, varyiegsdy and presence versus absence)
to examine changes in largemouth bass growth awd/auat the lake scale.

Another potential factor influencing largemouth $ascruitment is dam
escapement. Escapement from reservoirs genemnaligase by four times in the spring
and summer when water levels are high (Paller.eR@06). The increase in escapement
coincides with the time when largemouth bass geockicing and may impact
recruitment. In addition, this potential influenoéght be greater on smaller lakes where
fish have a higher probability of being in closexmity to the discharge over the dam.
Therefore, it may be possible to develop an indexaiershed to lake acreage that could
be used to predict potential lakes where escapecoeid be a concern.

PROCEDURES:

Vegetation Management Experiment

In this segment, we continued a multiple lake expent to evaluate different
vegetation management strategies. We identifieldkes and divided them into three
treatments based on management objectives. Tretmelude management to increase
vegetation, management to reduce vegetation, amtotdreatments where vegetation
will not be manipulated. Management to increaggetegion has continued on Dolan
Lake and Lake Paradise. Dolan Lake was drawn dowinter of 2006-2007 and
treated with rotenone in an attempt to remove eapgizzard shad and expose the seed
bank to promote vegetation growth. Successfuletolo or removal of carp coupled
with establishing new vegetated areas should iseregerall vegetated cover in Dolan
Lake. Similar lake rehabilitation is planned foo@ds Lake beginning in fall of 2009.
The lake will be drawn down and rotenone will belagd to remove all fish. Fish will
be restocked in spring of 2010 and the rehabtitetwill begin. In this segment, we
continued pre-drawdown assessment of fish, vegetadind prey populations. Again,
the goal is to remove carp and gizzard shad aon@valégetation to reestablish, providing
habitat for fish.

In this segment, we continued to evaluate a lagggetation planting effort in
Lake Paradise through cooperation with Illinoistbs Biologist Mike Mounce and the
City of Mattoon Water Department. Exclosures waestructed in 2008 using varying
designs to reduce loss of vegetation from carptaritks. Exclosures were constructed
using varying lengths of PVC coated wire fencifiggncing was shaped into a cylinder
and closed using cable ties. Lengths of rebar weven into the substrate and attached
to the fencing cylinders using heavy duty wire ti@secure the exclosure in place. After
attachment to the rebar, the cage was driven In@stibstrate an additional 50 to 100 mm
(depending upon substrate) to seat the exclosuremssure no fish passage under the
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fencing. Exclosures were utilized in two plansng the spring of 2008. The first
planting occurred in early June and was designeestahe success of three different
exclosure types for planting of wild celery andeagndweed tubers. One replicate
included a large exclosure, four small dispersezosxres and four small clustered
exclosures (Figure 4-1). Large exclosures werattocted of 6.1 m of fencing creating
an exclosure with a 2.0 m diameter (area = 30 rBmall exclosures were constructed
from 3.0 m of fencing creating an exclosure with@m diameter (area = 0.7m
approximately ¥4 the size of large exclosures). dwélery were planted using small bags
of cheese cloth weighted with pea gravel with fetsbn each bag. Large exclosures
were planted with 26 bags of wild celery and sreatllosures with 6.5 bags per
exclosure. Sago pondweed tubers were plantedimitar manner with 7 tubers in each
bag. Large exclosures were planted with 31 bagagb pondweed and small exclosures
were planted with 8 bags. Ten replicates weretpthwith wild celery and 9 replicates
were planted with sago pondweed.

The second planting occurred in late June and waigded to test the success of
chara, coontail, and American pondweed. Thesdepaere planted three stems in a
cluster at 1 foot spacing throughout an exclos@ae replicate consisted of two large
exclosures and four small exclosures. Three rafggcwere planted for each vegetation
type. For all treatments, planting location wakedmined by low sloping shoreline,
adequate sunlight, and shorelines protected frartheon wind in order to promote
successful establishment and growth of aquaticteéige. Exclosures were visited in
August of 2008 and June of 2009 to evaluate plgrguccess. Each exclosure was
divided into 4 quadrates. Each quadrate was \lisaakessed for percent cover of
planted vegetation. In addition, a subsample ofosures were sampled for fish,
macroinvertebrates and biomass of vegetation. Wesk collected using a backpack
electrofisher (250 V DC, 6 Amps). A 1 meter ciralas electrofished around each
exclosure and then the interior of the exclosure sampled. All fish were identified to
species, measured for total length and releasedthi® invertebrates were collected
using a modified stovepipe sampler. The benthassiaved through a 250m sieve
bucket and preserved in ETOH and rose bengal.rtieimetes were sorted, identified,
and measured at the lab. Vegetation was colletiedas sampled in the modified
stovepipe sampler. All vegetation was identifiegpecies and weighed. We will
monitor the success of the different exclosuregiesand vegetation types by assessing
vegetation in June and August in future segments.

We have been monitoring three lakes as part ofdigetation removal treatment.
Stillwater Lake, Airport Lake, and Lake Kakusha @dwngh vegetation densities and are
in need of treatment to remove vegetation. Momitpof pre vegetation management
began in this segment and will continue for 2 &d8ditional years. At that point we will
begin to remove vegetation through treatment methodbe determined depending upon
specific lake characteristics and vegetation sgaoide targeted. We will monitor
changes in largemouth bass populations and pren@mgs throughout the treatment
period. Control lakes will be used to compare d¢esrnn largemouth bass populations to
lakes where vegetation is being manipulated tordete the effects of vegetation
management. Control lakes include 3 levels of \agwt (high, medium, and low) based
on percent cover.
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In this segment, we continued field sampling of 1Bdakes in order to monitor
largemouth bass populations, vegetation, prey ressuyand fish communities. Three
AC electrofishing transects were sampled two timdke spring and two in the fall at
each lake. All fish were identified to species amehasured for total length. Largemouth
bass were also weighed and scales were takendaraygrowth estimation. Benthic
invertebrates were sampled two times annually meand August at six sites using a
stovepipe sampler. Zooplankton, larval fish andeseamples were performed
bimonthly on 8 lakes and monthly on the remainingkes. Larval fish were collected
using a 0.5 m diameter plankton push net with aitfbthesh and a 1:5 width to length
ratio. Larval pushes were sampled for 5 minutestatal water sampled was measured
using a torpedo flow meter mounted in the centéhefnet. Zooplankton was sampled
using vertical tows at 4 inshore and 4 offshoretmns at each lake using 0.5 m
diameter plankton net with 63 um mesh and a 1:3hatinl length ratio. All samples were
preserved and brought to the laboratory where Werg identified and counted. Seine
samples were taken at 4 shoreline locations on le&ehusing a 1.2 x 9.1 m seine with a
1.2 x 1.2 m bag. The width length and depth ohdeansect were recorded to determine
the volume of water seined. All fish collected e@tentified to species and a minimum
of 50 individuals were measured for total lengtd additional fish were counted.

Lakes were mapped for vegetation in June and Augisy GPS mapping
techniques. In this segment, GPS was used to tihaceegetated edge and waypoints to
identify transitions in types and densities of vaged areas. GPS data was then
converted into GIS layers and digitized in ArcGl%.90nce areas of homogenous
vegetation were identified, density and mass ohepecies was measured. Ten rings of
0.5 m diameter were distributed throughout theedéht vegetated areas. All vegetation
in a ring was removed, separated and identifiespexies and weighed. The mass of
each vegetation type in a ring was used as a reqmas/e sample for the vegetated area.
These rings will be used to estimate densitiesbamahass of each vegetation type
present. Lake area, lake shoreline, vegetated aneavegetated shoreline were digitized
from hand drawn maps using ImagePro Plus ver. 4&tvare. GIS tools were then
used to calculate vegetated area and vegetatedeieriof the lake. Vegetation rings
were used to assign densities and mass of eackatiegeype to polygons of
homogenous vegetation. Coarse woody habitat veasdaicumented with GPS to assess
number and location of all woody habitats. Quacdition of each tree was done utilizing
a complexity scale of 1-5 (1 being a log barrealbbranches and 5 being a tree with
most of its crown still in tact) (Newbrey et al.(). Visual estimated lengths were taken
from boat for each tree. These data were entetedhe ArcGIS program and a metric of
trees kn was obtained. Along with other data collectedrelation analysis was
conducted based on tree density.

Vegetation and Woody Habitat Enclosures

In this segment, we continued to examine habitataisyoung-of-year
largemouth bass. Abundance of largemouth bassted fish species were assessed in
relation to presence of vegetation and wood atdlmdrail Lake, and Lake Paradise. In
previous segments we sampled 3 sites along a stwreith aquatic vegetation and 3
that did not have vegetation in Lincoln Trail. Aagust 2008, 9 sites were sampled, 3
with woody habitat, 3 with vegetation, and 3 withwood or vegetation (open) in
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Paradise. Each site was blocked off using a 180léeg by 10 feet deep seine that did
not allow the movement of fish into or out of theclbsed area. Vegetation was assessed
within the enclosed sampling area using three @tendiameter rings. Vegetation was
removed from each ring, identified to species aetgived to assess vegetation diversity
and abundance. The vegetation area and the laaaftibe three rings were mapped for
each enclosure. Fish were sampled from each emelosing 3-pass depletion with a
backpack DC electrofishing unit. All fish were idiied to species and measured for
total length.

Woody Habitat Pond Experiments

Two trials of an experiment designed to examindriiyf@rtance of woody habitat
to fish communities were conducted in one-tentle @onds at the Sam Parr Biological
Station. The first was conducted from May 200®tigh August 2008 and the second
was conducted overwinter from fall of 2008 throulgé spring of 2009 to examine the
role of woody habitat on largemouth bass and bllggwth and survival. Five ponds
contained four clusters of tree limbs covering agpnately 30% of the shoreline. The
remaining five ponds contained no wood. Ponds Wwegged with an herbicide to prevent
the growth of any vegetation during the courseheféxperiment.

In the first experiment golden shiners (80 betw@@65 mm), bluegill (115
between 35-70mm) and largemouth bass (5 betwee3@D®m) were introduced to
each of 10 ponds in May 2008. Temperature, digsbbxygen, pH, chlorophyll a,
phosphorus, zooplankton, and macroinvertebrates sanpled biweekly. The
experiment ended in August 2008 when the ponds drieed and all remaining fish
were measured. Weight, length and number of sursigbeach species of fish were
determined to assess growth as well as survivaldest the wood and no wood
treatments. In this segment we present resulfsavith and survival effects of wood and
no wood treatments on largemouth bass and bluegill.

In the second trial, 150 small bluegill (size rar&p-50 mm) and 40 large bluegill
(size range 70-130 mm) were stocked into eachpafriéls. Small bluegills were
vulnerable to predation whereas large fish were kote largemouth bass (size range
140-210 mm) were also stocked into each pond. Teatyre, dissolved oxygen, pH,
chlorophyll, phosphorus, zooplankton and macroiteleates were sampled both at the
beginning of the experiment and again at the ertl@gxperiment in late March. The
ponds were drained and all of the remaining fisreve®unted, measured (TL, mm) and
weighed (g). The percent survival of each bluegide category as well as largemouth
bass survival was calculated and analyzed to deteriinthere were differences in
mortality between the wood and no wood treatments.

Dam Escapement

In order to access dam escapement by largemoushAsampled downstream
of the dam on two reservoirs, Ridge Lake and Follaé® via backpack electrofishing.
We set up three transects in the Skillet Fork Ramproximately 0.5 miles downstream
of the dam on Forbes lake. Each transect wasrefstted moving in an upstream
direction towards the dam. All fish collected gl transect were counted and measured
to the nearest millimeter (TL). The dorsal caudabn all fish was clipped in order to
identify fish recaptured in future surveys. Théwoe of water coming over the dam was
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also measured, as well as any peak volume thatrectbhetween sampling periods.
Downstream area of the Ridge Lake dam was sampladgimilar manner. A 200 m
stretch of the stream was sampled via electrofgshiran upstream direction and in one
transect.

FINDINGS:

Vegetation Management Experiment

In this segment, Lake Paradise was successfulhtguavith the 5 species of
vegetation (see Figure 4-2 for planting locations)June, sago pondweed and wild
celery tubers were successfully planted in 356asxeies (Table 4-1). In July of 2008,
plantings of American pondweed, coontail, and clagee completed in 134 exclosures
(Table 4-1). However in early August, Lake Paradigperienced a drawdown leaving a
majority of the cages out of the water and dryl eXclosures were revisited in August of
2008 and June of 2009 to evaluate differenceanvivaal among vegetation species.
Differences in survival were observed dependinghugjeecies planted and the size and
clustering of the cages (Table 4-2). American Ragetl survived the best and had the
highest fall survival with a mean cover of 70% (lea#-2). The other species of
vegetation had lower survival (mean cover = 11%) laythe fall, very few plants
survived. Plant cover was the highest in the laxgdosures (mean cover = 24%)
followed by the small dispersed cages (mean covi#%) and small clustered cages
(mean cover = 9%). Large cages appear to be rffestiee at establishing plants as
well as use less material to build. In the Jun20&f9, densities of all species of plants
had decreased (mean cover = 1.5%) and very |¥#evanter survival was observed. On
subsequent trips to Lake Paradise in 2009, we losgrve some regrowth of vegetation
and evidence of plants surviving and growing, betdensities have not yet been
evaluated. We evaluated the rehabilitation efidiDolan Lake by examining the catch
rates of gizzard shad and common carp, the figfetad in rotenone treatments. CPUE
of gizzard shad from electrofishing dropped from33fsh/hr in 2005 to 2.0 fish/hr in
2008 and carp CPUE dropped from 0.8 in 2005 torD2D08. Gizzard shad populations
have dropped, but were not eradicated and may nebiouthe future. Although carp
numbers were not high in electrofishing samplesrgo the drawdown, we have not
observed carp in our samples since the rehabalitagffort.

In this segment we continued to monitor 13 lakesx@mine the role of
vegetation in determining largemouth bass recruittm&egetative cover ranged from O-
100% in the study lakes (Table 4-3). Percent efldike area that was vegetated was
significantly correlated with the perimeter of stgore that is vegetated (Spring: r = 0.65;
P = 0.02; Fall: r =0.64; P = 0.02). Both vegetithrea and perimeter were also
significantly correlated from the spring to the falboth percent vegetated area (r = 0.99;
P <0.0001) and vegetated perimeter (r = 0.9500801). Percent vegetated area in the
spring was not related to the size of the lake©.£9; P = 0.53). We also continued to
monitor larval fish, juvenile, and adult fish comnities as well as zooplankton and
benthic macroinvertebrates to assess the effeajdtic vegetation. CPUE was
calculated from electrofishing samples for youngrear largemouth bass (< 200 mm),
adult largemouth bass (> 200 mm), and all blu€g@gible 4-4). Mean annual density was
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also calculated for total zooplankton, total besttand total larval fish as well as larval
bluegill and gizzard shad. These variables weza #xamined for correlation with the
vegetated area and perimeter of each lake. Vegetats not significantly correlated
with young-of year largemouth bass electrofishilRJJE, adult largemouth bass
electrofishing CPUE, or any of the measurementzey resources (all P > 0.10). Thus
far in this study, there is no evidence of simglationships between vegetation and
largemouth bass recruitment, however, this is basea low number of samples and
simple correlation analysis. We will continue tomitor vegetation densities,
largemouth bass populations, fish assemblages,rpseyirces and lake characteristics in
vegetation addition, removal and control lakes. odjohabitat was not assessed in 2008
since it is not expected to vary on an annual basiswe plan to do so in 2009. We will
include woody habitat measurements in analysesdgrt segment to attempt to further
understand its role in largemouth bass recruitment.

Vegetation and Woody Habitat Enclosures

We also assessed the role of vegetation and woaldiyelh in Lincoln Trail Lake
and Lake Paradise by enclosing areas in differabitét types and sampling largemouth
bass in each enclosure. Dominant vegetation aplinTrail was American pondweed,
coontail and chara. Areas sampled in Lake Paragise dominated by spatterdock and
water willow. In this segment we sampled 9 endlesin Lake Paradise, 3 with woody
habitat, 3 with vegetation, and 3 open (Table 4{B3¢nsities of largemouth bass captured
in each enclosure was low in Paradise (mean LMBither 0.007) compared to Lincoln
Trail (mean LMB density = 0.05 fishfin Paradise has been identified as a low
largemouth bass recruitment lake in previous repdithin Lake Paradise, the
enclosures in woody habitat had the lowest largembass density (0.002 fishfn
which was similar to the open enclosures (0.00¥1ii€). Largemouth bass densities
were the highest in sites with vegetation (0.0%8/fif). Similarly, mean bluegill density
and total fish density was significantly highersites with vegetation than those without,
however total fish density was greatest in the agreslosures (Table 4-5). Other fish in
the open water included species such as gizzard shagetation appeared to hold both
more largemouth bass as well as potential preyiepedhese habitats may therefore be
critical to maximizing young of year largemouth ascruitment and growth. Although
we do not know how density of young-of-year fistthese habitats is related to
recruitment, vegetated habitat may be importanétouitment success. We plan to
continue to sample multiple lakes with this enctesdesign in order to incorporate
different habitat types and supplement these samplerder to evaluate the importance
of each habitat type as potential largemouth bassenies.

Woody Habitat Pond Experiments

In the summer pond experiment, ponds containingseo&oody habitat had
significantly higher growth (change in mean weidhbt)juvenile bluegill (k= 4.99, P =
0.05; Figure 4-3) whereas survival of this spewas similar between treatments {E
1.41, P =0.27). There were no differences igdarouth bass growth{g= 0.01, P =
0.90) or survival (Fg= 0.89, P = 0.40).

In the overwinter experiment there were no diffeemnin percent survival
between the wood and no wood treatments for srhadfdl (F, ¢=0.81, P=0.4), large
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bluegill (F.,=0.0, P=1.0) or for largemouth bass 0.0, P=1.0). While woody
structure did not affect the survival of any ofgberoups, other factors such as growth
may have been affected and will be analyzed irfuhee.

Dam Escapement

In this segment, one additional sample was colefrtan Forbes Lake following
a high water event. Only two large largemouth lveex® collected at this time and
neither one of them had been captured in previaongpbng (Table 4-8). We have not
yet established a baseline by which to compare Wwafler results. However we have
good data representing extreme high flow eventsiléVesults are preliminary at this
time, there is evidence for largemouth bass escapgmparticularly in the stream below
the dam at Ridge Lake (Table 4-6). One of the 300+ bass collected at Ridge Lake
has been confirmed to have come from the lake Isechwas marked with a pit tag.
Dramatically higher numbers of small largemouthsbasre present below Ridge Lake
compared to Forbes Lake.

RECOMMENDATIONS:

Additional information on the role of aquatic veggain to largemouth bass
recruitment has been identified as an important fppananagement in lllinois. Data
from vegetation enclosures provided evidence thgetation is important to young-of-
year largemouth bass in Lincoln Trail and Paradisethe next segment, we will
continue to expand the work we have completed watietation and woody habitat
enclosures and identify additional potential latteg may be included. With these data
we can examine relationships between habitat connposind largemouth bass density
and size structure.

There are a number of potential management stestégi manipulating
vegetation that are of interest to managers indi§, including chemical treatment to
reduce overabundant vegetation and/or nuisanceatege(e.g. Eurasian milfoil) and
habitat restoration to increase vegetation wheeel#cking. We have continued a multi
lake experiment examining lakes with a range oketagon densities and have begun
measuring recruitment of largemouth bass in thgseems. We will continue to monitor
pre treatment conditions in 2009 and plan to itet\segetation treatments to reduce
vegetation in Stillwater, Airport, and Kakusha Lake 2010. Vegetation removal in
these lakes will be accomplished primarily throetlemical treatments appropriate to
reduce the dominant problem vegetation. We withpare control lakes to vegetation
removal and addition and relate changes in largémioass recruitment, growth, and
abundance to the management practices. This avilised to identify critical levels of
vegetation to target for management. We will aandi to monitor fish exclusion fences
and transplanted vegetation at Lake Paradise asda# increases in vegetation are
observed. We will supplement the plantings fro@&®ith spring and summer
plantings in 2009 of American pondweed and wilceogl These two species of plants
did well in 2008 prior to the drawdown and shoutdvpde vegetation cover within
enclosures. We will continue to monitor and eviduhe success of the varying
enclosure sizes and arrangement as well as diffesdpetween the vegetation species in
order to make management recommendations reggptingng techniques. In Dolan
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Lake, the water level was drawn down in an atteimgdiminate carp and gizzard shad.
We expect through the removal of these fish anceip®sing of the seed bank, that
vegetation will increase in this lake. A similaadidown and fish removal in Woods
Lake is planned for fall 2009 and we will evalutiie post drawdown fish communities
and vegetation density. We will continue to moniemgemouth bass populations
throughout the implementation of the experimentdtiments as well as other biotic and
abiotic factors we have related to largemouth bassiitment success. This will allow
us to make management recommendations regardingnhieations of vegetation and
woody habitat management on largemouth bass rewnitas well as other components
of the food web.

While the addition of complex structures has badized as a lake restoration
technique for many years (see reviews by Smokorogisid. 1998 and Bolding et al.
2004) controlled manipulative experiments desigimegikamine the importance of such
structure to fish populations in lentic systemsugprisingly rare (Smokorowski and Pratt
2007). In our pond experiments we have thus famded on coarse woody habitat,
which is hypothesized to be an important to aquatd webs because it supports a high
biomass of aquatic invertebrates (Bowen et al. 1888 offers a temporally stable
structure (Guyette and Cole 1999). In summer pqeriment we found evidence that
the presence of coarse woody habitat can incraasélgof bluegill in a simple aquatic
community. Previous research in this study hastified the production of bluegill as an
important driver of largemouth bass recruitmenitlinois lakes (see Job 101.4) and
(combined with our results) may provide a mecharbgrwhich littoral habitat may
influence largemouth bass populations. In fut@gnsents we will examine potential
differences in abiotic and food web components tiay explain the observed
differences in bluegill growth between treatments.

Though we found no effect of woody debris on thevisal of either size class of
bluegill in the overwinter experiment, results loé summer experiment highlight that
many of the effects of woody habitat may be indiréemall vulnerable size classes of
bluegill might be especially likely to change belbawhen woody cover is available.
We will continue to look for differences in growmthates between the treatments and
examine other trophic levels to determine if wobdypitat has the potential to affect the
community dynamics of freshwater systems, which afégct growth and survival of
largemouth bass.

The assessment of dam escapement is in the veyyseages of implementation
and evaluation and much more data is needed to cvawlusions about the effect of
escapement on largemouth bass populations andtreeni. Additional data will be
collected so that a baseline can be establisheddgr to compare largemouth bass
numbers after an increased discharge event tonargeh bass numbers during low flow
periods. Additional techniques to establish tlasddine during low flow times will be
employed at the Ridge Lake site where a new scdeeaieh basin can be used to collect
fish. These samples will provide a better undediteg of the number of fish that are
new to the population as opposed to fish thates&lents of the stream population. We
will also supplement these data with historicabmifation from Ridge Lake collected
over the last 20 years.
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Job 101.5 Assessing the impact of angling on bass reprodeistiiccess, recruitment,
and population size structure.

OBJECTIVE: To assess the level of angling for nesting bagdinois and to

determine its impact on reproductive success andamecruitment, as well as to
determine how much long term exploitation of llisdass has changed the size structure
of those populations.

INTRODUCTION:

The growth in the popularity of competitive angliegents targeting black bass
has been substantial in the United States ovda#te0 years with exceptional growth
occurring in the past decade. Highlighting thiserg growth, about 18,000 events were
estimated to occur in North America in 2000 whemas 32,000 were estimated to
occur in 2005 in the United States alone (Kerr dathke 2003; Schramm and Hunt
2007). Although tournament rules require the 1&#eaf captured bass following the
conclusion of the “weigh-in,” high mortality (>50%jps been reported during
tournaments within the last 10 years (Neal and kepkayton 2001; Gilliland 2002;
Wilde et al. 2002a), necessitating investigatiorie strategies to minimize mortality
during these events. Mortality can be capturetedlé.e. hooking mortality) but can also
be due to the collective impact of several subdestressors incurred by bass throughout
the tournament process (Kwak and Henry 1995) satheadisturbances sustained during
livewell confinement or the weighing procedure.abidition, the sub-lethal physiological
disturbances incurred by bass that ultimately serthe tournament process can
negatively impact growth (Wendelaar Bonga 1997)fandss (Schreck et al. 2001;
Ostrand et al. 2004) and increase susceptibiliigease (Pickering and Pottinger 1989).
Clearly, identifying factors that influence the dethal and lethal consequences of
tournaments on largemouth bass and potential agapuaitigate these impacts is
important for the sustainable use of bass fisheries

One factor that may influence the impact of touneats on largemouth bass is
the size or organization of these events. Tourmdsredministered by local clubs
typically have fewer than 50 anglers whereas evamtstioned by professional
organizations can have upwards of 500 anglerssd t®ub-style” tournaments
however, are more numerous and are often less iaeghthan professional “tour-style”
events yet previous studies have focused almostigxely on large tournaments. In
addition, the few studies that examine the effe€small tournaments have conflicting
results regarding the impacts of such events.ekample, Ostrand et al. (1999) reported
that small tournaments (< 50 anglers) had highigaimortality (4.1%) than large
tournaments (1.8%; > 50 anglers) presumably di@ner levels of organization in the
smaller events. Conversely, mortality has beemgasigd to increase with increasing
number of tournament participants (Schramm et3871Hartley and Moring 1995) and
mortality was reported to be low (about 2%) in ekiple tournaments in Connecticut
(Edwards et al. 2004). Air-exposure during thegliein has been shown to instigate a
large metabolic disturbance in largemouth bassrttagt contribute to mortality (Suski et
al. 2004) yet no studies have quantified the stialegphysiological impacts of small
tournaments even though air exposure of fish duhegveigh-in may be longer (due to
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poor organization) or shorter (due to few angldig)ng these events relative to tour-
style events. Currently, the information regardénggll tournaments does not provide a
clear picture of the status of tournaments in dilsnas the number of tour-style events is
relatively low (possibly as they are only held amr targest water bodies, e.g. Lake
Shelbyville, Rend Lake, Carlyle Lake) whereas cdtyde competitions are frequent and
are often held on smaller water bodies.

Another factor that may influence the impact afrteaments on largemouth bass
is the timing of events. Tournaments are heldughout the year and seasonal
fluctuations in water temperatures may affect thpacts of tournaments as mortality has
been shown to correlate with water temperaturedgv1998). In addition, largemouth
bass exhibit seasonal changes in several indicelysiological condition (Brown and
Murphy 2004) and may display season-specific phggioal responses to tournaments
which may ultimately influence mortality rates. Nhdity of largemouth bass during
tournaments held in the spring spawning seasobéas reported to be higher than those
held during summer, possibly due to stressors &gsdcwith spawning behavior (Kwak
and Henry 1995). Currently, little is known absatisonal responses of largemouth bass
to tournaments, especially sub-lethal physiologitisiurbances, and this information
would be particularly relevant as tournaments &td bn lllinois waters 12 months out of
the year. A comprehensive evaluation of sub-ledinal lethal consequences of club-style
tournaments across multiple seasons would be uagfile majority of tournaments held
in lllinois are club-style events, the current imf@tion regarding small tournaments is
conflicting, and it is unknown whether season-dpetburnament guidelines can have
benefits for largemouth bass.

Removal of spawning males by angling have unknaoffetes on largemouth bass
reproductive success. In the spring, male larg¢imbass (Micropterus salmoides) build
solitary, highly visible (depending on water clgyisaucer-shaped nests in the substrate in
order to court and spawn with females (Kramer amitt$1962; Pflieger 1966; Coble
1975). Once spawning is completed, females Idaw@ésting area and the male remains
to provide all parental care of the developing @fisg, a period that may last four or more
weeks (Ridgway 1988; Cooke et al. 2002). Whileentmss are providing parental care
for their broods, they are extremely aggressivediRay 1988; Cooke et al. 2002) and,
therefore, highly vulnerable to many angling taxtieves 1975; Kieffer et al. 1995).
Even though this vulnerability has never been agskaccurately, many fisheries
management agencies have invoked closed fishingdsercatch-and-release regulations,
and various length and harvest limit scenariomieffort to enhance or promote bass
reproduction and recruitment (see Schramm et 85119

Male largemouth bass experience reduced levditsodf consumption while
providing parental care (Kramer and Smith 1962eBér 1966; Coble 1975). Therefore,
the spawning season has negative effects the ditvfgzarental males, characterized by a
decrease in energy store and somatic growth. Thkty of post swim-up parental care
provided is influenced by the energy reserves efristing male (Ridgway and Friesen
1992; Cooke et al. 2002). As a result, an enexghyicostly activity, such as being
captured by angling, could result in a decreasddyabf that male to provide continued
parental care (Kieffer et al. 1995) and negativelgact offspring survival. Furthermore,
Phillip et al. (1997) have confirmed that anglifgiesting bass, even on a catch-and-
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release basis, results in increased brood predatidmest abandonment rates. All these
practices could contribute to increased abandonimenesting males.

The popularity of largemouth bass angling may hegeeater consequence on
population sustainability through disruption orlgaermination of parental care than
through more classical mechanisms such as oveestarlhe aggressive nature of
parental male black bass during the parental aanieg(Ongarato and Snucins 1993)
increases an individual’s vulnerability to anglifigndgren and Willis 1990). Angling of
the parental male disrupts brood defense and leaweae’s young vulnerable to
predation (Philipp et al. 1997; Kubacki et al. 2D0O# harvested, parental care is
prematurely terminated, resulting in the complesslof the angled male’s reproductive
output. Anglers using catch and release strategies targeting nesting males influence
the number of surviving young through their landiaghnique, handling, and holding
time of the parental male.

Successful reproduction is critical to the longvtenability of a population.
Understanding how catch and release angling ofngestale largemouth bass impacts
recruitment is a prerequisite to developing effectnanagement strategies for
maintaining healthy populations of largemouth b&Sach strategies may include closed
seasons (Kubacki et al. 2002), fish sanctuarieskiSi al. 2002), habitat modification
(Bozek et al. 2002), or other regulatory mechani@ngnn 2002). Research to date has
focused almost exclusively on the effects of catieti release angling on individual males
and their broods, but no research has been cortitectietermine how recruitment might
be affected by catch and release angling of nestizlg largemouth bass. Reduction in
reproductive output is expected to reduce recrutpieut has not been directly examined
(Myers et al. 1997; Ridgway and Shuter 1997; S\#I0? We are assessing the
relationship between nesting success and recruitmémncoln Trail Lake. In addition
we are determining which cohort (based on spawdatg) contributed the most to
largemouth bass recruitment. The strategy of mienm reproductive success by
protecting successful spawning bass from anglisgrags that there is a positive
relationship between reproductive success andite@at. One of our objectives here is
to quantify the effects of angling on the reprodeecsuccess of largemouth bass.

PROCEDURES:

Tournament Mortality

In 2008, we evaluated delayed mortality followingritnaments at Evergreen
Lake during early-spring, early-summer, mid-summaed fall. Water temperatures
varied across seasons and were 14.0 °C at thesgaihg tournament, 25.2 °C in early-
summer, 27.6 °C in mid-summer, and 19.6 °C in fatllowing the conclusion of each
tournament, fish were placed into holding pens (\Nfigh per pen, 3 pens per
tournament). The holding pens had mesh nettiraglad¢d to a frame made of floating
PVC measuring 6'x4’ with a net depth of 9'. Addital largemouth bass were collected
via electrofishing after the tournament and plaicéal similar cages to account for cage
effects. Pens were checked 24 and 72 hours failpttie conclusion of the tournament
for deceased bass and all remaining bass afteout? lvere released. Initial mortality
(number of fish deceased prior to weigh-in) wae atxorded. Delayed mortality was
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calculated by subtracting the mortality of eleasbéd control fish from the mortality of
the tournament-caught fish when applicable.

Also in 2008, we blood sampled largemouth bassa&elBloomington during
tournaments in early-spring, late-spring, mid-sumraed fall. To determine whether
changes in physiological parameters were seasarfispesponses to tournaments or
seasonal changes in baseline parameters, we edllezgemouth bass via electrofishing
immediately following each tournament. Fish wesimed to the laboratory at the
Kaskaskia Biological Station, allowed to recuperated were then blood sampled to
generate resting values for all parameters in saabon (termed the ‘Seasonal control
group’). Blood and plasma samples were processeddicators of physiological
disturbances.

Tournaments at both Evergreen Lake and Lake Blogtomwere part of the
same tournament organization and weigh-ins wereiatiéd by the same individual at
each event. Each tournament was 8 hours in leargttconsisted of 25 2-person teams
allowed to weigh-in a maximum of 5 fish meetingeaceeding the 15" minimum length
limit. Teams were penalized 1 pound for each deaxéish brought to the weigh-in.
This penalty is 2-4 times greater than the typpealalty assessed by many nationally-run
organizations.

Paper Tournaments

In previous segments we conducted paper a paperaiment on Lake
Shelbyville to determine their potential for recagiargemouth bass mortality through
the elimination of the weigh-in. In this segmerd have compiled the data from 6
additional tournaments. Anglers were asked torcetize total length of each fish caught
to the nearest quarter inch. Anglers were theke@dminder a variety of scoring criteria,
including the tournament official results (totaligig of fish > legal limit), total paper
length (sum of total length of all fish caught)aiogpaper weight (sum of weight
estimated from paper lengths of all fish caughapey length from legal fish (sum of
lengths from fish over the legal limit), and paparight from legal fish (sum of weight
estimated from paper lengths). Paper lengths w@meerted to paper weights using a
length weight regression developed from largembats collected on Lake Shelbyville
from electrofishing samples. Once anglers werkedmnder each scenario, the
difference of each ranking from the official weighranking was calculated as the
absolute deviation from the weigh-in rank. We caneg the differences in ranking
among the tournament scenarios in order to evakatk technique.

Influence of Spring Tournaments on Reproduction

We initiated an examination of the impact of brgoddation during an angling
event on recruitment of nesting largemouth bassutyin a controlled pond experiment at
the INHS Aquatic Research Facility in Champaign, Rond experiments provide the
opportunity to test the population level effectsatch and release angling in a controlled
setting. We also conducted an experiment at Ridde examining the effects of
tournament-style angling of nesting largemouth l@sspopulation previously
unexploited during the spawning season. Theserexgets allow the examination of
specific mechanisms (e.g., brood predation dutegaingling event, tournament angling
of nesting bass) that may impact recruitment. dncdoexperiments, adult largemouth
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bass males and females were stocked in similar atsvdnd sizes across eight one-third
acre ponds prior to the onset of spawning. Swinsmeade periodic observations in each
pond to determine the onset of spawning. Oncesiad eggs in their nests, nests were
marked with a uniquely numbered nest tag, guardiaps were identified by
approximate length and fin clip, and egg score{&an 1991; Kubacki 1992) and stage
of egg/larvae development was recorded. Periothckeling surveys were conducted
throughout the parental care period to determirgdte of larval development and
individual reproductive success of each nest. Bovete randomly assigned to either a
control or treatment group. At the egg or wriggleage, swimmers removed 50% of
each brood from each nest in all four treatmentgpeimulating brood predation during
a catch and release angling event and allowingdpulation-wide comparisons of
reproductive output in systems with and withouthand release angling during the
parental care period. In August of 2007 and 2@0&ight ponds were drained and YOY
collected and enumerated to determine any effédisood predation on reproductive
output. We measured differences in total numbemhbss, and size structure of YOY
between control and treatment ponds.

In 2008, this controlled experiment was expandeakgess late summer and fall
recruitment differences between treatment and obgtoups, allowing this study to
more closely reflect the effects of brood predatimoughout the entire first year of life.
YOY collected from experimental ponds were stockesix ponds at two densities
(n=4200 in 3 high density ponds and n=2100 in 3 d@nsity ponds). Ponds were
drained in late October and all surviving YOY wereumerated.

In addition to the pond experiments, we implemertéake experiment where we
conducted largemouth bass tournaments in the spfiR§07 at Ridge Lake where no
prior tournament activity had taken place. No taments were held during 2008 and
will be compared to years with tournaments. Preserf tournaments will continue in
future years in alternating fashion. Prior to 2@Jarge number of largemouth bass were
PIT tagged (>2000 fish) and new fish are taggett gaar at a rate of 200 fish per year.
PIT tag data can be used to estimate populati@s szdetermine changes in largemouth
bass populations throughout this study. Largemba#s recruitment was assessed using
seine hauls and electrofishing. Seine hauls wanducted bimonthly at three pre
determined transects in Ridge Lake. In additiba,dntire lake was electrofished twice
in the spring and twice in the fall of each yeAll largemouth bass collected were,
measured for length, examined for PIT tags ancseleé. Recruitment was assessed as
the relative CPUE from fall electrofishing sampdesl mean density of young-of-year
largemouth bass collected in seines in late Augndtearly September. Additionally, a
complete creel census has been conducted on Ralgeduring the open angling season
of each year.

In the early spring of 2007, seven angling tourn@seere conducted during the
spawning season (April 22 - May 22) on Ridge Lakeyr to the opening of the regular
public angling season. During each tournamentasglers spent four hours (24 angler
hours per tournament) targeting nesting largembatis. Angled fish were held in live
wells and transferred to holding pens for the daratf the tournament. All angled bass
were measured and weighed, scales were collecatetbfermining age, and a PIT tag
was injected into the peritoneal cavity of each fidt previously tagged. PIT tags were
used to identify recaptures during subsequent tounamts as well as contributing to
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ongoing mark-recapture studies on Ridge Lake.0BB2o tournaments were conducted
and the lake was closed to angling until May 22)&0

Long-Term Effects of Tournaments

We began to evaluate how long-term harvest angin@tournament pressure has
impacted the population size structure of largetmdngiss populations through
selection-driven changes in life history traitdedfrofishing transects were performed in
eleven lakes in the spring and fall and all largathdoass were collected, measured for
total length and weighed. Of the lakes sampledeée lakes with tournament activity
and 6 were lakes with no tournament activity. lAKes had similar regulations with
minimum length limits ranging from 14-18 inches dhfish bag limits. Scales were
collected from each largemouth bass and were agéddindependent readers to
determine mean length at age for fish in each lakespring electrofishing samples, sex
was determined when possible as well as matuatystmature or immature) and
spawning status (ripe, running, or spent). Largeimbass were collected from each lake
for size ranges that were too small to determineasel maturity status in the field.
These fish were brought to the lab, dissected ardsd maturity status was determined.
This data will be used to determine sex-specifie-sit-age, life span, and
age-at-first-maturation profiles for these popwas and others in Illinois with various
levels of exploitation. Tournament data will bélected for each lake and the total
number of tournaments, total number of anglers] faghing hours, and total number of
fish caught will be determined for each lake. Wk @xamine the intensity of
tournament activity at each lake and evaluate thm@ance and size structure of the
associated largemouth bass population.

Nest observations

Snorkeling surveys were used to assess bass spgpactinity, nest site selection
by males, aggressiveness of males guarding aarebsthe level of nest predation in
Lincoln Trail Lake. Snorkel surveys commenced qril23, 2009 and continued
through May 11, 2009. Each of six transects have been monitioreseveral years.
Each located nest was given a nest tag and ancegg @-5). The water depth of the
nest was recorded as well as the developmentad sfatpe offspring. A visual length
estimate of the guarding male was noted as weleapresence or absence of a hook
wound. The species and number of predators inédsewas recorded, as well as their
size and amount of time spent in the nest. Habii#in a 4m x 4m quadrant around the
nest was mapped, making note of substrate, covepaiential nest predators. We also
assessed the available habitat within each tratselgtermine if largemouth bass were
exhibiting any substrate selectivity for specifasting sites. Transects were snorkeled
perpendicular to the shoreline and substrate wastdied at 5-meter intervals. At each
interval, 5 point estimates were visually assessedominant substrate along each
transect from 2m of depth to the shore. Thesewata used to estimate the proportion
of each substrate type available within each shimig¢éransect and compared to the
substrate at each nesting site. A Chi-squaredvies used to determine significant
variation of used habitat from available habita2@96, 2007, and 2008. The absolute
value of residuals (greater than 1.96) determinkehvsubstrate type was used
significantly greater than (+) or less than (-) exted. To determine if different nest
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substrates pose greater risks of predation, pecoenposition of nests with potential nest
predators were separated from nests with no patgredators. A random distribution

of selected nest sites would yield equal numbersests with and without nest predators.
Young-of-year largemouth bass were also colleatetie months of July and August in
each year by AC electrofishing (three transectsnandates) and seine hauls (four seines
every other week). Otoliths were removed from ¢hlesss, mounted on microscope
slides and sanded to increase the clarity of tbevtr rings. Two readers examined each
otolith and the daily growth rings were counteche humber of rings was then used to
back calculate swim up date for each fish collect8gdawning date was determined by
correcting swim up date; total of 11 days (mean Ioemnof days from spawn date to swim
up) were added to the swim up date for each ot(Miier and Stock 1984; Allen and
Romero 1975). The relative number of young of ymawned for each week was
compared to the frequency of new nests observetth&mweek in order to determine
differential survival.

FINDINGS:

Tournament Mortality

Overall, tournament-related mortality at Evergréake was quite low and never
exceeded 5%. No delayed mortality was observegily-spring, early-summer, or mid-
summer tournaments. During fall, 1 of the 20 largath bass weighed-in was found
deceased within 72 h following the conclusion @& thurnament, resulting in 5% delayed
mortality for that season. One deceased fish wasght to the weigh-in (initial
mortality) in both the early-summer tournament amd-summer tournament, however,
these mortalities were reported to be hooking-eel@nd one of the two fish had visible
hooking-related injuries. When initial and delayedrtalities are combined, mortality
was 0 % for early-spring, 4 % for early-summer 98 8r mid-summer, and 5 % for fall
(Table 5-1). No discernable seasonal trends irtatfityrwere observed.

In general, the physiological responses of larggmbass to tournaments were
relatively similar over seasons. Cortisol, a honethat is released during the stress
response and is a sensitive indicator of stress,elevated in plasma during tournaments
in all seasons relative to controls but was ordyistically significantly elevated in early-
spring (Figure 5-1 A). Similarly, plasma glucosanich is released during the stress
response as aerobic fuel to overcome stressorsala@elevated relative to controls in
early-spring and late-spring tournaments, but waglifferent across seasons except that
mid-summer levels were greater than fall conceioinat(Figure 5-1 B). Largemouth
bass incurred a large metabolic disturbance iseglbons, characterized by an increase in
plasma lactate concentrations during each seasgurés-1 C). Because water
temperatures ranged from as low as 15.7 °C ataithg-gpring tournament to as high as
27.6 °C during the mid-summer tournament, thisudigtnce was likely independent of
temperature and was instead related to air-expaiuieg the weigh-in, which has been
shown to cause physiological disturbances in lamggmbass (Suski et al. 2004).
Overall, the sub-lethal physiological disturbanobserved in this study were similar to
those experienced during catch-and-release andtomg, which largemouth bass can
fully recover (Suski et al. 2006).
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Paper Tournaments

In this segment we assessed data from 7 paperaiments that ranged from 14 to
33 participating anglers (Table 5-2). Results fiti@ paper tournaments were similar to
the official weigh-in results when only fish greatiean the legal limit are included.
Mean deviation in rank for each angler was slightigater than 1 for both total paper
length and converted paper weight of legal sizgl firigure 5-2). Less than one angler
that were ranked in the top five in the officialigie-in were no longer in the top 5 due to
the use of paper tournament results for legal(flgtble 5-3). These results suggest that
paper tournaments can rank anglers similarly twiaffweigh-in results and may be used
to replace the weigh-in and still identify the toament winners. When paper
tournaments considered all fish caught in anglekirays, rank deviation for each angler
increased to around 4. Similarly the number of3@mglers that dropped out of the top
five increased to 2 anglers. Paper tournamentddaaiow organizers to consider fish
that were caught that are too small to keep imditional weigh-in. This method of
evaluating who is the best angler will dramaticalhyange the ranking of angler and may
be a better or alternative measure of fishing satther than only considering legal sized
fish. Paper tournaments can also evaluate traditimeasures of winners based on
anglers with the largest fish. Paper lengths thliournament scenarios were similar to
the weight results and converting paper lengthgdights is not necessary to rank
anglers.

Influence of Spring Tournaments on Reproduction

In the controlled pond experiments conducted in728@d 2008, recruitment was
clearly affected in ponds where 50% brood predatias simulated. Young-of-the-year
(YOY) were 37% less abundant (see Figure 5-3),38d less YOY biomass (see Figure
5-4) was produced in treatment ponds. Size Higion of YOY was not remarkably
different between control and treatment ponds dutive two study years (see Figure 5-
5). These results show that brood predation redtieabundance of YOY surviving
until the fall, and that YOY biomass is equallyeaffed, indicating that neither
compensatory growth nor compensatory survival dpdmamitigate brood loss.

In the expanded experiment conducted from Augu§idtober of 2008, mean
survival in high-density ponds was 53%, while mearvival in low-density ponds was
63%. The percentage of YOY recovered was not fsogmitly different between high and
low density ponds (p= 0.312), indicating that diffleces in YOY abundance caused by
brood predation persist through the fall of thetfyrear of life, supporting the hypothesis
that brood predation can impact recruitment dynamic

Tournaments were conducted at Ridge Lake durie@@®7 spawning season and
compared to a non-tournament year in 2008. Anglaught 448 largemouth bass over
168 angler hours for a mean tournament CPUE of iisG7angler-hour (range 1.00 —
4.42 fish/angler-hour). Both fall seine and elefishing yielded lower largemouth bass
numbers in 2008 than in 2007 (Table 5-4). Mearsigf young of year largemouth
bass in 2007 seine hauls was 0.11 fisStdompared to 0.06 fish/nin 2008. Similar
differences were observed in electrofishing samfadegoung-of-year largemouth bass
with 2007 CPUE being higher than 2008 (Table 5t only were young-of year
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largemouth bass more abundant in 2007, but theg l&eger in size. Similar differences
also existed in adult catch rates with 2007 beighdr than 2008 (Table 5-4). These
results are based on one year of tournament fisimdgone year of closed fishing and
any interpretation is limited. These preliminaggults suggest that tournaments may not
adversely impact reproduction or lakes with higtegroduction are chosen for
tournaments locations identifying which of thesergrios is operating will need to be
assessed in future analyses. We will continuetwlact spring tournaments at Ridge
Lake during the bass spawn in alternating yeaevétuate changes in recruitment that
may be attributed to tournament activity.

Long-Term Affects of Harvest

We have begun to accumulate age and maturity dataremouth bass in
eleven study lakes to examine the long-term effettesurnament pressure. In this
segment, we collected a number of largemouth edscould be used for determining
maturation status. We aged scales taken fromaethendakes from spring electrofishing
samples from 2005-2008 which will be used to deteesh mean length-at-age for each
population. Fish collected during spring 2008 prelvious years were aged and sex and
maturity status were determined. Initial assess$mematurity show age of maturity of
both male and female to be approximately age Zkesl that were sampled. We do not
have enough fish from each lake to precisely datexrage of maturity at this time. Of
the lakes sampled, a majority of fish collectedenienmature at age 2 and mature at age
4 with 75% being mature at age 3 (55% of femal@% ®f males). We used length at
age 3 to explore potential differences in size agrtonrnament and non tournament
lakes (Figure 5-6). Tournament lakes had a highean size at age 3 than non
tournament lakes, however there is a good deahiwtion and these differences are not
significant. We also examined CPUE from electiufig for tournament and non
tournament lakes and found higher CPUE of largembass greater than 14 inches in
tournament lakes than non tournament lakes (Figtfe These are preliminary
examinations of the largemouth bass populationsimament lakes. We need to
expand our database by including additional lakesrder to test for significance in the
differences observed. In this segment we also dethfpurnament data on Lake
Shelbyville from 2002 through 2008 (Table 5-5). Wre currently contacting
tournament supervisors from our study lakes in ot@ebtain data on all tournaments
that occurred on each lake. Only lakes where filata all tournaments can be obtained
will be retained in the analysis. This will allayg to quantify tournament pressure and
relate it to largemouth bass adult populationguigoent, and other metrics such as
PSDs, and RSDs.

Nest Observations

A total of 16 nests were observed between 4/23/20@95/11/2009 in Lincoln
Trail Lake. In May, turbidity from heavy springima greatly decreased ability of
snorkelers to identify nests and subsequent sringkdhtes were cancelled. The first
nests were observed shortly after temperaturehieeat3C, and more nests were
identified the following week as the water temperatincreased (Figure 5-8). Nest
substrate use was significantly different than lakée habitat in all three years
(P<0.001). In 2006, wood, sticks, cobble and pel@#re used more than expected,
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while vegetation, leaves, and detritus were usssitlean expected (Table 5-6). In 2007,
gravel, cobble and pebble were used more than tegheghile vegetation was used less
than expected. In 2008, gravel and cobble werd ms®e than expected while
vegetation, was used less than expected. Therageaesater likelihood of nest predation
when bass spawned on gravel, pebbles, and cobthle ksser likelihood when bass
spawned on vegetation, wood, and detritus (Fige® 5

Survival to fall was back calculated to spring spdine using otoliths in 2000,
2001, 2003, 2007, and 2008. Snorkel surveys watreassible in 2002 and 2004 due to
high turbidity and otoliths were not taken in 2008umbers of nests during the spawning
period followed a positively skewed unimodal pattevith the exception of 2008 when
spawning was bimodal. The distribution of survvaras bimodal in 2001, but unimodal
in 2000, 2003 2007, and 2008. The number of nestsren a date was closely related to
the number of young-of-year largemouth bass sumgit the fall in 2000 and 2001, but
not in other years (Figure 5-10). In 2003, 2001 2008 YOY survived
disproportionately from later in the spawning seas8ome estimated survival came
from later in the season than we observed nestifig¢e occurred. These discrepancies
could be the result of either missing later spagraativity during snorkeling or errors in
back-calculating spawning dates. We will evalu@tdiths collected earlier in the
summer to reduce aging error and assess the dtmteach of these alternatives. We
will also continue to add additional years usingjitis to assess spawning date
contribution to young-of year largemouth bass ricrent.

RECOMMENDATIONS:

Minimizing air-exposure throughout the tournamenagess, especially during the
weigh-in, can reduce metabolic disturbances sut¢hass incurred by largemouth bass
during this study. In addition, oxygen can be glyidepleted in weigh-in bags so
aeration of these bags may also reduce metabgligrdances. Although fish
experienced a large metabolic disturbance but rityrteas low, recovery from this
disturbance may be energetically costly for figtpart from this metabolic disturbance,
results from this study suggest that club-styleriaments can have minimal lethal and
sub-lethal effects on largemouth bass during a@éses. The low mortality and sub-
lethal disturbances could have been due to sefaatalrs. Most anglers weighed-in
fewer fish than the 5 fish limit resulting in lowéwell oxygen demand. Next, although
smaller tournaments have been suggested to beypmrgdnized (Ostrand et al. 1999),
tournaments at Evergreen Lake and Lake Bloomingppeared to be well organized.
The handling time of tournament-caught fish was, Ipassibly due to the well-organized
group, which may have minimized mortality as hamgltime has been previously shown
to positively correlate with mortality (Edwardsadt 2004a). Lastly, conservation ethics
of tournament participants may have also reducedntipacts on fish as they attempted
to avoid a large, 1-pound dead fish penalty, likejyensuring proper aeration of
livewells. A combination of several of these fasteeduced the lethal and sub-lethal
impacts on largemouth bass during the monitorethtouents.

Results from the current study suggest that sesgeadic regulations or
guidelines specific to club-style tournaments waubd have additional benefits for
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largemouth bass. Organization of club-style tooveiats, however, is likely highly
variable and not all clubs follow the proceduresatlibed above. Largemouth bass
would likely benefit from adaptation or closer emfement of current recommendations
such as adequate aeration of livewells and minitoizaf air exposure during the
weigh-in. Quantification of individual parts ofeltournament procedure (e.g. handling
time, use of large dead-fish penalty) may be hélgicommendations to tournament
organizers who do not follow or only loosely foll@urrent guidelines. Our results
demonstrate that if proper care is taken, smabl-slyle tournaments can have minimal
impacts on the fishery regardless of water tempegat

Paper tournaments have the potential to removstthss associated with livewell
confinement of fish, weigh-ins, and removal fronstigg sites during the spawn. We
have demonstrated that paper tournaments can éalguiank anglers as well as allow
tournaments to include smaller fish in the rankiagd should be considered as an
alternative to traditional weigh-ins especially idgrhigh temperature times of year and
the spawning season. In addition paper tournanadiots the inclusion of fish that are
caught, but shorter than the legal limit. Thesh fire ignored in a traditional weigh-in,
but provide an alternative way to evaluate whinesliest angler. We have shown the
potential of paper tournaments and encourage argemio consider their use in future
tournaments.

The pond experiments conducted in 2007 and 2008de@vidence of how
angling largemouth bass during the spawning seeaommpact recruitment dynamics
and reduce the size of the year class. Brood remtudtiring an angling event results in
lower survival of YOY, and surviving YOY are similg sized compared to YOY in
populations that did not experience brood predatife found no evidence of
compensatory survival or growth in YOY in respots®rood reductions, indicating that
angling largemouth bass during the spawning seamm be considered when discussing
management alternatives that target problems nuite@ent. To assess the effects of
angling practices and tournaments on largemouts tegwoduction we will continue
experiments initiated at Ridge Lake. No experirakahgling tournaments will be
conducted on Ridge Lake in 2008 to provide cordath, but additional tournaments in
2009 will be conducted. In future segments, infation gathered from these
experiments will be combined with long-term creeivey and population assessment
data to construct and test mathematical modelargemouth bass recruitment dynamics
(Job 101.4). Changes in largemouth bass recruttarehadult populations will be
monitored to determine the potential populatioreleffects of largemouth bass
tournament angling during the spawning season.wWealso assess how much
spring-time angling over nesting bass is occurimijinois by analyzing past and
current creel data as well as directly comparirggrésults from lllinois.

We will continue to evaluate how varying tournamergssure and angler harvest
has impacted the size structure and abundancegeiteuth bass populations through
selection-driven changes in life history traits.e Will continue to sample lakes with
varying tournament pressure for largemouth bagss Will involve determining
sex-specific size-at-age, life span, and age-st-firaturation profiles. At this time our
sample size is low and additional samples are requo conduct analysis of sex specific
characteristics. In future segments we will inseethe number of largemouth bass for
assessment of both the length-at-age and matuiy will also incorporate both
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information on tournament frequency as well aslatata in order to assess differences
in fishing pressure and relate them to largemoassisize structure and maturation rates.
This will allow us to identify the potential impacdf tournaments and harvest to life
history characteristics in largemouth bass poputati

Thus far, we have been able to assess spawningpyadiiring five years at
Lincoln Trail Lake. Monitoring has allowed us tetdrmine the duration of spawning as
well as the relative number of nests formed eaobkwén future segments we will
continue to monitor nesting activity and colleabldahs from young of year bass in the
fall. The otoliths from additional years will bemoved and the daily rings will be read
in order to back calculate spawning date. Theivegaumber of bass collected in the fall
from each spawning date will continue to be comghanethe number of new bass nests to
determine differences in relative survival. A nwanbf factors related to spawning date
could influence survival. Earlier spawned fish naye a size and growth advantage
over later spawned fish. Alternatively, the timimignesting and hatch may be related to
a number of variables such as available prey amgtbdsence of nest and other predators.
We will continue to evaluate these factors in fatsegments and address their
importance in determining recruitment.

Monitoring largemouth bass nesting in Lincoln Tiaals also allowed us to
determine where nesting is occurring and the tgbémbitat bass prefer for spawning.
Continuing to evaluate preferences in spawningthtbnd available habitat for bass
spawning is important in order to understand whatdrs may influence nesting success.
Management strategies such as improving nestingahabay be important in lakes
where spawning success is low due to lack of aptgphabitat. This data will continue
to be utilized to evaluate spawning substrate aimitéit preferences and to examine
factors that may influence the aggressiveness arress of nesting bass. In addition,
habitat adjacent to the nest may be important f0lvbass for feeding and avoiding
predation. We will continue to read daily otolitihem largemouth bass collected in
future years from Lincoln Trail to add additionaitd to the analysis of contribution of
fish by spawning date. Additional data will aidtive understanding of the importance of
spawning date to survival and help develop managestetegies to protect spawning
fish.
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Job 101.6. Evaluating the impact of spawning refuges, lebrtanipulations, harvest
regulations and other management strategies oarntargth bass recruitment in lllinois.

OBJECTIVE: To develop a model to evaluate the effects obua angling scenarios
and pressures on lllinois bass recruitment andsdrzeture. To evaluate the effects of
fish refuges on lllinois bass recruitment and sizacture.

INTRODUCTION:

Largemouth bass can be vulnerable to anglers dspagning and reproductive
success may depend on the level of angling sthesish undergoes during this period.
This has sparked a recent controversy among arageis whether or not bed fishing
(angling fish off the nest) is detrimental to bpspulations. Our recent research (Job
101.5) suggests that angling largemouth bass strean cause nest abandonment,
which results in the failure of the nest to prodofepring. Many states have
implemented closed seasons or spawning refugeshvainé closed to fishing in an
attempt to alleviate this problem. It is uncldahese management techniques are
appropriate for lllinois reservoirs.

Clinton Lake is an approximately 2000-hectare ldiet is operated as both a
power plant cooling lake and a recreational lakethe fall of 2001, a portion of the lake
adjacent to the Clinton Lake Power Plant was peantiy closed to boaters and anglers.
This closed area serves as a refuge for largenimag from angling. Otter Lake is a
310-hectare lake that operates as a water supglyegneational lake. Jeffrey Pontnack
(District 14/15 Fisheries Biologist) and Dennis R¢&eneral Manager of Otter Lake
Water Commission) have proposed closing two laggestho fishing and boating,
providing a spawning and fishing refuge for largemhobass and other fish species. The
refuges may be beneficial to largemouth bass, tnxeasing spawning success and
decreasing fishing mortality. We are using thekeddo evaluate the success of refuges
in increasing the density and size structure ofdhgemouth bass populations.

There are many potential harvest regulation stiasepat can be used to help
manage bass populations, including size limitssadioseasons, and spawning refuges.
Each of them can have a different impact on theufajon, either by affecting size
structure or density. Some regulations have thenpial to impact recruitment more than
others, but right now, we cannot make accurateigiieds. Increasing the quality of
angler catch or harvest rates are common ratiofaldgrvest regulations (Paukert et al.
2007). However, compilation of 91 studies usingimume-length limits and slot-length
limits concluded that most studies were conductest tbo short a period and did not
include creel data to document if a regulatione@ased angler catch rates (Wilde 1997).
Many regulation decisions are not influenced byinfation available on black bass
biology (Paukert et al. 2007). There is a needddher research examining the effects
of angling regulations (Novinger 1984; Wilde 199gukert et al. 2007).

In this job, we are examining the use of closed@es and refuges in two lakes
and comparing largemouth bass recruitment and tienbiefore and after
implementation of the refuge. We will also evatuatirrent regulations used in lllinois
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largemouth bass management in order to determeneftbcts on population size
structure and density as well as angler catch.rates

PROCEDURES:

Population abundance and size structure of largémzass were assessed in
Otter and Clinton Lake using spring and fall elefishing and seining. Clinton Lake
refuge was closed in 2001 and samples were takibnbedore and after implementation
of the refuge. Samples collected on Clinton dufifg9 — 2001 represent pre-refuge and
2002 to present represent post-refuge. In thimeag post refuge electrofishing
transects and seines hauls were performed in @licade during the spring and fall of
2008 and the spring of 2009. Two, thirty minutectiofishing transects and two seine
hauls were performed inside the refuge on each lgagngiate. Three transects were also
electrofished and seined outside of the refugéesiutside of the refuge were located
adjacent to and at approximately 2 and 4 lake kélt@ms from the refuge. Seining was
conducted using a 9.2-m bag seine pulled alonghibecline at fixed transects. In
addition to Clinton Lake, two potential refugessitvere identified in Otter Lake and
will be closed to fishing beginning the spring &1 or 2011. In this segment we
continued sampling Otter Lake to monitor pre reflayggemouth bass populations. One
30 minute electrofishing transect and one seinéware conducted in each proposed
refuge location. In addition, three control siesre sampled (1 electrofish transect and 1
seine haul in each) within the lake as referencations. One reference location is
located near each proposed refuge, and the fifealerece location at the midpoint
between the refuge sites. Fish were identifiespiecies and total length was recorded.
All fish were counted and up to 50 fish were meadudor each species. All largemouth
and smallmouth bass collected inside refuge sitre @iven an upper caudal fin clip in
order to determine if fish in the refuge move iathacent areas of the lake. Catch per
unit effort (CPUE) was then calculated as the nuralb&sh per hour of electrofishing
and number per square meter area seined.

We have begun to collate existing data to exantiaeetfect of harvest
regulations on lllinois lakes. In this segmengulations existing on lakes with
largemouth bass population data from Job 4, (inctpdecruitment, abundance and size
structure) were used for initial analyses. Lakesencategorized by their existing
regulations into six categories, Standard (14” terignit, 6 fish creel, n = 8), Lowered
Bag (14" length limit, <6 fish bag limit, n = 3),diged Length (>14” length limit, 6 fish
bag limit, n = 2), Raised Length/Low Bag (>14" l&m¢jmit, <6 fish bag limit, n = 4),
Slot (no fish harvest slot, n = 3), and No Fishing fishing permitted, n = 1). Creel data
was collected from the lllinois Statewide Creel\ayr We compared angler effort,
harvest rate, and catch rate (sum of harvest dedsed fish) among the six regulation
types. We also examined largemouth bass populsizenstructure using spring
electrofishing samples. Each lake was sampledvordates in the spring of 2008 and
two dates in the spring of 2009. Three transeet®wampled using an AC electrofishing
boat on each date. All largemouth bass were delleeneasured for total length,
weighed, sexed and scales were collected for adthectrofishing data were
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summarized as mean CPUE of largemouth bass ldrgerl4 inches and CPUE of fish
shorter than 14 inches.

FINDINGS:

Mean CPUE for largemouth bass in Clinton Lake frit#89 through 2001 was
25.5 fish per hour of electrofishing. This is lmetlower range of our study lakes, which
have a range of CPUE from 20.9 to 67.3 fish perhds a result, there is the potential
for an increase in abundance of largemouth ba€éimton Lake from the establishment
of the refuge. Sampling at sites inside the refug2003 through 2009 yielded a much
higher CPUE than sites outside the refuge (Tallg 6n addition, CPUE was greater
inside the refuge after closing than samples tdlefare the refuge was closed. This
suggests that bass numbers are increasing infiigerpotentially due to the elimination
of fishing pressure. With the increased numbeachfit bass in the refuge, we would
expect to also see an increase in young of yeaugtmn inside the refuge, however this
is not being observed consistently in our seineaeadtrofishing samples. Continued
assessment of young-of-year bass will be usedsisasf the refuge is enhancing natural
recruitment in Clinton Lake. No clipped fish wexiaserved in electrofishing or seine
samples taken outside of the refuge. This imghasthere is little or no movement of
fish from the refuge to the open portion of theslakVe will continue to assess the
potential lake-wide effects the refuge may hava aml for managing bass populations
in future segments.

We continued monitoring future refuge and referesitas in Otter Lake during
this segment. In fall of 2008 and spring of 2088,0bserved slightly higher catch rates
of largemouth bass in the refuge sites than thé&ralosites in the remainder of the lake
(Table 6-1). The proposed refuge sites appeae ia breas with good bass abundance
and closing these areas to fishing has the poteatiacrease recruitment. We will
assess if limiting disturbance of these fish dunegting may increase spawning success
and yield larger year classes. Effects of a refugg be easier to detect on Otter Lake as
well due to its smaller size.

We have identified 21 lakes that we are currerdingling as part of Jobs 4 and 5
that have varying regulations (Table 6-2). The theosnmon regulation for largemouth
bass in these lakes and throughout lllinois is-&nt#h length limit and a bag limit of 6.
Length limits vary slightly from this standard ramg from 14 to 18 inches. In addition
there are three lakes in this initial group witbtdimits imposed. Lincoln trail has a no
harvest slot from 14 to 18 inches and a bag it with only one fish being larger than
18 inches. Walnut Point Lake and Mill Creek haveaarvest slot from 12 to 15 inches
with a bag limit of 6. Angler effort varied amofakes and regulation type (Figure 6-1).
The standard regulation lakes experienced the lormvean fishing effort (other than the
no fishing regulation); however there is a largeant of variation among groups. In
addition, angler effort was significantly correldteith size of the lake (r = 0.66; P =
0.0036) and number of largemouth bass caught (87 ® < 0.0001).

Catch and harvest rates of largemouth bass vamet@ regulation categories.
The number of largemouth bass harvested followsichdar pattern to fish that were
caught (Figure 6-2). The highest number of fishgtd or harvested were observed in
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lakes with a lowered bag limit as well as lakeshwaitslot limit. This is counterintuitive
for reduced bag limits that are usually implementerceduce the number of fish
harvested and are commonly utilized on lakes vaith humbers of largemouth bass.
Catch rates (#/hr) of anglers differed from theigrat observed based on numbers of fish
caught or harvested (Figure 6-3). The highestaar@PUE for largemouth bass caught
was observed in lakes with raised length limitldeled by slot and standard regulations.
Angler harvest per hour seems to be most influebgddngth limits. Lakes with raised
length limits and lowered bag limits had the lowlestvest rates followed by lakes with
raised length limits. These regulations appedinth harvest despite high catch rates.
Densities and size distribution of largemouth kase varied across regulations (Figure
6-4). Lakes with raised length limits had the leghCPUE from electrofishing samples
of fish over 14 inches, followed closely by lowelteamy and raised length/lowered bag
lakes. Lakes with slot limits had the lowest CPaffEish over 14 inches and the highest
CPUE of fish under 14 inches in electrofishing skesp It is difficult to determine if the
size structure observed is a result of the reguiadr the reason for implementing the
regulation. A time series of size structure dateequired and will be used in future
analyses with densities prior to implementing autagon to determine how populations
change after implementation and the length of tieggiired for changes to occur.

RECOMMENDATIONS:

There are many potential harvest regulation sirasethat can be used to manage
bass populations, including size and creel lintkssed seasons, and spawning refuges.
Each of them, either singly or collectively, carvéa different impact on the population,
either by affecting size structure and/or abundar@eme regulations have the potential
to impact recruitment more than others, but righwnwe cannot make accurate
predictions. Other management options includetaghprey, and predator
manipulations. Thus far we have been evaluatisggaavning /fishing refuge on Clinton
and Otter Lakes. We plan to continue our evaluabip conducting seine hauls in the
spring and fall at sites within the refuge andssda the main lake to estimate the
abundance of young-of-year largemouth bass. Wealsib conduct electrofishing
transects in the spring and fall within the refagel on the main lake to monitor adult
largemouth bass populations. Data will be compaftat the refuges were initiated to
those from the same sites during the years pregedaimplementation of the refuges.
Bass captured in both seine hauls and electrofisinamsects inside the refuges will also
be marked with a caudal fin clip on Clinton andebttakes. All bass collected will be
examined for existing clips in order to determihldss in the refuge are moving into the
main lake. These studies will provide informatregarding the value of fishing refuges
for increasing largemouth bass recruitment.

Adaptive management experiments to evaluate hahaaipulations, including
vegetation and the role of woody debris (describetbb 4) are also being evaluated as
part of this job. Management experiments are maaijmg vegetation (e.g. plantings
and removals) to examine changes in largemouthdrasgh and survival. The
experiment includes control lakes, as well as meat lakes to either increase or
decrease the density of aquatic vegetation. Theserienents will be used to make
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management recommendations regarding vegetatiowaody habitat in order to
increase largemouth bass recruitment.

We will need to supplement existing study lakeenaher to analyze effects of
differing regulations, primarily to increase thenmer of lakes with slot limits and larger
than 14 inch length limits. In future segmentswikidentify a number of additional
lakes in order to assess differences in fish conitiesrand effects on largemouth bass
populations. We will use FAS data collected by B®MNistrict biologists as well as creel
data to determine if regulations are having therdésffect on largemouth bass
populations, as well as angler behaviors. Thes#awed datasets offer nearly twenty
years of creel survey and population assessmeatcddected under project F-69-R. In
addition, largemouth bass regulations were summehiiz previous reports for 52 lakes
that were surveyed from 2003-2007 by both FAS sarg@nd creel surveys. We will
make recommendations regarding the effectivenedgfefent regulations and how they
have influenced size structure of largemouth bagsifations through time. These data
can then be used to guide future discussions alawictus management experiments that
might be implemented.
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Job 101.7. Analysis and reporting

OBJECTIVE: To prepare annual and final reports summarizimfigrmation and
develop management guidelines for largemouth lrakknois.

PROCEDURES and FINDINGS: Data collected in Jobs 101.1-101.6 were analyzed

develop guidelines for largemouth bass regardiogkatg and management techniques
throughout lllinois.
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Table 2-1: Stocking information for four lakesaked with fish at the boat ramp and
dispersed into habitat. CPUE is catch per hounfetectrofishing transects performed in

the fall after stocking and the subsequent spring.

ke Stocking Boat Ramp Stocking Dispersed Stocking
Date # Fall Spring # Fall Spring
Stocked CPUE CPUE Stocked CPUE CPUE
Charleston 8/15/2008 3500 2.0 0 3500 2.0 0.4
Homer 8/16/2007 1400 0 0 1400 0.3 0
Mingo 8/16/2007 3400 0.7 0 3400 2.0 0
8/14/2008 2150 5.7 0 2150 3.7 0.7
Otter 8/15/2007 7650 0 0 7650 0 0
8/13/2008 11400 0.8 0 11400 0.2 0

50



Table 2-2: Comparison of foraging behaviors f@an@ 8 inch hatchery reared (H), bluegill acclima®@@), and natural (N) largemouth bass
in laboratory experiments. In 30 min experimemtdividual largemouth bass foraged on 10 bluegil2i5 m pools. Predators were tested at
three intervals corresponding to field sampling thaamined growth and survival of stocked largerndagss.

. Interval . Captures Capture efficiency L0 Swimming
S (week) Follows Strikes (24 hrs) (%) Activity (%) speed (m/s)
H BG N H BG N H BG N H BG N H BG N H BG N
6" 2 19 3 9 13 2 5 34 30 51 7.7 1.0 21.4 40 25 25 0.25 0.22 0.16
4 8 8 4 7 5 6 3134 51 89 124 311 4028 21 0.25 0.20 0.15
8 19 10 8 10 7 7 3.1 42 4.2 7.7 195 30.7 27 28 26 0.23 0.20 0.18
8" 2 26 14 0.2 15 9 0.1 43 35 26 3.8 9.6 0 32 25 12 0.23 0.20 0.16
4 19 13 11 11 7 5 3.6 45 3.1 8.4 10.0 4.8 3530 18 0.22 0.20 0.17
8 29 22 15 19 9 5 38 40 3.3 3.7 17.6 9.6 41 32 21 0.24 0.20 0.16
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Table 2-3: Multiple Before-After, Control-ImpadiBACI) analysis to test for changes in food web poments through time
following supplemental stocking of largemouth badsan difference for each parameter between stoakddinstocked
(control) lakes are shown before and after stockifgralues indicate significance (Trt x Perioditefrom the repeated
measures ANOVA. Correlations (r-values) and assedip-values indicate significance of linear tremdsean differences
through time.

Test for Linear Trend
P r P

Non-Shad Lakes

Parameter Difference Before Difference After

Planktivore Density (#/f) 3.03(x27.61) -1.29(£1.45) 0.03 -0.72 0.04
Cladoceran Density (#/L) 6.59(+34.30) 20.38(x12.18) 160. 0.16 0.71
Cladoceran Length (mm) 0.007(x0.23) -0.12(+£0.05) 0.06 0.33 0.46
Chlorophyll a (ug/L) 8.36(x3.74) 15.56(x2.77) 0.01 0.55 0.19
Total P (ug/L) 69.40(+175.42) 172.52(+119.23) 0.26 0.23 0.63
Secchi Depth (m) -1.08(£2.15) -0.93(x£0.19) 0.85 0.12 70.7
Shad Lakes

Planktivore Density (#/f) 1.33(x4.00) 0.25(x0.39) 0.34 -0.74 0.04
Cladoceran Density (#/L) 1.11(x19.33) -0.03(+4.86) D.7 -0.29 0.48
Cladoceran Length (mm) -0.02(x4.00) 0.00(x0.04) 0.72 230 0.62
Chlorophyll a (ug/L) -14.74(+127.27) -4.90(+9.04) 0.56 0.51 0.20
Total P (ug/L) -32.69(+187.71) -9.78(+22.35) 0.69 0.07 .80
Secchi Depth (m) 0.03(+1.51) 0.08(20.23) 0.82 0.16 0.70
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Table 3-1:Background frequencies (pre-stocking) of largemdnats MDH B2:B2
genotype determined from Little Grassy Fish Hatglaerd six lakes in Illinois prior to

stocking for 6-7 years from 1998 to 2005.

Lake N Allele Frequency
1:1 1:2 2:2 1 2
Forbes 81 49 28 0.67 0.33
McClean 23 34 32 0.45 0.55
Murphy 80 12 6 0.88 0.12
Sam Parr 75 16 10 0.82 0.18
Shelby 158 45 8 0.86 0.14
Walton 66 11 8 0.84 0.16
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Table 3-2: The overall contribution of stockedhfte natural reproduction observed in
the six study lakes as a percentage of genesuelme was based on the average allele
frequencies of hatchery fish (2001-2005) and thaldoed last three years of natural
reproduction in the study lakes (2005-2007).

Percentage of genes
from natural
Lake size reproduction

Lake (hectares) contributed by stocked Influence
hatchery fish

Shelbyville 4494 0% None
Forbes Lake 226 6% Minor
k/ﬁf}hysboro > 11% Minor
Sam Parr Lake 58 32% Moderate
McCleansboro 30 0% None
Walton Park 12 51% Major
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Table 4-1: The number of each type of enclosug€, small dispersed, and small
clustered) that were planted in Lake Paradise me d&nd July of 2008.

Vegetation Planted Large Small Dispersed  Smallt€ted Total
American Pondweed 12 24 NA 36
Chara 12 24 8 44
Coontall 14 32 8 54
Sago 5 28 24 57
wild Celery 26 116 105 247
Mixed 4 40 8 52
Grand Total 73 264 153 490

Table 4-2: Mean percent cover for each specieggétation planted in Lake Paradise in
June and July of 2008. Percent cover was visaakgssed in August of 2008 and June
of 2009.

August 2008 June 2009

Vegetation Species Large Small Small Large Small Small
g Dispersed Clustered 9 Dispersed Clustered
American Pondweed  78.3 61.3 NA 5.0 2.1 NA
Chara 1.2 0.0 0.0 0.0 0.9 0.0
Coontail 12.8 1.7 0.0 0.0 0.0 0.0
Sago 30.0 8.0 12.4 0.0 0.0 0.0
wild Celery 22.1 14.6 155 0.9 0.7 0.8

Mixed 11.25 12.45 0.0 3.5 3.9 0
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Table 4-3: Data from spring and fall vegetatiosemsments on 13 lllinois lakes in 2008. Vegetatiorach lake was
mapped using GPS to estimate the area and periofdtex vegetated area of the lake. Percent vegktaea and
perimeter are the proportion of the entire lake.

Vegetated Percent Vegetated
Lake Type ;?le(g Pel_r?rﬁter Area (m2) Perimeter (m) Area Perimeter
(m2) (m) . . . :
Spring Fall Spring  Fall Spring Fall Spring  Fall
Airport Treatment 89246 1171 89246 89247 1171 1171 100 100 100 100
Kakusha Treatment 192665 3256 1334 0 131 0 1 0 4 0
Stillwater Treatment 89363 2215 74023 89363 22152152 83 100 100 100
Paradise Planted 706098 7287 78091 5806 4182 903 11 1 57 12
Dolan Drawdown 302869 5335 45371 59411 4711 5174 15 20 88 97
Woods Drawdown 127217 3241 0 91 0 39 0 0 0 1
Forbes Control 2056612 29364 270560 308225 29097 29832 13 15 99 100
Le-Aqua-Na Control 145825 2709 29173 35949 1362 2414 20 25 50 53
Lincoln Trail Control 584546 10033 124267 112233 668 9841 21 19 96 98
LOTW Control 103090 2259 900 904 186 197 1 1 8 9
Pierce Control 647830 6406 137274 131357 4751 5008 21 20 74 78
Ridge Control 44013 1132 9416 9411 752 830 21 21 66 73
Walnut Point  Control 215810 9396 0 3854 0 485 0 2 0 5
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Table 4-4: CPUE for young-of-year and adult largath bass in 13 lakes with varying vegetation desss{(see Table 4-3). In
addition, densities of potential prey species @afish, zooplankton, and macroinvertebrates) aesented.

Mean Fall Electrofishing CPUE

Mean Total

(#/hr) Larval Fish Density (#/m3) Mean Total Benthos
Lake Type YOY LMB 'MB . Zoop_lankton Density
(<200mm) BLG  _S60mm Shad Lepomis Total Density (#/L) #m2)
Airport Treatment 68.2 324 13.0 0.00 0.63 0.63 4 48 2932
Kakusha Treatment 49.3 148.0 51.6 0.00 0.01 0.02 81 9 4915
Stillwater Treatment 5.1 51.5 14.8 0.00 0.01 0.04 585 2899
Paradise Planted 10.0 98.0 13.0 4.89 9.24 14.18 6 50 3251
Dolan Drawdown 19.7 62.7 48.7 0.19 89.28 89.73 712 6399
Woods Drawdown 3.3 55.7 9.3 4.33 1.23 5.56 579 3614
Forbes Control 16.2 105.3 29.0 1.60 5.06 6.96 711 3827
Le-Aqua-Na Control 15.9 189.6 33.8 0.00 0.00 0.01 351 6559
Lincoln Trail Control 23.7 77.3 38.3 0.00 2.06 2.0 218 3364
LOTW Control 17.4 101.4 18.1 0.64 6.25 6.91 555 o84
Pierce Control 27.9 93.7 26.1 0.07 0.84 0.97 737 9017
Ridge Control 39.2 96.8 49.9 0.00 0.11 0.11 459 1232
Walnut Point  Control 37.3 71.0 22.0 0.00 12.70 12.86 1072 910
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Table 4-5: Density of largemouth bass (LMB), blllgLG), and total fish in each of
six enclosures (3 vegetated and 3 non-vegetatddpaoln Trail Lake (2006 and 2007)
and nine enclosures (3 wood, 3 vegetated and 3 apéake Paradise. Fish were
sampled using 3-pass depletion with a DC backpkbecikrefisher.

LMB Density  BLG Density Total Fish

Type Site Area () #m2) #m2)  Density (#/m2)
2006
Vegetated 1 120 0.09 1.02 1.21
2 90 0.03 0.50 0.60
3 78 0.03 0.40 0.51
Mean 96 0.05 0.64 0.77
No Vegetation 1 78 0.03 0.38 0.54
2 90 0.00 0.42 0.52
3 72 0.01 0.15 0.27
Mean 80 0.01 0.32 0.44
2007
Vegetated 1 60 0.10 0.55 0.83
2 50 0.04 0.42 0.58
3 40 0.03 0.45 0.64
Mean 50 0.06 0.47 0.68
No Vegetation 1 78 0.12 0.24 0.44
2 90 0.04 0.18 0.30
3 72 0.08 0.20 0.40
Mean 80 0.08 0.21 0.38
2008
Wood 1 147 0.007 0.10 0.22
2 85 0 0.04 0.24
3 110 0 0.03 0.15
Mean 114 0.002 0.06 0.20
Vegetated 1 110 0 0.01 0.15
2 42 0.02 0.40 0.62
3 55 0.02 0 0.02
Mean 69 0.01 0.14 0.26
Open 1 80 0 0.04 0.19
2 78 0 0.09 0.36
3 60 0.02 0.10 0.38
Mean 73 0.007 0.08 0.93

58



Table 4-6: Numbers of bass from each 100 mm $&ss dound in the streams below the
dams of both Forbes Lake and Ridge Lake.

Date 300+ mm 300-200 mm  200-100 mm  100-0 mm
Forbes Lake
4/24/08 3 2 3 0
5/19/08 3 1 2 3
6/13/08 0 2 0 2
4/28/09 0 2 0 0
Ridge Lake
6/10/08 4 1 1 25
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Table 5-1: Summary of largemouth bass monitoreadiahaments at Evergreen Lake
during four seasons. Mortality is expressed asregmeage of the total number of fish
weighed-in (actual number of fish is in parenthgskegtial mortality is for fish that are
deceased prior to weigh-in. Delayed mortality déss the fish that were alive prior to
weigh-in but died within 72 h following the concios of the tournament while being
held in a submerged holding pen. Total mortaBtyhie sum of initial and delayed
mortality.

Season

Early-Spring  Early-Summer Mid-Summer Fall

Total # fish weighed-in 25 25 26 20
Initial mortality 0% 4% (1) 3.8% (1) 0 %

72 h delayed mortality 0% 0% 0% 5% (1)
Total # control fish monitored 15 14 15 10
Total mortality 0% 4% (1) 3.8% (1) 5% (1)
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Table 5-2: Tournament information of the 7 papermnaments conducted on Clinton
Lake, Lake Sara, Mill Creek Lake and ShelbyvilRaper tournament participants
recorded the length of each fish caught in quanteh increments.

lake  Date StartTmendTime o FONTLE pariciants
Clinton 7/10/2004 5:45 13:45 20 6 14
Lake Sara 5/22/2004 5:45 13:45 24 27 16
Lake Sara 5/23/2004 5:45 13:45 25 27 16
Mill Creek 5/8/2004 6:30 14:30 26 4 14
Shelbyville 6/12/2004 5:30 13:30 22 9 13
Shelbyville 6/13/2004 5:30 13:30 23 8 16
Shelbyville 5/22/2005 6:00 15:00 65 152 33
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Table 5-3: The number of anglers that were ramfiéke top five in the official weigh-in
that were no longer ranked in the top five undea@ety of paper tournament scenarios.
Paper tournaments were conducted on 6 lakes whgtera recorded the length of each
fish caught to the nearest quarter inch. Papen&oaents for all fish included data from
all fish caught, while paper tournaments of legghl included only fish larger than the

legal length limit of the lake.

Number of Anglers

Lake Date Paper Weight Paper Length Paper Weight Paper Length
All Fish All Fish Legal Size Legal Size
Clinton 7/10/2004 0 0 0 0
Lake Sara 5/22/2004 4 4 2 2
Lake Sara 5/23/2004 3 4 1 1
Mill Creek 5/8/2004 1 2 0 0
Shelbyville 6/12/2004 1 1 1 1
Shelbyville 6/13/2004 1 3 0 0
Shelbyville 5/22/2005 2 2 2 2
Mean Total 1.5 2.0 0.8 0.8
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Table 5-4: Largemouth bass recruitment for Ridgkelin a year where spring
tournaments occurred (2007) and a year where moaments occurred (2008). CPUE is
the catch per unit effort from fall AC electrofigigi samples whereas seining provides fall
estimates of young-of-year density.

Young of Year Largemouth Bass

Year Spring ) ) LMB Fall CPUE
Tournament Fall CPUE  Mean Length Fall Seine Density  5500mm (#/hr)
(#/hr) (mm) (#/m2)
2007 Yes 85.4 93.3 0.11 72.6
2008 No 40.6 67.0 0.06 47.2
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Table 5-5: Tournament data for Lake Shelbyvilnir2002 through 2008. Tournament
directors are required to report total number aflars, length of tournament, and total
catch for each tournament.

Total ,

Year # of # of Anglers Tournament Total Angler # of Fish
Tournaments Hours Caught

Hours
2002 68 4356 565 36557 3388
2003 50 3536 415 29513 3118
2004 64 4712 521 39049 2935
2005 45 2207 367 18369 1978
2006 18 1253 151 10669 1632
2007 60 2797 472 23413 2904
2008 26 1772 213 14977 1787
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Table 5-6: Chi-squared residuals for largemoutslyeesting substrate. Absolute values
greater than 1.96 indicate substrates that wergfis@gntly over expressed (positive
values) or under expressed (negative values) velatitheir availability.

Year Vegetation  Wood Sticks Leaves  Detritus Sand av@r Cobble Pebble
2006 -1.97 5.06 4.58 -2.26 -2.70 -0.69 -0.30 3.11 .833

2007 -2.49 0.27 0.30 -1.79 -1.09 0.91 2.27 3.38 83.2
2008 -2.75 0.84 0.35 1.07 -0.77 -1.36 3.51 2.84 91.6
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Table 6-1: Catch per unit effort (#/hr) for largeumth bass in A. Clinton Lake and B.
Otter Lake captured through AC electrofishing. Tékige in Clinton Lake was closed
in 2001 and sampling on the closed portion begdaliof 2003. All sampling on Otter
Lake has been pre refuge which will be closedfature date.

A. CLINTON LAKE

Control Refuge

Year - -

Spring Fall Spring Fall
1999 19.8 24.4 56.0 24.0
2000 32.4 5.5 18.0 0
2001 26.0 48.7 10.0 22.0

Refuge Closed 9-11-01

2003 21.5 23.8 - 87.5
2004 20.7 28.3 42.0 146.0
2005 27.5 18.3 33.0 25.0
2006 14.1 18.5 24.0 50.0
2007 18.3 32.7 23.0 44.0
2008 36.0 36.0 38.0 110.0
2009 15.0 - 75.0 -

B. OTTER LAKE

Control Refuge
Year - -
Spring Fall Spring Fall
2007 - 374 - 55.2
2008 23.2 37.7 26.5 46.0
2009 22.0 - 31.5 -
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Table 6-2: Largemouth bass regulations in exigemca number of lakes currently being sampleatioer objectives in the study.

LMB harvest and catch data are summaries of the reosnt creel performed on each lake.

Lake Length Limit Creel Size Year of Most ~ Total Angler LMB Harvest LMB Total Catch
(inches) Limit (acre) Recent Creel  Effort (hrs) Total # #/ hour Total # #/ hour

Airport Lake 14 6 22 No Creel since 2000
Charleston Lake 14 6 346 No Creel since 2000
Clinton Lake 16 3 4895 2000 193374 782 0.002 43221 0.134
Dolan Lake 18 1 72 2003 12546 121 0.004 1018 0.047
Evergreen 15 6 925 2006 65176 781 0.005 22464 0.232
Forbes Lake 14 6 558 2005 37136 5014 0.093 24272 0.352
Lake Kakusha 14 3 53 2004 6965 78 0.004 1614 0.14
Lake Le-Aqua-Na 14 1 43 2004 21434 180 0.005 4392 0.143
Lake Mattoon 14 6 983 2007 25842 164 0.004 3907 0.065
Lake Mingo 15 6 172 2003 37173 340 0.008 11451 0.296
Lake-of-the-Woods 15 1 25 2005 16291 63 0.002 1390 0.104
Lake Paradise 14 6 174 No Creel since 2000
Lake Shelbyville 14 6 10191 2003 175360 640 0.003 32728 0.12
Lincoln Trail Lake 14-18 Slot 4,1>18 137 2004 2118 545 0.013 5175 0.199
Mill Creek 12-15 Slot 6 716 2006 57185 215 0.003 36828 0.213
Stillwater Lake No Fishing 0 22 No Fishing 0 0 0 0 0
Otter Lake 15 3 765 No Creel since 2000
Pierce Lake 14 1 147 2003 77814 2716 0.028 8276 0.176
Ridge Lake 14 6 14 2008 630.5 4 0.011 507 0.41
Walnut Point Lake 12-15 Slot 6 52 2003 17758 648 03D. 8226 0.358
Woods Lake 14 6 27 2003 3834 18 0.001 602 0.048
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Figure 2-1: Mean CPUE of intensive and extenssie ¢ollected in AC electrofishing
samples in the months following stocking. Samplese collected in the fall following
stocking (9) and each spring and fall from 199&tigh 2009.
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Figure 2-2: Mean length of intensive, extensive] wild fish collected in AC
electrofishing samples in the months following &ing. Samples were collected in the
fall following stocking (9) and each spring and fabm 1998 through 2009.
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Figure 3-1: Frequency of the B2 allele in thegixdy lakes previous to stocking and in
2002-2007 during which stocked bass were expeotéé tontributing to reproductive
population.
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Figure 3-2: Change in B2 Allele Frequency with fineportion of B2B2 adults in the
population for five study lakes for each year betw@002 and 2007.
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Figure 3-3: Change in B2 allele frequency with pineportion of stocked YOY
largemouth bass for five study lakes for each petveen 2002 and 2007.
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Figure 3-4: Regression of actual and predicte@lB2e frequency based on stocked
adult fish for five study lakes for each year fr@f02-2007.
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Figure 3-5: Regression of actual and predictedlB2e frequency based on the
proportion of stocked YOY fish for five study lakis each year from 2002-2007.
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Figure 4-1: Experimental enclosure design used®testing of planting success for
sago pondweed and wild celery tubers. One replicafuded (A.) one large enclosure
(area = 31.8f), (B.) four small clustered enclosures (area =ft")9and (C.) four small
dispersed enclosures.
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Figure 4-2: Location of each experimental clusferegetation enclosures constructed
on Lake Paradise in the spring of 2008.Each doessmts 1 large enclosure, 4 dispersed
small enclosures, or 4 small clustered enclosures.
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Figure 4-3: Average growth of adult bluegill imte-acre ponds with and without coarse
woody habitat. Growth is measured as the averagege in mean weight of adult
bluegill from beginning the experiment to drainfiog each pond (N = 5 ponds per
treatment).
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Figure 5-1: Concentrations of plasma cortisol @cose (B), and lactate (C) in
largemouth bass during four seasons. Fish wereresaampled immediately following a
club-style angling tournament in each season (Tament, open bars) or were collected
using DC electrofishing gear in each season angleahafter a 60 h recovery period in
the laboratory (Seasonal Control, filled bars). aleeparation is indicated by uppercase
letters; statistically different means do not sHatters.
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Figure 5-2: Mean absolute change in ranking fralypacal weigh-in for 4 different
paper tournament scenarios. The length of eacltéisght was recorded by anglers to
produce paper length. Length-weight regressione weed to convert paper length to
paper weight. All fish refers to the cumulativeatiffish caught by an angler, where
legal size only included fish caught that were éartpan the legal limit for the lake on
which the tournament was held. Error bars reptabenstandard error.
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Figure 5-3: Total YOY produced in control (no mauiation) and treatment (50% brood
reduction) ponds in 2007 and 2008.
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Figure 5-4: Total YOY biomass in control (no manigtion) and treatment (50% brood
reduction) ponds in 2007 and 2008.
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Figure 5-5: Length-frequency histogram of totaigth of YOY largemouth bass in
control (top) and treatment (bottom) ponds in 286d 2008.
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Figure 5-6: Mean size of age-3 fish from springcaiofishing samples in lakes with
tournaments and lakes with no tournaments. Admslofwas determined from scale
readings. Error bars represent the standard error.
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Figure 5-7: Catch per unit effort (CPUE) of largaith bass greater than 14 inches in
electrofishing samples from 2007 through 2009 kesawhere largemouth bass
tournaments occur and lakes that have no tournament
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Figure 5-8: Nest frequency (bars) and water teatpee (line) through time during
spring 2009 in Lincoln Trail Lake.

85

Water Temperature (°C)



35

30 -
25 -
20 -
15 1

10 A

el

% Nest Substrate

Veg. Wood Sticks Leaves Detritus Sand Gravel Cobble Pebble

Figure 5-9: Composition of largemouth bass nebitagin Lincoln Trail Lake with
(light bars) and without (dark bars) potential nastdators.
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Figure 5-10: Relative frequency of largemouth bassts (dark bars) and relative
abundance of YOY in fall (light bars) through tinmeLincoln Trail Lake. YOY spawn
date was back-calculated using daily otolith rings.
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Figure 6-1: Angler effort from creel estimatesass six different regulation types.
Standard regulation is a 14 inch length limit ar@lfesh bag limit. See text for
description of other regulation types.

88



O 16 -
(@]
g -
T 12 -
[}
%]
g -
5 8-
I
>
4
_ T i
:tt I I L )
O L4 L4 L4 L4 v
Standard Low ered Raised Raised Slot No Fishing
160 = Bag Length L/Low Bag
o
&)
< 120 4 T
e
(@)
I 80 - T
o I
0 1 1
S 40 - l T
— I
3t L 1
O L4 L4 L4 v
Standard Lowered Raised Raised Slot No Fishing
Bag Length L/Low Bag

Figure 6-2: Mean number of largemouth bass hagdesihd caught (harvested and
released) per acre for 17 lakes in lllinois ac®sifferent fishing regulation categories.
Standard regulation is a 14 inch length limit ar@lfesh bag limit. See text for

description of other regulation types.
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Figure 6-3: Mean catch per unit effort (CPUE)afjemouth bass harvested and caught
(harvested and released) per acre for 17 lakdbroi$ across 6 different fishing
regulation categories. Standard regulation is mdH length limit and a 6 fish bag limit.
See text for description of other regulation types.
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Figure 6-4: Mean catch per unit effort (CPUE, Jthrfish greater than and less than 14
inches from spring electrofishing transects for2aad 2009 for 17 lakes in lllinois
across 6 different fishing regulation categori€sandard regulation is a 14 inch length
limit and a 6 fish bag limit. See text for destiop of other regulation types.
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