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ABSTRACT 

Largemouth bass Micropterus salmoides abundance has increased in many northern 

Wisconsin lakes over the last decade causing concern among anglers and fishery managers 

regarding the potential effects of bass on walleye Sander vitreus populations.  Largemouth bass 

could negatively influence walleye populations through predation or competition for prey 

resources.  Factors regulating largemouth abundance are not fully known at this time, although 

previous studies have suggested environmental conditions during the first year of life strongly 

influence bass recruitment.  Environmental conditions in previous years may have promoted 

early hatching of largemouth bass in Wisconsin lakes, which could have resulted in higher first-

year growth and survival.  However, the early life history of largemouth bass has not been well 

studied in north temperate lakes.  My objectives were to determine if: (1) diet overlap and 

predation occurred between adult walleye and largemouth bass in four northern Wisconsin lakes; 

(2) hatch timing influenced growth of age-0 largemouth bass and (3) the extent of piscivory 

varied in relation to total length of age-0 largemouth bass in lakes throughout Wisconsin.  

During June-September of 2012 and 2013, adult largemouth bass and walleyes were 

collected via nighttime AC boat electrofishing from four lakes in northern Wisconsin.  Prey 

items were collected from a total of 945 largemouth bass and 641 walleye via gastric lavage.  

Prey items were visually identified to order for invertebrates and to genus for identifiable fish.  

All unidentifiable fish were identified to species using DNA barcoding procedures.  The diets of 

largemouth bass were largely comprised of yellow perch Perca flavescens, Lepomis spp., and 

crayfish, whereas walleye diets were largely comprised of yellow perch and Lepomis spp.  

Largemouth bass predation on walleyes was only observed in Little John Lake where a single 

walleye was observed in the diet of one largemouth bass in September 2013, comprising 2% of 
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the total diet composition for all largemouth bass by wet weight.  Pianka’s index of niche overlap 

was used to determine the extent of dietary overlap between largemouth bass and walleye.  

Results of this analysis indicated moderate to high diet overlap between largemouth bass and 

walleye throughout much of the study period.  These results suggest that largemouth bass 

predation is probably not a primary factor affecting walleye abundance in the four study lakes 

selected, but high diet overlap values observed suggest the potential for competition between the 

two species.  If competition for prey is occurring between the two species, recent management 

efforts to reduce largemouth bass abundance could result in higher walleye abundance.  

During June-September of 2012 and 2013, age-0 largemouth bass were collected from 11 

lakes using a mesh beach seine.  Sagittal otoliths were removed from 1,626 age-0 largemouth 

bass to estimate hatch dates from counts of daily growth increments.  For each lake, age-0 

largemouth bass were grouped into early-, intermediate-, and late-hatched sub-cohorts using the 

33
rd

 and 66
th

 percentiles of the hatch date distribution range for fish collected throughout the 

study period.  Analysis of variance (ANOVA) and Tukey’s honestly significant difference 

(HSD) tests was used to determine if mean TL varied among age-0 sub-cohorts within each lake.  

For this analysis, only age-0 largemouth bass collected within a 30-d window during July and 

August of each year were used to account for variation in sampling intensity and timing among 

lakes.  Daily growth rates were compared among sub-cohorts within each lake using analysis of 

covariance (ANCOVA) and loge TL-age relationships.  Results of these analyses suggest that 

early-hatched sub-cohorts of largemouth bass grew faster and attained greater TLs compared to 

late-hatched sub-cohorts.  However, these differences were not always statistically significant, 

which suggests that factors including weather, prey availability, and temperature regimes may 

also affect growth of age-0 largemouth bass.  Additionally, logistic regression models were used 
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to determine if the probability of age-0 largemouth bass exhibiting piscivory varied in relation to 

TL.  Results of these analyses suggest that TL explained significant variation in the percentage of 

age-0 largemouth bass exhibiting piscivory in some, but not all lakes, suggesting that other 

factors such as prey availability also affect the extent of piscivory in age-0 cohorts of largemouth 

bass. 
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CHAPTER 1: 

DIETARY INTERACTIONS BETWEEN LARGEMOUTH BASS AND 

WALLEYES 

 

INTRODUCTION 

Fisheries management is often focused on individual species that support economically-

important fisheries, but these species are part of inherently dynamic fish communities (Krueger 

and Decker 1999; Pikitch et al. 2004).  Consequently, environmental changes or management 

actions that affect a single species within an ecosystem affect other species through interactions 

such as predation and competition (Carpenter et al. 1985; Tonn 1990; Ficke et al. 2007).  

Interspecific interactions have important implications for multi-species management because 

actions such as stocking or implementation of harvest regulations that alter the fishery for one 

species could affect other species within the fish community, some of which may also support 

important fisheries (Colby et al. 1987; Johnson et al. 1992; Jackson  2002).  Specifically, many 

bodies of water in North America support multiple fisheries for piscivorous fish species (e.g., 

black bass Micropterus spp., walleyes Sander vitreus, esocids, salmonids).  These species could 

interact in a variety of ways, including predation and competition for shared prey resources 

(Colby et al. 1987; Wuellner et al. 2011; Freedman et al. 2012), but these interactions remain 

poorly understood.      

Based on trends in electrofishing catch-per-unit effort, largemouth bass abundance has 

increased in many Wisconsin lakes over the last decade (Hansen et al. in press) and there is some 

concern among anglers and biologists that these increases may affect other sport fish 

populations, specifically walleyes.  Largemouth bass are native to the state of Wisconsin and 
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occur in all three major drainage basins within the state (Becker 1983).  However, Wisconsin is 

near the northern edge of the native range for largemouth bass, and many populations in the 

northern portion of the state may be the result of introductions (Becker 1983).  Largemouth bass 

are opportunistic predators that consume a variety of species, but are largely piscivorous as 

adults (Scott and Crossman 1973; Hamilton 1978; Brown et al. 2009).  Predation by largemouth 

bass has been observed to reduce community diversity and the abundance of both prey species 

and other piscivores (Tonn and Magnuson 1982; Chapleau et al. 1997; Jackson 2002).  For 

example, largemouth predation reduced recruitment of bluegills Lepomis macrochirus in two 

Michigan lakes (Schneider 1999).  

Walleyes are also native to Wisconsin and, through extensive stocking, are prevalent in 

many lakes throughout the state where they did not previously occur (Wisconsin Department of 

Natural Resources [WDNR] 1999).  Similar to largemouth bass, walleyes are opportunistic 

predators that are primarily piscivorous as adults (Scott and Crossman 1973; Colby et al. 1979; 

Smith 1985).  Walleyes can exhibit a high degree of cannibalism if alternative prey is not 

available (Chevalier 1973; Scott and Crossman 1973; Cuff 1980).  Like largemouth bass, 

introduction of walleyes have been observed to affect native fish communities (Forney 1974; 

Snow 1988; Pierce and Tomcko 1998).  For instance, several studies have observed reductions in 

yellow perch Perca flavescens abundance with predation by walleyes (Forney 1974; Nielsen 

1980; Pierce and Tomcko 1998).  Furthermore, walleyes have often been used as a predatory 

control mechanism for bluegill populations (Snow 1988; Reed and Parsons 1996).   

Walleye abundance has declined in some northern Wisconsin lakes over the last decade 

and it has been suggested that this may be due to concurrent increases in largemouth bass 

abundance (Hansen et al. in press).  Negative correlations between largemouth bass and walleye 
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abundance have been reported in several previous studies in Wisconsin (Inskip and Magnuson 

1983; Nate et al. 2003; Fayram et al. 2005; Repp 2012).  Two possible mechanisms that could 

contribute to negative correlations between largemouth bass and walleye abundance are bass 

predation on walleyes and competition for prey resources.  Predation by largemouth bass on 

juvenile walleyes has been observed in previous studies (Santucci and Wahl 1993; Fayram et al. 

2005; Freedman et al. 2012).  In general, the number of largemouth bass consuming walleye as 

well as the percentage of walleyes in largemouth bass diets was relatively low (<5%) (Fayram et 

al. 2005; Freedman et al. 2012).  However, bioenergetic analyses have indicated that largemouth 

bass could consume more fingerling walleyes than the number of fingerlings stocked (Fayram et 

al. 2005).  This suggests that largemouth bass predation could be detrimental to walleye 

populations, depending on largemouth bass abundance and the availability of alternative prey.  

However, these studies focused largely on stocked walleye populations with little to no natural 

recruitment and the relatively small percentage of walleyes in largemouth bass diets observed (< 

5%) suggests that predation by largemouth bass may not be the causative mechanism responsible 

for declines in walleye populations. 

Walleyes and largemouth bass could compete for prey, but no study has explicitly 

documented this interaction and only one study provided information on diet overlap between 

the two species (Fayram et al. 2005).  Moderate diet overlap was observed between juvenile 

walleyes and adult largemouth bass in Whitefish Lake in Sawyer County, Wisconsin (Fayram et 

al. 2005).  Several studies have observed diet overlap between walleyes and smallmouth bass 

Micropterus dolomieu (Fedoruk 1966; Johnson and Hale 1977; Frey et al. 2003; Wuellner et al. 

2011).  However, most of these studies have reported that smallmouth bass and walleyes utilize 
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similar prey, but each species preferentially selects for different prey, reducing the likelihood of 

competition (Fedoruk 1966; Johnson and Hale 1977; Frey et al. 2003).   

In response to declining walleye populations as well as the potential for negative 

interactions between largemouth bass and walleyes, the WDNR implemented an experimental 

walleye management program on 23 lakes in 2011.  Part of the justification for implementing the 

management program was the potential for negative interactions between largemouth bass and 

walleyes.  The management program was designed to increase walleye abundance and reduce 

largemouth bass abundance through changes in harvest regulations and increases in walleye 

stocking.  One facet of the management plan was to reduce angler harvest of walleyes by 

increasing the minimum length limit from 14” to 18” and reducing the total daily bag limit from 

5 to 3 fish per day.  The management plan also included an effort to supplement walleye 

populations through increased stocking of extended-growth walleyes.  Lastly, the statewide 14” 

minimum length limit for largemouth bass was removed to reduce bass abundance.  

Additionally, in 2013, WDNR assisted fisheries biologists from the Sokaogon Mole Lake Band 

of Lake Superior Chippewa with a large-scale removal of largemouth bass from Jungle Lake in 

Florence County, Wisconsin, which represented another effort to reduce bass density with the 

intent of increasing walleye abundance.  

Whether reducing largemouth bass abundance in Wisconsin lakes will affect walleye 

populations is not known, partly because the extent of predation and diet overlap occurring 

between largemouth bass and walleyes in north-temperate lakes is poorly understood.  A better 

understanding of these dietary interactions could help explain negative relationships observed 

between largemouth bass and walleye abundance in Wisconsin lakes and will offer insight 

regarding whether management actions designed to reduce largemouth bass abundance could 
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result in increased walleye abundance.  Consequently, the objective of this study was to 

determine if diet overlap and predation occurred between walleyes and largemouth bass in 

northern Wisconsin lakes.   

 

METHODS 

Study Area and Data Collection – Adult largemouth bass and walleyes were collected 

from Big Sissabagama and Teal lakes during 2012 and from Big Arbor Vitae and Little John 

lakes during 2013 (Table 1.1).  Fish were collected weekly during May and June of 2012 and 

during June of 2013 and at two-week intervals from July-September of each year.  Study lakes 

were not chosen at random.  Big Sissabagama and Teal lakes were selected by WDNR personnel 

based on trends in abundance (e.g., a shift toward higher largemouth bass abundance and lower 

walleye abundance).  Big Arbor Vitae and Little John lakes were also selected based on 

increasing trends in adult largemouth bass abundance.  However, WDNR sampling indicated that 

these lakes generally supported a higher abundance of age-0 walleyes than Big Sissabagama and 

Teal lakes.  As such, these lakes were selected to increase the probability of observing 

largemouth bass predation on walleye.   

Adult largemouth bass and walleyes were collected by nighttime AC boat electrofishing 

along randomly-selected 20-min shoreline transects.  Adult largemouth bass and walleyes 

collected from each transect were measured to the nearest mm (TL) and stomach contents were 

removed from each fish by gastric lavage (Hakala and Johnson 2004).  Stomach contents were 

preserved in non-denatured 70% EtOH.  The target for each sampling trip was to collect 30 

largemouth bass and 30 walleyes with stomach contents.  In the laboratory, each stomach sample 

was placed on 15 cm Ahlstrom
®
 qualitative filter paper (Ahlstrom Corp., Helsinki Finland) and 
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wet weighed to the nearest 0.01 g.  All prey items were identified to order for invertebrates and 

to genus for identifiable fish.  Prey items in each sample were separated into individual 

taxonomic groups, enumerated, and wet weighed to the nearest 0.01 g.  To determine the 

efficacy of the gastric lavage, adult largemouth bass were used from each lake that underwent 

gastric lavage and were subsequently sacrificed for otoliths as part of another study.  Stomachs 

were excised from these fish and residual prey items that were not removed by gastric lavage 

were processed using the same laboratory protocols.  Wet weight of residual prey items and total 

wet weight of the diet sample (i.e., wet weight of residual prey items plus wet weight of prey 

items collected in the field) were used to calculate removal percentages (wet weight of residual 

prey items/total wet weight of all prey) for individual fish.  Removal percentages were averaged 

across all sacrificed fish for each lake to describe the overall efficacy of the gastric lavage. 

To reduce the number of unidentified fish observed in diets, remnant tissue from all 

visually-unidentifiable fish was individually preserved in 95% EtOH.  Whole genomic DNA 

from each unknown sample was extracted using the Promega Wizard
®
 Genomic DNA 

Purification kit (Promega Corp., Madison, WI) according to the manufacturer’s suggested 

protocol with a modified final re-hydration of extracted DNA in 100 µl Tris-low-EDTA buffer 

(TLE; 10 mM NaCl, 0.1 mM EDTA, pH 8.0).  The extracted DNA was quantified using a 

NanoDrop
®
 ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE) and 

normalized to 20 ng/µl.  Polymerase chain reaction (PCR) was used to isolate and amplify the 

cytochrome oxidase I (COI) mitochondrial gene commonly referred to as the barcode region 

(Ivanova et al 2007).  The PCR reaction mixture contained approximately 40 ng template DNA, 

1 X Taq PCR buffer (100 mM KCl, 100 mM Tris-HCl pH 9.0), 1 X PCR enhancer mix (20 

µg/ml BSA, 0.8 M betaine, 3.2% DMSO, 3.2 mM DTT), 0.5 mM dNTPs, 3.0 mM MgCl2, 0.1 
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µM each primer, and 0.5 U Taq DNA Polymerase (New England Biolabs, Ipswich, MA) in a 

final volume of 10 µl.  The PCR products were visualized on 2% agarose gel for PCR efficiency 

(i.e., presence of a single band of expected size), and purified using the MultiScreen
®
 PCR µ96 

filter plate (EMD Millipore, Billerica, MA) according to the manufacturer’s protocol.  The 

purified PCR products were sequenced using the BigDye
®
 Terminator v3.1 Cycle Sequencing 

Kit (Applied Biosystems, Inc.).  Each cycle sequencing reaction mixture contained 0.75 X 

BigDye, 0.75 µl BDX64 (BigDye enhancing buffer, MCLAB), 0.32 µM M13F (-21) primer, 

0.25 µl BigDye v3.1 (Applied Biosystems Inc.), and 1.5 µl of cleaned PCR product in a final 

volume of 10 µl.  Cycle sequencing reactions were purified with the Montage SEQ96 

Sequencing Reaction Cleanup Kit (EMD Millipore, Billerica, MA), and sequenced on an ABI 

3730xl Genetic Analyzer (Applied Biosystems, Inc.).  The sequences were manually edited in 

Geneious v5.6.5 (Drummond et al. 2012) and the specimens were identified to species with the 

NCBI nr database and Megablast search algorithm (Altschul et al. 1997 as implemented in 

Geneious v5.6.5).  The highest percent sequence similarity obtained from the BLAST search 

(minimum % match = 99.0%) was used to identify the likely source species for each unknown 

sample.  To compare assignments between the two methods, a total of 144 fish that were visually 

identified to species with a high degree of certainty underwent DNA barcoding. 

Data Analysis–Diets of largemouth bass and walleyes were summarized using percent 

occurrence (number of fish with prey item i/total number of fish with prey), percent by wet 

weight (wet weight of prey item i/total wet weight of all prey items from all fish), and percent by 

number (number of each prey item i/total number of prey items from all fish) for each lake.  To 

account for seasonal variations in diet composition and dietary overlap, percent by wet weight 

was calculated for each prey item i of individual largemouth bass and walleyes and averaged 
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across individual fish within each month (pi).  The extent of dietary overlap between largemouth 

bass and walleyes within each month was assessed using Pianka’s index of niche overlap: 

𝑂  =
∑ 𝑝  𝑝  
 
 

√∑ (𝑝  ) ∑ (𝑝 
   

)  
 

 

where pij is the average proportion of prey type i in the diets of largemouth bass, pik is the 

average proportion of prey type i in the diets of walleyes, and n is the total number of prey types 

observed in the diets of both species (Pianka 1974; Fayram et al. 2005; Wuellner et al. 2011).  

Index values range from 0 to 1, with 0 indicating no diet overlap and 1 indicating complete diet 

overlap.  Values exceeding 0.75 indicate high diet overlap and values less than 0.40 signify low 

diet overlap (Matthews et al. 1982; Ross 1986; Wuellner et al. 2011). 

 

RESULTS 

DNA Barcoding– Genus or species assignments from DNA barcoding agreed with 99% 

(142 of 144) of my visual assignments for fish that were relatively intact and considered easy to 

visually identify (Table 1.2).  The two disagreements were a fish visually identified as a black 

crappie that was determined to be a Lepomis spp. from DNA barcoding and a visually-identified 

walleye that was identified as a yellow perch from DNA barcoding.  These errors were likely the 

result of error in visual identification.  Use of DNA barcoding reduced the amount of 

unidentified fish by wet weight in the total diets of largemouth bass and walleyes from 34% to < 

1% (Table 1.2). 

Big Sissabagama Lake– Diets of 280 largemouth bass (mean TL = 234 mm; SD = 84) 

were examined during May-September 2012 (Table 1.1).  On average, gastric lavage removed 
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91% of the prey items from the 99 largemouth bass that were sacrificed for otoliths.  Largemouth 

bass consumed a total of 24 different taxa over the five months of sampling (Table 1.3).  

Lepomis spp., Cambaridae (crayfish), and yellow perch were the primary taxa consumed, 

representing 76% of total diet by wet weight (Table 1.3).  Invertebrates (primarily crayfish, 

Odonata, and Ephemeroptera) comprised a higher mean percentage of individual diets by wet 

weight during May (61%) compared to the remainder of the study period (Figure 1.1).  Diet 

composition of largemouth bass was relatively consistent during July-September and was 

primarily comprised of Lepomis spp., yellow perch, and crayfish, which represented a mean of 

68-85% of individual diets by wet weight.  No largemouth bass predation on walleyes was 

observed during the study period. 

Diets of 73 walleyes (mean TL = 325 mm; SD = 107) were examined during May-

September 2012 (Table 1.1).  Walleyes consumed a total of 11 different taxa over the five 

months of sampling (Table 1.3).  Lepomis spp. and yellow perch were the primary taxa 

consumed, representing 81% of the total diet by wet weight (Table 1.3).  Invertebrates (primarily 

Diptera) comprised a higher mean percentage (28%) of individual diets in May compared to the 

remainder of the study period.  During May-September walleyes primarily consumed Lepomis 

spp. and yellow perch (mean = 50-83% of individual diets by wet weight; Figure 1.1).  In 

addition to Lepomis spp. and yellow perch, walleyes consumed relatively high percentages of 

bluntnose minnows Pimephales notatus during August as well as black crappies Pomoxis 

nigromaculatus during July and September  (mean = 16-20% of individual diets by wet weight; 

Figure 1.1).  No walleye cannibalism was observed during the study period.  

Pianka’s index of niche overlap indicated that diet overlap between walleyes and 

largemouth bass was low in May (Oij = 0.34) and moderate to high during June-September (Oij = 
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0.61-0.87; Table 1.7).  High monthly diet overlap values coincided with increased occurrence of 

yellow perch and Lepomis spp. in the diets of both species (Figure 1.1).  

Teal Lake– Diets of 122 largemouth bass (mean TL = 240 mm; SD = 83) were examined 

during May-September 2012 (Table 1.1).  On average, gastric lavage removed 95% of prey items 

from the 69 largemouth bass that were sacrificed for otoliths.  Largemouth bass consumed a total 

of 21 different taxa over the five months of sampling (Table 1.4).  Crayfish, yellow perch, and 

golden shiners Notemigonus crysoleucas were the primary taxa consumed, representing 61% of 

the total diet by wet weight (Table 1.4).  Invertebrates (primarily crayfish, Ephemeroptera, and 

Odonata) comprised a higher mean percentage (58%) of individual diets in May compared to the 

remainder of the study period (Figure 1.2).  During May-September, crayfish, yellow perch, and 

Lepomis spp. represented an average of 36-67% of individual diets by wet weight (Figure 1.2).  

In addition to yellow perch, Lepomis spp., and crayfish, largemouth bass consumed relatively 

high percentages of darters Etheostoma spp. during June-August as well as black crappies during 

August-September (mean = 8-29% of individual diets by wet weight; Figure 1.2).  No 

largemouth bass predation on walleyes was observed during the study period. 

Diets of 151 walleyes (mean TL = 261 mm; SD = 83) were examined during May-

September 2012 (Table 1.1).  Walleyes consumed a total of 19 different taxa over the five 

months of sampling (Table 1.4).  Yellow perch, Lepomis spp., and black crappies, were the 

primary taxa consumed by walleyes, representing 71% of total diets by wet weight (Table 1.4).  

Invertebrates (primarily Ephemeroptera) comprised a higher mean percentage (48%) of 

individual diets in May compared to the remainder of the study period (Figure 1.2).  During 

May-September, yellow perch represented an average of 5-66% of individual diets by wet weight 

(Figure 1.2).  In addition to yellow perch, walleyes consumed relatively high percentages of 
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Lepomis spp. and black crappies during July-September (mean = 16-44% of individual diets by 

wet weight; Figure 1.2).  No walleye cannibalism was observed during the study period. 

Pianka’s Index of Niche Overlap indicated that diet overlap between walleyes and 

largemouth bass was moderate to high during May-September (Oij = 0.42-0.89; Table 1.7).  High 

monthly diet overlap values coincided with increased occurrence of yellow perch, Lepomis spp., 

and black crappie in the diets of both species (Figure 1.2).   

Big Arbor Vitae Lake– Diets of 382 largemouth bass (mean TL = 296 mm; SD = 85) 

were examined during June-September 2013 (Table 1.1).  On average, gastric lavage removed 

89% of prey items from the 110 largemouth bass sacrificed for otoliths.  Largemouth bass 

consumed a total of 27 different taxa over the four months of sampling (Table 1.5).  Yellow 

perch, crayfish, Lepomis spp., and Odonata were the primary taxa consumed by largemouth bass, 

representing 62% of total diets by wet weight (Table 1.5).  Invertebrates (primarily Odonata and 

crayfish) comprised a higher mean percentage (59%) of individual diets in May compared to the 

remainder of the study period (Figure 1.3).  Diet composition of largemouth bass was relatively 

consistent during July-September and consisted primarily of yellow perch and crayfish (mean = 

69-83% of individual diets by wet weight; Figure 1.3).  No predation on walleyes was observed 

during the study period. 

 Diets of 145 walleyes (mean TL = 332 mm; SD = 112) were examined during June-

September 2012 (Table 1.1).  Walleyes consumed a total of 18 different taxa over the four 

months of sampling (Table 1.5).  Lepomis spp., yellow perch, bluntnose minnows, and Notropis 

spp. (shiners), were the primary taxa consumed by walleyes, representing 81% of the total diet 

by wet weight (Table 1.5).  Walleye diets were comprised almost exclusively of yellow perch 

during July-September (mean = 81-95% of individual diets by wet weight; Figure 1.3).  
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However, in June, walleyes consumed higher percentages of shiners, bluntnose minnows, and 

Lepomis spp. (mean = 79% of individual walleye diets by wet weight; Figure 1.3).  No walleye 

cannibalism was observed during the study period. 

Pianka’s Index of Niche Overlap indicated that diet overlap between walleyes and 

largemouth bass was low in June (Oij = 0.32) and moderate to high during July-September (Oij = 

0.83-0.96; Table 1.7).  High monthly diet overlap values coincided with increased occurrence of 

yellow perch in the diets of both species (Figure 1.3).  

Little John Lake– Diets of 161 largemouth bass (mean TL = 348 mm; SD = 63) from 

Little John Lake were examined during June-September 2013 (Table 1.1).  On average, gastric 

lavage removed 83% of prey items from the 22 largemouth bass sacrificed for otoliths.  

Largemouth bass consumed a total of 17 different taxa over the four months of sampling (Table 

1.6).  Crayfish and yellow perch were the primary taxa consumed by largemouth bass, 

representing 84% of total diets by wet weight (Table 1.6).  Invertebrates (primarily crayfish and 

Odonata) comprised a higher mean percentage (93%) of individual diets in June compared to the 

remainder of the study period (Figure 1.4).  Diet composition of largemouth bass was relatively 

consistent during July-September and consisted primarily of crayfish and yellow perch (mean = 

70-81% of individual diets by wet weight; Figure 1.4).  Largemouth bass predation on walleyes 

was observed in Little John Lake.  A single walleye was observed in the diet of one largemouth 

bass in September and comprised 2% of the total largemouth bass diet by wet weight (Table 1.6). 

Diets of 272 walleyes (mean TL = 299 mm; SD = 58) were examined during May-

September 2012 (Table 1.1).  Walleyes consumed a total of 18 different taxa over the four 

months of sampling (Table 1.6).  Yellow perch and black bass were the primary taxa consumed 

by walleyes, representing 69% of the total diet by wet weight (Table 1.6).  On average, 61% of 
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individual walleye diets by wet weight were invertebrates in June (Figure 1.4).  Diet composition 

of walleyes was relatively consistent during July-September and consisted primarily of yellow 

perch (mean = 48-88% of individual diets by wet weight; Figure 1.4).  One walleye was 

observed in the diet of another walleye during September and comprised 5% of the total walleye 

diet by wet weight (Table 1.6). 

Pianka’s Index of Niche Overlap indicated that diet overlap between walleyes and 

largemouth bass was low during June (Oij = 0.11) and moderate to high during July-September 

(Oij = 0.42-0.79; Table 1.7).  High monthly diet overlap values coincided with increased 

occurrence of yellow perch in the diets of both species (Figure 1.4).  

 

DISCUSSION 

Largemouth bass utilized a wide array of prey items, but bass diets were largely 

comprised of yellow perch and Lepomis spp., which has been observed in previous studies 

(Snow 1971; Hamilton and Powles 1983; Schneider 1999).  Additionally, relatively high 

percentages of crayfish were observed in largemouth bass diets throughout the study period, 

which was also consistent with previous studies (Lewis et al. 1961; Snow 1971; Hamilton and 

Powles 1983).  Other invertebrates (i.e., Ephemeroptera, Odonata, and Diptera) were important 

prey items for largemouth bass in the first month of sampling in all lakes, but their importance 

declined in subsequent months.  This trend may reflect opportunistic foraging by largemouth 

bass in relation to temporal changes in prey availability and vulnerability that has been observed 

in several previous studies (Lewis et al. 1961; Snow 1971; Hodgson and Kitchell 1987).   

Walleyes were also primarily piscivorous with diets largely comprised of Lepomis spp. 

and yellow perch, which was consistent with walleye diets observed in previous studies (Fedoruk 
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1966; Johnson and Hale 1977; Frey et al. 2003; Wuellner et al. 2011).  Similar to largemouth 

bass, walleye diets in the first month of sampling were largely comprised of invertebrates (e.g., 

Ephemeroptera, Odonata, and Diptera).  This suggests some degree of opportunistic predation 

that may have corresponded with local abundance and peak emergence for specific prey items 

(Hilsenhoff 1975; Flowers and Hilsenhoff 1976; Merritt and Cummins 1996).  The importance of 

invertebrates in the diets of walleyes has also been documented in previous studies (Johnson and 

Hale 1977; Slipke and Duffy 1997; Quist et al. 2002).  For example, quality and preferred length 

walleyes in Shadehill Reservoir, South Dakota, consumed high percentages of aquatic Dipteran 

larvae, which represented the second most important prey item in their diets (Slipke and Duffy 

1997).   

Diet overlap between largemouth bass and walleyes was considered moderate to high 

throughout much of the study period on all four study lakes.  The highest degree of diet overlap 

was observed during August and September, which corresponded with an increase in yellow 

perch and Lepomis spp. occurrence in the diets of both species.  Low diet overlap values were 

only recorded during the first month of sampling on Big Sissabagama, Big Arbor Vitae, and 

Little John Lake.  During these months, walleyes and largemouth bass utilized similar prey, but 

the occurrence of common prey items differed between the two species.  Results from previous 

studies examining diet overlap between black bass and walleyes have been inconsistent.  Fayram 

et al. (2005) reported low diet overlap between adult walleyes and largemouth bass in Whitefish 

Lake in Sawyer County, Wisconsin, but reported moderate diet overlap between adult 

largemouth bass and juvenile walleyes.  Furthermore, while low diet overlap values have been 

observed in several studies of smallmouth bass and walleyes (Fedoruk 1966; Johnson Hale 1977; 
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Frey et al. 2003), Wuellner et al. (2011) found significant diet overlap after gizzard shad became 

vulnerable to predation by both species in Lake Sharpe, South Dakota.  

My results do not reflect the full range of dietary interactions that could occur between 

walleyes and largemouth bass in north temperate lakes, as predation and diet overlap are 

influenced by both prey diversity and abundance.  For example, fluctuations in yellow perch 

abundance could influence diet overlap associated with Lepomis spp. if both largemouth bass and 

walleyes rely more heavily on Lepomis spp. as prey.  Moreover, the four study lakes did not 

contain cisco Coregonus artedi, a pelagic fish that occurs in many northern lakes and is readily 

preyed upon by walleyes (Lyons and Magnuson 1987; Henderson et al.2004; Kaufman et al.  

2009).  Lack of cisco or other additional prey in my four study lakes could affect the extent of 

diet overlap because walleyes or largemouth bass might utilize these alternative prey items, 

resulting in lower predation of yellow perch and Lepomis spp. (Henderson et al. 2004).   

High diet overlap between largemouth bass and walleyes does not indicate that 

competition occurs between the two species, because shared resources must be limiting and 

fitness must be negatively affected (Roughgarden 1983; Crowder 1990; Jackson et al. 2001).  

Information on availability of specific prey items is not currently available.  As a result, clear 

conclusions cannot be made about potential prey limitations and competition.  However, high 

diet overlap values observed between largemouth bass and walleyes across all four study lakes 

suggest potential for interspecific competition.   

Direct predation by largemouth bass on juvenile walleyes was limited to a single incident 

on one lake.  Low levels of predation by largemouth bass on juvenile walleyes have been 

observed in several previous studies (Liao et al. 2004; Fayram et al. 2005; Freedman et al. 2012). 

For example, 2% of largemouth bass stomachs contained stocked walleyes in 10 Illinois 
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impoundments (Freedman et al. 2012) and walleyes comprised only 4.8% of largemouth bass 

diets in Whitefish Lake, Sawyer County, Wisconsin (Fayram et al. 2005).  Low levels of 

largemouth bass predation on walleyes may indicate that bass do not readily select walleyes as 

prey or that other suitable prey items are more abundant and easier to obtain.  Possibly, walleyes 

and largemouth bass experience limited spatial and temporal overlap, preventing substantial 

predation.  However, the life history of both species suggests that spatial and temporal overlap 

occurs, especially when age-0 walleyes recruit to the littoral zone during late summer (Scott and 

Crossman 1973; Becker 1983).   

Predation of walleyes by largemouth bass could also be influenced by annual fluctuations 

in age-0 walleye abundance.  Walleye recruitment is highly variable (Hansen et al. 1998; 

Isermann 2007) and can result in years when few age-0 walleyes are present within a lake.  

During 2012, age-0 walleye abundance in Big Sissabagama and Teal lakes was probably low 

given that no age-0 walleyes were collected in September electrofishing surveys conducted by 

WDNR on both lakes (M. Wolter, WDNR, unpublished data).  Low age-0 walleye abundance 

could explain the lack of walleyes observed in the diets of largemouth bass in these two lakes.  

However, average age-0 walleye catch-per-unit effort (CPUE; catch per mile) over the last 

decade was approximately 2 fish per mile on each lake (M. Wolter, WDNR, unpublished data) 

and a zero catch in an electrofishing survey does not mean absence of age-0 walleyes present.  

Age-0 walleye CPUE was 36 fish/mile on Big Arbor Vitae Lake and 167 fish/mile on Little John 

Lake in 2013 (S.J. Gilbert, WDNR, unpublished data), yet walleye predation by largemouth bass 

was observed in only one instance.  

Gastric lavage was effective in removing ≥ 89% of diet items from largemouth bass 

stomachs in 3 of the 4 lakes.  Rates of removal were similar to the removal rate (91%) reported 
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by Hakala and Johnson (2004) when using gastric lavage to examine diets of largemouth bass in 

one Georgia lake.  Gastric lavage was slightly less effective for removing largemouth bass diets 

in Little John Lake (83% of diets removed) probably because crayfish were more prevalent in 

bass diets from this lake.  Logically, crayfish would be more difficult to dislodge from a stomach 

using gastric lavage when compared to the fish and other invertebrates encountered in 

largemouth bass diets.  While this minor sampling bias may have resulted in some 

underrepresentation of crayfish in largemouth bass diets, it would have had a negligible effect on 

my analysis of diet overlap.   

Visual identification of prey items recovered from fish stomachs is often difficult with 

differential rates of digestion.  This often leads to incorrect identification and is a common 

source of error inherent to most diet studies.  DNA barcoding has been used to rectify this issue 

in previous studies (Smith et al. 2005; Barnett et al. 2010; Carreon-Martinez 2010), but the 

technique has not been applied on a broad scale.  These results demonstrate that use of DNA 

barcoding can substantially reduce the amount of unidentified fish observed in diets.  The 

primary concern was unidentified fish present in diet samples, because both largemouth bass and 

walleyes are primarily piscivorous as adults; additional work is needed to determine if DNA 

barcoding is also effective for other taxa that are observed in fish diets.    

 

MANAGEMENT IMPLICATIONS 

 

My research provides information regarding diet overlap and predation between 

largemouth bass and walleyes in north temperate lakes that could help guide future management 

decisions for both species.  These results suggest that largemouth bass predation is not a primary 

factor affecting walleye abundance in the four study lakes selected, but high diet overlap values 
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observed in some months suggest potential for competition between the two species.  Further 

research regarding prey availability and vulnerability for largemouth bass and walleyes is 

warranted.  If future studies can determine that shared prey resources (primarily yellow perch 

and Lepomis spp.) are limiting, competition between largemouth bass and walleyes may help 

explain recent trends in largemouth bass and walleye abundance in Wisconsin lakes.  If 

competition for prey is occurring between the two species, recent management efforts to reduce 

largemouth bass abundance could result in higher walleye abundance.   
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TABLE 1.1— County, surface area (ha), maximum depth (m), and trophic status information for 

study lakes sampled during May-September 2012 and June-September 2013 as well as monthly 

sample sizes (N) and mean total lengths (TL; mm) with SD (in parentheses) for largemouth bass 

and walleyes used in diet analyses on Big Sissabagama and Teal lakes during May-September 

2012 and on Big Arbor Vitae Lake and Little John Lake during June-September 2013.  Lake 

information was obtained from the Wisconsin Department of Natural Resources. 

      LARGEMOUTH BASS WALLEYE 

Year Lake County 
Area 

(ha) 

Maximum 

Depth (m) 

Trophic 

status 
Month N 

 

Mean 

TL 

 

N 
Mean 

TL 

2012 Big Sissabagama Sawyer 326 15 Eutrophic May 52 
276 

(80) 
21 

299 

(102) 

  
    

June 76 
228 

(90) 
23 

344 

(118) 

 
     July 64 

217 

(84) 
12 

302 

(105) 

 
     Aug 61 

223 

(64) 
12 

324 

(92) 

 
     Sept 27 

236 

(85) 
5 

407 

(99) 

2012 Teal Sawyer 414 9 Eutrophic May 31 
286 

(60) 
26 

263 

(100) 

 
 

    
June 42 

239 

(85) 
34 

240 

(86) 

 
     July 17 

230 

(81) 
15 

254 

(82) 

 
     Aug 16 

217 

(79) 
41 

256 

(63) 

 
     Sept 16 

186 

(89) 
35 

290 

(86) 

2013 Big Arbor Vitae Vilas 433 12 Mesotrophic June 219 
324 

(75) 

10

1 

324 

(107) 

      
July 58 

264 

(89) 
14 

348 

(122) 

  
    Aug 58 

244 

(80) 
5 

386 

(35) 

  
    Sept 47 

268 

(79) 
25 

340 

(137) 

2013 Little John Vilas 61 6 Mesotrophic June 94 
348 

(68) 
98 

271 

(61) 

 
 

    
July 21 

352 

(61) 
59 

321 

(53) 

 
     Aug 10 

313 

(39) 
56 

317 

(41) 

 
     Sept 36 

356 

(54) 
59 

308 

(55) 
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TABLE 1.2— Number of individual fish identified visually and by DNA barcoding, percent 

agreement between the two methods, and percent reduction in unidentified fish (UID) in diets of 

largemouth bass and walleyes collected from Big Sissabagama and Teal lakes during May-

September 2012 and from Big Arbor Vitae and Little John lakes during June-September 2013. 

Species Visual DNA Barcoding 
% 

Agreement 

% 

UID Reduction 

Rock bass 

Ambloplites rupestris 
1 1 100 0.78 

Bullhead 

Ameiurus spp. 
N/A N/A 100 0.26 

White sucker 

Catostomus commersonii 
N/A N/A 100 0.69 

Mottled sculpin 

Cottus bairdii 
N/A N/A 100 0.06 

Brook stickleback 

Culaea inconstans 
N/A N/A 100 0.05 

Darter 

Etheostoma spp. 
N/A N/A 100 0.70 

Bluegill 

Lepomis spp. 
37 37 100 10.79 

Black bass 

Micropterus spp. 
10 10 100 1.73 

Golden shiner 

Notemigonus crysoleucas 
4 4 100 1.97 

Eastern shiner 

Notropis spp. 
N/A N/A 100 1.54 

Tadpole madtom 

Noturus gyrinus 
N/A N/A 100 0.38 

Yellow perch 

Perca flavescens 
74 74 100 9.51 

Logperch 

Percina caprodes 
N/A N/A 100 0.27 

Trout perch 

Percopsis omiscomaycus 
N/A N/A 100 0.03 

Bluntnose minnow 

Pimephales notatus 
4 4 100 1.35 

Black crappie 

Pomoxis nigromaculatus 
11 10 91 3.15 

Ninespine stickleback 

Pungitius pungitius 
N/A N/A 100 0.29 

Walleyes 

Sander vitreus 
3 2 67 0 

Central mudminnow 

Umbra limi 
N/A N/A 100 0.03 
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TABLE 1.3— Percent occurrence (number of fish with prey item i/total number of fish with prey), 

percent by wet weight (wet weight of prey item i/total weight of all prey items from all fish), and 

percent by number (number of each prey item i/total number of prey items from all fish) in diets 

of largemouth bass and walleyes collected from Big Sissabagama Lake during May-September 

2012. 

  

                    LARGEMOUTH BASS                     WALLEYE 

Group Taxon  
%  

Occurrence 
% 

Number 
%  

Wet Weight 
%  

Occurrence 
% 

Number 
%  

Wet Weight 

Invertebrate Cambaridae 22.5 12.27 30.85 1.35 0.19 2.06 

 
Coleoptera 0.36 0.13 0.04 0 0 0 

 
Diptera 5.71 5.20 0.12 18.92 39.16 1.89 

 
Ephemeroptera 6.07 8.40 0.76 6.76 1.73 0.10 

 
Hemiptera 0.71 0.27 0.04 1.35 0.19 0.02 

 
Hirudiniformes 0.36 0.27 0.02 0 0 0 

 
Hymenoptera 0.36 3.47 0.01 0 0 0 

 
Odonata 9.29 5.47 1.65 0 0 0 

 
Physidae 0.71 0.27 0.01 0 0 0 

 
UID Invertebrate 0.71 1.20 0.01 0 0 0 

Fish 
Bluegill 

Lepomis spp. 
35.00 24.40 30.91 40.54 6.33 53.34 

 
Black bass 

Micropterus spp. 
6.07 4.00 1.81 0 0 0 

 

Golden Shiner 

Notemigonus crysoleucas 
1.43 0.53 1.22 5.41 0.77 8.20 

 

Eastern shiner 

Notropis spp. 
0.71 0.27 0.20 0 0 0 

 
Yellow perch 

Perca flavescens 
28.93 24.27 13.85 36.49 41.84 27.92 

 

Bluntnose minnow 

Pimephales notatus 
1.79 0.80 0.52 8.11 7.49 1.44 

 

Black crappie 

Pomoxis nigromaculatus 
2.14 1.47 9.33 8.11 1.54 4.43 

 
Central mudminnow 

Umbra limi 
1.43 0.80 0.34 0 0 0 

 UID Fish 2.5 1.07 0.66 2.70 0.58 0.49 

 

Rock bass 

Ambloplites rupestris 
1.43 0.53 4.18 0 0 0 

 

Black bullhead 

Ameirus melas 
0.71 0.27 1.67 0 0 0 

 
Brook Stickleback 
Culaea inconstans 

0.71 0.27 0.03 0 0 0 

 

Darter 

Etheostoma spp. 
6.43 3.73 1.11 1.35 0.19 0.11 

Other 
Green frog 

Rana clamitans 
0.71 0.67 0.64 0 0 0 
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TABLE 1.4— Percent occurrence (number of fish with prey item i/total number of fish with prey), 

percent by wet weight (wet weight of prey item i/total weight of all prey items from all fish), and 

percent by number (number of each prey item i/total number of prey items from all fish) in diets 

of largemouth bass and walleyes collected from Teal Lake during May-September 2012. 

    LARGEMOUTH BASS WALLEYE 

Group Taxon  

%  

Occurrence 

% 

Number 

%  

Wet Weight 

%  

Occurrence 

% 

Number 

%  

Wet Weight 

Invertebrate Cambaridae 26.23 16.42 34.60 1.32 0.35 0.04 

 
Coleoptera 0.82 1.12 0.02 0 0 0 

 
Diptera 1.64 2.61 0.13 10.60 2.82 0.06 

 
Ephemeroptera 7.38 16.04 1.40 15.89 27.61 4.92 

 
Hemiptera 1.64 0.75 0.00 1.32 0.24 0.00 

 
Hirudiniformes 2.46 1.12 1.60 0 0 0 

 
Odonata 6.56 3.73 1.32 0.66 0.12 0.00 

 
Physidae 0.82 0.37 0.02 0 0 0 

 
Pseudophyllidea 0.82 0.75 0.07 0 0 0 

 
UID Invertebrate 0 0 0 0.66 0.47 0.01 

Fish 
Black bass 

Micropterus spp. 
3.28 1.49 7.64 7.95 1.88 8.11 

 

Black crappie 

Pomoxis nigromaculatus 
7.38 5.97 3.71 22.52 6.11 10.66 

 
Bluntnose minnow 
Pimephales notatus 

4.10 2.24 1.30 1.99 0.71 0.45 

 

Eastern shiner 

Notropis spp. 
4.10 1.87 4.30 2.65 0.82 3.31 

 

Darter 

Etheostoma spp. 
9.02 6.34 0.70 2.65 0.47 0.25 

 

Golden shiner 

Notemigonus crysoleucas 
4.92 2.99 11.85 1.99 3.17 3.31 

 

Logperch 

Percina caprodes 
0.82 0.37 0.34 2.65 0.47 2.30 

 

Rock bass 

Ambloplites rupestris 
0 0 0 0.66 0.12 0.09 

 

Bluegill 

Lepomis spp. 
16.39 8.96 3.73 35.10 17.98 21.91 

 

Tadpole madtom 

Noturus gyrinus 
4.92 2.61 5.28 1.32 0.12 4.39 

 

Trout perch 

Percopsis omiscomaycus 
0 0 0 0.66 0.12 0.45 

 
UID Fish 3.28 2.24 1.13 2.65 0.47 1.26 

 
Yellow perch 

Perca flavescens 
22.13 21.64 14.67 39.07 35.96 38.46 

Other 
Green frog 

Rana clamitans 
0.82 0.37 6.17 0 0 0 

 

 

 

 

 



23 
 

TABLE 1.5— Percent occurrence (number of fish with prey item i/total number of fish with prey), 

percent by wet weight (wet weight of prey item i/total weight of all prey items from all fish), and 

percent by number (number of each prey item i/total number of prey items from all fish) in diets 

of largemouth bass and walleyes collected from Big Arbor Vitae Lake during June-September 

2013. 

  
LARGEMOUTH BASS WALLEYE 

Group Taxon 
% 

Occurrence 

% 

Number 

% 

Wet Weight 

% 

Occurrence 

% 

Number 

% 

Wet Weight 

Invertebrate Amphipoda 0.26 0.08 0.00 0 0 0 

 
Cambaridae 20.16 7.40 24.14 0.69 0.21 2.19 

 
Coleoptera 0.26 0.08 0.00 0 0 0 

 
Diptera 0.79 0.46 0.04 4.14 35.20 0.33 

 
Ephemeroptera 3.14 8.24 0.87 0.69 0.21 0.02 

 
Hemiptera 0.26 0.08 0.00 0 0 0 

 
Hirudiniformes 2.09 0.61 0.27 0 0 0 

 
Isopoda 0.26 0.08 0.00 0 0 0 

 
Odonata 36.65 36.56 21.77 2.76 1.04 0.09 

 
Physidae 1.57 1.15 0.87 0 0 0 

 
Trichoptera 1.05 0.31 0.06 0 0 0 

 
UID Invertebrate 0.52 0.15 0.04 0.69 0.62 0.32 

Fish 
Black bass 

Micropterus spp. 
1.31 0.46 0.27 1.38 0.41 4.66 

 

Black crappie 

Pomoxis nigromaculatus 
2.09 0.61 0.89 2.07 0.62 3.04 

 

Bluntnose minnow 

Pimephales notatus 
4.97 7.79 6.11 22.76 14.29 17.31 

 
Darter 

Etheostoma spp. 
5.24 1.91 1.06 0 0 0 

 

Eastern Shiner 

Notropis spp. 
7.07 3.05 1.65 27.59 15.32 11.45 

 

Golden Shiner 

Notemigonus crysoleucas 
0 0 0 0.69 0.21 1.94 

 
Logperch 

Percina Caprodes 
0.26 0.08 0.24 0 0 0 

 

Mottled sculpin 

Cottus bairdii 
1.31 0.38 0.24 0.69 0.21 0.03 

 

Ninespine Stickleback 

Pungitius pungitius 
4.71 4.27 2.29 0.69 0.41 0.63 

 
Rock bass 

Ambloplites rupestris 
0.26 0.08 0.13 2.76 1.04 5.34 

 

Bluegill 

Lepomis spp. 
13.09 4.73 13.36 24.14 10.35 29.21 

 
UID Fish 1.05 0.31 0.24 0.69 0.21 0.08 

 

White sucker 

Catostomus commersonii 
1.57 0.46 1.09 0.69 0.21 0.47 

 
Yellow bullhead 
Ameiurus natalis 

0.26 0.08 0.02 0.69 0.21 0.17 

 

Yellow perch 

Perca flavescens 
32.72 20.53 24.28 31.72 19.25 22.73 

Other 
Green frog 

Rana clamitans 
0.26 0.08 0.08 0 0 0 
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TABLE 1.6— Percent occurrence (number of fish with prey item i/total number of fish with prey), 

percent by wet weight (wet weight of prey item i/total weight of all prey items from all fish), and 

percent by number (number of each prey item i/total number of prey items from all fish) in diets 

of largemouth bass and walleyes collected from Little John Lake during June-September 2013. 

  
   LARGEMOUTH BASS    WALLEYE 

Group Taxon 
% 

Occurrence 
% 

Number 
% 

Wet Weight 
% 

Occurrence 
% 

Number 
% 

Wet Weight 

Invertebrate Amphipoda 0 0 0 0.37 0.02 0.00 

 
Cambaridae 68.32 33.98 71.64 5.51 0.31 5.86 

 
Diptera 5.59 26.09 0.14 25.74 78.97 7.56 

 
Ephemeroptera 3.11 1.75 0.07 9.93 1.80 1.38 

 
Hemiptera 0.62 0.18 0.00 0 0 0 

 
Hirudiniformes 3.11 0.88 0.21 2.57 0.19 0.86 

 
Lepidoptera 0 0 0 0.37 0.02 0.01 

 
Odonata 13.66 5.78 0.85 4.04 0.56 0.37 

 
Plecoptera 0 0 0 0.37 0.06 0.01 

Fish 
Black bass 

Micropterus spp. 
0.62 0.18 0.04 6.62 0.41 11.47 

 

Black crappie 

Pomoxis nigromaculatus 
0.62 0.18 0.09 2.94 0.20 1.50 

 

Bluntnose minnow 

Pimephales notatus 
0.62 0.18 0.05 0 0 0 

 
Darter 

Etheostoma spp. 
0.62 0.18 0.01 3.31 0.20 1.28 

 

Eastern shiner 

Notropis spp. 
0 0 0 0.37 0.02 0.16 

 

Golden shiner 

Notemigonus crysoleucas 
0.62 0.18 0.67 0 0 0 

 
Logperch 

Percina caprodes 
0 0 0 1.10 0.06 1.51 

 

Rock bass 

Ambloplites rupestris 
0.62 0.18 2.24 0 0 0 

 

Bluegill 

Lepomis spp. 
2.48 0.70 8.42 2.57 0.19 2.47 

 
UID Fish 0.62 0.18 0.17 1.10 0.13 0.33 

 

Walleyes 

Sander vitreus 
0.62 0.18 2.48 0.37 0.02 5.27 

 

White sucker 

Catostomus commersonii 
4.97 1.93 1.25 1.47 0.07 1.47 

 
Yellow perch 

Perca flavescens 
24.84 27.32 11.67 59.56 16.78 58.48 
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TABLE 1.7— Pianka’s index of niche overlap for largemouth bass and walleyes collected during 

May-September 2012 on Big Sissabagama and Teal lakes and during June-September 2013 on 

Big Arbor Vitae and Little John lakes.   

PIANKA’S INDEX OF NICHE OVERLAP 

Month Big Sissabagama Teal Big Arbor Vitae Little John 

May 0.34 0.53 N/A N/A 

June 0.80 0.63 0.32 0.12 

July 0.61 0.42 0.83 0.67 

August 0.87 0.80 0.97 0.42 

September 0.87 0.89 0.96 0.79 
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FIGURE 1.1— Mean percent composition of prey consumed by largemouth bass (top) and 

walleyes (bottom) collected from Big Sissabagama Lake during May-September 2012.  Numbers 

above each bar represent the number of largemouth bass and walleyes with prey during a specific 

month (i.e., does not include fish with empty stomachs). 
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FIGURE 1.2— Mean percent composition of prey consumed by largemouth bass (top graph) and 

walleyes (bottom graph) collected from Teal Lake during May-September 2012.  Numbers above 

each bar represent the number of largemouth bass and walleyes with prey during a specific 

month (i.e., does not include fish with empty stomachs). 
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FIGURE 1.3— Mean percent composition of prey consumed by largemouth bass (top graph) and 

walleyes (bottom graph) collected from Big Arbor Vitae Lake during June-September 2013.  

Numbers above each bar represent the number of largemouth bass and walleyes with prey during 

a specific month (i.e., does not include fish with empty stomachs). 
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FIGURE 1.4— Mean percent composition of prey consumed by largemouth bass (top graph) and 

walleyes (bottom graph) collected from Little John Lake during June-September 2013.  Numbers 

above each bar represent the number of largemouth bass and walleyes with prey during a specific 

month (i.e., does not include fish with empty stomachs). 
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CHAPTER 2:  

FACTORS REGULATING FIRST-YEAR GROWTH AND DIET OF 

LARGEMOUTH BASS IN WISCONSIN 

 

INTRODUCTION 

Fish populations typically exhibit variable recruitment which often complicates the 

process of fisheries management (Ricker 1975; Ludsin and DeVries 1997; Maceina and Bettoli 

1998).  Abiotic factors affecting recruitment include water temperature (Clady 1976; Rutherford 

and Houde 1995; Hansen et al. 1998), water level fluctuations (Beam 1983; Miranda et al. 1984; 

Ozen and Noble 2005), and water chemistry (Gunn and Keller 1984; Holtze and Hutchinson 

1989; Eaton et al. 1992).  Biotic factors such as predation (Nielsen 1980; Quist et al. 2003; 

Santucci and Wahl 2003), interspecific and intraspecific competition (Larkin 1956; Welker et al. 

1994; Hansen et al. 1998), and prey availability (Crowder et al. 1987; Graeb et al. 2004; 

Hoxmeier et al. 2004) also affect recruitment. Furthermore, several studies have suggested that 

size can have a profound influence on the physiology, ecology, and behavior of age-0 fish 

(Miller et al. 1988; Post and Evans 1989; Rice et al. 1993).  As a result, recruitment may be 

determined by size-dependent responses to fluctuations in abiotic and biotic conditions early in 

life (Miller et al. 1988; Cargnelli and Gross 1996; Graeb et al. 2004).  

Size is an important factor regulating mortality of largemouth bass Micropterus 

salmoides during early life (Gutreuter and Anderson 1985; Miranda and Hubbard 1994a; Garvey 

et al. 1998).  In temperate regions, predation and winter are two common sources of size-

dependent mortality for age-0 largemouth bass (Miranda and Hubbard 1994a; Garvey et al. 1998; 

Post et al. 1998).  As gape-limited predators, subtle increases in size can influence the ability of 
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age-0 largemouth bass to forage on larger, more energetically profitable prey (Olson 1996; 

Ludsin and DeVries 1997; Post 2003).  Largemouth bass pass through several ontogenetic diet 

shifts during their first year of life (Olson 1996; Ludsin and DeVries 1997; Post 2003).  Age-0 

largemouth bass begin feeding on zooplankton (Kramer and Smith 1962; Becker 1983).  As age-

0 largemouth bass continue to grow, they undergo a diet shift to aquatic insects (Kramer and 

Smith 1962; Becker 1983).  Eventually, largemouth bass transition to piscivory, which often 

occurs when bass attain lengths of 50 to 70 mm (Murphy 1949; MacKay 1963; Becker 1983). 

However, the timing of this shift is highly variable and depends on several factors such as prey 

species composition, size, and availability (Gutreuter and Anderson 1985; Keast and Eadie 1985; 

Olson 1996).  Because ontogenetic diet shifts can be size-dependent, age-0 largemouth bass that 

attain greater lengths may exhibit higher rates of piscivory compared to smaller conspecifics 

(Keast and Eadie 1985; Olson 1996; Post 2003).  The switch to piscivory typically translates into 

increased growth rates, which could reduce vulnerability to predation and increase overwinter 

survival (Miranda and Hubbard 1994b; Ludsin and DeVries 1997; Post 2003). 

Overwinter mortality can significantly influence largemouth bass recruitment (Kohler et 

al. 1993; Post et al. 1998; Fullerton et al. 2000).  Fish entering their first winter experience a 

series of stressors such as low water temperature, changes in habitat availability, reduced food 

availability, and depletion of lipid reserves (Miranda and Hubbard 1994a; Fullerton et al. 2000; 

Hurst 2007).  During this period of limited food intake and increased stress, age-0 fish rely 

heavily on lipid reserves for maintenance and activity (Thompson et al. 1991; Miranda and 

Hubbard 1994a; Garvey et al. 2004).  Several studies have reported a positive correlation 

between body size and overwinter survival in age-0 largemouth bass (Miranda and Hubbard 

1994a; Garvey et al 1998; Fullerton et al. 2000).  
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Disparities in size among age-0 largemouth bass may reflect differences in hatch timing 

(Goodgame and Miranda 1993; Phillips et al. 1995; Ludsin and DeVries 1997).  Largemouth 

bass have protracted spawning periods that may last several weeks (Scott and Crossman 1973; 

Becker 1983; Brown 2009).  Consequently, individuals within a cohort may be separated 

temporally into distinct sub-cohorts based on hatch timing (Phillips et al. 1995; Ludsin and 

DeVries 1997; Pine et al. 2000).  Early-hatched largemouth bass within an age-0 cohort are 

generally larger than late-hatched individuals at the end of the first growing season (Goodgame 

and Miranda 1993; Phillips et al. 1995; Ludsin and DeVries 1997).  This disparity in size is often 

attributed to a longer growing season and greater prey availability experienced by fish hatching 

early (Timmons et al. 1980; Phillips et al. 1995; Garvey and Stein. 1998).  Subtle differences in 

hatch timing may also influence the diet ontogeny of age-0 largemouth bass, which could further 

exacerbate growth disparities (Miller and Storck 1984; Keast and Eadie 1985; Phillips et al. 

1995).  Because the transition to piscivory is often size dependent, the initial size advantage 

obtained by early-hatched largemouth bass may allow them to transition to piscivory earlier, 

resulting in enhanced growth and increased survival (Keast and Eadie 1985; Phillips et al. 1995; 

Ludsin and DeVries 1997).  However, growth and eventual recruitment of late-hatched fish can 

exceed that of early-hatched individuals (Rice et al. 1987; Pine and Allen 2001; Santucci and 

Wahl 2003).  Additionally, duration and timing of spawning is highly variable among 

populations of largemouth bass (Goodgame and Miranda 1993; Olson 1996; Sammons et al. 

1999) and hatch duration appears to follow a latitudinal gradient: 17-21 d in Michigan (Post 

2003), 25-26 d in New York (Schmidt and Fabrizio 1980), and 60-71 d in Mississippi 

(Goodgame and Miranda 1993).  The decrease in hatch duration for largemouth bass at the 

northern extent of their range may reduce the effect of hatch timing on size and recruitment.  For 
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example, hatch duration for largemouth bass in Paul Lake, Michigan was 20-22 days and only 

40% of the observed variability in size among age-0 largemouth bass could be attributed to hatch 

duration (Post 2003).  However, the effect of hatch date on growth, size, and recruitment of 

largemouth bass in northern lakes remains relatively unknown. 

Largemouth bass abundance has increased in some northern Wisconsin lakes over the last 

decade (Hansen et al. in press).  While the cause of increased largemouth bass abundance in 

these lakes remains unclear, conservative trends in largemouth bass harvest regulations (Paukert 

et al. 2007) coupled with a strong catch-and-release ethic (Myers et al. 2008; Isermann et al. 

2013) have likely contributed to increased bass abundance (WDNR 2001). Furthermore, trends 

in largemouth bass abundance could be the result of environmental conditions that promote 

earlier spawning and extended growing seasons (Magnusson et al. 1990; McCauley and Kilgour 

1990; Pörtner and Peck 2010).  Wisconsin’s annual average temperature is projected to increase 

by 2 to 5 °C by the middle of the century along with an increase in annual average precipitation 

(Wisconsin Initiative on Climate Change Impacts 2011).  Water temperature regimes will likely 

continue to favor warmwater species such as largemouth bass (Magnusson et al. 1990; McCauley 

and Kilgour 1990; DeStasio et al. 1996).  Continued range expansion and increased recruitment 

of largemouth bass could have a drastic effect on bass population dynamics and fish community 

dynamics within Wisconsin.  However, the mechanisms regulating changes in largemouth bass 

abundance in Wisconsin lakes are not fully understood.  If recruitment of largemouth bass in 

Wisconsin lakes is primarily regulated by abiotic variables, then changes to harvest regulations 

may not reduce largemouth bass abundance.  A better understanding of largemouth bass early 

life history is needed to determine what factors affect largemouth bass recruitment in Wisconsin.  

Consequently, the objectives of this study were to determine if: (1) hatch timing influences 
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growth of age-0 largemouth bass and (2) the extent of piscivory varies in relation to total length 

(TL) of age-0 largemouth bass in northern Wisconsin lakes. 

 

METHODS 

Study Area and Data Collection- Age-0 largemouth bass were collected from a total of 11 

lakes during June-September 2012 and 2013; nine of these lakes were sampled in both years.  

Study lakes were not selected at random (Table 2.1).  Big Arbor Vitae, Big Sissabagama, Little 

John, and Teal lakes were selected because an ongoing diet study was occurring on these lakes 

(Chapter 1).  Additional lakes were selected to cover a broad latitudinal range within the state 

while also considering seining feasibility.  On each sampling date, age-0 largemouth bass were 

collected using a 12.2-m beach seine with 0.6-cm bar mesh at a minimum of 10 randomly 

selected sites.  For most lakes, I collected age-0 largemouth bass at approximately two-week 

intervals from June to September.  However, I could not sample all lakes at two-week intervals.  

In 2012 and 2013, a subset of lakes was sampled only 1-2 times during mid and late summer.  

On another subset of lakes in 2013 I seined 3-4 times during early, middle, and late portions of 

the summer.  The goal was to efficiently increase the latitudinal distribution across study lakes 

while maintaining temporal continuity of sampling on some lakes.  All age-0 largemouth bass 

were measured to the nearest mm (total length; TL) and on each sampling date a target maximum 

of 50 fish were randomly selected and sacrificed for hatch date estimation and diet analysis.  On 

some sampling dates, increased seining effort was required to reach the target number of age-0 

largemouth bass, resulting in daily sampling effort ranging from 10 to 15 seine hauls per lake.  

Onset HOBO
®
 Tidbit v2 Temperature Data Loggers (Onset Computer Corp., Bourne, MA) were 

deployed on each lake to record hourly surface water temperatures between mid-May and mid-
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October.  All collected fish were frozen for further analysis.  Collection and preservation 

procedures outlined above were approved by the Institutional Animal Care and Use Committee 

(IACUC; Permit Number: SCP-NOR-335-0513).  

In the laboratory, age-0 largemouth bass were measured to the nearest 0.1 mm TL and 

weighed to the nearest 0.01 g.  Stomachs were excised from each fish and contents were 

examined using a Nikon
®
 SMZ-1B dissecting microscope (Nikon Instruments Inc., Melville, 

NY) with reflected light.  Individual prey items were enumerated and identified as zooplankton, 

aquatic insects, or fish. Sagittal otoliths were removed from each age-0 largemouth bass to 

estimate hatch date.  Otoliths from each fish were secured to a glass slide using a small drop of 

cyanoacrylic cement.  Otoliths were lightly polished using wetted 2,000-grit sandpaper and a 

drop of immersion oil was used to improve clarity.  Digital images of otolith sections were 

projected onto a monitor using a Nikon
®
 Eclipse 55i compound microscope (200x magnification) 

equipped with a Nikon
®
 DS-Fi1 digital camera (Nikon Instruments Inc., Melville, NY) using 

transmitted light.  Daily growth increments were counted by two independent readers along a 

transect running from the center of the focus to the proximal edge.  Each otolith section was 

counted once by each reader; counts were averaged between readers to determine hatch date.  

Counts that were not within 10% of each other were reexamined by a third reader and the 

average of the two most similar counts was used to estimate hatch date.  

Data Analysis- Hatch dates were estimated using the following equation: 

          =          𝑝                             , 

where day of capture corresponds to the day of year (i.e., January 1 = day 1; Phillips et al. 1995).  

Because of the low precision of hatch date estimates for fish ≥ 90 d, sampling dates where age-0 

largemouth bass were older than 90 d were omitted from all hatch date analyses.  For each lake, 
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age-0 largemouth bass were grouped into early-, intermediate-, and late-hatched sub-cohorts 

using the 33
rd

 and 66
th

 percentiles of the range of hatch dates observed for fish collected 

throughout the study period.  I used analysis of variance (ANOVA) to determine if mean TL 

varied among age-0 sub-cohorts within each lake.  For this analysis, I used only age-0 

largemouth bass collected within a 30-d window during July and August of each year to account 

for variation in sampling intensity and timing among lakes.  When ANOVA indicated mean TL 

significantly varied among sub-cohorts within a lake, pairwise differences in mean TLs were 

evaluated using Tukey’s honestly significant difference (HSD) tests.  Daily growth rates were 

compared among sub-cohorts within each lake using an analysis of covariance (ANCOVA) and 

loge TL-age relationships.  Loge TL-age relationships were used to address heteroscedasticity 

between TL and age.  When the ANCOVA showed a significant difference in slopes (i.e., growth 

rate) among sub-cohorts, t-tests of the difference in slopes between each pair of sub-cohorts were 

conducted and the p-values were corrected for multiple comparisons with the false discovery rate 

method of Benjamini & Hochberg (1995), as implemented in compSlopes() from the NCStats 

package in R (Ogle 2013).  The assumptions of an ANOVA and ANCOVA (i.e., normal 

distribution of errors, homogeneity of variance, and independence of errors) were evaluated 

using Anderson-Darling normality tests, Levene’s test for homogeneity of variance, and by 

examination of residual plots.  Statistical significance was set at α = 0.05 for all analyses. 

Piscivory among age-0 largemouth bass collected from each lake was summarized using 

percent occurrence (number of age-0 bass with fish in their diet / total number of age-0 bass with 

prey).  Logistic regression models were used to determine if the probability of age-0 largemouth 

bass exhibiting piscivory varied in relation to TL and to estimate the TL at which 50% of age-0 

bass exhibited piscivory:  
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    (
  

    
) =        . 

where Pi  is the probability of piscivory for individual age-0 largemouth bass at length i. 

Statistical significance was set at α = 0.05. 

 

 

RESULTS 

 

 A total of 1,626 age-0 largemouth bass were collected from 11 different study lakes 

during June-September 2012 and 2013 (Tables 2.1 and 2.2).  Estimates of largemouth bass hatch 

dates ranged from 6 May to 28 June 2012 and from 7 May to 9 July 2013.  Hatch durations in 

individual lakes ranged from 28-53 d in 2012 and from 13-39 d in 2013 (Table 2.2).  Hatch date 

distributions were largely unimodal with median hatch dates occurring between 17 May and 1 

June in 2012 and between 22 May and 25 June in 2013 (Table 2.2).  Average water temperatures 

during hatching were as low as 13°C and as high as 26°C.  Average water temperatures on 

median hatch dates ranged from 17°C-22°C in 2012 and from 16°C-23°C in 2013 (Table 2.2).  

Mean TLs of age-0 largemouth bass collected between July and August ranged from 45-

57 mm during 2012 and from 43-57 mm during 2013 (Table 2.3).  Total lengths during July and 

August varied among early-, intermediate-, and late-hatched sub-cohorts of age-0 largemouth 

bass and, in general, early-hatched largemouth bass had attained greater mean TLs than 

intermediate- and late-hatched sub-cohorts (Table 2.3).  However, significant differences in 

mean TL among sub-cohorts were only observed in 4 of the 8 study lakes in 2012 and in only 5 

of the 10 study lakes in 2013 (Table 2.3).  In most cases, mean TL of early-hatched sub-cohorts 

were significantly greater than those of intermediate- and late-hatched sub-cohorts (Table 2.3). 
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However, I observed one instance where mean TL of a late-hatched sub-cohort was significantly 

larger than the early-hatched sub-cohort (Table 2.3). 

Growth rates were variable among early-, intermediate-, and late-hatched sub-cohorts 

and, in general, mean daily growth rates for early- and intermediate-hatched sub-cohorts 

exceeded those of late-hatched sub-cohorts (Table 2.4).  However, significant differences in 

mean daily growth rates were only observed among sub-cohorts for 2 of the 8 study lakes in 

2012 and for 1 of the 10 study lakes during 2013 (Table 2.4).  In general, growth rates for early- 

and intermediate- hatched sub-cohorts were significantly greater than late-hatched sub-cohorts.  

Percent occurrence of piscivory in age-0 largemouth bass cohorts ranged from 2-48% 

among lakes during 2012 and from 0-21% during 2013 (Table 2.5).  Total length at which 50% 

of age-0 largemouth bass exhibited piscivory ranged from 58 to 77 mm in 2012 and from 62 to 

77 mm in 2013 (Table 2.5).  However, total length of age-0 largemouth bass was only significant 

in explaining variation in the probability of piscivory for 3 of the 8 study lakes in 2012 and 3 of 

the 10 study lakes in 2013 (Table 2.5).   

 

DISCUSSION 

Largemouth bass hatch timing and duration was variable across lakes and years, with 

hatching occurring over 13-53 d periods from early May to early July.  These findings were 

consistent with largemouth bass hatch timing and duration observed in several previous studies 

conducted in the Midwestern USA (Kohler et al. 1993; Phelps et al. 2003; Post 2003).  For 

example, largemouth bass in Enemy Swim Lake, South Dakota, hatched from 27 May-7 July 

with hatch durations ranging from 24-44 d (Phelps et al. 2003).  Furthermore, largemouth bass in 

Carlyle and Shelbyville lakes in Illinois generally hatched from late-April to mid-June with hatch 
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durations ranging from 25-60 d (Kohler et al. 1993).  Conversely, largemouth bass hatch 

durations observed in Paul Lake, Michigan were relatively short, with hatching occurring during 

a 20-22 d period between 23 May and 13 June (Post 2003).  Variability in hatch timing both 

among and within lakes could reflect local adaptations to a variety of factors including weather 

conditions, predation, and competition (Schmidt and Fabrizio 1980; Post et al. 1998; Jackson and 

Noble 2000).  

Mean TLs and daily growth rates of age-0 largemouth bass collected in Wisconsin lakes 

during July and August were consistent with TLs and growth rates observed in previous studies 

(Toneys and Coble 1979; Keast and Eadie 1985; Phillips et al.1995; Ludsin and DeVries 1997; 

Phelps et al. 2003).  In general, early-hatched sub-cohorts of largemouth bass across all study 

lakes grew faster and attained greater TLs compared to late-hatched sub-cohorts, although these 

differences were not always statistically significant.  Previous studies have reported similar 

disparities in growth related to hatch timing for age-0 largemouth bass (Goodgame and Miranda 

1993; Phillips et al. 1995; Ludsin and DeVries 1997).  For example, growth rates of age-0 

largemouth bass in North Carolina were generally highest for early-hatched sub-cohorts and 

mean TLs attained by early-hatched sub-cohorts were 20 mm higher than mean TLs for 

intermediate- and late-hatched sub-cohorts (Phillips et al. 1995).  In this study, I only observed 

statistically significant differences in mean TL and growth rate between sub-cohorts of age-0 

largemouth bass on a fraction of study lakes, which suggests that other abiotic and biotic factors 

influence growth of age-0 largemouth bass.  Moreover, several previous studies have suggested 

that factors including weather, prey availability, and temperature regimes may also affect growth 

of age-0 largemouth bass (Phillips et al. 1995; Garvey and Stein 1998; Garvey et al. 2000).  
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Total length at which 50% of age-0 largemouth bass exhibited piscivory across all study 

lakes was consistent with lengths observed in previous studies (Phillips et al. 1995; Olson 1996; 

Post 2003).  For example, TLs of age-0 largemouth bass exhibiting piscivory in Michigan ranged 

from 44-86 mm (Post 2003).  Furthermore, the percentage of age-0 largemouth bass exhibiting 

piscivory in North Carolina was generally highest among individuals greater than 76 mm 

(Phillips et al. 1995).  Several studies have also demonstrated that the extent of piscivory is 

related to length of age-0 largemouth bass (Miller and Storck 1984; Keast and Eadie 1985; 

Phillips et al. 1995).  For example, piscivory among age-0 largemouth bass in Ontario was 

generally higher among larger individuals (Keast and Eadie 1985).  Similarly, TL explained 

significant variation in the percentage of age-0 largemouth bass exhibiting piscivory in some, but 

not all, study lakes.  This suggests that hatch timing could influence the extent of piscivory in 

age-0 largemouth bass cohorts in some lakes where I observed differences in mean TLs among 

early-, intermediate-, and late-hatched sub-cohorts.  However, TL did not explain significant 

levels of variation in the extent of piscivory for many lakes, suggesting that other factors such as 

prey availability also affect the occurrence of piscivory within cohorts of age-0 largemouth bass 

(Miller and Storck 1984; Keast and Eadie 1985; Phillips et al. 1995). 

I was unable to monitor the effects of hatch timing on growth of age-0 largemouth bass 

over the entire summer and into the fall.  Among-reader precision of daily ring counts was 

greatly diminished when average counts were ≥ 90 and I suspect that some degree of age 

underestimation was occurring, so sampling dates with any fish of this age were excluded from 

analyses.  Previous studies have suggested that age-0 largemouth bass older than 100 d are 

commonly underestimated (Miller and Storck 1982; Goodgame and Miranda 1993; Phillips 

1994), although daily growth rings for largemouth bass have been validated up to 190 d (Isely 
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and Noble 1987).  Furthermore, these results may have also been affected by sampling bias 

associated with seining.  Previous studies have suggested that larger age-0 largemouth bass may 

be capable of avoiding the seine, creating potential size-related bias (Jackson and Noble 1995; 

Pine et al. 2000).  For example, Pine et al. (2000) observed seine avoidance when age-0 

largemouth bass were larger than 80 mm TL.  Furthermore, Jackson and Noble (1995) observed 

that seining became less effective when individuals attained a TL of approximately 60 mm.  This 

suggests that some size-related bias may have occurred in this study as evidenced by the low 

number of individuals over 80 mm in across all samples. However, the extent and influence of 

this bias on the results is unknown. 

 

MANAGEMENT IMPLICATIONS 

 These results suggest that hatch timing is not always an important factor influencing 

growth and lengths attained by age-0 largemouth bass by mid-August in north temperate lakes. 

However, information on the early life history and subsequent recruitment of largemouth bass in 

north temperate lakes remains limited and warrants further research.  To better understand 

largemouth bass recruitment dynamics, continued sampling of age-0 largemouth bass needs to 

occur.  Continued sampling on the lakes in this study would provide temporal data that may help 

explain recent trends in largemouth bass recruitment as well as address potential effects due to 

climate change.  Furthermore, an assessment of age-0 largemouth bass survival as it relates to 

hatch date and growth would provide important information that would aid in identifying the 

factors that regulate age-0 largemouth bass recruitment.  If largemouth bass recruitment is 

largely regulated by abiotic factors such as spring temperature regimes, management actions that 

seek to reduce abundance of adult largemouth bass may have a limited effect. 
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TABLE 2.1— County, latitude, longitude, surface area, maximum depth, trophic status, and 

number of sampling events for study lakes sampled during May-September 2012 and 2013.  

Lake information was obtained from the Wisconsin Department of Natural Resources.   

Lake County 
Latitude 

(°) 
Longitude 

(°) 
Surface Area 

(ha) 
Maximum 
Depth (m) 

Trophic 
Status 

Days 

Sampled 

2012 

Days 

Sampled 

2013 

Big Arbor Vitae Vilas 45.93 -89.65 433 12 Mesotrophic 0 6 

Big Sissabagama Sawyer 45.79 -91.52 326 15 Eutrophic 7 1 

Browns Racine 42.69 -88.24 161 13 Mesotrophic 1 3 

Little John Vilas 46.01 -89.65 61 6 Mesotrophic 0 4 

Minocqua Oneida 45.87 -89.70 542 18 Mesotrophic 6 6 

Muskellunge Lincoln 45.52 -89.69 65 8 Mesotrophic 2 1 

Pike Marathon 44.82 -89.35 83 10 Eutrophic 2 3 

Pleasant Marquette, Waushara 43.98 -89.55 49 24 Mesotrophic 8 9 

Squaw Lincoln 45.53 -89.48 33 7 Mesotrophic 6 3 

Sunset Portage 44.54 -89.28 25 17 Mesotrophic 8 9 

Teal Sawyer 46.09 -91.10 414 9 Eutrophic 7 1 
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TABLE 2.2— Hatch dates for early-, intermediate-, and late-hatched sub-cohorts of age-0 

largemouth bass collected from study lakes during 2012 and 2013 as well as hatch duration (d) 

and median hatch date for all bass collected.  Mean water temperatures (°C) correspond to the 

mean hourly water temperature on the median hatch date for each lake.  Hatch dates were 

estimated using fish collected on sample dates where ages of all fish were < 90 d. 

Year Lake N 
Early-Hatched 

Sub Cohort 
Intermediate-Hatched 

Sub Cohort 
Late-Hatched  
Sub Cohort 

Duration 
Median 

Hatch Date 
Mean Water 
Temperature  

2012 Big Sissabagama 154 16 May-22 May 23 May-28 May 29 May-13 Jun. 28 26 May 17 

 Minocqua 135 6 May-13 May 14 May-22 May 23 May-28 Jun. 53 17 May N/A 

 Muskellunge 49 12 May-22 May 23 May-30 May 31 May-9 Jun. 28 28 May 21 

 Pike 65 8 May-17 May 18 May-25 May 26 May-7 Jun. 30 22 May 21 

 Pleasant 115 12 May-23 May 24 May-31 May 1 Jun.-11 Jun. 30 27 May 22 

 Squaw 116 12 May-21 May 22 May-25 May 26 May-18 Jun. 37 25 May 19 

 Sunset 191 14 May-22 May 23 May-29 May 30 May-14 Jun. 31 26 May 21 

 Teal 144 12 May-28 May 29 May.-2 Jun. 3 Jun.-24 Jun. 43 1 Jun. 18 

         

2013 Big Arbor Vitae 72 8 Jun.-22 Jun. 23 Jun.-27 Jun. 28 Jun.-9 Jul. 31 25 Jun. 23 

 Big Sissabagama 34 12 Jun.-17 Jun. 18 Jun.-19 Jun. 20 Jun.-25 Jun. 13 18 Jun. 22 

 Browns 50 7 May-16 May 17 May-27 May 28 May-11 Jun. 35 22 May 22 

 Little John 51 23 May-1 Jun. 2 Jun.-4 Jun. 5 Jun.-13 Jun. 21 3 Jun. 17 

 Minocqua 74 19 May-30 May 31 May-7 Jun. 8 Jun.-25 Jun. 38 3 Jun. 17 

 Pike 30 20 May-26 May 27 May-3 Jun. 4 Jun.-27 Jun. 39 30 May 18 

 Pleasant 123 20 May-25 May 26 May-31 May 1 Jun.-20 Jun. 31 28 May 16 

 Squaw 71 26 May-9 Jun. 10 Jun.-18 Jun. 19 Jun.-4 Jul. 39 15 Jun. 19 

 Sunset 122 16 May-30 May 31 May-4 Jun. 5 Jun.-19 Jun. 34 2 Jun. 19 

 Teal 30 10 Jun.-17 Jun. 18 Jun.-21 Jun. 22 Jun.-3 Jul. 23 21 Jun. 21 
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TABLE 2.3— Results from individual ANOVAs and subsequent Tukey’s HSD tests used to 

determine if mean total length (mm) varied among early-, intermediate-, and late-hatched sub-

cohorts of age-0 largemouth bass collected from study lakes in 2012 and 2013.  Mean TLs were 

estimated using fish collected during a 30-d sampling window in July and August where all 

individuals were less than 90 d old.  Different superscripts denote significant differences in mean 

TLs among sub-cohorts. 

   2012  2013 

Lake Sub-Cohort N P 
Mean Total 

Length (SD) 
Sub-Cohort N P 

Mean Total 

Length (SD) 

Big Arbor 
Vitae 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Early 

Inter. 

Late 

21 

21 

15 

0.010 

48 (10) A 

46 (8) A 

39 (7) B 

Big 

Sissabagama 

Early 

Inter. 

Late 

5 

20 

18 

0.609 
54 (11) A 

50 (10) A 

49 (7) A 

Early 

Inter. 

Late 

11 
9 

14 

0.917 
43 (5) A 

42 (3) A 

42 (6) A 

Browns 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Early 

Inter. 

Late 

19 

21 

10 

0.844 

48 (3) A 

47 (8) A 

47 (7) A 

Little John 
N/A 
N/A 

N/A 

N/A 
N/A 

N/A 

N/A 
N/A 
N/A 

N/A 

Early 

Inter. 

Late 

21 
22 

8 

0.999 
44 (18) A 

44 (14) A 

44 (12) A 

Minocqua 

Early 

Inter. 

Late 

22 

32 

45 

0.064 

47 (8) A 

47 (9) A 

51 (8) A 

Early 

Inter. 

Late 

29 

22 

20 

0.036 

51 (7) A 

49 (7) AB 

46 (5) B 

Muskellunge 
Early 

Inter. 

Late 

16 
13 

20 

<0.001 
54 (7) A 

44 (6) B 

38 (5) C 

N/A 
N/A 

N/A 

N/A 
N/A 

N/A 

N/A 
N/A 
N/A 

N/A 

Pike 

Early 

Inter. 

Late 

20 

20 

25 

0.014 

51 (6) A 

49 (8) AB 

45 (4) B 

Early 

Inter. 

Late 

9 

10 

6 

0.001 

37 (6) A 

51 (9) B 

52 (8) B 

Pleasant 
Early 

Inter. 

Late 

54 
40 

21 

0.002 
48 (6) A 

44 (6) B 

44 (5) B 

Early 

Inter. 

Late 

25 
39 

30 

<0.001 
54 (7) A 

51 (8) A 

45 (5) B 

Squaw 

Early 

Inter. 

Late 

37 

35 

29 

0.037 

52 (10) A 

49 (7) AB 

47 (6) B 

Early 

Inter. 

Late 

21 

15 

5 

0.565 

43 (8) A 

44 (7) A 

47 (13) A 

Sunset 
Early 

Inter. 

Late 

42 
59 

46 

0.090 
50 (6) A 

49 (5) A 

46 (6) A 

Early 

Inter. 

Late 

20 
39 

23 

0.007 

 

49 (9) A 

47 (6) AB 

43 (5) B 

Teal 

Early 

Inter. 

Late 

15 

33 

10 

0.178 

61 (10) A 

56 (13) A 

54 (6) A 

Early 

Inter. 

Late 

9 

9 

12 

0.434 

45 (3) A 

43 (6) A 

42 (6) A 
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TABLE 2.4— Results from individual ANCOVA and t-tests used to determine if loge total length 

(TL) at age relationships varied among early-, intermediate-, and late-hatched sub-cohorts of 

age-0 largemouth bass collected from study lakes in 2012 and 2013.  Relationships were 

described using all fish collected on sample dates where individual ages were < 90 d. Different 

superscripts denote significant differences in growth rate among sub-cohorts 

   2012  2013 

Lake Sub-Cohort N P Slope (mm/d) Sub-Cohort N P Slope (mm/d) 

Big Arbor 

Vitae 

N/A 
N/A 

N/A 

N/A 
N/A 

N/A 

N/A 
N/A 
N/A 

N/A 

Early 

Inter. 

Late 

20 
27 

25 

0.108 
0.244 A 

0.597 A 

0.366 A 

Big 
Sissabagama 

Early 

Inter. 

Late 

45 

49 

60 

<0.001 

1.355 A 

1.026 B 

0.843 C 

Early 

Inter. 

Late 

11 

9 

14 

0.527 

0.621 A 

0.646 A 

0.680 A 

Browns 
N/A 
N/A 

N/A 

N/A 
N/A 

N/A 

N/A 
N/A 
N/A 

N/A 

Early 

Inter. 

Late 

16 
15 

19 

0.585 
0.740 A 

0.700 A 

0.630 A 

Little John 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Early 

Inter. 

Late 

16 

17 

18 

0.599 

1.052 A 

0.875 A 

1.030 A 

Minocqua 
Early 

Inter. 

Late 

44 
46 

45 

0.010 
0.816 A 

0.900 A 

0.476 B 

Early 

Inter. 

Late 

23 
23 

28 

0.663 
0.551 A 

0.496 A 

0.357 A 

Muskellunge 

Early 

Inter. 

Late 

16 

13 

20 

0.912 

0.717 A 

0.483 A 

0.572 A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pike 
Early 

Inter. 

Late 

20 
20 

25 

0.196 
0.839 A 

1.086 A 

0.648 A 

Early 

Inter. 

Late 

9 
10 

11 

0.070 
0.817 A 

0.758 A 

0.442 A 

Pleasant 

Early 

Inter. 

Late 

34 

40 

41 

0.480 

0.628 A 

0.728 A 

0.787 A 

Early 

Inter. 

Late 

36 

45 

32 

0.211 

0.645 A 

0.588 A 

0.754 A 

Squaw 
Early 

Inter. 

Late 

28 
34 

39 

0.080 
0.822 A 

0.655 A 

0.339 A 

Early 

Inter. 

Late 

23 
22 

26 

0.004 
0.550 A 

0.665 A 

0.162 B 

Sunset 

Early 

Inter. 

Late 

56 

70 

65 

0.428 

0.724 A 

0.629 A 

0.657 A 

Early 

Inter. 

Late 

40 

35 

47 

0.367 

0.747 A 

0.648 A 

0.635 A 

Teal 
Early 

Inter. 

Late 

31 
30 

41 

0.316 
0.808 A 

0.533 A 

0.513 A 

Early 

Inter. 

Late 

9 
9 

12 

0.481 
0.420 A 

0.700 A 

1.337 A 
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TABLE 2.5— Percent occurrence of piscivory (number of age-0 largemouth bass with fish in 

stomach/total number of largemouth bass with prey in stomach). Results of logistic regressions 

used to determine if probability of piscivory was related to TL of age-0 bass and to estimate TL 

at which 50% of age-0 largemouth bass exhibited piscivory are also reported. 

Year Lake % Occurrence of Fish 
TL at 50% 

Piscivory (95%CI) 
P 

2012 Minocqua 2 N/A 0.967 

 Muskellunge 16 58.929 (54.302-65.486) 0.057 

 Big Sissabagama 24 64.379 (59.450-69.957) < 0.001 

 Squaw 23 62.523 (57.208-74.322) < 0.001 

 Teal 48 57.953 (29.679-87.710) 0.118 

 Pike 5 N/A 0.768 

 Sunset 2 N/A 0.762 

 Pleasant 9 77.288 (71.599-85.943) < 0.001 

     

2013 Big Arbor Vitae 21 61.520 (53.793-87.362) 0.018 

 Little John 19 72.423 (66.049-89.242) 0.002 

 Minocqua 3 N/A 0.029 

 Big Sissabagama 4 N/A 1.0000 

 Squaw 8 71.928 (60.750-144.978) 0.067 

 Teal 0 N/A 1.0000 

 Pike 4 N/A 0.369 

 Sunset 1 N/A 0.143 

 Pleasant 11 77.288 (71.752-86.085) 0.461 

 Browns 4 N/A 0.782 
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