
i 

 

 

 

Evaluation of a 71-cm minimum length limit and a 1-fish daily 

bag limit for walleye (Sander vitreus) in Escanaba Lake, 

Wisconsin 
 

by 

 

Justin M. Haglund 

Wisconsin Cooperative Fishery Research Unit 

 

 

A Thesis 

submitted in partial fulfillment of the 

requirements for the degree of 

MASTER OF SCIENCE 

IN 

NATURAL RESOURCES (FISHERIES) 

 

College of Natural Resources 

UNIVERSITY OF WISCONSIN 

Stevens Point, Wisconsin 

May 24, 2013 

  





iii 

 

ABSTRACT 
 

Walleye (Sander vitreus) populations are managed using various harvest 

regulations, many of which have not been evaluated. Additionally, recreational anglers 

often assume that substantial reductions in harvest will result in increased walleye size 

structure.  Escanaba Lake was used to assess changes in a walleye population before and 

after a minimum total length (TL) limit of 71-cm and a 1-fish daily bag limit were 

implemented in 2003, which effectively created a zero-harvest fishery.  The objectives of 

my study were to determine if walleye population characteristics (i.e., adult and age-0 

densities, percentage of females, relative stock densities (RSDs) of quality, preferred, and 

memorable length fish, recruitment variation, mean TL, mean total TLs at ages 3, 4, and 

5), and fishery-based metrics (i.e., total angler effort [h], catch rates (general and 

directed), and annual exploitation rate [u]) in Escanaba Lake changed after 2003.  

Walleye population and fishery trends in Escanaba Lake were compared with trends 

observed in Wolf Lake, a similar lake where the change in harvest regulations did not 

occur and u for the walleye population had been relatively consistent since 1993 (mean u 

= 12%). Mean adult and age-0 walleye abundances in Escanaba Lake were similar before 

and after the change in harvest regulations. Walleye size structure and the percentage of 

female walleyes collected in spring fyke-net sampling did increase in Escanaba Lake 

after 2003, but similar trends were observed in Wolf Lake, where no change in walleye 

harvest regulations occurred. The increases in size structure observed on both lakes were 

likely due to a few large year classes that were present in both lakes before the change in 

harvest regulations. Angler effort significantly declined on Escanaba Lake after 2003 and 

u declined to zero after the regulation was implemented. There was a significant 
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interaction between lake and time period when explaining variation in mean TL-at-ages 3 

and 4, and u.  However, Tukey-Kramer multiple comparison tests indicated there was no 

significant difference in mean TLs at ages 3 and 4 between pre- and post-regulation 

periods in Escanaba Lake.  My findings suggest that the significant reduction in walleye 

u on Escanaba Lake did not result in changes to the walleye population that could be 

directly attributable to the change in harvest regulations. The similarities in walleye 

abundance and growth before and after the change in walleye harvest regulations on 

Escanaba Lake may be related to the fact that walleye density was already high within the 

lake and additional analyses have indicated that natural mortality was negatively related 

to fishing mortality. My findings demonstrate that the implementation of highly-

restrictive harvest regulations will not necessarily result in improvements to walleye 

populations when compared to reference populations where changes in harvest 

regulations do not occur.  
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INTRODUCTION 

  

Exploitation in recreational fisheries is size-selective because anglers typically 

remove older, larger individuals, often leading to declines in age and size structure (Van 

Den Avyle and Hayward 1999).  Reductions in harvest can result in improved size 

structure within fish populations (Jacobson 2005); however, the effects of exploitation 

vary among populations and these expected improvements can be negated by density-

dependent growth (Dean and Wright 1992), high natural mortality (Isermann and Paukert 

2010), or a compensatory relationship between exploitation and natural mortality, where 

reductions in exploitation may not result in reductions in total mortality (Allen et al. 

1998).  

Harvest in recreational fisheries is typically managed using harvest regulations, 

such as closed seasons, daily bag limits, and length limits. These regulations are often 

implemented to reduce exploitation and improve fishing quality (e.g. size structure or 

catch rate; American Fisheries Society 1995; Isermann and Parsons 2011; Lackey and 

Hubert 1978). Changes in harvest regulations do not always achieve management 

objectives (Isermann and Paukert 2010) and many regulation changes are not evaluated 

(Isermann 2007) or evaluation periods are not long enough to adequately assess the 

effects of the regulation change (Allen and Pine 2000).  

Walleye Sander vitreus are an economically and ecologically important species 

throughout North America and they support popular, harvest-oriented recreational 

fisheries across much of their range (Baccante and Colby 1996; Carlander 1997). In the 

state of Wisconsin, walleyes represent the most sought after species among recreational 
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anglers (Becker 1983; McClanahan 2003).  Recreational angling generates over two 

billion dollars annually in Wisconsin and the majority of this revenue comes from 

walleye angling (Staggs et al. 1990; ASA 2002).  Walleye are ecologically important 

because they are a top predator and may directly or indirectly influence fish communities 

(Eschmeyer 1950; Forney 1974).   

Exploitation can cause changes in abundance, recruitment, growth, and age at 

maturity of walleye populations (Spangler et al. 1977).  For example, Quist et al. (2010) 

reported that in Kansas reservoirs, reduced length limits on walleye increased harvest and 

reduced spawning stock size, which ultimately decreased recruitment of walleye. In Big 

Crooked Lake, Wisconsin, exploitation was sustained at 35% by conducting fish 

removals, which increased growth rates for walleye ages 3-6, and increased the number 

of fish greater than 50-cm (Schmalz et al. 2011).  Spangler et al. (1977) reported that age-

at-maturity of walleye in Lake Erie decreased due to increased rates of exploitation.  In 

1927-1928, female walleye in Lake Erie matured between ages 4-5 whereas males 

matured between the ages of 3-4 (Spangler et al. 1977).  In contrast, from 1964-1966 

85% of the female walleye matured at age 3 and over 95% of the males matured at age 2, 

indicating increased growth rates (Spangler et al. 1977).   

Harvest in recreational walleye fisheries is often regulated using length-based 

harvest regulations combined with daily bag limits, season closures, and gear restrictions 

(Fayram and Schmalz 2006; Munger and Kraai 1997).  There are many reasons 

management agencies may implement length limits for walleye, including: (1) 

maximizing yield; (2) preventing overharvest and depletion of stocks; (3) maintaining 

favorable fish population and community structure; (4) maintaining favorable fish 
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population dynamics and production; and (5) sustaining the quality of fish and fishing 

(Brousseau and Armstrong 1987). Specifically, walleye harvest regulations are often 

implemented under the assumption that reductions in harvest will result in improved 

walleye size structure (Brosseau and Armstrong 1987; Carlson and Isermann 2009).   

Harvest regulations for walleyes vary widely both within and among states and 

provinces. Furthermore, there are relatively few studies that have evaluated the success or 

failure of walleye harvest regulations (Isermann 2007) and often evaluations of harvest 

regulations are confounded by factors including noncompliance, natural mortality, 

recruitment variation, fishing dynamics and density dependence (Isermann and Paukert 

2010). 

Typically, daily bag limits for walleyes, which regulate the number of fish that 

can be harvested by an individual on a single day or trip, are considered too liberal to 

effectively reduce harvest of walleye in recreational fisheries because few anglers 

actually attain their bag limit (Munger and Kraai 1997; Cook et al. 2001; Radomski et al. 

2001; Cox and Walters 2002).  For instance, Munger and Kraai (1997) found that from 

1985-1996 there was no effect on the walleye population and no significant change in the 

average number of walleye harvested in Meredith Reservoir, Texas, after the daily bag 

limit was reduced from ten walleye to five walleye per day because few anglers actually 

harvested a full daily bag limit.  Additionally, Cook et al. (2001) reported that from 1980-

1996, 90% of Minnesota anglers harvested fewer than two walleye per fishing trip when 

the daily creel limit was set at six fish.  Based on these studies, daily bag limits would 

need to be reduced to either 1 or no harvest to effectively reduce walleye harvest.  
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Furthermore, Cox et al. (2002) suggested that bag limits may temporarily control angler 

effort, but their effectiveness is reduced on systems where effort is not regulated.   

Minimum length limits are also frequently used to regulate harvest of walleyes. 

Minimum length limits directly influence the vulnerability of specific length or age 

classes of fish to exploitation, because only fish exceeding a specified length can be 

harvested (Beard et al. 2003a).   Fayram et al. (2001) reported that a 38-cm minimum 

length limit reduced angler harvest and exploitation of walleye in northern Wisconsin, 

but did not affect catch rates, growth, or size structure.  The implementation of a 36-cm 

minimum length limit on Lake Francis Case, South Dakota also did not have any 

apparent effect on walleye recruitment, growth, condition, and abundance (Stone and Lott 

2002).  Isermann (2007) also found no direct evidence that walleye abundance or size and 

age structure improved following the implementation of 36- and 38-cm minimum length 

limits on walleye populations in Minnesota lakes.  

Historically, harvest regulations for recreational walleye fisheries in Wisconsin 

have consisted of closed seasons, daily bag limits, and minimum length limits.  

Generally, the angling season for walleye is open from the first Saturday in May to 

March 1 of the following year with a daily bag limit of 5 fish and a minimum length limit 

of 38-cm (Hewett and Simonson 1998).  The current statewide walleye harvest 

regulations were implemented in 1990 by the Wisconsin Department of Natural 

Resources with the goals of decreasing exploitation and harvest rates of spawning 

walleye and increasing walleye catch rates, densities of fish ≥ 38-cm, and total walleye 

abundance (Fayram et al. 2001).  Many alternative harvest regulations exist for walleyes 

in Wisconsin, some of which are specific to individual water bodies. More restrictive 
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harvest regulations have been implemented on some waters in Wisconsin to maximize the 

potential for catching large walleye (Hewett and Simonson 1998); typically these have 

come in the form of high minimum length limits and low daily bag limits (e.g. Sparkling 

Lake in Vilas County; Fox River upstream to De Pere dam in Brown County).  However, 

the effects of high minimum length limits and low bag limits on walleye populations have 

not been evaluated. 

The walleye population and associated fishery in Escanaba Lake, Wisconsin, was 

used to evaluate the effects of a substantial change in walleye harvest regulations. From 

1946 to 2003, walleye harvest regulations on Escanaba Lake included no closed season, 

no bag limit, and no minimum length limit.  In 2003, a minimum length limit of 71-cm 

and a daily bag limit of 1 were implemented to determine how the Escanaba Lake 

walleye population would respond to a significant reduction in exploitation.  Exploitation 

averaged 34% before 2003 and was reduced to 0% after the regulation was implemented.  

Consequently, the objective of my study was to determine if walleye density, recruitment, 

percentage of females, growth, size structure, angler catch rates, angling effort, and 

exploitation of walleye in Escanaba Lake changed after the implementation of the 71-cm 

minimum length limit and a 1-fish daily bag limit in 2003.     

METHODS 

 

Study Lakes 

 Escanaba Lake is a 119-hectare (ha) undeveloped drainage lake in Vilas County, 

Wisconsin, (latitude 46° 04’, longitude 89° 35’) and is located in the Northern Highland 

Fishery Research Area (NHFRA; Kempinger and Carline 1977).  The shoreline length of 
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Escanaba Lake is 8.2-km, maximum depth is 8-m and mean depth is 4.3-m (Kempinger 

and Carline 1977).  Escanaba Lake has an irregularly-shaped shoreline with the substrate 

composing of rock and cobble, small islands with rock bars, as well as silt and sand in the 

bays and shallower areas (Kempinger and Carline 1977; Hansen et al. 1998).  Escanaba 

Lake does not permanently stratify in the summer due to wind-based mixing and 

dissolved oxygen falls below 5 mg/L at depths greater than 6-m (Kempinger and Carline 

1977; Hansen et al. 1998).  Ice cover is usually present from late November to late April 

and winterkill has not occurred since the NHFRA was established in 1946 (Hansen et al. 

1998).  The outflow of water from the lake is regulated by a low-head dam that was built 

in 1963 although movement of fish across this dam is insignificant (Kempinger and 

Carline 1977; Newby et al. 2000).   

The fish community in Escanaba Lake is primarily comprised of walleye, yellow 

perch (Perca flavescens), smallmouth bass (Micropterus dolomieui), northern pike (Esox 

Lucius), and muskellunge (Esox masquinongy; Newman et al. 2009).  Numerous forage 

species are also present in Escanaba Lake, including common shiners (Luxilus cornutus), 

bluntnose minnows (Pimephales notatus), Iowa darters (Etheostoma exile), white suckers 

(Catostomus commersonii) and others.   

Wolf Lake is a 159-ha drainage lake located on private land referred to as the 

Dairymen’s Country Club in Vilas Co., WI (latitude 46° 10’, longitude 89° 40’; Serns 

1981).  Wolf Lake has a shoreline length of 7.1-km, a maximum depth of 9-m, as well as 

a wide variety of substrates including muck, sand, silt, gravel, rubble, and rock.  Wolf 

Lake is supplied with water through an inlet from Mud Lake and an outlet to Wolf Creek.  

Access to Wolf Lake is limited to Dairymen’s Country Club members. 
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 The fish community in Wolf Lake consists mainly of walleye, yellow perch, 

smallmouth bass and muskellunge.  Numerous forage species are also present, including 

bluntnose minnows, hornyhead chubs (Nocomis biguttatus), golden shiners (Notemigonus 

crysoleucas), mimic shiners (Notropis volucellus), mottled sculpins (Cottus bairdii), Iowa 

darters, Johnny darters (Etheostoma nigrum), and white suckers.   

Wolf Lake was used a reference lake in order to determine if trends observed in 

the Escanaba Lake walleye population after the change in walleye harvest regulations in 

2003 were a result of the regulation change and not a result of regional environmental 

factors known to affect walleye recruitment and growth (Madenjian et al. 1996; Quist et 

al. 2003).  Wolf Lake had a constant 38-cm minimum total length (TL) limit and a 5-fish 

daily bag limit for walleyes during the entire duration of the study (1996-2010).  There 

was relatively no change in walleye exploitation on Wolf Lake since the study began and 

exploitation has been relatively stable and averaged 12%. The consistency of walleye 

harvest regulations, stable exploitation, along with similar lake size, morphology, and 

fish community made Wolf Lake an excellent reference lake for this study. 

Walleye Population Metrics 

 I used sampling data collected from 1996-2010 for my assessment. Sampling on 

both of these lakes occurred each year, although population estimates were only available 

through 2008 in Wolf Lake. I used the years 1996-2002 to describe the status of walleye 

populations before the change in harvest regulations on Escanaba Lake in 2003 and the 

years 2004-2010 were used to represent the post-regulation period.  Fyke nets were 

deployed on Escanaba and Wolf Lakes immediately after ice-out, typically during mid-

April, to mark adult walleyes for mark-recapture population estimates.  All walleyes were 



8 

 

measured to the nearest 0.254-cm TL, sexed by visual inspection and extrusion of 

gametes, and a scale sample was collected for age estimation.  Immediately after fyke 

netting was completed, boat electrofishing was used to recapture marked walleyes.  

Electrofishing was also used to both mark and recapture age-0 walleye by shocking the 

entire shorelines of Escanaba and Wolf Lakes once, including islands, during September-

October of each year.   A more complete description of mark-recapture procedures used 

to estimate adult and age-0 walleye abundance on Escanaba Lake is provided by Rogers 

et al. (2003) and Newman et al. (2009). 

    If only one night of recapture sampling was needed (i.e., sufficient number of 

walleyes recaptured in first sampling period), the Peterson estimator (Ricker 1975) was 

used to estimate the population size (N) where, M is the number of fish initially marked 

and released, C is the number of fish collected and examined for marks in the second 

step, and R is the number of recaptures.   

   
  

 
 

 

The Chapman modification of the Peterson estimator (Ricker 1975) was also used as an 

alternative method to estimate the size of the adult walleye population. 

N  = 
(   )(   )

    
  - 1 

If two or more nights of recapture sampling were needed (not enough recaptures 

during first sampling period), the Schnabel estimator was used.  

N  = 
∑ (    )
 
   

∑   
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 Abundance was estimated for each sex and for all fish (i.e., sexes combined) in 

each of the following TL classes: 0-30.2 cm, 30.5-37.85 cm, 38.1-50.5 cm, and 50.8+ cm.  

Total number of adult walleye was estimated by summing the population estimates for 

male and female walleye in all TL classes.  Abundance estimates were then converted to 

density (walleye/hectare) to compare between lakes.    

 Annual estimates of fall age-0 walleye abundance (converted to walleye/hectare) 

were used to index recruitment and coefficient of variation (CV = SD/mean) in age-0 

abundance was used as a measure of recruitment variation. Adult abundance, percentage 

of females, mean TL, mean TL at ages 3, 4, and 5, and relative stock density (RSD) 

indices were all estimated from data collected during spring fyke netting.  Sex ratio of 

adult walleyes in each sampling year was described as percentage of females. Mean 

walleye TLs at age were calculated for each year of sampling using only those fish for 

which ages were directly estimated using scales (i.e., no extrapolation using an age-

length key). Mean TL, relative stock density (RSD; Gabelhouse 1984) of quality (38-cm; 

RSD-Q), preferred (51-cm; RSD-P), and memorable (63-cm; RSD-M) walleyes were 

used to index walleye size structure in each sample:  

RSD-Q  
                      

                      
 x 100 

RSD-P   
                       

                       
 x 100 

RSD-M  
                       

                       
 x 100  

 

For all statistical comparisons, I categorized data based on whether it was 

collected before (i.e., 1996-2002) or after 2003 (i.e., 2004-2010), the year that walleye 
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harvest regulations were changed on Escanaba Lake (2003 not included in analyses). 

Means of population metrics were compared between lakes and time periods using a two-

factor ANOVA.  Tukey-Kramer pairwise tests were used to compare treatment levels in 

cases where a significant interaction existed between lake and time period. Residual 

diagnostics were used to assess normality and equality of variance in the data; if these 

assumptions were not met appropriate data transformations were used. Age-0 walleye 

density, percentage of females, RSD values, and exploitation rates were rank-transformed 

before analyses were conducted.  

Walleye Fishery Metrics 

A year-round, compulsory creel census has been in effect on Escanaba Lake since 

1946 and on Wolf Lake since 1993, providing detailed statistics on angler catch, harvest 

and angling effort.  On Escanaba Lake, anglers are issued a permit and must keep track of 

all fish that are caught and released and are required to report back to the WDNR 

research station located at the only public access point on the lake upon completion of the 

fishing trip.  Specifically, anglers must report the number of walleye < 38-cm TL and the 

number of walleye ≥ 38-cm TL they caught.  Walleye that were harvested must be 

presented to WDNR staff at the end of each fishing trip. All anglers are interviewed to 

obtain information on trip length, target species, and bait used.  Scale samples, TL, 

weight (lbs), sex, maturity, and presence of fin clips on each fish harvested are recorded.  

A copy of the permit is given to the angler as authorization to possess the harvested fish.   

On Wolf Lake, anglers are required to bring all harvested walleye (released fish 

are not recorded) to the recording station at the southern peninsula on Wolf Lake at the 
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end of their fishing trip.  Length (TL), weight, scale samples, presence of fin clips and tag 

numbers are recorded.   

 

Walleye exploitation rates (u) were calculated using the Ricker (1975) method:  

   
 

 
, 

  

Where:             R  = marked walleye harvested by anglers during angling season 

M = walleye that were previously marked in fyke-netting    

conducted immediately before angling season. 

 

Exploitation rates were compared between lakes and time periods using two-

factor ANOVA.  Exploitation rates were rank transformed before analysis and a Tukey-

Kramer pairwise test was used to compare treatment levels in cases where a significant 

interaction existed between lake and time period.  

 Angling effort (angler hours/hectare) and walleye catch rates (walleyes 

harvested/angler hour) for all anglers and for anglers specifically targeting walleyes were 

calculated from information obtained from anglers leaving Escanaba Lake. These indices 

could not be calculated for Wolf Lake because only harvested fish were recorded at the 

reporting station.  Consequently, t-tests were used to compare angling effort and catch 

rates before and after the change in harvest regulations on Escanaba Lake.  

  



12 

 

RESULTS 

 

Population Metrics 

 Mean adult walleye density (walleye/hectare) in Escanaba Lake increased from 

14.5 (95% CI: 9.4, 19.6) during the pre-regulation period to 18.3 (95% CI: 12.5, 24.1) 

during the post-regulation period, while in Wolf Lake mean adult walleye density 

decreased from 13.4 (95% CI: 10.5, 16.3) to 10.9 (95% CI: 7.4, 14.4) over the same time 

interval (Figure 1), but there was no significant interaction between lake and time period 

in explaining variation in adult walleye density (F = 2.77; df = 1, 22; P = 0.11; Table 1).  

There was a significant difference in adult walleye density between lakes (F = 4.85; df = 

1, 22; P = 0.04; Table 1) but no significant difference between time periods (F = 0.11; df 

= 1, 22; P = 0.74; Table 1).     

On average, female walleyes comprised 26.2% (95% CI: 21.7, 30.7) of the adult 

walleyes collected in spring fyke netting from Escanaba Lake during the pre-regulation 

period, compared to 20.4% (95% CI: 16.7, 24.1) in Wolf Lake during the same time 

period (Figure 2).  After the regulation change on Escanaba Lake, female walleye 

comprised 39.1% (95% CI: 37.3, 40.9) of the adult walleyes caught in spring fyke nets 

from Escanaba Lake and 41.7% (95% CI: 34, 49.4) in Wolf Lake.  There was no 

significant interaction between lake and time period when comparing ranked percentages 

of female walleyes in each lake (F = 1.68; df = 1, 20; P = 0.21; Table 1). There was no 

significant difference in ranked percentage of female walleyes between lakes (F = .50; df 

= 1, 20; P = 0.49; Table 1), but the mean ranked percentage of female walleyes was 

higher during the post-regulation period in both lakes (F = 15.75; df = 1, 20; P < 0.01; 

Table 1).   
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Mean density (walleye/hectare) of age-0 walleyes in Escanaba Lake during the 

pre-regulation period was 113.9 (95% CI: -9.4, 237.2) and decreased to 108.9 (95% CI: 

24.5, 193.3) during the post-regulation period (Figure 3).  Median density 

(walleye/hectare) of age-0 walleyes in Wolf Lake during the pre-regulation period was 

83.3 (Interquartile Range: 20.9, 89.8) and decreased to 26.5 (Interquartile Range: 23.7, 

29.2) during the post-regulation period (Figure 3).  However, there was no significant 

interaction between lake and time period in explaining variation in age-0 walleye density 

(F = 1.66; df = 1, 19; P = 0.21; Table 1).  There was no significant difference in age-0 

walleye density between lakes (F = 3.43; df = 1, 19; P = 0.08; Table 1) or time periods (F 

= 0.10; df = 1, 19; P = 0.75; Table 1). 

During the pre-regulation period, CV in age-0 walleye abundance in Escanaba 

Lake was 1.17 and decreased to 0.83 after the regulation change (Table 2).  In Wolf Lake, 

CV in age-0 walleye abundance was 0.70 during the pre-regulation period and decreased 

to 0.16 during the post-regulation period (Table 2).  After 2003, recruitment was more 

consistent in both lakes, and more consistent in Wolf Lake.     

 Mean walleye TL at age-3 in Escanaba Lake was 30.7 cm (95% CI: 28.7, 32.69) 

before the change in walleye harvest regulations and decreased to 30.2 cm (95% CI: 29.3, 

31.1) during the post-regulation period (Figure 4).  Mean walleye TL of age-3 walleyes in 

Wolf Lake was 29.6 cm (95% CI: 27.2, 32) during the pre-regulation period and 

increased to 32.5 cm (95% CI: 31.1, 33.9) during the post-regulation period (Figure 4).  

Analysis of variance indicated that there was a significant interaction between lake and 

time period in explaining variation in mean TL at age-3 walleyes (F = 6.28; df = 1, 20; P 

= 0.02; Table 1).  Tukey-Kramer pairwise comparisons indicated that mean TLs for age-3 
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walleyes were significantly higher during the post-regulation period in Wolf Lake when 

compared to pre-regulation years (P = 0.04; Table 3).  There was no significant 

difference in mean TL at age-3 between time periods in Escanaba Lake (P = 0.95; Table 

3).  Mean TLs at age-3 were not significantly different between lakes during pre- (P = 

0.67; Table 3) and post-regulation periods (P = 0.11; Table 3).   

Mean TL of age-4 walleyes in Escanaba Lake was 34.7 cm (95% CI: 32.3, 37.1) 

pre-regulation and decreased to 33.8 cm (95% CI: 32.3, 35.3) post-regulation (Figure 5).  

Mean walleye TL at age-4 in Wolf Lake was 33.3 cm (95% CI: 28.7, 37.9) pre-regulation 

and increased to 37.3-cm (95% CI: 35.7, 38.9) post-regulation (Figure 5).  Analysis of 

variance indicated that there was a significant interaction between lake and time period in 

explaining variation in mean TL of age-4 walleyes (F = 5.92; df = 1, 20; P = 0.02; Table 

1), but Tukey-Kramer tests indicated that none of the pairwise comparisons of interest 

were significant (Table 3). Mean walleye TL at age-4 also were not significantly different 

between lakes during pre- (P = 0.77; Table 3) and post-regulation periods (P = 0.1; Table 

3).  

Mean walleye TL at age-5 in Escanaba Lake was 38.5 cm (95% CI: 36.4, 40.6) 

pre-regulation and decreased minimally to 38.4 cm (95% CI: 36, 40.8) post-regulation 

(Figure 6).  Mean walleye TL at age-5 in Wolf Lake was 38.3 cm (95% CI: 35.3, 41.3) 

pre-regulation and increased to 41.4 cm (95% CI: 40.1, 42.8) post-regulation (Figure 6).  

There was no significant interaction between lake and time period in explaining variation 

in mean TL at age-5 walleyes (F = 2.84; df = 1, 19; P = 0.11; Table 1).  Mean TL at age-

5 walleyes was similar between Escanaba and Wolf lakes (38-39 cm; Figure 6) and did 

not significantly differ between lakes (F = 2.31; df = 1, 19; P = 0.15; Table 1). No 
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significant difference in mean TL at age-5 was detected between the two time periods (F 

= 2.47; df = 1, 19; P = 0.13; Table 1).   

There was no significant interaction between lake and time period in explaining 

variation in mean TL of all walleyes sampled during fyke netting (F = 0.03; df = 1, 22; P 

= 0.86; Table 1).  Overall, mean TL of walleyes in Escanaba Lake was 38 cm (95% CI: 

37.2, 38.8), while mean TL of walleyes in Wolf Lake was 43 cm (95% CI: 42.3, 43.7) 

and, on average, walleyes in Wolf Lake were significantly longer than walleyes in 

Escanaba Lake (F = 41.8; df = 1, 22; P < 0.01; Table 1).  During the pre-regulation 

period, the mean TL of walleyes in Escanaba Lake was 36 cm (95% CI: 34.9, 37.1) while 

mean TL of walleye post-2003 was 39 cm (95% CI: 38.4, 39.6) (Figure 7).  Pre-

regulation mean TL of walleyes in Wolf Lake was 42 cm (95% CI: 41.1, 42.9); after the 

regulation change mean TL was 45 cm (95% CI: 44.4, 45.6) (Figure 7). In both lakes, the 

mean TL of all walleyes was greater during the post-regulation period (F = 13.98; df = 1, 

22; P < 0.01; Table 1).   

There was no significant interaction between lake and time period when 

explaining the variation in ranked values of RSD-Q (F = 0.27; df = 1, 22; P = 0.61; Table 

1).  Mean RSD-Q for Escanaba Lake walleyes was 45 (95% CI: 40, 50) while mean 

RSD-Q for walleyes in Wolf Lake was 70 (95% CI: 65, 75). Overall, Wolf Lake had 

significantly higher ranked RSD-Q values than Escanaba Lake (F = 16.77; df = 1, 22; P < 

0.01; Table 1). Mean RSD-Q for walleyes in Escanaba Lake increased from 33 (95% CI: 

25.4, 40.6) pre-regulation to 55 (95% CI: 49.7, 60.3) post-regulation (Figure 8) and, in 

Wolf Lake, mean RSD-Q of walleyes increased from 57 (95% CI: 49.1, 64.9) pre-

regulation to 80 (95% CI: 76.7, 83.3) post-regulation (Figure 8).  Mean ranked RSD-Q of 
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walleyes was significantly higher after 2003 in both lakes (F = 11.70; df = 1, 22; P < 

0.01; Table 1).  

There was no significant interaction between lake and time period when 

explaining the variation in ranked values of RSD-P (F = 0.79; df = 1, 22; P = 0.38; Table 

1).  Mean RSD-P in Escanaba Lake was 9 (95% CI: 7, 11) while in Wolf Lake RSD-P 

averaged 18 (95% CI: 16, 20). Walleyes in Wolf Lake had higher ranked RSD-P values 

than Escanaba Lake (F = 58.26; df = 1, 22; P < 0.01; Table 1).  Mean RSD-P in Escanaba 

Lake increased from 5 (95% CI: 4, 6) pre-regulation to 10 (95% CI: 8, 12) post-

regulation (Figure 9), while RSD-P for walleyes in Wolf Lake increased from 16 (95% 

CI: 14, 18) pre-regulation to 23 (95% CI: 19, 27) post-regulation (Figure 9). In both 

lakes, ranked values of RSD-P were significantly higher after 2003 (F = 8.98; df = 1, 22; 

P < 0.01; Table 1).  In both Escanaba and Wolf Lakes RSD-M was less than 5 and fish ≥ 

63-cm TL made up a small proportion of the population (Table 1; Figure 10) and there 

were no trophy-length walleyes (71-cm) sampled in either lake. 

Fishery Metrics 

 During the pre-regulation period, mean total angling effort on Escanaba Lake was 

79.2 angler hours per hectare (95% CI: 65.6, 92.8) while average total effort during the 

post-regulation period was 52.2 angler hours per hectare (95% CI: 43.1, 61.3); (Figure 

11), declining significantly (t = 4.03; df = 11; P < 0.01; Table 2).  Before the change in 

walleye harvest regulations, mean walleye catch rate for all anglers was 0.26 walleye per 

hour (95% CI: 0.16, 0.36), compared to 0.24 walleye per hour (95% CI: 0.09, 0.39) post-

regulation (Figure 12). Pre-regulation mean walleye catch rates for anglers specifically 
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targeting walleye was 0.35 walleye per hour (95% CI: 0.21, 0.49) compared to 0.54 

walleye per hour (95% CI: 0.3, 0.78) during the post-regulation period (Figure 12). Mean 

walleye catch rates did not differ between time periods for all anglers (t = 0.21; df = 11; P 

= 0.84; Table 2) and for anglers specifically targeting walleyes (t = -1.7; df = 10; P = 

0.12; Table 2).  

Median walleye u in Escanaba Lake decreased from 34% (Interquartile Range: 

29.5, 42.5) pre-regulation to 0 post-regulation, while on Wolf Lake mean u decreased 

from 12% (95% CI: 9.8, 14.2) during the pre-regulation period to 11% (95% CI: 8.1, 

13.9) during the post-regulation period (Figure 13).  A significant interaction existed 

between lake and time period in explaining variation in ranked u (F = 43.45; df = 1, 21; P 

< 0.01; Table 1).  Tukey-Kramer pairwise comparison indicated that ranked u rates in 

Escanaba Lake was higher during the pre-regulation period than in post-regulation years 

(P < 0.01; Table 3).  However, walleye u in Wolf Lake did not differ between time 

periods (P = 0.99; Table 3).   

DISCUSSION 
 

 My evaluation of the 71-cm minimum length limit and a 1-fish daily bag limit 

was unique in that no previous study has evaluated such a dramatic change in walleye 

harvest regulations. Despite this dramatic change, the walleye population in Escanaba 

Lake, Wisconsin, changed very little after the change in harvest regulations occurred in 

2003 and walleye population trends in Escanaba Lake were generally similar to those 

observed in Wolf Lake, where no changes were made in walleye harvest regulations. 

Specifically, walleye size structure in Escanaba Lake did increase after the change in 
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harvest regulations, but this trend was also observed in Wolf Lake. This may have been 

attributed to large year classes in Escanaba Lake during 1999 and 2001, as well as large 

year classes in Wolf Lake during 1997, 1998, and 1999. Walleye in those year classes 

then recruited into the quality and preferred length classes during the post- regulation 

years, increasing RSDs in both lakes. Therefore, I conclude that highly restrictive 

regulations (i.e., no kill) for walleyes will not always result in significant changes in 

growth and size structure when compared to lakes where these regulations are not in 

effect.  Several previous studies have also reported that less dramatic changes in walleye 

harvest regulations have had little effect on walleye population characteristics (Serns 

1981; Fayram et al. 2001; Stone and Lott 2002;). Fayram et al. (2001) found that walleye 

densities in northern Wisconsin lakes did not significantly change after implementation 

of the statewide minimum length limit of 38-cm and walleye abundance in Wolf Lake 

also did not change after implementation of a 38-cm minimum length limit in 1970 

(Serns 1981).  Stone and Lott (2002) examined the effects of implementing a seasonal 

36-cm minimum length limit and a reduction in the daily bag and possession limits for 

walleye in Lake Francis Case, South Dakota, and found that recruitment, growth, 

condition and abundance did not change significantly before and after the change in 

regulations.  Isermann (2007) reported that the implementation of 36-cm and 38-cm 

minimum length limits on Big Stone Lake and Lac Qui Parle in western Minnesota, did 

not measurably improve adult walleye abundance, age structure or size structure. 

Similarly, Wilde (1997) reviewed existing evaluations of minimum length limits for 

largemouth bass (Micropterus salmoides) and found that minimum length limits usually 
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did not increase bass abundance, angler catch rates, angler harvest, or population size 

structure. 

 Conversely, several previous studies have demonstrated that changes in harvest 

regulations can affect walleye populations.  In Big Crooked Lake, Wisconsin, a minimum 

length limit of 38-cm was established for walleye from 1970-1973 and 35-cm in 1974.  

Serns (1978) found that during this time, angler catch and yield of legal-length walleye 

decreased along with a decrease in the number of walleye > 38-cm.  Mean length, weight, 

growth, and condition of walleye also declined during this time period, suggesting that 

density-dependence was occurring (Serns 1978).  Serns (1981) also evaluated the walleye 

population in Wolf Lake, Wisconsin, (the lake used in my study) after the 

implementation of a 38-cm minimum length limit for 3 years, and a subsequent 36-cm 

minimum length limit (4 year duration). Serns (1981) found that the number of large 

walleye (≥ 50.8 cm) caught by anglers increased as well as the mean length and weight of 

those walleyes caught.  However, a decline in growth and condition of sublegal walleye 

was observed (Serns 1981).  Similar results occurred after the implementation of a 41-cm 

minimum length limit in Meredith Reservoir, Texas, in 1987 where Munger (2002) 

observed an increase in walleye abundance and angler catch rates.  However, this 

increase in abundance also contributed to a slight decrease in growth rates and condition 

of walleye (Munger 2002).  

There are several possible reasons why the change in harvest regulations did not 

substantially affect the walleye population in Escanaba Lake and result in population 

trends that were different than observed in Wolf Lake. A high density of walleye seems 

to be one of the major factors influencing the walleye population metrics in Escanaba 
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Lake.  Walleye population density in Escanaba Lake was higher during 1990-2003 than 

in 487 other self-sustaining Wisconsin walleye populations (Hansen et al. 2005) and 85 

walleye populations throughout North America (Baccante and Colby 1996).  The reduced 

harvest of walleye coupled with already high densities may be increasing competition for 

forage between individuals in Escanaba Lake, which has been known to limit growth of 

predators, negatively affecting species like walleye (Fayram et al. 2005; Wuellner et al. 

2011).  However, it does not appear that the walleye population was operating at carrying 

capacity because Hansen et al. (2011) did not find any evidence of density-dependent 

natural mortality, which would be evident if the population was at or near carrying 

capacity. However, Hansen et al. (2011) did report that natural mortality rates were 

inversely related to fishing mortality rates for walleyes in Escanaba Lake, indicating 

competing risks of death, which has been observed in other fish populations (Allen et al. 

1998; Boxrucker 2002) and can reduce the effectiveness of harvest regulations 

(Boxrucker 2002).  Angling u in Escanaba Lake was generally higher than 270 other 

Wisconsin walleye populations (Beard et al. 2003b) and 46 other North American 

walleye populations (Baccante and Colby 1996).  Once fishing mortality was reduced, 

competition and density-dependent changes (e. g., reduced growth, increased natural 

mortality) were expected.  However, my results indicated that there was no reduction in 

growth after significant reduction in harvest.  My study did not address mortality and 

therefore I could not assess the changes in mortality rates during this study.  Although, 

due to the fact that angling u was high before the regulation was implemented, the 

walleye population was most likely lower than carrying capacity and density dependence 

was not occurring.  The regulation coupled with a reduced harvest did not increase 
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density in Escanaba Lake post- regulation, which suggests that the population may still be 

sustaining below carrying capacity. 

Another factor influencing the walleye population in Escanaba Lake may be 

increased interspecific competition with smallmouth bass.  Overall, the expansion of 

smallmouth bass in North America has created changes in food webs and negatively 

affected native predators in certain populations (Vander Zanden et al. 1999; Jackson 

2002; Vander Zanden et al. 2004).  Additionally, previous research indicates that walleye 

and smallmouth bass may negatively interact in Wisconsin lakes (Repp 2012).  Much of 

the previous research indicates varying relationships between walleye abundance and 

smallmouth bass abundance as well as varying degrees of diet overlap between the 

species (Frey et al. 2003; Fayram et al. 2005; Wuellner et al. 2010a).  During the late 

1990s and early 2000s, the smallmouth bass population dramatically increased in 

Escanaba Lake (Newman et al. 2002).  Therefore, a need to assess the competitive 

interactions between the species may be in order to determine if the interactions may be a 

factor limiting the walleye population in Escanaba Lake.  Wuellner et al. (2011) 

suggested that walleye and smallmouth bass may co-exist by partitioning resources on a 

temporal scale.  In Lake Sharpe, South Dakota, walleye and smallmouth bass consumed 

similar prey during the latter part of the growing season, and consumed different species 

earlier in the growing season (Wuellner et al. 2010a).  Frey et al. (2003) also evaluated 

diet overlap between walleye and smallmouth bass in Big Crooked Lake, Wisconsin and 

found that there was very little overlap between the species and that competition was 

probably not occurring.  Repp (2012) found that in northern Wisconsin lakes, generally, 

walleye density was not related to smallmouth bass density and walleye growth was not 
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related to smallmouth bass abundance.  In fact, Repp (2012) actually found that walleye 

relative abundance was positively correlated with smallmouth bass relative abundance in 

northern Wisconsin lakes.  Changing environmental conditions in the future could 

continue to favor smallmouth bass over walleye (Wuellner et al. 2010b).  Therefore, 

additional analysis of the interactions between walleye and smallmouth bass in Escanaba 

Lake is needed to determine what interaction, if any, may be occurring between the 

species.   

Angling effort on Escanaba Lake significantly declined after the 71-cm minimum 

length limit and 1-fish daily bag limit were implemented in 2003, probably because 

walleye anglers are typically harvest-oriented and chose to fish lakes that offer a greater 

opportunity for harvest (Beard et al. 2003a).  In a survey conducted by Quinn (1992) at 

several walleye fishing seminars, anglers believed that length limits and bag limits were 

“very important” factors that contribute to good walleye fishing; however, stringent 

harvest regulations may result in anglers choosing to fish on lakes with more liberal 

harvest regulations, regardless of the likelihood that they will actually catch fish.  In fact, 

Beard et al. (2003a) found in northern Wisconsin that lakes with daily walleye bag limits 

of 5 fish were fished at higher rates than lakes with lower bag limits.  Additionally, 

Fayram and Schmalz (2006) found that walleye angler effort decreased after a 1-fish over 

36-cm and no minimum length limit regulation was implemented on walleye in several 

northern Wisconsin lakes.  Stone and Lott (2002) also observed reduced angling effort on 

Lake Francis Case, South Dakota, after a 36-cm minimum length limit was introduced for 

walleyes, the daily bag limit was reduced from 6 to 4, and the possession limit was 

reduced from 12 to 8.  In Alberta, Canada, angler effort decreased on 5 of 7 recovering 
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walleye fisheries in which highly restrictive regulations were introduced after a long 

period of passive management (Sullivan 2003).  In the case of Escanaba Lake, angler 

effort may remain low under the current harvest regulations unless significant changes in 

size structure occur, allowing anglers a greater opportunity to catch relatively large 

walleyes.  

Catch rates of walleyes for all anglers decreased on Escanaba Lake, while catch 

rates for anglers specifically targeting walleyes increased; however, neither of these 

changes was statistically significant. Munger and Kraai (1997) found that the 

implementation of a 41-cm minimum length limit significantly increased the catch rates 

of walleye in Meredith Reservoir, Texas.  Serns (1981) also found that after the 

implementation of a 38-cm minimum length limit on walleye in Wolf Lake, increased 

catch rates of walleye ≥ 38-cm were observed.  However, a study by Serns (1978) found 

that there was a significant decrease in angler catch of walleye under a 38-cm minimum 

length limit implemented on Big Crooked Lake, Wisconsin.    

My study had several limitations, including the fact that only two lakes were used 

in the evaluation. It may have been possible to add additional reference lakes to my 

evaluation, as walleye populations and fisheries in some northern Wisconsin lakes are 

intensively sampled as part of the walleye management program associated with the 

Ceded Territory (Staggs et al. 1990; Beard et al. 1997). Conversely, the inclusion of more 

treatment lakes would have been difficult in that the 71-cm minimum length limit and the 

1-fish daily bag limit would have had to have been implemented on more lakes, and this 

regulation may not have been popular among anglers, as evidenced by the decline in 

effort observed on Escanaba Lake following the change in regulations.  
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Furthermore, the temporal scale of my evaluation may not have been sufficient to 

fully evaluate the response of the walleye population in Escanaba Lake to the change in 

harvest regulations. Many of the walleye population characteristics in the early portion of 

the post-regulation period were likely influenced by conditions before 2003. 

Additionally, the 6-year time interval after the harvest regulations were changed may not 

have been sufficient to allow the walleye population to fully respond to the change.  

Allen and Pine (2000) suggested that a period greater than 5 years post-regulation may be 

necessary to detect responses from length limits, especially if recruitment variability is 

more than 60-70%, which is the case in Escanaba Lake.  Isermann (2007) agreed, stating 

that as many as 8-10 years of annual sampling both before and after the regulation 

implementation may be necessary to delineate the effects of the regulation change in light 

of recruitment variation.  Also, considering that it takes anywhere between 6-11 years for 

walleye to enter the 51-cm (preferred) TL class in Escanaba Lake, many of the cohorts 

included in my analysis have not had sufficient time to reach these lengths.  Therefore, I 

suggest that the walleye populations in Escanaba and Wolf lakes be monitored through 

2015, resulting in a total of 12 years of monitoring for the post-regulation period.  
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(a) 

 

 

(b) 

 

Figure 1.  Mean adult walleye density (walleye/hectare) and 95% confidence intervals for 

Escanaba (a) and Wolf (b) Lakes during 1996-2002 and 2004-2010. 
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Table 1.  Analysis of variance results for comparions of age-0 and adult population 

densities, percentage of females, relative stock densities (RSD), mean overall total length 

(TL; cm), mean TL at ages 3, 4, and 5, and annual exploitation rate (u) for walleyes in 

Escanaba and Wolf lakes. 

Parameter 

 

Factor 

 

F 

 

df 

 

P 

α = 0.05 

 

Age-0 Walleye per Hectare 

   Lake 

 

3.43 1, 19 0.08 

Period 

 

0.10 1, 19 0.75 

Lake*Period 

 

1.66 1, 19 0.21 

 

Adult Walleye per Hectare 

   Lake 

 

4.85 1, 22 0.04 

Period 

 

0.11 1, 22 0.74 

Lake*Period 

 

2.77 1, 22 0.11 

 

Percentage of Females 

   Lake 

 

0.5 1, 20 0.49 

Period 

 

15.75 1, 20 < 0.01 

Lake*Period 

 

1.68 1, 20 0.21 

 

Lake 

RSD-Q 

 16.77 1, 22 < 0.01 

Period 

 

11.7 1, 22 < 0.01 

Lake*Period 

 

0.27 1, 22 0.61 

 

RSD-P 

   Lake 

 

58.26 1, 22 < 0.01 

Period 

 

8.98 1, 22 < 0.01 

Lake*Period 

 

0.79 1, 22 0.38 

 

RSD-M 

   Lake 

 

6.83 1, 22 0.02 

Period 

 

2.85 1, 22 0.11 

Lake*Period 

 

3.66 1, 22 0.07 

 

Mean TL 

   Lake 

 

41.8 1, 22 < 0.01 

Period 

 

13.98 1, 22 < 0.01 

Lake*Period 

 

0.03 1, 22 0.86 

 

Mean TL at Age 3 

   Lake 

 

0.8 1, 20 0.38 

Period 

 

3.33 1, 20 0.08 

Lake*Period 

 

6.28 1, 20 0.02 

 

Mean TL at Age 4 

   Lake 

 

1.14 1, 20 0.3 

Period 

 

2.41 1, 20 0.14 

Lake*Period 

 

5.92 1, 20 0.02 
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Table 1 Continued.   

Parameter 

 

Factor 

 

F 

 

df 

 

P 

α = 0.05 

 

Lake 

Period 

Lake*Period 

Mean TL at Age 5 

 

 

 

2.31 

2.47 

2.84 

1, 19 

1, 19 

1, 19 

0.15 

0.13 

0.11 

 

u 

   Lake 

 

5.02 1, 21 0.04 

Period 

 

46.75 1, 21 < 0.01 

Lake*Period 

 

43.45 1, 21 < 0.01 
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(a) 

 

 

(b) 

 

 

Figure 2. Mean percentage of female fish in samples of adult walleyes and 95% 

confidence intervals for Escanaba (a) and Wolf (b) lakes during 1996-2002 and 2004-

2010. 
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 (a) 

 

(b) 

  

Figure 3.  Mean age-0 walleye density (walleye/hectare) and 95% confidence intervals 

for Escanaba Lake (a) and boxplot showing median, lower and upper quartiles, and 

minimum and maximum values for Wolf Lake (b) during 1996-2002 and 2004-2010.   
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Table 2.  Summary table of t-test results comparing walleye age-0 recruitment CV, catch 

rates and angler effort for Escanaba and Wolf lakes. Values represent the mean ± 

standard error. 

Lake 

 

Parameter 

 

1996-2002 

 

2004-2010 

 

t 

2-tailed 

P 

α = 0.05 

Escanaba 

Wolf 

Recruitment CV 

 

 

 

1.17 

0.70 

0.83 

0.16 

 

N/A 

N/A 

 

N/A 

N/A 

 Catch Rates     

Escanaba 

   

 

   General 

 

0.26 ± 0.04 0.24 ± 0.06 0.21 0.84 

  Directed 

 

0.35 ± 0.06 0.54 ± 0.10 -1.7 0.12 

 

Total Angler Effort 

  

 

 Escanaba 

 

79.15 ± 5.55 52.22 ± 3.73 4.03 < 0.01 
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Table 3.  Tukey-Kramer multiple comparison results for mean total length (TL) at age-3, 

mean TL at age-4, and exploitation where a significant lake * period interaction was 

determined using an ANOVA. 

Parameter 

  
P  

α = 0.05 

Escanaba Lake pre- 2003 1 

    Escanaba Lake post- 2003 2 

    Wolf Lake pre- 2003 3 

    Wolf Lake post- 2003 4 

    

      Mean TL at Age-3 

 

1 2 3 4 

 

1 

 

0.951 0.67 0.251 

 

2 0.951 

 

0.912 0.109 

 

3 0.67 0.912 

 

0.047 

 

4 0.251 0.109 0.047 

 

      Mean TL at Age-4 

 

1 2 3 4 

 

1 

 

0.903 0.77 0.28 

 

2 0.903 

 

0.986 0.095 

 

3 0.77 0.986 

 

0.073 

 

4 0.28 0.095 0.073 

  

u 

 

1 2 3 4 

 

1 

 

< 0.001 < 0.001 < 0.001 

 

2 < 0.001 

 

0.015 0.032 

 

3 < 0.001 0.015 

 

0.998 

 

4 < 0.001 0.032 0.998 
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(a) 

 

 

(b) 

 

Figure 4. Mean TL of age-3 walleyes and 95% confidence intervals for Escanaba (a) and 

Wolf (b) lakes during 1996-2002 and 2004-2010.  
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(a) 

 

 

(b) 

 

Figure 5.  Mean TL of age-4 walleyes and 95% confidence intervals for Escanaba (a) and 

Wolf (b) lakes during 1996-2002 and 2004-2010. 
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(a) 

 

 

(b) 

 

Figure 6.  Mean TL of age-5 walleyes and 95% confidence intervals for Escanaba (a) and 

Wolf (b) lakes during 1996-2002 and 2004-2010. 
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(a) 

  

(b) 

  
 

Figure 7. Mean overall walleye TL (mean of means; cm) and 95% confidence intervals 

pre- and post- 2003 in Escanaba (a) and Wolf (b) lakes. 
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(a) 

 

(b) 

 

Figure 8. Mean relative stock density of quality-length (≥ 38-cm) walleyes (RSD-Q) and 

95% confidence intervals for Escanaba (a) and Wolf (b) lakes before and after walleye 

harvest regulations were changed on Escanaba Lake in 2003. 
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(a) 

 

(b) 

 

Figure 9. Mean relative stock density of preferred-length (≥ 51-cm) walleyes (RSD-P) 

and 95% confidence intervals for Escanaba (a) and Wolf (b) lakes before and after 

walleye harvest regulations were changed on Escanaba Lake in 2003. 
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(a) 

 

(b) 

 

Figure 10. Mean relative stock density of memorable-length (≥ 63-cm) walleyes (RSD-

M) and 95% confidence intervals for Escanaba (a) and Wolf (b) lakes before and after 

walleye harvest regulations were changed on Escanaba Lake in 2003. 
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(a) 

 

Figure 11. Mean angling effort (angler hours/hectare) and 95% confidence intervals on 

Escanaba Lake before and after walleye harvest regulations were changed in 2003. 
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(a) 

  

(b) 

 

Figure 12. Mean walleye catch rates (walleye/angler hour) and 95% confidence intervals 

for all anglers on Escanaba Lake (a) and for anglers specifically targeting walleyes (b) 

before and after 2003, the year walleye harvest regulations were changed on the lake. 
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(a) 

 

(b) 

 

Figure 13. Boxplot showing median, lower and upper quartiles, and minimum and 

maximum values for Escanaba Lake (a) and mean walleye exploitation rate (%) and 95% 

confidence intervals for Wolf Lake (b); before and after 2003, the year walleye harvest 

regulations were changed on Escanaba Lake. 
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