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ABSTRACT 

THESIS: Yellow perch Perca flavescens gonadal development and spawning in the 

Indiana portion of Lake Michigan during 2009 

STUDENT: Justin T. Walters 

DEGREE: Master of Science 

COLLEGE: Science and Humanities 

DATE: July 2010 

PAGES: 57 

Yellow perch Perca flavescens spawning was evaluated in southern Lake 

Michigan during 2009 to determine the timing, location, and extent of spawning activity. 

Maturity state (i.e., pre-spawn/post-spawn), gonadosomatic index (GSI), mean length, 

length frequency distributions, and sex group proportions were also evaluated.  No egg 

skeins were discovered during the study.  The GSI decreased during the duration of the 

spawn. Spent females were larger than pre-spawn females. Following the spawning 

season another assessment was conducted to determine whether differences existed in the 

spawning and post-spawning population demographics. Abundance, length frequency 

distributions, proportions, and relative stock density were evaluated.  Abundance of fish 

in the post-spawning period increased six-fold and paralleled a shift in length frequency 

distribution to larger median size. An increase in the proportion of females and relative 

stock density from the spawning period to post-spawning period was discovered. These 

data infer adult fish were spawning elsewhere, and then migrating to Indiana.  
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CHAPTER 1: Yellow perch spawning and gonadal development in the Indiana portion 

of Lake Michigan 

Abstract.-Sampling for yellow perch was conducted in the Indiana waters of Lake 

Michigan from May 4
th

 to June 4
th

, 2009 to determine the timing, location, and extent of 

spawning activity. No yellow perch egg skeins were found using the underwater camera 

or scuba diving. A concurrent assessment of adult yellow perch collected by gill nets 

determined whether maturity state (i.e., pre-spawn/post-spawn), gonadosomatic index 

(GSI), mean length, length frequency distribution and the proportion of spent fish in each 

sex group differed. Initial maturity state indicated spawning had not occurred, while the 

final sampling indicated females were 100% spent. Logistic regression analysis indicated 

females were 50% spent on May 21, which was estimated to be the peak of spawning. 

Spawning activity, as determined by post-spawn fish, began at a water temperature of 

9.6° C, peaked at 12.9° C, and was completed by 14° C. Spent females were 12% larger 

(TL) than pre-spawn females, but no difference was observed for males. The pre-spawn 

GSI for females was 19% compared to the post-spawn GSI of 3%. Following spawning, 

there was also an increase in the proportion of females and CPUE suggesting females 

were spawning elsewhere, and then migrating to Indiana waters. An increase in yellow 

perch spawning activity in Indiana waters, may only be realized with increases in suitable 

spawning habitat. However, it does appear that Indiana waters are commonly used during 

the post-spawn period by yellow perch in southern Lake Michigan. 
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INTRODUCTION 

Historically yellow perch Perca flavescens held great recreational and 

commercial importance to the Lake Michigan fishery (Francis et al. 1996; Robillard and 

Marsden 1996). During the 1980’s and 1990’s yellow perch were the most popular sport 

fish caught in Lake Michigan and comprised nearly 85% of all lake-wide sport-caught 

fishes (Bence and Smith 1999; Francis et al.1996). Lake-wide estimates of adult yellow 

perch abundance have fluctuated greatly over the past four decades (Wells 1977; Shroyer 

and McComish 1998; Marsden and Robillard 2004), but severely declined during the 

1990s and remained that way. Much of the commercial exploitation was on larger female 

fish which reduced female abundances and caused the sex ratios to skew towards males 

(Madenjian et al. 2002). As a result of the reduced abundances Illinois, Indiana, and 

Wisconsin imposed stricter quotas on commercial fishing during the early 1990s. 

Regulators eventually imposed a closure of lake-wide commercial fishing in 1996 and 

1997 that is still in place (Bence and Smith 1999; Marsden and Robillard 2004). More 

stringent regulations were also implemented on the recreational fishery (Wilberg et al. 

2005). This included a reduction in bag limits, seasonal closures, and the implementation 

of a slot limit were all implemented in hopes of aiding a population recovery (Wilberg et 

al. 2005).  

 Poor recruitment of yellow perch in the past two decades appears to be the 

principle factor in keeping the population below late 1980s levels (Pientka et al. 2003; 

Clapp and Dettmers 2004; Fitzgerald et al. 2004). The ability to identify reproductive 
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behavior, spawning habitat, and other influences on early life history are essential for 

implementing management actions to successfully build the yellow perch population 

(Robillard and Marsden 2001). Defining the specifics of reproductive behavior and 

spawning habitat locations in southern Lake Michigan are a first step in providing 

managers vital information to aid the understanding of recruitment problems associated 

with yellow perch. Although some spawning has been documented in this portion of Lake 

Michigan (Dorr 1982; Robillard and Marsden 2001), scant information exists on the 

remaining portions.   

  Conversely, much research has been conducted on yellow perch early life history 

in small lakes. These fish spawn annually in habitats that are typically shallow waters on 

or near macrophytes, submerged brush, and fallen trees (Scott and Crossman 1973; 

Hokanson 1977; Nelson and Walburg 1977; Becker 1983; Sandstrom et al. 1995; Huff et 

al. 2004). The duration of the spawning period in these lakes is variable but ranges from 

one to four weeks (Hokanson 1977; Thorpe 1977). Yellow perch are the only freshwater 

fish that produces a large, gelatinous, accordion-like matrix of eggs known as an egg 

skein (Huff et al. 2004), which has been hypothesized to protect the eggs from damage 

and predation (Thorpe 1977).  

In southern Lake Michigan, much of the available habitat differs from small 

inland lakes. Wind driven waves regularly re-suspend and move the bottom sand, 

providing an unstable littoral habitat (Mortimer 1988, 2004). This sediment dynamic 

limits macrophyte growth and woody debris accumulation except in sheltered areas such 

javascript:popRef2('i1548-8675-21-1-208-Scott1')
javascript:popRef2('i1548-8675-21-1-208-Nelson1')
javascript:popRef2('i1548-8675-21-1-208-Becker1')
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as harbors (personal observations, 2009). Hence, in nearshore Lake Michigan waters, 

yellow perch select other physical structures for egg deposition, such as rocky substrates 

(Dorr 1982; Robillard and Marsden 2001). These areas can be found along the 

southwestern shoreline from Waukegan Illinois to Calumet Harbor Indiana, where the 

substrate consists of cobble, sand, and gravel (Foster and Folger 1994). Unfortunately, 

the Indiana portion of southern Lake Michigan is primarily composed of homogenous 

sandy substrate, generally construed to be undesirable for spawning yellow perch (Lou et 

al. 2000; Janssen et al. 2005). However, the close proximity of Indiana waters to known 

spawning habitat suggests fish could easily migrate to suitable spawning locations from 

Indiana. 

The goal of this study was to determine whether yellow perch found in Indiana 

waters contributed to the spawning activity in southern Lake Michigan. The first 

objective was to determine whether yellow perch were spawning in Indiana waters using 

direct (underwater camera and scuba diving) and indirect (gonadal evaluations) sampling 

methods. The second objective was to determine whether changes in size occurred 

between pre- and post-spawn yellow perch. A change in size would indirectly allow us to 

determine whether spawning was occurring elsewhere through population segregation. 

To make this comparison, we compared mean length and length frequency distributions 

between pre- and post-spawn yellow perch within male and female groups. The final 

objective was to determine whether differences existed between males and females in 

regard to the proportion of spent fish in each sex group. We hypothesized that yellow 



 

7 

 

perch do not spawn in Indiana waters during late May based on habitat limitations. We 

also hypothesized that differences in mean length and length frequency distributions 

between pre- and post-spawn yellow perch would exist, indicating that population 

segregation was occurring during the spawning period and that larger more fecund fish 

were spawning elsewhere. We also anticipated that we would observe differences in the 

proportion of male and female spent fish throughout the sampling duration as the larger 

female fish return to Indiana post-spawn. 

 

METHODS 

Collection of yellow perch – Yellow perch were sampled daily in the Indiana waters of 

Lake Michigan from May 4
th

 to June 4
th

, 2009, weather permitting. Yellow perch were 

periodically sampled after June 4
th

, 2009 until the population reached 100% spent. These 

data were used to build a logistic regression model that would determine stage of 

maturity and indirectly define the period of spawning. Site selection was based on a 

stratified random design using three strata (Michigan City Harbor, Indiana Harbor, and 

Burns Harbor; Figure 1). A single sample within each stratum was randomly selected 

from 12 possible locations on each sampling day. Gill nets were used as the sampling 

gear and were experimental in design, measuring 1.8 m deep and were composed of three 

15.2 m panels of 51 mm, 64 mm, and 76 mm stretch-mesh sizes, resulting in nine panels 

and an overall gill-net length of 137 m. These mesh sizes are selective for yellow perch 

greater than 175 mm, which have typically reached sexual maturity at this length 
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(Headley and Lauer 2008; Lauer and Doll 2007; Thomas 2007). Nets were set at dusk at 

the 5 to 15 m depth contour parallel to shore and were recovered after approximately     

12 h. Water temperatures were collected at the time and location of each gill-net set. 

Water temperatures were measured immediately above the lake bottom, as yellow perch 

are demersal (Hall & Werner 1977), using a YSI Model 85D temperature probe (Yellow 

Springs Instruments, Yellow Springs, OH). All yellow perch collected were transported 

to the Indiana Department of Natural Resources field station in Michigan City, IN where 

they were enumerated, measured, weighed, sexed, and gonads were extracted, bagged, 

and frozen. Stage of gonad development was determined using a modified maturity stage 

index that included the gravid, spawning/running and spent categories (Treasurer and 

Holliday 1981; and Craig 2000). 

Underwater camera observations - Sampling for yellow perch egg skeins using an 

underwater video camera was conducted periodically from May 5
th

 to May 31
st
 2009.  

Sampling was conducted using a Deep Blue Pro Underwater Video Camera 

manufactured by Splash Cam Marine Video Solutions. Morrison and Carbines (2006) 

determined this camera system was effective at estimating relative abundance of the 

temperate spaerid Pagrus auratus above a length threshold of 5 cm. Yellow perch egg 

skeins have been documented to be as long as 2.1 m and 51 – 102 mm wide (Scott and 

Crossman 1973) and were believed to be readily seen using this camera, if present. 

Sampling was conducted at randomly selected locations from the three strata and 
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consisted of moving (~1 km/h, typically drifting with the wind) along a 300 m transect at 

12 m, 10 m, 8 m, and 6 m depth contours at each site counting the number of skeins. 

Effective width of the sampling was one meter. All video was recorded to a DVD for 

later viewing and confirmation of findings. A GPS unit was associated with the recording 

that allowed for documentation of transect locations. Camera surveys were also 

conducted non-randomly on sites that contained likely spawning habitat (i.e. cobble, 

gravel, rip-rap on breakwalls and other navigational structures). Non-random camera 

samples used the same observational and recording video methodology. However, the 

time and distance of the non-random samples were dependent on the amount of perceived 

spawning habitat.   

Scuba diving observations - Sampling for yellow perch egg skeins using scuba diving 

was conducted periodically from May 19
th

 to May 31
st
 2009 at four non-randomly 

selected locations that contained likely spawning habitat (i.e., cobble, gravel, rip-rap, and 

macrophytes) from one of the three strata (Indiana Harbor, Burns Harbor, and Michigan 

City Harbor) (Figure 1). Divers swam along transects for a distance of 100 m or until the 

site was completely sampled and record the numbers of skeins observed.  

 

Statistical Analysis –The gonadosomatic index (GSI) was calculated to describe the 

relative mass of the ovaries and testes of the adult yellow perch collected. The GSI was 

calculated using the following equation from Strange (1996). 
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GSI = gonad weight/body weight  

Mean weekly GSI values were calculated for all fish caught during sequential 7 day 

periods beginning with May 4
th

, 2009 for females and males. Proportions were converted 

into percentages by multiplying the values by 100 for ease of interpretation. 

 A logistic regression was used to model the maturity determination (dependent 

variable) of male and females based on time in days (independent variable). From this 

analysis, we could also identify when 50% of the males or females were spent and 

subsequently deemed this time (day) as peak spawning. The time at 50% spent (Xm) was 

estimated for both males and females using the following equation from Quinn and 

Deriso (1999).   

 

 

 

Where:  Mx = a variable that describes the proportion of spent 

females or males as a function of day X; 

 r = a parameter that describes the degree of curvature in the 

relationship between % spent Mx and day X; 

 Xm = a parameter that describes the inflection point in the 

curve or day at 50% spent. 
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To estimate the parameters r and Xm, we used data on the proportion of spent males and 

females Mx for each sampling day and modified the parameter sigmoid equation 

(SigmaPlot 10).   

The spawning maturity determination allowed us to divide the data set into pre- 

and post-spawning fish groups and make demographic comparisons of these groups. 

However, delineation of the two groups could not be defined as occurring on a single 

day, as spent and non-spent fish were caught simultaneously. From the initial time of 

spawning until completion, the compositional proportion of the group gradually shifted 

from pre-spawn to post-spawn condition. Because of the limited number of samples, data 

were combined from the three strata for these pre- and post-spawning comparisons. A 

two-sample t-test was used to test whether mean total length of pre- and post-spawn fish 

differed, and was done separately for males and females (SPSS 17.0). A related analysis 

comparing pre- and post-spawn length-frequency distribution for males and females was 

done using a two-sample Kolmogorov-Smirnov test (SPSS 17.0).  

To help understand the differences between males and females it was understood 

that if our sampling included the entire spawning period we would observe a gradual shift 

in yellow perch maturity classification from gravid to spawning/running to spent 

categories. However, we were interested in whether the proportions of pre-spawn to post-

spawn fish were similar for males and females. If male and female status was similar it 

would suggest that little to no immigration or emigration was occurring during the 

sampling period. However, if the groups differed this suggests that at least one sex group 
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was migrating during the sampling period. To accomplish this analysis, fish were placed 

into one of four categories pre-spawn or post-spawn and female or male. We then used a 

Pearson’s chi-square test to determine whether proportional differences existed in the 

pre- and post-spawn males and females (SPSS 17.0). Statistical significance was declared 

at α ≤ 0.05 for all tests.  

 

RESULTS 

A total of 628 mature yellow perch was caught in 47 gill-net sets (Table 1, Figure 

2). Fish ranged in size from 182 to 342 mm total length (TL) for females and 160 to 309 

mm for males. A total of 125 females and 139 males caught was in the gravid maturity 

stage while a total of 220 females and 90 males caught was in the spent maturity stage. 

Few yellow perch were collected in the spawning/running category (N = 11 females and 

N = 43 males, Table 2). Based on maturity stage, female and male spawning during 2009 

occurred from May 18
th

 to June 4
th

, and May 14
th

 to June 4
th

, respectively. The female 

population reached 50% spent on May 21, 2009 r² = 0.57, SE = 0.27 days) (Figure 3) and 

May 22,
 
2009 (r² = 0.39, SE = 0.44 days) for males (Figure 4). Spawning activity as 

defined by finding post-spawn fish began at 9.6° C, peaked at 12.9° C (50% spent 

population), and was completed by 14° C (100% spent population) (Figure 5).   

The GSI for females peaked in Week 2 (17%), and then declined sharply until 

Week 4 (Table 3, Figure 6). The GSI for males gradually declined during the 5 weeks of 

sampling (4% to 1%) (Table 3, Figure 6). When examining the GSI based on pre- and 
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post-spawn groupings for males and females, the pre-spawn GSI for females was 19% 

compared to the post-spawn GSI of 3%. The pre-spawn GSI for males was 3% compared 

to the post-spawn GSI of 1%. 

Underwater camera observations - Underwater camera surveys were conducted for a 

total of 11.25 hrs at 21 random and 5 non-random sites from May 5
th

 to May 31
st
 2009 

(Figure 2). Random 300 m sample durations ranged from 0.18 to 0.38 hrs, and covered a 

bottom distance of 6.3 km. Non-random surveys ranged from 0.18 to 0.50 hrs. No yellow 

perch egg skeins were detected using these methods.  

Scuba diving observations – A total of 6.2 hrs was spent scuba diving at four locations 

from May 19
th

 to May 31
st
, 2009 (Figure 2). Individual site sampling effort ranged from 

0.7 to 1.5 hrs with two to four divers conducting surveys on each location. No yellow 

perch egg skeins were observed while diving. 

Mean TL of post-spawn females (259 mm) was 12% larger than pre-spawn 

females (229 mm), (t = -7.88, N = 356, P = 0.001). In contrast, mean male TL did not 

differ between groups (pre-spawn = 220 mm, post-spawn = 216 mm; t = 0.99, N = 272, P 

= 0.32). The length frequency distribution of post-spawn females resulted in larger fish 

when compared to the distribution of pre-spawn female length (Z = 3.299, N = 356, P = 

0.001) (Figure 7). However, length frequency distribution did not differ between pre- and 

post-spawn males (Z = 0.837, N = 272, P = 0.49) (Figure 8).   

Pre-spawn yellow perch comprised 38 and 67% of the total catch for females and 

males, respectively. A near inverse was discovered for post-spawn yellow perch, where 
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the total catch for females and males totaled 62 and 33% of the sampled population, 

respectively. The proportion of post-spawn yellow perch females was nearly twice that of 

post-spawn males and was significantly greater (
2 

= 50.844, N = 628, P = 0.001; Table 

1).   

 

DISCUSSION 

Our direct observations indicated that yellow perch were not spawning in the 

Indiana portion of Lake Michigan during 2009, as we failed to observe any yellow perch 

egg skeins. However, our indirect sampling did identify the time of spawning based on 

stage of maturation; that is, the classification of individuals into gravid, 

spawning/running, and spent (Treasurer and Holliday 1981; and Craig 2000) described by 

our logistic regression model. This finding was confirmed by concurrent changes in GSI 

for both sexes. The demographic data also identified a change in the mean length and 

length-frequency distributions of fish, with post-spawn females generally increasing in 

size. This change was also coupled with an increase in the proportion of females in the 

population. Collectively, these data suggest that little or no spawning was occurring in 

this portion of the lake, but post-spawn fish appeared to be migrating from the (unknown) 

spawning grounds to Indiana waters.   

Yellow perch spawning in Indiana waters was not observed during our direct 

sampling observations. Even though the underwater camera and scuba diving were 

determined to be a viable means of detection, yellow perch egg skeins were not detected 
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using either method. Video camera observations that were verified by scuba diving 

demonstrated that this underwater video camera system was effective for quantifying 

substrate and fish in agreement with Morrison and Carbines (2006). Underwater video 

camera images were deemed acceptable using the Deep Blue Pro Underwater Video 

Camera. The underwater video camera’s field of view of the substrate resulted in high 

quality images (Figure 9) and sufficient clarity to distinguish macrophytes (Figure 10), 

suggesting the camera could have identified egg skeins, if present.  

Our sampling did identify the time of yellow perch spawning based on stage of 

maturation and a logistic regression that modeled the maturity determination. During 

2009 female and male yellow perch spawning ranged from mid-May to early June. The 

condition of yellow perch gonads indicated that spawning peaked in late May in 

agreement with Wells and Jorgenson (1983) and Shroyer and McComish (2000). Adult 

yellow perch, especially females collected in the spawning/running maturity stage, 

comprised a small percent of the total catch. As the spawning season progressed, large 

numbers of post-spawn fish, in particular females, returned to our sampling area. Water 

temperature has been well documented to influence behavior of this fish (Engel and 

Magnuson 1976; Ross and Siniff 1982; Radabaugh et al. 2009; Rydell et al. in press). Our 

study indicated that spawning activity (post spawn fish) began at water temperatures of 

around 10° C, peaked at approximately 13° C, and was completed by 14° C in agreement 

with Brazo et al. (1975), Auer (1982), and Dorr (1982). However, our spawning period 

appeared to be substantially shorter than that of other studies. Brazo et al. (1975) found 
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that spawning occurred from the middle of May through the end of June in 1972. We 

found that spawning occurred during a three-week period and peaked during the third 

week of May. The major parallel among all these studies appears to be water temperature 

rather than the time of year. Our shorter spawning season during 2009 may have been 

because of faster warming waters when compared to historical thermal regimes. 

The increase in mean length of gravid females following the spawn has several 

implications. First, it suggests that the larger, more fecund females (Lauer et al. 2005) 

were not present in the area prior to spawning. By omission, these fish were located and 

likely spawning elsewhere in the lake. Second, there was migration by larger females 

back to Indiana waters following the spawn. This latter observation of movement could 

be explained by yellow perch seeking warmer water temperatures (Ferguson 1958; 

Rydell et al. in press) to replenish energetic reserves. This area of the lake appears to 

have plentiful prey suitable for larger yellow perch (Truemper and Lauer 2005) and we 

observed anecdotally later in the summer that fish larger than 175 mm were feeding 

heavily on round goby Neogobius melanostomus, alewife Alosa pseudoharengus and 

spottail shiner Notropis hudsonius.  

The Indiana portion of southern Lake Michigan is shallow (< 20 m), and much of 

it has a homogenous sandy substrate (Lou et al. 2000; Janssen et al. 2005). This habitat is 

not considered conducive to yellow perch spawning. Spawning yellow perch are typically 

found in higher abundances on riprap, cobble, and till (Dorr 1982; Robillard and Marsden 

2001). The factors tested in this study all suggest that larger, more fecund female perch 
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were absent from the study area during the spawning period. Yellow perch in southern 

Lake Michigan have been observed to swim over 80 km from the point of release (Smith 

and Van Oosten 1940; Mraz 1952; Glover et al. 2008) possibly in response to life history 

strategies. The yellow perch that were absent during the spawning period likely were 

spawning in nearby rocky habitats. Cobble, sand, and gravel habitats are present a 

relatively short distance, extending from Waukegan, Illinois to Calumet harbor, Indiana 

on the southwestern side of Lake Michigan (Foster and Folger 1994; Janseen et al. 2005). 

This substrate is predicted to be preferred by yellow perch during the spawning period 

and to draw fish located in the Indiana portion of Lake Michigan because of its 

proximity. It is likely that the larger female yellow perch spawned on the southwestern 

side of Lake Michigan, then moved to the Indiana portion of Lake Michigan post-spawn 

to feed.  

Large numbers of demersal age-0 yellow perch typically appear in trawl catches 

in the Indiana portion of Lake Michigan in late July or August (Shroyer and McComish 

2000; Bollman 2010). With this ongoing and continuous annual presence of age-0 yellow 

perch in the Indiana waters of Lake Michigan, one of two things is occurring. Either 

spawning locations are present in Indiana waters and we did not observe them, or, more 

likely, YOY yellow perch are able to move from spawning grounds to Indiana waters 

without difficulty. If spawning locations existed in Indiana waters we predict that large 

numbers of spawning/running mature females and males would have been captured in our 

gill nets. Our lack of observed spawning activity in the Indiana waters contrasted by the 
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abundance of YOY found at the demersal life stage supports the hypothesis that 

spawning activity occurs primarily in Illinois and Wisconsin waters, and Indiana receives 

YOY that drift in during their pelagic stage (Beletsky et al. 2007). The use of a 

biophysical model by Beletsky et al. (2007) suggested that yellow perch larvae that 

originated from southwestern Lake Michigan could recruit anywhere within the southern 

basin.   

Management implications - It appears that adult yellow perch are spawning in other areas 

around the lake and then moving to warmer, shallower Indiana waters later in the 

summer. Several factors support this statement, including the lack of deposited yellow 

perch egg skeins, the size difference between pre- and post-spawn females, and the large 

numbers of YOY yellow perch that later appeared in Indiana waters. These findings have 

several management implications. If spawning habitat is determined to be a limiting 

factor for yellow perch recruitment, protection of the existing habitat is paramount for 

maintaining population levels, allowing harvest, and keeping ecological community 

balance. Pursuant to these actions, managers would need a clear identification of all 

spawning grounds in the southern basin, information that is not currently available. If 

increases in the quantity or quality of available spawning habitat are warranted for 

increasing yellow perch abundance, management actions could be initiated to address 

these concerns.  
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Figure 1. Location of the three sample zones: Indiana Harbor (1), Burns Harbor (2), and 

Michigan City Harbor (3) in the southern Indiana portion of Lake Michigan during 2009. 
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Figure 2. Dots indicate locations of gillnet sets (47), underwater camera (26), and scuba 

diving (4) observations within the three sample zones: Indiana Harbor, Burns Harbor, and 

Michigan City in the southern Indiana portion of Lake Michigan during 2009. Five m 

depth contours are indicated by lines. Brown fill indicates rock substrate and yellow 

indicates sand substrate. 
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Figure 3. Nonlinear relationship between percent spent and day for female yellow perch 

in the southern Indiana portion of Lake Michigan during 2009. The female population 

reached 50% spent on May 21, 2009 indicated by the dashed line and spawning ranged 

from May 18
th

 to June 4
th

.    
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Figure 4. Nonlinear relationship between percent spent and day for male yellow perch in 

the southern Indiana portion of Lake Michigan during 2009. The male population reached 

50% spent on May 22, 2009 indicated by the dashed line and spawning ranged from May 

14
th

 to June 4
th

.    
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Figure 5. Mean bottom temperature during adult yellow perch collections in the southern 

Indiana portion of Lake Michigan during 2009. 
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Figure 6. Mean weekly gonadosomatic index (GSI) for male and female adult yellow 

perch collected in the Indiana portion of Lake Michigan during the 2009 spawning season 

from May 4
th

 to June 4th.    
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Figure 7. Relative length frequency descriptions of pre- and post-spawn adult female 

yellow perch from the Indiana portion of Lake Michigan during 2009. 
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Figure 8. Relative length frequency descriptions of pre- and post-spawn adult male 

yellow perch from the Indiana portion of Lake Michigan during 2009. 
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Figure 9. Video frame image of oscillating sand ridges found throughout most of the 

underwater camera sampling sites in the Indiana portion of Lake Michigan during 2009.  

A majority of the sampling occurred over sand substrate. GPS coordinates in UTM in top 

of figure illustrate site location. 
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Figure 10. Video frame image of macrophytes documented within Indiana Harbor using 

the underwater camera while sampling sites in the Indiana portion of Lake Michigan 

during 2009. GPS coordinates in UTM in top of figure illustrate site location 
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Table 1. Total number of mature females and males captured during the five-week gill-

net sampling period for each of the three zones: Indiana Harbor, Burns Harbor, and 

Michigan City Harbor during 2009.  

 

Zone Indiana Harbor Burns Harbor Michigan City 

 

Male 

Female 

Total 

2 

   50 

   52 

61 

116 

117 

209 

190 

399 
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Table 2. Total number of mature females and males from each gonadal category (gravid, 

spawning/running, and spent) captured during the five-week gill net sampling period for 

each of the three zones: Indiana Harbor, Burns Harbor, and Michigan City Harbor during 

2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sex Zone Gravid Spawning/Running Spent Total 

Males 

 

 

Females 

Indiana Harbor 

Burns Harbor 

Michigan City 

Indiana Harbor 

Burns Harbor 

Michigan City 

1 

14 

124 

22 

49 

54 

0 

18 

25 

0 

3 

8 

1 

29 

60 

28 

64 

128 

2 

61 

209 

50 

116 

190 
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Table 3. Total number and mean GSI of mature females and males captured during the 

five-week gill net sampling period for each of the three zones: Indiana Harbor, Burns 

Harbor, Michigan City Harbor during 2009.  

 

 Female  Male 

Week N Mean GSI  N Mean GSI 

1 41 0.164  15 0.038 

2 40 0.174  118 0.029 

3 55 0.127  105 0.019 

4 141 0.052  18 0.016 

5 82 0.048  7 0.008 
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CHAPTER 2:  Spawn and post-spawn yellow perch in the Indiana portion of Lake     

Michigan: Are they two different populations? 

Abstract- We evaluated yellow perch taken from the Indiana waters of Lake Michigan to 

determine whether differences existed in the spawning and post-spawning population 

demographics. Fish were collected using gill nets near Burns Harbor and Michigan City 

Harbor from May 4
th 

to June 4
th

 (spawning period) and July 7
th

 to August 6
th

 (post-

spawning period) 2009. Post-spawn period yellow perch had a higher catch-per-unit-

effort (CPUE) and were 5% larger (adjusted total length). The average CPUE level of the 

post-spawning period increased six-fold when compared to the spawning period CPUE 

and paralleled a shift in length frequency distribution to a larger median size. There was 

also a concomitant increase in the proportion of females from 57 to 92% from the 

spawning period to post-spawning period. This was defined using the change in relative 

stock density preferred - trophy analysis from 29 (spawning period) to 42% (post-

spawning period). These data infer fish were not spawning in Indiana waters; rather, 

these waters may serve as a feeding or recovery area for post-spawned yellow perch. Our 

findings also suggest that spatial dispersion for yellow perch is extensive in Lake 

Michigan and specific to individual life cycle events. A better understanding of yellow 

perch life history events in this lake warrants a more comprehensive and wide-ranging 

sampling protocol to ensure adequate evaluation of the population. 
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INTRODUCTION 

Historically yellow perch Perca flavescens held great recreational and 

commercial importance to the Lake Michigan fishery (Francis et al. 1996; Robillard and 

Marsden 1996) and were considered to be the most popular sport fish caught during the 

1980’s and 1990’s (Bence and Smith 1999). Lake-wide estimates of adult yellow perch 

abundance have fluctuated extensively in the past four decades (Wells 1977; Shroyer and 

McComish 1998; Marsden and Robillard 2004) creating inconsistencies in catch. Yellow 

perch abundance declined severely during the late 1980s and early 1990s, with the sex 

ratio skewed towards males because of the fishing pressure on (larger) females 

(Madenjian et al. 2002). As a result, this fluctuation forced Illinois, Indiana, and 

Wisconsin to impose stricter quotas on commercial fishing during the early 1990s, 

eventually imposing a closure of lake-wide commercial fishing in 1996 and 1997, which 

has continued until the present day (Bence and Smith 1999; Marsden and Robillard 

2004). Similar, more stringent regulations were also implemented on the recreational 

fishery during this period (Wilberg et al. 2005). Rules that reduced lake-wide bag limits 

in 1997-2000, seasonal closures, and implementation of a slot limit in Illinois from 1997-

2000 were promulgated in hopes of restoring population abundance to levels seen in the 

mid 1980s (Wilberg et al. 2005).  

Although yellow perch in southern Lake Michigan have been well studied (Clapp 

and Dettmers 2004; Marsden and Robillard 2004; Wilberg et al. 2005; Headley and Lauer 

2008), much remains unknown regarding why yellow perch abundance has not expanded 

in the past two decades. Early life history has been suggested as a bottleneck, which 

ultimately influences recruitment (Wilberg et al. 2005). This early life history problem 
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has been observed elsewhere in the Great Lakes and provides a possible mechanism 

(Brandt et al. 1987; Hartman and Margraf 2005) for the contemporary problems 

associated with yellow perch in Lake Michigan (Wilberg et al. 2005). Moreover, yellow 

perch population demographic studies of all types on Lake Michigan have been limited in 

scope because the large lake size prohibits many methodologies, including traditional 

telemetry work or mark-recapture studies. Lastly, Lake Michigan’s size coupled with the 

relative openness of the lake allows for movement over great distances by pelagic 

organisms, like yellow perch, complicating accurate fish population assessments. 

Some population characteristics of yellow perch in Lake Michigan recently have 

provided evidence to support a single population in the southern half of the lake (Horns 

2001; Miller 2003; Glover et al. 2008). Beletsky et al. (2007) used a biophysical model to 

suggest that yellow perch larvae that originated from southwestern Lake Michigan could 

recruit anywhere within the southern basin with potential to move north along the 

Michigan shoreline great distances. Adult yellow perch in southern Lake Michigan have 

been observed to swim over 80 km from the point of release (Smith and Van Oosten 

1940; Mraz 1951; Glover et al. 2008) possibly in response to life history strategies. This 

amount of spatial movement suggests yellow perch will transcend political boundaries, 

emphasizing the need for coordinated cooperation among federal, state, and tribal 

resource managers. For example, spawning yellow perch prefer habitat with rocky 

substrate for egg deposition (Dorr 1982; Robillard and Marsden 2001), a habitat type that 

is lacking in the Indiana portion of southern Lake Michigan. Much of the Indiana waters 

substrates are composed of homogenous sandy substrate (Janssen et al. 2005), which is 

undesirable to spawning yellow perch (Lou et al. 2000). In contrast, from Waukegan, 
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Illinois to Calumet Harbor, Indiana, the Lake Michigan substrate includes large expanses 

of cobble and gravel (Foster and Folger 1994). This heterogeneous habitat along the 

southwestern and southern end of Lake Michigan suggests that yellow perch would 

disperse to these habitats (locations) in order to optimize spawning success. Further, 

because of the close proximity of preferred spawning habitat to the Indiana waters of 

Lake Michigan, movement of yellow perch across these ecological boundaries would be 

expected. The yellow perch in the southern end of Lake Michigan are one population and 

has been known to move great distances, and the habitat on the western side of the lake is 

heterogeneous and more suitable for the spawning life cycle stage. 

  Our objective of this study was to determine whether population demographics of 

spawning period yellow perch were different from post-spawning period yellow perch in 

the Indiana waters of Lake Michigan. For this comparison, we compared catch-per-unit-

effort (CPUE), mean total length (TL), length frequency distributions, relative stock 

density preferred-trophy lengths (RSD P-T), and sex ratios between the two groups. We 

hypothesized that differences in these metrics would suggest one of two things: multiple 

populations exist geographically in the southern basin, or that one population existed and 

was behaviorally segregating based on life history events. Support for either hypothesis 

would indicate the need for focused and specific management strategies for yellow perch 

in this portion of Lake Michigan.   

 

METHODS 

Field sampling- Yellow perch were collected using gill nets in southern Lake Michigan 

near Michigan City Harbor and Burns Harbor, IN during 2009. Sampling for the 
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spawning period yellow perch was conducted from May 4
th

 to June 4
th

 and corresponded 

to the observed spawn and spawning periods of the fish. The spawn period started prior to 

estimated spawning activity and ended when male and female fish were 100% spent. 

Sample site selection was based on a stratified random design with 12, 1-km long sites 

that were potentially available within each stratum (one near Michigan City Harbor and 

one near Burns Harbor; Figure 1). Sampling was conducted daily, weather permitting, 

with two locations chosen at random on each sampling day, one within each stratum. 

Post-spawning period yellow perch were collected on nine dates from July 7
th

 to August 

6
th

 at one of three sample locations (M, K, and G) that corresponded to ongoing 

monitoring activities (Figure 1). Although some differences existed in the two sampling 

protocols, both spawning period and post-spawning period fish were sampled in the same 

locale. The gill nets used were experimental in design, measured 1.8 m deep and were 

composed of three 15.2 m panels of 51 mm, 64 mm, and 76 mm stretch-mesh sizes, 

resulting in nine panels and an overall gill-net length of 137 m. These mesh sizes are 

selective for yellow perch greater than 175 mm TL, which have typically reached sexual 

maturity at this length (Headley 2006; Lauer and Doll 2007; Thomas 2007). Nets were 

set at dusk at the 5 to 15 m depth contour parallel to shore and were recovered after 

approximately 12 h. All fish collected were transported on ice to the Indiana Department 

of Natural Resources Station in Michigan City, IN where they were enumerated, 

measured, weighed, and sexed.   

Statistical Analysis- Spawning period and post-spawning period yellow perch were 

compared for CPUE, mean TL, length frequency distributions, RSD P-T, and sex ratios. 

Samples within each period were combined without regard to sample location. Because 
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we were only interested in temporal comparison of the yellow perch groups, this data 

treatment maximized our use of the data set. A two-sample t-test was used to determine 

whether CPUE differed (Minitab v. 15.1.1.0) between groups and to achieve normality, 

these data were log10 transformed. Mean TL for female and male yellow perch were also 

compared using two-sample t-tests (Minitab v. 15.1.1.0) but the data underwent a 

different treatment. We estimated from historical (Lauer and Forsythe 2010) data that 

yellow perch grow an average of 5 to 7 mm (depending on sex) between the two 

collection periods. Without attempting to account for this growth, the post-spawning fish 

TL would be longer, confounding the analysis. Thus, we subtracted 5 mm from the post 

spawning males, and 7 mm from the post-spawning females prior to the mean TL 

analysis. A two-sample Kolmogorov-Smirnov (KS) test was used to compare length 

frequency distributions of spawning period and post-spawning period yellow perch 

(SPSS 17.0) using the same data treatment as the mean length comparison. For the KS 

tests, males and females were separated, as they have been shown to grow at different 

rates (Headley and Lauer 2008). The RSD P-T was calculated for yellow perch for both 

spawning and post-spawning periods using size categories and length indices as follows: 

minimum stock length = 130 mm, minimum preferred length = 250 mm, and minimum 

trophy length ≥ 380 mm (Gablehouse 1984). The RSD P-T was calculated as: 

100  X
mm 130 fish  ofnumber 

mm 380  and mm 250 fish  ofnumber 
 T-P RSD




  

A Pearson’s chi-square (SPSS 17.0) (using the raw data) compared RSD P-T proportions 

for spawning period and post-spawning period fish to determine whether differences 

were random. Lastly, a Pearson’s chi-square test was also used to determine whether a 



 

44 

 

difference existed between sex ratios of the spawning and post-spawning periods (SPSS 

17.0). Statistical significance was set at α = 0.05 for all tests. 

 

RESULTS  

A total of 1,477 yellow perch was caught in 43 gill-nets sets. During the spawning 

period, 630 fish (273 males and 357 females) were caught in 34 gill-net sets, whereas 

during the post-spawning period, 847 fish (70 males and 777 females) were caught in 

nine gill-net sets (Table 1). Fish ranged in size (TL) from 160 mm to 315 mm for males, 

and 182 mm to 376 mm for females. Mean ± SE CPUE level during the post-spawning 

period (84.9 ± 33.4 fish/net-night) increased nearly six fold from the spawning period 

(14.5 ± 2.24 fish/net-night) (t = -3.01, df = 41, P = 0.005).   

Differences in TL were observed between spawning period and post-spawning 

period yellow perch. Post-spawning period females (247 mm ± 1.7) were 4% larger than 

spawning period females (238 mm ± 2.1) (t = -3.07, df  = 806, P = 0.002). Post-spawning 

period males (230 mm ± 4.3) were 5% larger than spawning period males (219 mm ± 2.0) 

(t = -2.52, df  = 341, P = 0.012). Similarly, length frequency distribution of females was 

larger during the post-spawning period (Z = 1.980, N = 1134, P = 0.001) (Figure 2). 

However, length frequency distribution did not differ between the spawning period males 

and post-spawning period males (Z = 1.211, N = 343, P = 0.106) (Figure 3).  

Yellow perch RSD P-T in the post-spawning period was higher (42%) than the spawning 

period (29%) and these differences were significant (
2
 = 12.845, N = 1477, P = 0.001). 

This size change was largely attributed to females, as they increased in abundance from 

56.7 and 91.7% of the group from the spawning period to the post-spawning period. 
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Lastly, sex ratio differences between periods were significant (
2 

= 249, N = 1477, P = 

0.001). Only 357 females were captured during the 34 spawning period sampling nights, 

resulting in a sex ratio of 0.76 males/females, compared to 777 females captured during 

the nine post-spawning period sampling nights, resulting in a sex ratio of 0.09 

males/females (Table 1). 

 

DISCUSSION 

Our results indicated that the changes in the yellow perch population demographic 

occurred between the spawning and the post-spawning periods in five ways: 1) CPUE 

increased, 2) mean TL increased, 3) length frequency distributions of females shifted to a 

larger median size, 4) RSD P-T values were higher, and 5) there was an increase in the 

proportion of females. Numerous reasons could explain these observed differences, but 

we suggest that yellow perch in southern Lake Michigan are spatially segregating based 

on life history events. Specifically, it appears a portion of the population was located 

outside our sampling area for spawning, with subsequent post-spawn migration to the 

Indiana waters of Lake Michigan. This post spawning migration by yellow perch could 

be in response to spatial differences in prey availability in the lake and suggests that 

Indiana waters may have limited spawning habitat but provides productive feeding 

grounds.    

The Indiana portion of southern Lake Michigan is shallow (< 20 m), and much of 

it has a homogenous sandy substrate (Lou et al. 2000; Janssen et al. 2005). This habitat is 

not considered conducive to yellow perch spawning and likely influenced our findings. 

Spawning yellow perch are typically found in higher abundances on riprap, cobble, and 
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till where egg skein deposition is preferred (Robillard and Marsden 2001; Dorr 1982). 

The five metrics tested in this study all suggest that larger yellow perch were absent from 

the study area during the spawning period. The more fecund (larger; Lauer et al. 2005) 

yellow perch that were absent during the spawning period were likely spawning in the 

rocky habitats found a relatively short distance (less than 30 km) away, that stretches 

from Waukegan, Illinois to Calumet Harbor, Indiana on the southwestern side of Lake 

Michigan (Foster and Folger 1994; Janssen et al. 2005). This cobble and gravel substrate 

would be readily accessible by the yellow perch we caught during the post-spawning 

period because of the close proximity to the Indiana portion of Lake Michigan. We 

speculate the larger, more fecund female yellow perch were spawning on the 

southwestern side of Lake Michigan, then moving to the Indiana portion of Lake 

Michigan later in the summer to replenish the energetic losses caused by spawning and to 

promote somatic growth.  

If the spawning and post-spawning groups were separate populations with local 

site fidelity, we would have hypothesized (adult) yellow perch CPUE to be slightly 

reduced between May and July because of mortality (A; Ricker 1975) which has been 

estimated to range from 44 to 69% during 1986-1997 (Wilberg et al. 2005). Finding a 

six-fold increase in CPUE was contrary to this hypothesis and suggested immigration to 

our sampling area occurred between sample periods. Further, yellow perch in southern 

Lake Michigan have been observed to swim over 80 km from the point of release (Mraz 

1951; Smith and Van Oosten 1939; Glover et al. 2008). This amount of spatial movement 

suggests yellow perch will transcend political boundaries in order to fill life history 

strategies needs. 
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The increase in yellow perch CPUE from the spawning to the post-spawning 

period could be explained by the differences in Lake Michigan thermal profiles. Water 

temperature has been well documented to influence behavior of this fish (Engel and 

Magnuson 1976; Ross and Siniff 1982; Radabaugh et al. 2009), with the most compelling 

evidence illustrated by Rydell et al. in press. They found as nearshore bottom temperature 

in southern Lake Michigan increased, there was a concomitant increase in yellow perch 

CPUE. Specifically, these increases were most evident when the warm, epilimnetic 

waters were in contact with the bottom. In this study, stratification was non-existent or 

was just beginning at our sample sites in May, but by July, stratification was well 

developed (personal observation). Our increase in yellow perch CPUE in mid-summer 

could be a behavioral response to changes the thermal regime between the two periods 

rather than true differences in population abundance.  

Increases in absolute mean length, relative length frequency, and RSD P-T values 

between spawning and post-spawning periods were expected, as yellow perch typically 

begin new annual somatic growth following spawning (Henderson et al. 2000). Despite 

our correction for this confounding problem, we still saw an increase in mean length for 

both sexes, a shift in relative length frequency distributions for females, and an increase 

in RSD P-T values. Although we did not see an increase in the length-frequency 

distribution of post-spawn males (P = 0.106), it was statistically close (α = 0.05), and 

may have been because of the limited post-spawning period sample size (N = 70 fish). 

We did observe an increase in RSD P-T values from the spawning to the post-spawning 

period, suggesting that the spawning period fish were smaller. These data sets 
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collectively suggest that large, fecund females were not present in our study area during 

this time period and were likely spawning elsewhere.   

The differences in yellow perch sex ratios between the spawning and post-

spawning periods could be interpreted in one of two ways. Either a large portion of males 

emigrated from the study area after the spawning period, or, more likely, a larger number 

of females immigrated into the study area after the spawning period. The large increase in 

mature female catch rates during the post-spawning period further strengthens the case 

that, proportionally, large numbers of yellow perch were absent from the study area 

during the spawning period. Although sexual segregation among habitats for yellow 

perch populations is common (Jobes 1952; Sandheinrich and Hubert 1984; Radabaugh et 

al. 2009), we believe these mature females were not in Indiana waters during the 

spawning period in great numbers.   

Our research supports the findings of others on having a homogenous 

biogeographical distribution of the yellow perch population in southern Lake Michigan.  

Horns (2001) and Glover et al. (2008) observed variations in growth rates observed but 

attributed these differences in local environmental conditions. Horns (2001) additionally 

implied that larval cohorts dispersed pelagically across the lake from a common natal 

origin, establishing local site fidelity as they grew into juvenile and older fish. Beletsky et 

al. (2007) extended this hypothesis by using a biophysical model that suggested that 

yellow perch larvae that originated from southwestern Lake Michigan could recruit 

anywhere within the southern basin. Glover et al. (2008) suggested that population 

mixing occurred between Illinois and Indiana fish, as well as between fish from Illinois 
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and Wisconsin, while Miller (2003) argued that a single distinct genetic population 

existed in southern Lake Michigan.   

The movement back into Indiana waters later in the summer could be explained 

by yellow perch seeking warmer, more preferred, water temperatures (Ferguson 1958, 

Rydell et al. in press) to feed. This area of the lake appears to have abundant prey suitable 

for larger yellow perch (Truemper and Lauer 2005) and from our collections, we 

observed anecdotally that fish larger than 175 mm were feeding heavily on round goby 

Neogobius melanostomus, alewife Alosa pseudoharengus and spottail shiner Notropis 

hudsonius. The difference in population demographics observed between the spawning 

and post-spawning might suggest the existence of two distinct yellow perch populations 

temporally segregated in southern Lake Michigan. However, we contend these 

differences are linked to life history events which drive behavior patterns across a large 

expanse of water, transcending habitat types and political boundaries.  

Management Implications 

Successful management of fish populations depends on managers’ ability to 

identify subsets of the entire population (Robillard and Marsden 2001). The increase in 

mature female yellow perch into the Indiana waters of Lake Michigan after the spawn 

suggests there is a lack of suitable spawning habitat. Yet, the Indiana locale is preferred 

by post-spawning yellow perch. It is currently unknown if the amount and type of 

spawning habitat in Indiana limits yellow perch recruitment, but it seems plausible that 

movement of mature yellow perch back into Indiana waters after the spawn suggests that 

these waters provide vital feeding grounds integral to the overall success of the 

population. Determining why segregation occurs will assist in addressing contemporary 
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issues facing researchers and natural resource managers, particularly with early life 

history and recruitment of yellow perch in Lake Michigan.  

 

REFERENCES 

Beletsky, D., D. M. Mason, D. J. Schwab, E. S. Rutherford, J. Janssen, D. F. Clapp, and  

J. M. Dettmers. 2007. Biophysical model of larval yellow perch advection and  

settlement in Lake Michigan. Journal of Great Lakes Research 33:842-866. 

 

Bence, J. R., and K. D. Smith. 1999. An overview of recreational fisheries of the Great  

Lakes. Pages 259-306 in W. W. Taylor and C. P. Ferreri, editors. Great Lake  

fisheries and policy management: a bi-national perspective. Michigan State 

University Press, East Lansing. 

 

Brandt, S. B., D. M. Mason, D. B. MacNeill, T. Coates, and J. Gannon. 1987. Predation  

by alewife on larvae of yellow perch in Lake Ontario. Transactions of the 

American Fisheries Society 116: 641-645. 

 

Clapp, D. F., and J. M. Dettmers. 2004. Yellow perch research and management in Lake

 Michigan: evaluating progress in a cooperative effort 1997-2001. Fisheries  

29(11):11-19. 

 

Dorr, J. A. III. 1982. Substrate, and other environmental factors in reproduction of the  

yellow perch (Perca flavescens). Doctoral dissertation. University of Michigan, 

Ann Arbor. 

 

Engel, S., and J. J. Magnuson. 1976. Vertical and horizontal distribution of coho salmon  

(Oncorhynchus kisutch), yellow perch (Perca flavescens), and cisco (Coregonus 

artedii) in Pallette Lake, Wisconsin. Journal of the Fisheries Research Board of 

Canada 33:2710–2715. 

 

Ferguson, R. G. 1958. The preferred temperature of fish and their midsummer  

distribution in temperate lakes and streams. Journal of the Fisheries Research 

Board of Canada 15:607-624. 

 

Foster, D. S., and D. W. Folger. 1994. The geologic framework of southern Lake 

Michigan. Journal of Great Lakes Research 20(1): 44-60.  

 

Francis J. T., S. R. Robillard, and J. E. Marsden. 1996. Yellow perch management in 

Lake Michigan: a multi-jurisdictional challenge. Fisheries 21(2):18-20. 

 

Gabelhouse, D. W., Jr. 1984. A length-categorization system to assess fish stocks. North 

American Journal of Fisheries Management 4(3):273-285. 



 

51 

 

 

Glover, D. C., J. M. Dettmers, D. H. Wahl, and D. F. Clapp. 2008. Yellow perch (Perca  

flavescens) stock structure in Lake Michigan: an analysis using mark-recapture 

data. Canadian Journal of Fish and Aquatic Sciences 65:1919-1930.  

 

Hartman, K. J., and F. J. Margraf. 2005. Evidence of predatory control of yellow perch  

(Perca flavescens) recruitment in Lake Erie, U.S.A. Journal of Fish Biology 

43(1): 109-119. 

 

Headley, Heath. 2006. Fluctuating abundance of yellow perch and their relationship to 

growth in southern Lake Michigan, 1984-2004. MS thesis. Ball State University. 

 

Headley, H. C., and T. E. Lauer. 2008. Density-dependent growth of yellow perch in  

southern Lake Michigan, 1984 – 2004. North American Journal of Fisheries 

Management 28(1):57-69. 

 

Henderson, B. A., T. Trivedi, and N. Collins. 2000. Annual cycle of energy allocation to  

growth and reproduction of yellow perch. Journal of Fish Biology 57:122-133. 

 

Horns, W. H. 2001. Spatial and temporal variation in length at age and condition of  

yellow perch in southern Lake Michigan during 1986–1988. North American 

Journal of Fisheries Management 21:580–591. 

 

Janssen J., M. B. Berg, and S. J. Lozano. 2005. Submerged terra incognita: Lake  

Michigan’s abundant but unknown rocky zones. Pages 113-139 in T. Edsall and  

M. Munawar, editors. State of Lake Michigan: ecology, health and management. 

Ecovision World Monograph Series, The Netherlands.  

 

Jobes, F. W. 1952. Age, growth, and production of yellow perch in Lake Erie. U.S. Fish  

and Wildlife Service Fishery Bulletin 70:204-266. 

 

Lauer, T. E., and J. C. Doll. 2007. Final Project Report: Dynamics and models of the  

yellow  perch in Indiana waters of Lake Michigan and near-shore fish community 

characteristics  Final report for 2000-2006. Federal Aid Project F-18-R, Study 11, 

submitted to Indiana Department of Natural Resources Division of Fish and 

Wildlife. 

 

Lauer, T. E., and P. S. Forsythe. 2010. Final Project Report: Dynamics and models of the  

yellow  perch in Indiana waters of Lake Michigan and near-shore fish community 

characteristics  Final report for 2000-2009. Federal Aid Project F-18-R, Study 11, 

submitted to Indiana Department of Natural Resources Division of Fish and 

Wildlife. 

 

 

 

 



 

52 

 

Lauer, T. E., S. M. Shroyer, J. M. Kilpatrick, T. S. McComish, and P. J. Allen. 2005.  

Yellow perch length–fecundity and length–egg size relationships in Indiana 

waters of Lake Michigan. North American Journal of Fisheries Management 

25(3):791-796. 

 

Lou, J., D. J. Schwab, D. Beletsky, and N. Hawley. 2000. A model of sediment 

resuspension and transport dynamics in southern Lake Michigan. Journal of 

Geophysical Research 105(C3):6591-6610. 

 

Madenjian, C. P., G. L. Fahnenstiel, T. H. Johengen, T. F. Nalepa, H. A. Vanderploeg, G. 

W. Fleischer, P. J. Schneeberger, D. M. Benjamin, E. B. Smith, J. R. Bence, E. S. 

Rutherford, D. S. Lavis, D. M. Robertson, D. J. Jude, and M. P. Ebener. 2002. 

Dynamics of the Lake Michigan food web, 1970-2000. Canadian Journal of 

Fisheries and Aquatic Sciences 59(4):736-753. 

 

Marsden, J. E., and S. R. Robillard. 2004. Decline of yellow perch in southwestern Lake

 Michigan 1987-1997. North American Journal of Fisheries Management  

24(3):952-966. 

 

Miller, L. M. 2003. Microsatellite DNA loci reveal genetic structure of yellow perch in 

Lake Michigan. Transactions of the American Fisheries Society 132(3):503-513. 

 

Mraz, D. 1952. Movements of yellow perch marked in southern Green Bay, Lake  

Michigan, in 1950. Transactions of the American Fisheries Society 81(1):150-

161. 

 

Radabaugh, N. B., W. F. Bauer, and M. L. Brown. 2010. A comparison of seasonal  

movement patterns of yellow perch in simple and complex lake basins. North 

American Journal of Fisheries Management 30(1):179-190. 

 

Ricker, W. E. 1975. Computation and interpretation of biological statistics of fish  

populations. Fisheries Research Board of Canada Bulletin 191. 

 

Robillard, S. R., and J. E. Marsden. 1996. Comparison of otolith and scale ages for  

yellow  perch from Lake Michigan. Journal of Great Lakes Research 22(2):429-

435. 

 

Robillard, S. R., and J. E. Marsden. 2001. Spawning substrate preferences of yellow  

perch along a sand–cobble shoreline in southwestern Lake Michigan. North 

American Journal of Fisheries Management 21(1):208-215. 

 

Ross, M. J., and D. B. Siniff. 1982. Temperatures selected in a power plant thermal  

effluent by adult yellow perch (Perca flavescens) in winter. Canadian Journal of 

Fisheries and Aquatic Sciences 39:346–349. 

 

 



 

53 

 

Rydell, J. J., T. E. Lauer, and P. S. Forsythe. 2010. The influence of abiotic factors on gill  

net catch rates of yellow perch in southern Lake Michigan, 1989-2006. Fisheries 

Management and Ecology. In press. 

 

Sandheinrich, M. B., and W. A. Hubert. 1984. Intraspecific resource portioning by yellow  

perch (Perca flavescens) in a stratified lake. Canadian Journal of Fisheries and 

Aquatic Sciences 41:1745-1752. 

 

Shroyer, S. M., and T. S. McComish. 1998. Forecasting abundance of quality-size yellow  

perch in Indiana waters of Lake Michigan. North American Journal of Fisheries 

Management 18(1):19-24. 

 

Smith, O. H., and J. Van Oosten. 1940. Tagging experiments with lake trout, whitefish,  

and other species of fish from Lake Michigan. Transactions of the American 

Fisheries Society 69(1):63-84. 

 

Thomas, Nathan D. 2007. Trawl and gill net selectivity of yellow perch in southern  

Lake Michigan, 1993 – 2006. MS Thesis. Ball State University.  

 

Truemper, H. A., and T. E. Lauer. 2005. Gape limitation and piscine prey size-selection  

by yellow perch in the extreme southern area of Lake Michigan, with emphasis on 

two exotic prey items. Journal of Fish Biology. 66:135-149. 

 

Wells, L. 1977. Changes in yellow perch (Perca flavescens) populations of Lake  

Michigan, 1954-75. Journal of the Fisheries Research Board of Canada 34:1821-

1829. 

 

Wilberg, M. J., J. R. Bence, B. T. Eggold, D. Makauskas, and D. F. Clapp. 2005. Yellow  

perch dynamics in southwestern Lake Michigan during 1986-2002. North 

American Journal of Fisheries Management 25(3):1130-1152. 



 

54 

 

 

 

Figure 1. Location of the two sample zones Burns Harbor (1) and Michigan City Harbor 

(2) in the southern Indiana portion of Lake Michigan during 2009. 
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Figure 2. Relative length frequency of female yellow perch from the spawn and post-

spawn populations in the southern Indiana portion of Lake Michigan during 2009.  
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Figure 3. Relative length frequency of male yellow perch from the spawn and post-spawn 

populations in the southern Indiana portion of Lake Michigan during 2009.  
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Table 1. Total number of mature females and males captured during the spawn and post-

spawn gill-net sampling during 2009.  

 

Population Females Males Total 

 

Spawn 

 

357 

 

273 

 

630 

 

Post-Spawn 777 70 847 

 

 

 

 

 

 

 

 


