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ABSTRACT 

Measures of angler effort, harvest, and fish abundance are valuable indices for 

assessing management regulations, denoting species interactions, evaluating density

dependent factors regulating fish populations, tracking angler preferences, and 

monitoring sport fish populations as sport fisheries vary in time. In spite of the wide use 

of these metrics in assessing fish populations, their direct relations are not well 

understood. The objectives of this study were to: 1) assess how the annual angler 

harvest, effort, and abundance for sport fish has changed from 1946-1999 in Escanaba 

Lake, Wisconsin 2) determine relations between annual sport angler harvest and effort 

from 1946-1999 in Escanaba Lake, Wisconsin and 3) determine whether sport fish 

abundance could indexed using angler harvest in Escanaba Lake, Wisconsin from 1956-

1999. Following the introduction and establishment of walleye Stizostedion vitreum and 

northern pike Esox lucius in Escanaba Lake, smallmouth bass Micropterus dolomieu, 

largemouth bass Micropterus salmoides, pumpkinseed Lepomis gibbosus, bluegill 

Lepomis macrochirus, black crappie Pomoxis nigromaculatus, and yellow perch Perea 

jlavescens populations declined nearing extirpation during the 1960s. Since 1964, the 

Escanaba Lake sport fishery has consisted of walleye, northern pike, muskellunge Esox 

masquinongy, and a recovered yellow perch population. Centrarchid populations are still 

near extirpation levels and rarely are creeled. Overall, angler harvest shows a bifurcated 

relation with effort that correspond to four chronological time periods suggesting 

different ecological and sociological processes affected annual catch rates throughout the 

history of the fishery. There were significant relations between harvest and effort for 
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many species and all were linear, suggesting that harvest had not attained an asymptote 

(i.e., harvest was still increasing with increasing effort with no evidence of density

dependence ). When anglers identified targeted species ( directed effort), directed effort 

predicted harvest better than total annual effort for all species except muskellunge. 

Overall, sport angler harvest was significantly related to species abundance for yellow 

perch, bluegill, black crappie, walleye, northern pike, and muskellunge from 1956-1999. 

During the modem day fishery from 1964-1999, walleye, yellow perch, and northern pike 

harvest was a significant predictor of abundance. This study shows that effort and 

harvest are significantly related and that harvest can be used to index abundance of fish in 

Escanaba Lake, which holds promise for other similar lakes. 
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INTRODUCTION 

Exploited fish communities are dynamic in nature. Annual estimates of sport 

fishes available to anglers based on spring standing crops at Escanaba Lake, Wisconsin, 

from 1956-1969 have varied from 21.55 kg/ha to 133.86 kg/ha (Kempinger et al. 1975). 

In Clear Lake, Iowa, the standing stock of age 1 + walleyes Stizostedion vitreum ranged 

from 2.63 kg/ha to 16.52 kg/ha (Carlander and Payne 1977). And the estimated number 

of age 2-5 smallmouth bass Micropterus dolomieu present in Pallette Lake, Wisconsin, 

from 1963-1979 ranged from 6 fish/ha to 19 fish/ha (Hoff and Sems 1990). Realizing 

this dynamic nature is important when evaluating fish communities and recommending 

appropriate management strategies. 

Fish community structure and variability in fish populations are influenced by 

many abiotic factors, such as water temperature, water levels and sedimentation, along 

with biotic factors like predation and competition (Colby et al. 1979). A positive 

correlation was found between walleye year-class strength and water levels in reservoirs 

(Chevalier 1977; Nelson and Walburg 1977). The fall density of age-0 walleyes was 

inversely related to May water temperature variation in Escanaba Lake, Wisconsin (Sems 

1982a). Maclean and Magnuson (1977) found that substantial evidence exists on the 

importance of predation by and on percids to fish community structure and function. 

Competition and predation by yellow perch Perea flavescens were found to regulate 

mudminnow Umbra limi populations in small, shallow-seepage lakes in northern 

Wisconsin (Tonn 1985). Other important predator-prey relations have also been 
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demonstrated between yellow perch and walleye (Forney 1974; Lyons and Magnuson 

1987; Hansen et al. 1998). 

Human impacts such as regulations, introductions, and angling also influence fish 

community structure. Minimum size limits are often enacted to improve size structure 

(Kempinger and Carline 1978; Hoff 1995; Lyons et al. 1996; Newman and Hoff2000). 

Introductions of rainbow smelt Osmerus mordax (Schneider and Leach 1977; Franzin et 

al. 1994; Hrabik et al. 1998) and northern pike Esox lucius (Wesloh and Olson 1962; 

Anderson and Schupp 1986) have been found to negatively impact and alter existing fish 

communities. After three years of angling in Mid Lake, Wisconsin, (a previously 

unfished warmwater fish community) length- and age-frequency distributions shifted 

towards smaller sizes and younger ages, mean age and life spans decreased, mortality 

rates increased, and proportional stock density declined from values above to values 

below recommended ranges (Goedde and Coble 1981). It is a combination of many 

factors impacting fish populations and an inherent variability in fish populations (Lyons 

1989; Hoff and Serns 1990; Beard and Kampa 1999; Hendrickson and Power 1999) that 

lead to management difficulties. 

Metrics commonly used to evaluate fish communities include angler harvest, 

effort and fish abundance. The sport fishery of Nebish Lake, Wisconsin, consisting of 

smallmouth bass and yellow perch, has been evaluated using fishing pressure and angler 

harvest (Serns 1984; Hoff 1995; Engel et al. 1999). Nelson and Wahlburg (1977) used 

harvest and abundance to help explain the changes of sauger Stizostedion canadense, 

walleye, and yellow perch populations in four Missouri reservoirs. Kempinger et al. 

(1975) also demonstrated a change in the fish community structure of Escanaba Lake, 
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Wisconsin, from a smallmouth bass dominated fishery to one of a walleye dominated 

fishery by examining estimates of abundance and harvest. Collecting and analyzing these 

key parameters help biologists better understand factors such as climate, population 

manipulations, regulations, predation, and competition among others that influence the 

population dynamics associated with fish populations. 

OBJECTIVES 

Chapter I: Relations between angler harvest and effort 

Knowledge of angler harvest and effort are needed for successful management of 

exploited fish communities. Harvest and effort can be used to calculate catch and harvest 

rates (Isbell and Rawson 1989) and track angler preferences through time (Olson and 

Cunningham 1989). Because angling is also a sampling gear (Parsons et al. 1991; 

Sztramko et al. 1991; Quertermus 1991), good harvest and effort data can also be useful 

in documenting changes in fish communities, associating changes in abundance with 

human-influenced activities such as regulations, and in highlighting interactions among 

fish species (Inskip and Magnuson 1983). Regulations can then be set for specific 

fisheries based on the harvest response to angler effort. 

While angler harvest and effort are often used in tandem in fisheries management, 

the direct relations between these parameters are not clearly understood. It is generally 

thought that higher levels of effort result in increased harvest. There is evidence that 

supports this. Total annual angler harvest and total annual effort were found to be 

3 



significantly related in the Murphy Flowage, Wisconsin, from 1955-1970, a fishery 

dominated by bluegill Lepomis macrochirus, northern pike, and largemouth bass 

Micropterus salmoides (Snow 1978). Likewise, Moring (1993) found that the total 

annual harvest of wild salmonids seemed to be directly influenced by angler effort in 

three streams of the Willamette River watershed, Oregon, from 1974-1979. But, harvest 

and effort are not always synchronized. Engel et al. (1999) found that fishing effort on 

Nebish Lake, Wisconsin increased during 1972-1993 for smallmouth bass while the 

harvest decreased. A study by Manges ( 1951) also suggests that the species composition 

harvested may be affected more by fishing techniques; natural vs. artificial bait fishing. 

Snow (1978) recommended that further studies in smaller bodies of water (where 

research would be easier) would be a valuable aid in determining the relations between 

angler effort and harvest. 

Long-term data on angler harvest and effort from Escanaba Lake was used to 

explore relations between harvest and effort. Angler harvest from ten different fish 

species and effort from 1946-1999 was used for analysis. A subset of directed effort and 

directed harvest (from 1987-1999), where effort and harvest was targeted at a particular 

species, was also compared against non-directed (total annual) effort and harvest. 

Specifically, the objectives in Chapter I were to examine the angling chronology of 

Escanaba Lake from 1946-1999 to 1) assess how the angler harvest and effort for all 

species has changed and 2) determine relations between harvest and effort. 
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Chapter II: Linkage between angler harvest and abundance 

Like angler effort, fish abundance is also thought to influence angler harvest. 

Unlike discrepancies in relations between angler harvest and effort though, there seems to 

be more of a general consensus that at some level, fish abundance does influence angler 

harvest. For instance, Gulland (1961) found that the abundance of an exploited year

class at any time depends on the angler harvest, which has prevailed during the years it 

has been in the fishery. Angler harvest was also used, by inference, to represent changes 

in abundance of game species over an 80 year period in Big Pine Lake, Wisconsin (Inskip 

and Magnuson 1983). In another study, the number of white crappies Pomoxis annularis 

captured in trap-nets in Missouri reservoirs were significantly correlated with harvest the 

following year (Colvin 1991). 

Accurate abundance estimates are relied upon by biologists to manage fisheries. 

Without accurate estimates, populations can become overexploited (Nepszy 1977), 

impacts from environmental perturbations can be misdiagnosed (Schroeter et al. 1993), 

effectiveness ofregulations may be compromised (Lackey and Hubert 1982), or density

dependent factors regulating populations may be misunderstood (MacArthur and Connell 

1966). Fyke and trap-nets (Hansen 1953), gill nets (Hamley and Regier 1973), seines 

(Lyons 1989), trawls (Hayes et al. 1996), and electrofishing (Sems 1982b) are common 

methods used to monitor the abundance of fish (Kempinger et al 1975). Other gears, 

such as angler harvest, are often overlooked when it comes to estimating abundance. 

There are, in many instances, creel data available (Sems 1978; Quertermus 1991; 

Sztramko et al. 1991) when abundance estimates are not. If relations between angler 
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harvest and abundance are predictable, resource managers could then use angler harvest 

to gauge abundance. 

Long-term data on angler harvest and abundance from Escanaba Lake was used to 

study relations between harvest and abundance. Angler harvest and abundance of eight 

fish species from 1956-1999 was used for analysis. Specifically the objective in Chapter 

II was to determine whether sport fish abundance could be derived from angler harvest in 

Escanaba Lake from 1956-1999. 
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CHAPTER I 

ANGLER HARVEST AND EFFORT IN ESCANABA LAKE, 

WISCONSIN, FROM 1946-1999 

Abstract. Measures of angler harvest and effort are valuable indices used to monitor 

sport fisheries as they reflect the dynamic nature of fish populations, as well as fish and 

angler behavior. The objectives of this study were to 1) assess how annual angler harvest 

and effort for all species of fish changed and 2) determine relations between angler 

harvest and effort from 1946-1999 in Escanaba Lake, Wisconsin, using data obtained 

from a mandatory, year-round creel census. Since 1946, the fishery in Escanaba Lake, 

while variable, changed from one where smallmouth bass Micropterus dolomieu was the 

dominant predator harvested, to one currently dominated by walleye Stizostedion vitreum 

harvest. The harvest of other species varied considerably during this time with stark 

declines in black crappie Pomoxis nigromaculatus, pumpkinseed Lepomis gibbosus, 

bluegill Lepomis macrochirus, and largemouth bass Micropterus salmoides. Overall, 

angler harvest shows a bifurcated relation with effort that corresponds to four distinct 

chronological time periods reflecting different ecological and sociological processes 

affecting annual angler catch rates throughout the history of the fishery. There were 

significant relations between harvest and effort for many species; all relations were 

linear, suggesting that harvest had not attained an asymptote (i.e., harvest was still 

increasing with increasing effort with no evidence of density-dependence). When anglers 

targeted species (directed effort), effort predicted harvest better than total annual effort 

for all species except muskellunge Esox masquinongy. Muskellunge harvest may not 
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respond to directed muskellunge effort because of catch-and-release angling among 

fisherman targeting muskellunge and because many muskellunge may be caught 

incidentally by a wide variety of anglers and subsequently harvested. This secondary 

harvest of muskellunge may account for a majority of the muskellunge harvest in 

Escanaba Lake. This study shows that fisheries and fish communities can shift quickly 

and dramatically requiring regular monitoring in order to detect changes and prescribe 

appropriate management regulations. Moreover, long-term evaluations provide different 

insights into how fisheries operate than short-term studies. 
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INTRODUCTION 

Key parameters used to evaluate fisheries include angler harvest and effort, yet 

their relations are not easily predicted among water bodies. While effort is partly 

responsible for harvest (Snow 1978), harvest often varies due to other abiotic and biotic 

factors such as water temperatures (McMichael and Kaya 1991), spring thermal fronts 

(Aultman and Haynes 1993), fishing techniques (Manges 1951) and prey density (Lux 

and Smith 1960). The results are situations in which harvest and effort relations may be 

synchronized (i.e., harvest is significantly related to effort) (Snow 1978; Moring 1993) or 

not synchronized (i.e. no relation between harvest and effort) (Engel et al. 1999; Newman 

and Hoff 2000). Where relations between harvest and effort are synchronized, harvest 

can be further influenced by density-dependence (Ricker 1975). 

Harvest and effort chronologies can be used to calculate catch and harvest rates 

(Isbell and Rawson 1989) and track angler preferences through time (Olson and 

Cunningham 1989). Because angling is also a sampling gear (Parsons et al. 1991; 

Quertermus 1991; Sztrarnko et al. 1991 ), good harvest and effort data can be useful in 

documenting changes in fish communities, associating changes in abundance with 

human-influenced activities such as regulations, and in highlighting interactions among 

fish species (Inskip and Magnuson 1983). Regulations can then be set for specific 

fisheries based on the harvest response to angler effort. 

Escanaba Lake, located in northern Wisconsin, provides an opportunity to study 

relations between harvest and effort of sport fish. Escanaba Lake has been maintained as 

a research lake used to evaluate, among other things, harvest regulations on sport fish. Of 
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particular interest in Escanaba Lake, has been the focus of walleye Stizostedion vitreum 

harvest and population dynamics (Kempinger and Carline 1977; Sems and Kempinger 

1981; Sems 1982a; Sems 1982c; Sems 1986; Sems 1987). Other species in Escanaba 

Lake have received less focus. Escanaba Lake provides a long-term chronology of 

changes in angler harvest and effort that can elucidate how angling and the fish 

community has changed. The objectives of this study were to examine the angling 

chronology of Escanaba Lake from 1946-1999 to 1) assess how the annual angler harvest 

and effort for all species has changed and 2) determine relations between harvest and 

effort. 

STUDY AREA 

Escanaba Lake (latitude 46°04', longitude 89°35') is a 119-ha drainage lake in 

Vilas County, Wisconsin (Appendix A). The lake has a maximum depth of 8 m, a mean 

depth of 43 m and a shoreline length of 8.2 km (Kempinger and Carline 1977). The 

shoreline is irregular with a substrate of gravel, cobble, silt, and sand. Several small 

islands are present which have primarily cobble shorelines. The lake has an inlet and 

outlet, but their intermittent flow combined with a fish barrier screen on the outlet 

minimizes fish migration (Hoff and Sems 1986). Temperature stratification occurs 

briefly in summer, with dissolved oxygen levels falling below 5 mg/1 at depths greater 

than 6 m (Hansen et al. 1998). Ice cover generally extends from mid-November through 

mid-April, but there has been no evidence ofwinterkill since 1946 (Hansen et al. 1998). 



The only development on the lake is a boat landing at the Northern Highland Fishery 

Research Area contact station. 

Twenty-four fish species are, or were present in Escanaba Lake at one time 

(Appendix B, Kempinger et al. 1975). Walleye and northern pike Esox lucius are not 

native to the lake and were both introduced from 1933-1945 (Appendix C, Kempinger et 

al. 1975). Walleye established a reproducing population by 1943 (Kempinger et al. 1975) 

and northern pike by 1956 (Kempinger and Carline 1978). The only fish stockings since 

1946 have been experimental plants of marked muskellunge Esox masquinongy and 

walleye fingerlings and yearlings; in both cases these were supplemental stockings 

(Appendix C, Kempinger et al. 1975). Other common species include yellow perch 

Percaflavescens, muskellunge, rock bass Ambloplites rupestris and white sucker 

Catostomous commersoni. Smallmouth bass Micropterus dolomieu, largemouth bass 

Micropterus salmoides, pumpkinseed Lepomis gibbosus, bluegill Lepomis macrochirus, 

and black crappie Pomoxis nigromaculatus were generally abundant before walleye and 

northern pike became established in the lake, but have since declined. 

Since 1946, Escanaba Lake has had liberalized fishing regulations with no bag 

limit, size limit, or closed season for any species with the exception of a 56 cm length 

limit for northern pike from 1964-1972 (Kempinger and Carline 1978). A complete 

compulsory creel census has also been in operation on Escanaba Lake since 1946, 

whereby anglers are required to obtain a free fishing permit from the research station 

before fishing, return the permit when through fishing and allow creel census personnel 

to inspect their catch. All fish harvested are measured, weighed and checked for fin 

clips; gamefish also have scales taken and have any tags removed. Effort (total hours 
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fished) is recorded for each angler. Beginning in 1987, anglers have also been asked to 

identify what species of fish they specifically targeted during their trip. The fishing year 

is considered to run from the time when Escanaba Lake is 100% ice-free in the spring of 

one year until 100% ice-free the next spring. 

METHODS 

Angler harvest for ten fish species has been summarized annually as total annual 

harvest (i.e., all game species combined) and species-specific harvest (total annual 

harvest of each species) from 1946-1999. Directed harvest (from 1987-1999) is a subset 

of species-specific harvest pertaining only to that fraction of species-specific harvest that 

was directly (i.e., intentionally) targeted by anglers (Table 1 ). Angler effort has been 

summarized concurrently as total annual effort from 1946-1999 and directed effort from 

1987-1999. Directed effort is a subset of total annual effort pertaining only to that 

fraction of total annual effort that was directed at a particular species of fish. The 

specific source of data for 1946-1969 was obtained from Kempinger et al. ( 197 5), for 

1970-1986 from 15-day summary sheets located in annual files at the Escanaba Lake 

contact station, and for 1987-1999 from a creel database at the contact station (Appendix 

D). The directed effort and directed harvest data was also obtained from the creel 

database (Appendix E). 

Harvest chronologies that summarized species-specific harvest were constructed 

from 1946-1999 for ten fish species and evaluated for trends in the Escanaba Lake 

fishery. Relations between harvest and effort were assessed three ways: 1) total annual 
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Table 1. Fish species with angler harvest data available in Escanaba Lake. 

Species-specific harvest 1946-1999 

Walleye 

Yellow Perch 

Northern Pike 

Muskellunge 

Smallmouth Bass 

Largemouth Bass 

Pumpkinseed 

Black Crappie 

Rock Bass 

Bluegill 

13 

Directed harvest 1987-1999 

Walleye 

Yellow Perch 

Northern Pike 

Muskellunge 



harvest as a function of total annual effort from 1946-1999 2) species-specific harvest as 

a function of total annual effort from 1946-1999 and 3) directed harvest as a function of 

directed effort during 1987-1999. Linear and non-linear regression analysis was used to 

evaluate relations between angler harvest and effort and to test for density-dependence. 

A linear relation was evaluated using the equation: 

where: 

y =mx+b 

y = harvest (number of fish) 
x = effort (hours fished) 
b = intercept 
m = parameter estimate 

Non-linear regression models were used to evaluate the occurrence of density

dependence using the traditional Ricker (1975) non-linear model: 

where: 

y = axe•bx 

y = harvest (number of fish) 
x = effort (hours fished) 
a = a dimensionless parameter 
b = a parameter with dimensions of 1/x 

Models were evaluated to maximize the coefficient of determination (r2) and normalize 

residual error. Relations between angler harvest and effort were considered significant at 

P::;; 0.05. 
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RESULTS 

Harvest Chronologies 

Initially, smallmouth bass were the dominant sport fish in Escanaba Lake (Figure 

1). Walleye established a reproducing population in 1947 following ten years of 

stocking. After walleye became established, native smallmouth bass harvest began to 

decline, while harvest of other species including yellow perch, rock bass, black crappie, 

pumpkinseed, bluegill, and largemouth bass initially increased. Northern pike 

established a reproducing population from previous stocking attempts by 1956 and once 

northern pike were established (along with walleye), smallmouth bass and all of the 

species that had an increased harvest after walleye became established, began to decline, 

with many approaching extirpation in the 1960s (Figure 1). Walleye and muskellunge 

harvest, while quite variable during this time, did not exhibit similar declines. Northern 

pike harvest increased rapidly after they became established until the size limit was 

placed in 1964, which resulted in decreased northern pike harvest. 

Since becoming established, walleye have been the most frequently harvested 

predator. And walleye harvest, while quite variable during the study period, has 

consistently exceeded approximately 1,000 or more walleye each year since they became 

established (Figure 1 ). Centrarchid harvest continued to be low following their near 

extirpation. There was a brief period in the late 1970s and early 1980s in which the 

angler harvest slightly increased for black crappie, largemouth bass, and rock bass, but 

the harvest declined again. Yellow perch, unlike the centrarchids, increased in the 

15 



7 
06 
~ 5 
e,4 
ti 3 
" ~ 2 

::r: I 

Walleye 

0+--------~--------
1940 1950 1960 1970 1980 1990 2000 

Year 

Yellow Perch 

s 

:i l \fl .. ~, 
0 
0 -C, 
ti 

" ~ 
::r:: 

1940 1950 1960 1970 1980 1990 2000 

Year 

Rock Bass 
,__ 

L: l 0 

A ... -M-

0 
0 -◊ 
<;;:; 

" ~ 0.5 
, ... ,-,.., ::r:: 0 

1940 1950 1960 1970 1980 1990 2000 

Year 

Northern Pike 

§O-~l k e, 0.6 
ii 0.4 

~ 0.2 
::r:: Q +-----<1"'11"'1 I .. I .. IIMll~--,-_;,c;L..,:;.._~,,...,-rt¢"""eoz;:::..;,.;::z:31o,1 

1940 1950 1960 1970 1980 1990 2000 

~ 0.08 _ o, I 
0 0.06 
ii 0.04 
~ 0.02 

::r:: 0 

1940 

Year 

Muskellunge 

1950 1960 1970 1980 1990 2000 

Year 

,__ 30 
g 25 
S 20 
~ 
~ 15 
ti 
0 IO 

Pumpkinseed 

~ 5 
::r:: O+-_...,.-.._,-.....,.,.._...., ____ ~ 

1940 1950 1960 1970 1980 1990 2000 
Year 

Bluegill 

I :j I J\ ................................ .. 
1940 1950 1960 1970 1980 1990 2000 

Year 

Black Crappie 

""'' .. & ... , .. ,L\1\ ............. .. 
1940 1950 1960 1970 1980 1990 2000 

Year 

,__ I l § 0.8 
e, 0.6 
ii 0.4 

~ 0.2 
::r:: 0 

1940 

Smallmouth Bass 

~'""'""'"""""" "'' """"' 
1950 1960 1970 1980 1990 2000 

Year 

Largemouth Bass 

1990 2000 

Year 

Figure 1. Escanaba Lake harvest chronologies from 1946-1999. 

16 



harvest following their decline in the 1960s, but not to levels seen during the 1950s and 

1960s and has been quite variable. Muskellunge harvest remained quite variable, but like 

walleye, muskellunge have been harvested each year since 1946. Northern pike harvest 

initially increased following the removal of the size limit in 1973. However, after the 

initial rise, northern pike harvest decreased and has since remained relatively low. 

Total Annual Harvest and Total Annual Effort 

In general, total annual effort has declined in the Escanaba Lake fishery through 

time. Relations between total annual harvest and total annual effort were linear and 

significant (r2 = 0.33; Figure 2), but the residuals could not be normalized. The non

linear model was also significant (r2 = 0.29; Appendix F), but the coefficient of 

determination was lower suggesting that density-dependence has not been attained. 

Although relations between total annual harvest and total annual effort were significant, 

once approximately 19,000 hours of total annual effort has been exceeded in Escanaba 

Lake, there is a bifurcation in the relation (Figure 2). Examination of the years of harvest 

and effort reveal three separate harvest and effort periods (Figure 2). Below 19,000 hours 

of effort is a low harvest (1354-12, 162 fish annually) and low angler effort (8041.5-

19,332.0 hours) period. Above 19,000 hours of effort are two different harvest 

trajectories. One represents a period of low harvest (3821-8184 fish annually) and high 

angler effort (21,874.0-35,862.0 hours), while the other represents a period of high 

harvest (22,616-43,241 fish annually) and high angler effort (18,497.0-26,368.0 hours). 
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Four chronological time periods in the Escanaba Lake fishery are represented by 

the three separate harvest and effort periods (Table 2). Two different chronological 

periods comprise the low harvest-low effort period (below 19,000 hours total annual 

effort) and represent a majority of the years of the Escanaba Lake fishery. The first is 

from 1946-1949, a time period immediately following establishment of the Escanaba 

Lake research area. The second is the most recent period from 1964-1999, a period in 

which walleye were the most common species harvested followed by yellow perch, and 

few centrarchids (Figure 1, Appendix D). The low harvest-high effort (above 19,000 

hours total annual effort) trajectory occurred from 1950-1953 and the year 1984. 

Walleye were the most common species harvested, with relatively low numbers of 

harvest of the other species (Figure 1). Density-dependence may have been attained, 

during this period dominated by walleye harvest, as the high total annual effort exerted 

during this period did not result in larger harvest of walleyes when compared with 

walleye harvest from other harvest-effort periods. The high harvest-high effort (above 

19,000 hours total annual effort) trajectory occurred from 1955-1963. Large numbers of 

pumpkinseed and yellow perch were harvested during this period (Figure 1 ). Density

dependence appears not to have been attained during this period, because increased total 

annual effort resulted in larger harvest of pumpkinseed and yellow perch. 

Species-specific Harvest and Total Annual Effort 

In assessing total annual species-specific harvest relative to total annual effort, 

there were significant linear relations for nine of the ten species from 1946-1999 (Table 
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Table 2. Escanaba Lake distinct harvest and effort time periods. 

Ti:rµe period 1 

1946-1949 

1950-1953 

1955-1963 

1964-1999 

Harvest-Effort relation 

Low Harvest-Low Effort 

Low Harvest-High Effort 

High Harvest-High Effort 

Low Harvest-Low Effort 

1Outliers in time period: 1954, 1984 
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3). Significant coefficients of detennination ranged from 0.07 to 0.42 with rock bass and 

walleye harvest having the highest coefficients of detennination at 0.42 and 0.36, 

respectively. Only muskellunge harvest was not significantly related to total annual 

effort. Linear models were better predictors of species-specific harvest than non-linear 

models; coefficients of detennination were higher and residuals exhibited a more random 

distribution (Table 3; Appendix F). 

Relations between species-specific harvest and total annual effort of yellow perch, 

pumpkinseed, and to a lesser extent bluegill, black crappie, largemouth bass, and northern 

pike exhibit similar patterns to total annual harvest and total annual effort patterns. 

Below 19,000 hours of total annual effort, there was relatively low harvest. Once 

approximately 19,000 hours of total annual effort was exceeded there were two harvest 

trajectories. One trajectory had species-specific harvest increasing with increasing total 

annual effort (not density-dependent), and another where species-specific harvest did not 

increase with increasing total annual effort (density-dependent) (Figure 3). Examination 

of the years revealed that the trajectory in which harvest of these species increased with 

increased effort corresponded to the high harvest-high effort period from 1955-1963. 

The trajectory in which harvest did not increase with higher effort corresponded to the 

low harvest-high effort period from 1950-1953, a period dominated by walleye harvest. 

Species-specific Harvest and Total Annual Effort vs Directed Harvest and Directed Effort 

From 1987-1999, linear relations between species-specific harvest and total 

annual effort were significant for three of four species in the fishery; the remaining 
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Table 3. Species-specific harvest (y) as a function of total annual 
effort (x) for sport fish in Escanaba Lake from 1946-1999. 

Species Equation 2 r p 

Walleye y=0.134(x)+349.440 0.36 <0.001 

Yellow Perch y=0.275(x)-751.365 0.16 0.002 

Northern Pike1 y=0.030(x)-270. 796 0.33 <0.001 

Muskellunge y=0.00l(x)+ 15.770 0.05 0.106 

Smallmouth Bass y=0.00S(x)-37.696 0.07 0.048 

Largemouth Bass y=0.006(x)-4 7.461 0.27 <0.001 

Purnpkinseed y=0.471(x)-4858.283 0.23 <0.001 

Black Crappie y=0.030(x)-294.665 0.23 <0.001 

Rock Bass y=0.049(x)-480.009 0.42 <0.001 

Bluegill y=0.029(x)-294. 776 0.23 <0.001 

1Northern pike first strong year class was in 1957 after stocking, 
therefore analysis was from 1957-1999. 
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Figure 3. Species-specific harvest as a function of total annual effort in Escanaba Lake 

from 1946-1999. 
1 Species-specific harvest and total annual effort for northern pike from 1957-1999. 
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species had extremely low harvest and were not analyzed (Table 4). Walleye (r2 = 0.60), 

muskellunge (r2 = 0.51) and yellow perch (r2 = 0.43) harvest was significantly related to 

total annual effort; models improved when compared with species-specific harvest for all 

years (1946-1999) for walleye (r2 = 0.36), yellow perch (r2 = 0.16) and muskellunge 

whose harvest was not significantly related to total annual effort. Northern pike harvest 

was not significantly related to total annual effort during this period. Increasing total 

annual effort during this period resulted in increased species-specific harvest for walleye, 

yellow perch, and muskellunge (Figure 4). Similar to models from 1946-1999, linear 

models were again better predictors of species-specific harvest because of higher 

coefficients of determination and better distribution ofresiduals (Table 4; Appendix G). 

Anglers clearly targeted specific sport fish as relations between directed harvest 

and directed effort improved model fits for walleye (r2 = 0.68), yellow perch (r2 = 0.59), 

and northern pike (r2 = 0.79), while muskellunge (r2 = 0.47) did not (Table 4). Harvest 

increased with increased effort for each species during this period suggesting density

dependence was not attained for any species. 

Walleye anglers exerted a majority of the effort in Escanaba Lake during this time 

comprising 73% of the total annual effort (Table 5). Muskellunge and yellow perch 

anglers exerted the next highest amount of effort at 20% and 16% of the total annual 

effort (Table 5). Effort for northern pike comprised 4% of the total annual effort (Table 

5). The remaining species present in Escanaba Lake had some directed effort (1 % of the 

total), even though many of their populations are extremely low. Directed effort was 

variable each year, with effort directed specifically at walleye ranging from 63 % to 81 % 

and muskellunge ranging from 13% to 28% (Figure 5). Effort directed for walleye varied 
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Table 4. Harvest (y) as a function of effort (x) for sport fish in Escanaba Lake from 1987-1999. 

Species-specific harvest-Total annual effort 

Species Equation 
2 r p 

Walleye y=0.428(x)-2642.398 0.60 0.002 

Yell ow Perch y=0.325(x)-1888.901 0.43 0.014 

Northern Pike y=-0.001(x)+58.13 7 0.01 0.775 

Muskellunge y=0.005(x)-31.646 0.51 0.006 

Directed harvest-Directed effort 

Species Equation 2 r p 

Walleye y=0.508(x)-2003.634 0.68 <0.001 

Yellow Perch y=l.283(x)-728.919 0.59 0.002 

Northern Pike y=0.048(x)-9.164 0.79 <0.001 

Muskellunge y=0.0 1 0(x)-9 .880 0.47 0.010 
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Table 5. Angler directed effort (hours fished) as a proportion of total annual effort (hours fished) for individual sport fish in 
Escanaba Lake from 1987-1999. 

Species 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 AVG 

Walleye 0.805 0.802 0.721 0.677 0.642 0.633 0.713 0.702 0.778 0.716 0.729 0.811 0.747 0.731 

Yellow Perch 0.099 0.173 0.157 0.157 0.169 0.179 0.123 0.127 0.171 0.214 0.280 0.116 0.11 I 0.158 

Northern Pike 0.Qll 0.Ql8 0.Ql7 0.029 0.046 0.065 0.061 0.048 0.055 0.072 0.046 0.030 0.016 0.038 

Muskellunge 0.129 0.134 0.237 0.237 0.276 0.254 0.216 0.237 0.181 0.226 0.180 0.151 0.217 0.203 

Smallmouth Bass 0.002 0.005 0.002 0.002 0.005 0.002 0.001 0.002 0.002 0.002 0.001 0.001 0.004 0.002 

N Largemouth Bass 0.003 0.004 0.000 0.001 0.002 0.003 0.004 0.003 0.006 0.005 0.010 0.004 0.004 0.004 
......:i 

Pumpkinseed 0.000 0.000 0.000 0.003 0.003 0.003 0.001 0.000 0.001 0.000 0.000 0.000 0.001 0.001 

Black Crappie 0.001 0.001 0.000 0.001 0.008 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.001 

Rock Bass 0.003 0.000 0.000 0.000 0.004 0.000 0.001 0.000 0.002 0.003 0.Qll 0.002 0.003 0.002 

Bluegill 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 

Total1 1.053 1.138 1.134 1.107 1.156 1.139 1.120 1.120 1.196 1.238 1.258 1.118 1.103 1.140 

1Individual proportions when summed will be greater than one as some anglers fish for more than one species of fish concurrently. 
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from 6004.5-12,309.5 hours and muskellunge varied from 1637.5-3270.5 hours annually 

(Appendix E). 

DISCUSSION 

Harvest chronologies, such as those in Escanaba Lake, are important in 

documenting the dynamic nature of fish communities and provide insights into 

reasonable expectations and limitations of fisheries in time. In Escanaba Lake, catch 

rates were variable and the fish community changed twice, once as walleye and northern 

pike became established, and once as smallmouth bass and other centrarchids declined. 

Cook and Y ounk (1998) found that the total fish harvest ranged from near O to over 24 

fish/hectare, total walleye harvest ranged from O to over 3 walleye/hectare, and yellow 

perch harvest ranged from O to over 5 yellow perch/hectare in Minnesota hard-water 

walleye lakes. Bluegill, black crappie, and yellow perch harvest significantly decreased 

during 1980-1991 statewide in Wisconsin (Beard and Kampa 1999) presumably due to a 

major shift in size structure, resulting in smaller, less-desirable fish for anglers. Harvest 

of yellow perch varied fivefold, black crappie sixfold, and bluegill tenfold during this 

period. Understanding that fish harvest varies from year-to-year and over the long-term 

is important for biologists and anglers to understand. Biologists need to monitor fish 

populations to detect changes and implement appropriate management regulations 

particularly when fish communities change as was demonstrated in Escanaba Lake that 

went from a centrarchid to a walleye dominated system. Similarly, anglers need to 
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realize annual and long-term harvest is affected by short-term and long-term changes in 

fish populations that are caused by random climatic and biological changes in lakes. 

Previous studies making across-lake comparisons of harvest clearly show wide 

variation in angler success. Escanaba Lake shows how harvest among a wide array of 

species varies in time and what realistic harvest levels can be attained in a north

temperate lake. For instance, harvest of walleye ranged from 0.03 to 49 fish/ha, yellow 

perch from 0.8 to 132 fish/ha, northern pike from 0 to 8 fish/ha, and muskellunge from 

0.03 to 0.7 fish/ha. In Big Crooked Lake, Wisconsin, variation in walleye harvest ranged 

from 1.2 to 4.6 fish/ha from 1971-1975 (Serns 1978) and from 1.3 to 7 fish/ha in Wolf 

Lake, Wisconsin, from 1971-1977 (Serns 1981). In Lake Winnibigoshish, Minnesota, 

walleye harvest ranged from 0 to 9 fish/ha, yellow perch from 1 to 7 fish/ha, and northern 

pike from 0.3 to 2 fish/ha from 1938-1995 (Cook and Younk 1998). This variation 

underscores the value of monitoring total annual harvest to illustrate to both biologists 

and anglers that fishing success is highly variable. Factors such as climate (Madenjian et 

al. 1996; Hansen et al. 1998), lake size (Nate et al. 2000), prey density (Lux and Smith 

1960) and stock density (Chevalier 1977) regulate populations and suitable harvest levels. 

Stocking is another factor that clearly affects fish communities. Following the 

stocking and establishment of walleye and northern pike, Escanaba Lake experienced 

declines in smallmouth bass, largemouth bass, pumpkinseed, bluegill, black crappie, rock 

bass, and yellow perch harvest. While direct causation is unknown, other lakes have 

shown similar effects. Repeated stocking and establishment of northern pike led to 

declines in yellow perch and largemouth bass and to a lesser extent bluegill abundance in 

Horseshoe Lake, Minnesota (Anderson and Schupp 1986). Predation by stocked rainbow 
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smelt Osmerus mordax was the likely cause for the extirpation of native cisco Coregonus 

artedii in Sparkling Lake, Wisconsin, and for declines in yellow perch abundance in 

Crystal Lake, Wisconsin (Hrabik et al. 1998). Lake Gogebic, Michigan went from a 

smallmouth bass-dominated fishery to a walleye-dominated fishery following the 

introduction and establishment of walleye (Eschmeyer 1950). 

While angler harvest and effort are often used to evaluate fish communities 

(Churchill and Snow 1964; Sems 1984; Colvin 1991), their direct relations are not 

completely understood and are often time-, lake-, or species-specific. Total annual angler 

harvest and total annual effort have been found to be synchronized (i.e., significantly 

related) in Murphy Flowage, Wisconsin, from 1955-1970, a fishery dominated by 

bluegill, northern pike, and largemouth bass harvest (Snow 1978). Further, Moring 

(1993) found that the total annual harvest of wild salmonids was influenced by angler 

effort in three streams of the Willamette River watershed, Oregon, from 1974-1979. In 

contrast to Snow (1978) and Moring (1993), total annual harvest of smallmouth bass 

decreased 3.3 times (6.2 to 1.9 fish/ha) and 5.5 times for yellow perch (17.9 to 3.2 

fish/ha), as total annual effort increased 1.3 times (18.1 to 23.8 hours/ha) from 1977-1993 

in Nebish Lake, Wisconsin (Engel et al. 1999). In Pallette Lake, Wisconsin total annual 

effort increased 62% (2.0 to 3.3 hrs/ha) despite a 95% (118 to 6 fish/ha) decline in 

smallmouth bass harvest from 1989-1996 (Newman and Hoff2000), showing that 

relations are not always synchronized (i.e., not significantly related). Similar to Snow 

(1978) and Moring (1993), total annual harvest and total annual effort were significantly 

related in Escanaba Lake from 1946-1999. 
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While harvest and effort relations often vary between lakes, relations also vary 

and are often not uniform across species within a lake. Species-specific harvest and 

effort relations in Lake Winnibigoshish, Minnesota, were not uniform from 1938-1995 

(Cook and Younk 1998). Yellow perch harvest steadily increased as a function of 

increased effort during this time, while walleye and northern pike harvest remained 

steady or slightly declined. In Escanaba Lake, species-specific harvest and effort relations 

were also not uniform from 1946-1999. Species-specific harvest was significantly related 

to total annual effort for all species except muskellunge. Perhaps the popularity of catch

and-release angling by muskellunge anglers combined with secondary harvest of 

muskellunge by non-muskellunge anglers may help explain the non-significance of 

muskellunge harvest with total annual effort. Rock bass and walleye harvest was most 

significantly related to total annual effort, while smallmouth bass and yellow perch 

harvest was the least related. 

While total annual harvest and total annual effort were found to be related in 

Escanaba Lake, once approximately 19,000 hours of effort has been exceeded in 

Escanaba Lake the data bifurcates resulting in three distinct groups of harvest and effort 

relations. Below 19,000 hours of total annual effort was considered low harvest and low 

effort. When total annual effort exceeded 19,000 hours, the resulting bifurcation was 

represented by two different harvest trajectories. One trajectory represented low harvest 

and high effort, and another high harvest and high effort. The three harvest and effort 

groups represent four different chronological time periods in the Escanaba Lake fishery. 

Each successive chronological period was dominated by different species harvest and 

differences in harvest-effort relations clearly suggest that each period could have 
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benefited from different regulations. In periods where harvest appears independent of 

effort and density-dependence has not been achieved, liberal regulations might be 

reasonable. Escanaba Lake fish harvest was first dominated by walleye harvest (1946-

1953), then pumpkinseed and yellow perch harvest (1955-1963), and then again by 

walleye harvest through 1999. Fish community shifts such as this have also been 

demonstrated on Big Pine Lake, Wisconsin, during an 80-year harvest chronology from 

1897-1977 (Inskip and Magnuson 1983). Walleye and muskellunge dominated the 

harvest from 1897-1940. After 1940, muskellunge harvest decreased and remained low 

through 1977, while northern pike harvest increased and remained high through 1977. 

Walleye harvest decreased to near zero during 1945-1970, while smallmouth bass harvest 

doubled. Since 1970, smallmouth bass harvest has declined to pre-1940 levels and 

walleye harvest has increased to pre-1940 levels. 

The fish community shifts seen and each species response to effort make the four 

chronological periods in the Escanaba Lake fishery unique. The low effort and low 

harvest period represents a walleye harvest-dominated fishery with linear relations; effort 

exerted during this time was not high enough to exhibit density-dependence. Exerting 

more effort on this fishery would likely shift the fishery into a low harvest and high effort 

relation as demonstrated during 1950-1953 and 1984, where increased effort on a walleye 

harvest dominated fishery did not increase overall harvest. Lastly, the high harvest and 

high effort period (1955-1963), was unique because of the large numbers ofpumpkinseed 

and yellow perch harvested. Relations during this period were also linear as the high 

effort exerted during this period resulted in larger harvest. This fishery ended because of 

a decline in pumpkinseed and yellow perch harvest. Goddard and Redmond (1978) 
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found similar results, as increased effort on Stockton Lake, Missouri, did not increase 

walleye harvest, while white crappie Pomoxis annularis and black crappie harvest 

increased from 1971-1976. 

The directed harvest and directed effort data clearly show that anglers target 

specific fish while angling rather than angle as generalists because directed effort better 

predicted harvest for northern pike, walleye, and yellow perch. Muskellunge were an 

exception as total annual effort predicted muskellunge harvest better than directed effort 

from 1987-1999. However, walleye, yellow perch, and muskellunge models were similar 

using either total annual effort or directed effort because a majority of the effort exerted 

in Escanaba Lake is for walleyes. Walleye anglers fishing Escanaba Lake are often 

characterized as anglers who are fishing to harvest fish for eating. Other species are often 

secondarily caught while walleye fishing and subsequently harvested. Secondary harvest 

of species by walleye fishermen, such as yellow perch and muskellunge, is therefore a 

likely cause in similarity between models using either total annual effort ( comprised of 

mainly walleye effort) or directed effort. 

Though variable, species preference by anglers in Escanaba Lake has consistently 

been directed at walleye, muskellunge and yellow perch from 1987-1999. Not all lakes 

may see consistent species preferences by anglers as seen in Escanaba Lake and effort 

might target strong year classes for individual species. For instance, species preference 

shifted from walleyes to white and black crappie in Stockton Lake, Missouri (Goddard 

and Redmond 1978). Clearly documenting species preference through directed effort and 

harvest data is important as it has been shown that biologists' perceptions of angler 

preferences are often wrong (Miranda and Frese 1991 ). Better understanding directed 
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harvest and directed effort relations and identifying changes in angler preferences over 

time allows a biologist a chance to adjust regulations to compensate for any changes. 

All aquatic systems have a theoretical harvest limit before there is danger to the 

stock (Cushing 1981 ). In Escanaba Lake, these limits have not been reached for walleye, 

northern pike, muskellunge, or yellow perch for the most part, as relations between 

harvest and effort were linear and did not exhibit density-dependence except from 1950-

1953. This is not to say that other lakes necessarily respond in the same manner. 

Escanaba Lake has variable but consistently higher recruitment than other walleye lakes 

(see review by Baccante and Colby 1996). Currently, the state of Wisconsin categorizes 

walleye lakes into different levels ofrecruitment (U.S. Department of the Interior 1991) 

and thus perhaps groups of lakes could be managed similarly. Lakes similar to Escanaba 

Lake could likely respond the same, whereas other lakes would need additional study to 

understand harvest-effort relations. 

Clearly, there are significant relations between harvest and effort for nearly all 

sport fish in Escanaba Lake. However, the effect harvest or density has on the size 

structure of the fish population was not examined. Anderson and Weithman (1978), 

Gablehouse (1984), and Baccante and Colby (1991) have shown the importance of size 

structure to the angling experience. Escanaba Lake is unique in that it has no bag limit, 

size limit, or closed season. If size structure were less than desired, regulations such as 

minimum size limits could improve fishing quality (Sems 1981; Lyons et al. 1996; 

Newman and Hoff 2000). 
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MANAGEMENT IMPLICATIONS 

The Escanaba Lake database clearly illustrates how long-term fishery evaluations 

can provide different insights into how fisheries operate than short-term evaluations. 

Many research and management studies are often conducted and evaluated in a time span 

of a generation or less in fish populations. Within this time frame, there are physical, 

biological, and chemical factors other than those being studied that may be influencing 

fish populations. These other factors can actually mask the true impact of a study or in 

the case of this study, specific harvest-effort relations. The angling chronology in 

Escanaba Lake sheds light on how variability in fish populations and species interactions 

taking place could lead to false conclusions in short-term fishery evaluations. 

The long-term harvest chronology also helps document how the introduction of 

species, in this case the establishment of walleye and northern pike, play roles in altering 

biological fish community, the impacts of which may be irreversible. There may be other 

factors, including environmental or biological, which may also alter the fishery. 

However, the role walleye and northern pike played in reducing and maintaining native 

centrarchid species populations to near extirpation levels since the 1960s in Escanaba 

Lake lends further evidence that biologists need to understand species interactions to the 

fullest before introducing other fish. 

This research revealed that harvest and effort are significantly related in Escanaba 

Lake for both total annual effort and directed effort data. This suggests that effort could 

be used as an index to gauge harvest and perhaps supplement or even replace some creel 

surveys. For instance, if the proportion of total annual effort or directed effort for each 
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species is known for a group of similar lakes by a creel survey, a manager could then 

conduct instantaneous counts to monitor effort on similar lakes in their jurisdiction and 

have an estimate of harvest on a greater number oflakes. 
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CHAPTER II 

ANGLER HARVEST AS AN INDEX OF ABUNDANCE 

IN ESCANABA LAKE, WISCONSIN 

Abstract. Accurate estimates of abundance are essential in fisheries management for 

monitoring fish populations, assessing effectiveness of management regulations and 

adjusting management priorities. Gears commonly used to estimate abundance include 

gill nets, fyke nets, trap nets, seines, and electrofishing. An additional gear, often readily 

available yet not often used as an index of abundance, is sport angler harvest. The 

objective of this study was to determine whether sport fish abundance could be derived 

from angler harvest in Escanaba Lake, Wisconsin from 1956-1999. Annual harvest was 

determined through a mandatory creel census, while abundance was determined by 

various mark-recapture techniques. Overall, sport angler harvest was significantly related 

to species abundance for yellow perch Perea flavescens, bluegill Lepomis macrochirus, 

black crappie Pomoxis nigromaculatus, walleye Stizostedion vitreum, northern pike Esox 

lucius, and muskellunge Esox masquinongy from 1956-1999, but not related to 

pumpkinseed Lepomis gibbosus or rock bass Ambloplites rupestris abundance. Angler 

effort and the interaction between harvest and effort improved model fit for estimating 

the abundance of muskellunge, northern pike, and black crappie. Because relations 

between harvest and abundance were not uniform across species, other factors such as 

angler preference or year class strength likely contribute to the harvest of different 

species. This study demonstrates that angler harvest can be used to index abundance of 

fish in Escanaba Lake and holds promise for other similar bodies of water. 
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INTRODUCTION 

Accurate estimates of abundance are important for estimating fisheries statistics 

used to monitor fish populations. Without accurate estimates of abundance, populations 

can become overexploited (Nepszy 1977; Colby and Nepszy 1981; Miller et al. 1990), 

impacts from environmental perturbations can be misdiagnosed (Schroeter et al. 1993), 

effectiveness of regulations may be misinterpreted (Lackey and Hubert 1982), or density

dependent factors regulating populations may be misunderstood (MacArthur and Connell 

1966). Relative abundance, when shown to be a direct proportion of actual abundance 

can be used an indicator of population density in stock assessment models (Maunder 

2001). 

A variety of gear types are often used to obtain estimates ofrelative abundance in 

inland lakes. Gears commonly used to estimate relative abundance include passive gears 

such as fyke and trap nets (Hansen 1953; Latta 1959; Bernhardt 1960) and gill nets 

(Kennedy 1951; Carlander 1953; Hamley and Reiger 1973; Hamley 1980), and active 

gears such as seines (Moyle et al. 1948; Lyons 1989), trawls (Hayes et al. 1996), 

hydroacoustics (Thome 1983), and electrofishing (Sems 1982b). Realizing limitations 

and selectivity of each of these gears, catch-per-unit-effort (CPUE) sampling is 

standardized in an attempt to minimize other sources of variation in the index such as 

differences in climate, season, and location (Hubert 1996). 

Another gear not often used as an index of abundance, yet sometimes readily 

available, is sport angler harvest. Harvest is often compiled through a creel census under 

the authority of a state management agency (Kem pinger et al. 197 5; Snow 1978) or a 
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private resort or lake association (Serns 1978; Inskip and Magnuson 1983), during fishing 

tournaments (Quertermus 1991), or in angler diaries (Sztramko et al. 1991). In many 

cases, significant relations have been demonstrated using relative or actual abundance to 

predict angler harvest (Gulland 1961; Colvin 1991; Buynak and Mitchell 1993; Beard et 

al. 1997). There is however, a lack of knowledge in knowing if angler harvest could be 

used, just the same as other gear types, as an index of relative or actual abundance. If 

relations between angler harvest and actual abundance are predictable, resource managers 

could then use angler harvest to gauge actual abundance and use the index for stock 

assessment. The objective of this study was to determine whether sport fish abundance 

could be derived from angler harvest in Escanaba Lake, Wisconsin, from 1956-1999. 

STUDY AREA 

Escanaba Lake (latitude 46°04', longitude 89°35') is a 119-ha drainage lake in 

Vilas County, Wisconsin (Appendix A). The lake has a maximum depth of 8 m, a mean 

depth of 4.3 m and a shoreline length of 8.2 km (Kempinger and Carline 1977). Twenty

four fish species are, or were present in Escanaba Lake at one time (Appendix B, 

Kempinger et al. 1975). Walleye Stizostedion vitreum and northern pike Esox lucius are 

not native to th~ lake and were both introduced from 1933-1945 (Appendix C, 

Kempinger et al. 1975). Walleye established a reproducing population by 1943 

(Kempinger et al. 1975) and northern pike by 1956 (Kempinger and Carline 1978). The 

only fish stocked since 1946 have been supplemental plants of marked muskellunge Esox 

masquinongy and walleye fingerlings and yearlings (Appendix C, Kempinger et al. 
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197 5). Other common species include yellow perch Perea jlavescens, muskellunge, rock 

bass Ambloplites rupestris and white sucker Catostomous commersoni. Smallmouth bass 

Micropterus dolomieu, largemouth bass Micropterus salmoides, pumpkinseed Lepomis 

gibbosus, bluegill Lepomis macrochirus, and black crappie Pomoxis nigromacu/atus 

were generally abundant before the walleye and northern pike became established in the 

lake, but have since declined. 

Since 1946, Escanaba Lake has had liberalized fishing regulations with no bag 

limit, size limit, or closed season for any species with the exception of a 56 cm length 

limit for northern pike from 1964-1972 (Kempinger and Carline 1978). A complete 

compulsory creel census has also been in operation on Escanaba Lake since 1946. 

Whereby anglers are required to obtain a free fishing permit from the research station 

before fishing, return the permit when through fishing and allow creel census personnel 

to inspect their catch. All fish harvested are measured, weighed and checked for fin 

clips; gamefish also have scales taken and have any tags removed. Effort (total hours 

fished) is also recorded for each angler. Since 1987, anglers have also been asked to 

identify what species of fish they targeted. The fishing year is considered to run from the 

time when Escanaba Lake is 100% ice-free in the spring of one year until 100% ice-free 

the next spring. 

METHODS 

Angler harvest and effort for ten species and actual abundance for eight species 

has been summarized annually from 1956-1999 (Appendix D; Appendix H). Smallmouth 
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bass and largemouth bass numbers were too low during the study period to estimate 

abundance and could not be used for analysis. The specific source of data was obtained 

for 1956-1969 from the Kempinger et al. (1975) summary, for 1970-1986 from 15-day 

summary sheets located in annual files at the Escanaba Lake contact station, and for 

1987-1999 from a creel database at the contact station (Appendix D). 

The actual abundance of the eight fish species has been estimated at various times 

during various time intervals (Table 6; Appendix H; Appendix I). Population estimates 

in Escanaba Lake were estimated using the Petersen estimator (Ricker 1975): 

N=M*C/R 

where: N = population size 
M = number of fish marked 
C = catch or sample taken for census 
R = number of recaptured marks in the sample 

Actual abundance and harvest chronologies were constructed from 1956-1999 for 

eight species and evaluated for trends in the Escanaba Lake fishery. In Escanaba Lake, 

total annual effort and total annual harvest relations correspond with two distinct 

chronological time periods from 1956-1999 (Figure 6). Based on the distinct 

chronological time periods, analyses were performed from data collected from 1956-1999 

and then partitioned into two sub-periods: 1) 1956-1963 corresponding to high harvest

high effort and 2) 1964-1999 corresponding to low harvest-low effort. Walleye, yellow 

perch, northern pike, and muskellunge are the only species with actual abundance 

estimates during 1964-1999. The other species had populations too low to estimate 

abundance during 1964-1999. Regression analyses were used to evaluate relations 

between harvest and actual abundance. Simple linear regression analyses were first used 
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Table 6. Dates of available population estimates of fish in Escanaba Lake from 1956-1999. 

Total number of 
Species Years of population estimates annual estimates (n) 

Walleye 1956-72, 1974, 1977, 1979-99 40 

Yellow Perch 1956-66, 1969, 1981-99 31 

Northern Pike 1958-72, 1981-1999 34 

Muskellunge 1956-70, 1972, 1974, 1977, 1979-99 39 

Pumpkinseed 1956-1965 10 

Black Crappie 1956-63, 1965 9 

Rock Bass 1956-1963 8 

Bluegill 1956-1964 9 
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Figure 6. Total annual effort and total annual harvest of sport fish in Escanaba Lake from 1956-1999. 
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and then other independent variables, effort and the interaction between harvest and 

effort were added in a multiple linear regression analyses: 

where: y = abundance (number of fish) 
x1 = harvest (number of fish) 
x2 = effort (hours fished) 
X1 *x2 = interaction between harvest and effort 
m1-m3 = coefficients 
b = intercept 

Residuals were examined for non-random distribution, outliers, and serial 

autocorrelation. Relations were considered significant at P $; 0.05. 

Significant models from 1964-1999 were rerun with 80% of the years in model 

and 20% randomly set aside for validation. The percent difference in abundance 

predicted from years used to develop the model was compared to percent difference in 

abundance from years in the validation set. An equivalent number of data points from the 

model development years and validation years were used in the comparison. Model years 

were randomly selected for the analysis. A paired t-test was then used to determine if the 

mean percent difference in abundance from years included in the model was different 

than the mean percent difference from the validation years. Means were considered 

significantly different at P ~ 0.05. 
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RESULTS 

Abundance and Harvest Chronologies 

In the period 1956-1999, there appears to be two periods of harvest-effort 

relations, 1956-1963 and 1964-1999 (Figure 6). The first period was characterized by 

high effort (18,497.0-26,368.0 hours) and high harvest (22,616-43,241 fish), particularly 

the harvest of pumpkinseed and yellow perch, followed by stark declines in 

pumpkinseed, black crappie, rock bass, and bluegill harvest (Figure 7). At the end of this 

period, these species were functionally extirpated from the fishery and have not 

recovered through 1999. The second period was characterized by low effort (8041.5-

22,295.5 hours) and low harvest (1354-12,162 fish) and dominated by walleye and 

yellow perch harvest. 

During the high harvest-high effort period (1956-1963), abundance and harvest 

patterns generally coincided for yellow perch, northern pike, pumpkinseed, black crappie, 

rock bass, and bluegill Lepomis macrochirus, but were more variable for muskellunge 

and walleye (Figure 7). Muskellunge abundance was actually estimated lower than the 

harvest in the late 1950s and early 1960s, while walleye harvest decreased as abundance 

increased in the late 1950s. Harvest ofpumpkinseed, black crappie, and rock bass more 

closely reflected abundance when populations were lower. 

In the low harvest-low effort period (1964-1999), the partitioned harvest through 

time for walleye, yellow perch, northern pike, and muskellunge generally appeared to 

coincide with abundance (Figure 7). However, the highest abundance year for walleye, 
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Figure 7. Escanaba Lake abundance (A) and harvest (H) chronologies from 1956-1999. Gaps in abundance 
indicate periods when abundance was not estimated. Abundance could not be estimated for pumpkinseed, 
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northern pike, and muskellunge did not correspond to the year with the highest harvest. 

Harvest of yellow perch seemed to more closely reflect abundance when populations are 

lower. 

Combined Period 

Sport angler harvest was a significant predictor of species abundance for six of 

the eight species from 1956-1999 (Table 7). Coefficients of detennination ranged from 

0.12 to 0.77 with yellow perch and bluegill having the highest coefficients of 

determination at 0.77 and 0.74, respectively. Forpumpkinseed and rock bass, harvest 

was not a significant predictor of abundance. Yellow perch, bluegill, black crappie, and 

to a lesser extent, walleye, exhibited increased harvest with increased abundance (Figure 

8). Northern pike and muskellunge abundance and harvest relations were more variable 

as harvest was not as good of an index of abundance. 

Effort and the interaction between harvest and effort improved the fit of models 

predicting abundance for only two of the eight species from 1956-1999 (Table 7). Both 

effort (r2 = 0.26) and the interaction between harvest and effort (r2 = 0.21), when added 

with harvest, improved the predictions of muskellunge abundance. The black crappie 

model improved from a coefficient of determination of0.47, when harvest was used 

alone as a predictor, to 0. 79 when the interaction between harvest and effort was added to 

the model. 
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Table 7. Actual abundance (y) as a function of harvest (x1), effort (x2) and the interaction between harvest 

and effort (x1*x2) regression summaries during the combined period in Escanaba Lake from 1956-1999. 

Species Equation r2 p 

Walleye y = 0.745(x1)+3004.991 0.14 0.017 

Yellow Perch y = 3.595(xi)+ 10424.570 0.77 <0.001 

Northern Pike y = 0.963(x1)+651.466 0.12 0.045 

Muskellunge y = 0.929(x1)+44.658 0.12 0.032 

y = 1.201 (x 1)-0.004(x2)+99 .245 0.26 0.002 

y = 3.482(x1)-0.0001275(x1 *x2)+28.770 0.21 0.005 

Pumpkinseed Not Significant 

Black Crappie y= L871(x1)+952.606 0.47 0.042 

y = -1 l.936(x1)+0.000536(x1*x2)+ 1959.301 0.79 0.004 

Rock Bass Not Significant 

Bluegill y= l.151(x1)+400.417 0.74 0.003 
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50 



High Harvest-High Effort Period 

Sport fish harvest for three of eight species was a significant predictor of species 

abundance from 1956-1963 (Table 8). Muskellunge had a coefficient of determination of 

0.83, northern pike 0.76, and bluegill 0.70. Walleye, yellow perch, pumpkinseed, black 

crappie, and rock bass harvest was not a good predictor of abundance. Bluegill, northern 

pike, and muskellunge all had significantly larger harvest when the abundance of each 

species increased (Figure 9). 

Predicting abundance improved for three species when effort or the interaction 

between harvest and effort was added to the model (Table 8). Both effort and the 

interaction between harvest and effort (r2 = 0.96 for both models) improved the accuracy 

of northern pike abundance when added to the model. Effort and the interaction between 

harvest and effort improved the fit of the muskellunge model (r2 = 0.93). While harvest 

alone was not a good predictor of black crappie abundance, harvest in combination with 

the interaction between harvest and effort was a significant predictor (r2 = 0.76). 

Low Harvest-Low Effort Period 

From 1964-1999, only four species comprised the sport fish harvest from 

Escanaba Lake. During this time period, harvest was a significant predictor of abundance 

for three of four species (Table 8). Yellow perch had a coefficient of determination of 

0.45, northern pike had 0.33, and walleye had 0.31. Only muskellunge harvest was not a 

significant predictor of abundance during this period. Effort and the interaction between 
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Table 8. Actual abundance (y) as a function of harvest (x1), effort (x2) and the interaction between harvest and 

effort (x1*x2) regression summaries during the harvest-effort sub-periods in Escanaba Lake from 1956-1999. 

Species Equation r2 p 

1956-1963: High harvest-High effort 

Walleye Not Significant 

Yellow Perch Not Significant 

Northern Pike y= l.762(xi)-88.459 0.76 0.024 

y = l.059(x1)+0.144(x2)-2843.026 0.96 0.004 

y = -3.145(x1)+0.000194(x1 *x2)+217.389 0.96 0.004 

Muskellunge y= 0.985(x1)+3.664 0.83 0.002 

y = 10.306(x1)+0.0l l(x2)-0.000416(x1 *x2)-241.772 0.93 0.003 

Pumpkinseed Not Significant 

Black Crappie y = -l 1.93 l(x1)+0.000536(x1*x2)+ 1956.322 0.76 0.012 

Rock Bass Not Significant 

Bluegill y= l.014(xi)+568.394 0.70 0.010 

1964-1999: Low harvest-Low effort 

Walleye y = l .298(x1)+2032.059 0.31 0.001 

Yellow Perch y = 4.246(x1)+8943.469 0.45 <0.001 

Northern Pike y = 8.503(x1)+265.634 0.33 0.002 

Muskellunge Not Significant 
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harvest and effort did not improve the fit of any model from 1964-1999. Walleye, yellow 

perch, and northern pike had significantly larger harvest when the abundance of each 

species increased (Figure 10). 

For the walleye and northern pike validation model six years were randomly 

chosen and removed from model, while five were removed for yellow perch. There were 

large differences between the predicted abundance and actual abundance for all three 

species between validation years and years tested which were used in the model 

development (Appendix J). Differences between the predicted and actual abundance of 

walleye ranged from 0.65-174.27% with a mean of 48.92% in the validation years and 

4.43-66.08% with a mean of21.99% in the years within the model. Yellow perch had a 

percent difference between predicted and actual abundance range from 1. 72-71. 77% with 

a mean of 43.97% in the validation years and 7.71-709.52% with a mean of 155.88% in 

the years within the model. Differences between the predicted and actual abundance of 

northern pike ranged from 25.42-1277.16% with a mean of 354.29% in the validation 

years and 34.89-197.47% with a mean of73.19% in the years within the model. Paired t

tests comparing the means between validation years and years within the model revealed 

no significant difference between means for walleye, yellow perch, or northern pike, 

though (Appendix J). 
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DISCUSSION 

Overall, angler harvest was a significant predictor of fish abundance in Escanaba 

Lake. However, abundance and harvest relations were not uniform through time and 

changed depending on species-specific harvest-effort relations. Sport fish harvest was a 

significant predictor of abundance for muskellunge, northern pike, and bluegill from 

1956-1963 (high harvest-high effort), for walleye, yellow perch, and northern pike from 

1964-1999 (low harvest-low effort), and for walleye, yellow perch, northern pike, 

muskellunge, black crappie, and bluegill from 1956-1999 (combined period). 

Indices of abundance based on angler harvest need to evaluate differences in 

angler preferences, such as size class differences or species targeted by anglers. 

Pumpkinseed and yellow perch had the largest angler harvest and highest abundance of 

any species from 1956-1963 in Escanaba Lake. Despite this, harvest and abundance were 

not related during this period. It appears in Escanaba Lake that harvest more closely 

reflects abundance at lower abundance levels for yellow perch, pumpkinseed, and even 

black crappie and rock bass. In Ridge Lake, Illinois, Santucci and Wahl ( 1991) found 

that anglers did not catch small fish in proportion to their abundance in the population. 

By including only large fish in their analysis, they found a positive relationship between 

abundance and angler catch rate for largemouth bass, but not for bluegill. Further 

analysis using larger sizes was not conducted with the Escanaba Lake data. But if the 

smaller fish that were present and underrepresented in angler harvest were excluded from 

analysis, harvest may have become a significant predictor of abundance for yellow perch, 

pumpkinseed, black crappie, and rock bass. However, other factors have been shown to 
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attribute to a lack of a relation between abundance and harvest in bluegills and could also 

be important factors to consider for species in Escanaba Lake. These factors include the 

fact that bluegills are prolific spawners and consistently recruit strong year classes (Coble 

1988), are easily caught (Coble 1988), and are often abundant in the catch of anglers 

fishing for other species (Santucci and Wahl 1990). 

Use of sport fish harvest as an index of actual abundance requires use of a 

standardized unit of effort or analyses that take into account variable effort over years, 

understanding that angling effort influences angler harvest levels (Snow 1978; Moring 

1993). Angler harvest and effort were also found to be significantly related in Escanaba 

Lake (Chapter 1: Gauthier thesis). Effort and the interaction between harvest and effort 

when combined with angler harvest did improve the predictive capability of black 

crappie, northern pike, and muskellunge abundance in Escanaba Lake. However, for 

walleye, yellow perch, and pumpkinseed, species whose harvest has dominated the 

Escanaba Lake fishery throughout the study period, effort and the interaction between 

harvest and effort when combined with harvest did not improve the predictive capability 

of those species abundance. While harvest increases when populations of fish increase in 

Escanaba Lake, there appears to be a theoretical harvest rate or limit based on abundance 

where increasing effort beyond that theoretical point will not necessarily result in larger 

harvest. 

Changing abundance and variable harvest levels make determinations of realistic 

expectations of abundance and harvest difficult for biologists. Annual harvest of walleye 

ranged from 1.2-4.6 per hectare (a 4-fold increase), while abundance ranged from 36.6-

68.4 per hectare (a 2-fold increase) in Big Crooked Lake, Wisconsin from 1971-1975 
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(Serns 1978). Lake Winnibigoshish, Minnesota, had yellow perch harvest vary from 0-

10.6 per hectare and walleye harvest vary from 2.1-8.4 per hectare from 1938-1995 

(Cook and Younk 1998). In contrast, Escanaba Lake had higher walleye harvest (6.7-

42.8/ha), walleye abundance (12.6-95.8/ha), and yellow perch harvest (0.8-132.3/ha) than 

Big Crooked Lake or Lake Winnibigoshish. Along with this, different biolo·gical, 

chemical, and physical features also make each lake inherently unique (Baccante and 

Colby 1996) and realistic goals of abundance and harvest for one lake may be too high or 

low for another. Long-term abundance and harvest chronologies, such as the one for 

Escanaba Lake, give biologists realistic abundance and harvest expectations for a north

temperate lake, historical reference points as to the current health of fishery, and 

historical proof for fisherman as to how fishing was and how fish populations have 

changed throughout the years. 

Besides the differences in lake features, abundance and harvest are also affected 

by other factors. Abundance within and between lakes varies due to such factors as 

predation, competition, fishing mortality, and various abiotic factors (Colby et al. 1979). 

Harvest within and between lakes can vary for a variety of reasons due to seasons (Crone 

and Malvestuto 1991 ), time of day (Dent and Wagner 1991 ), techniques (Manges 1951 ), 

angler's knowledge level (Hahn 1991), prey availability (Forney 1967), and length 

restrictions (Gablehouse and Willis 1986). Escanaba Lake's long-term chronologies have 

been used in the past to try and address many of these factors, including evaluating 

recruitment (Hansen et al. 1998), setting harvest quotas (Hansen et al. 1991 ), studying 

interactions between anglers and walleyes (Carpenter et al. 1994), evaluating effects of 

liberalized fishing regulations (Churchill 1957; Kempinger et al. 1975; Hoff and Serns 
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1986), evaluating minimum length limits (Kempinger and Carline 1978), and evaluating 

the effects of water temperature on age-0 walleye survival (Serns 1982a) and will 

continue to serve in the future as a baseline for evaluating other management concerns as 

they arise. 

Previous studies using estimates of relative abundance to predict future harvest 

have used many types of active and passive gears to index populations (Hayes et al. 1996; 

Hubert 1996). Catches of walleyes in fall gill net surveys in western Lake Erie were 

good indicators of angler catch the following summer (Isbell and Rawson 1989). Trap

net capture rates for white crappies Pomoxis annularis in four large Missouri reservoirs 

were significantly correlated with harvest the following year (Colvin 1991 ). 

Electro fishing catch rates were positively correlated with angler catch of largemouth bass 

by tournament anglers, non-tournament bass anglers, and non-bass anglers from 

impoundments in Kansas (Gablehouse and Willis 1986) and largemouth bass harvest in 

Lake Minnetonka, Minnesota (Ebbers 1987). Angling used as a sampling gear is 

different than using either standardized active and passive sampling techniques. Passive 

gears capture fish in entanglement or entrapment devices that are not actively moved by 

man (Lagler 1978) and require fish movement into the devices to be effective (Hubert 

1996). Active gears capture fish by "sieving" them from the water with no need for fish 

movement to be effective (Hayes et al. 1996). Angling, unlike other standardized gears, 

could be considered a combination gear: passive or active depending on the fishing 

method. fu contrast to other sampling gears, for angling to be an effective index there 

needs to be a reflexive or behavioral component where a fish actually strikes a lure for 

successful sampling. This is a difficult variable to standardize as fish behavior can vary 
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daily, seasonally, or yearly. Factors that can affect the strike or feeding component of 

successful angling include forage density (Lux and Smith 1960), water temperatures 

(McMichael and Kaya 1991), temperature patterns (Aultman and Haynes 1993), and 

techniques (Manges 1951 ). 

Results from studies that have examined angler catch to predict abundance have 

been equivocal. Relative abundance data based on largemouth bass fishing tournaments 

were reliable when compared with abundance estimates obtained from traditional roving 

creel surveys in Georgia (Quertermus 1991). In contrast, largemouth bass abundance 

estimated using angler harvest oflargemouth bass were 45% lower than mark-recapture 

estimates and 70% lower than cove-rotenone estimates in Back Bay, Virginia (Farman et 

al. 1982). This dichotomy in results and general lack of data available regarding the 

feasibility of using angler harvest to index abundance give credence to the importance of 

further investigations using long-term data such as Escanaba Lake's. 

Determining that angler harvest was a significant index of abundance in Escanaba 

Lake is important. Other sources of angler harvest data often available to biologists, such 

as private resorts or lake associations (Serns 1978; Inskip and Magnuson 1983), fishing 

tournaments (Quertermus 1991), or angler diaries (Sztramko et al. 1991) could possibly 

be used as potential indexes of abundance to assess population trends. Caution should be 

used though in using angler harvest alone as an index of abundance as results in Escanaba 

Lake were quite variable across species and time periods. Further investigations 

incorporating other environmental or biological data into the models may help improve 

the predictive capabilities of abundance from angler harvest. Additional analyses 
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incorporating lake classes into general population responses should also be long-term 

goals for agencies where many lakes lack intensive sampling. 

MANAGEMENT IMPLICATIONS 

Sport angler harvest can be used to index abundance of fish in Escanaba Lake. 

This is important because biologists should consider the value of using reliable sources of 

angler harvest as tools for stock assessment. . Annual fishing tournaments, lake 

associations, lakes completely surrounded by private resorts or landowners, and even 

detailed angler diaries all have potential for existing reliable angler harvest records. 

These outlets are also opportunities for biologists to provide some guidance in setting up 

angler harvest census programs or improve ones that may already exist. Increasing the 

number of reliable sources of angler harvest data within a biologist's jurisdiction will 

ultimately allow a biologist to make wiser management decisions and future management 

recommendations. 

A secondary implication from this study is that abundance gaps in the Escanaba 

Lake database can now be filled in using harvest to predict abundance, giving Escanaba 

Lake a complete data set of abundance for many species from 1956-1999. This is 

important for further ambitions of studying species interactions in Escanaba Lake. And 

because harvest and abundance were found to be related, this allows the use of either 

harvest or abundance to study species interactions. 
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Appendix A. Map of study area, Escanaba Lake, located in Vilas County, Wisconsin. 
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Appendix B. Fish species reported from Escanaba Lake (Kempinger et al. 1975). 

Central mudminnow 
Northern pike 
Muskellunge 
Northern redbelly dace 
Golden shiner 
Common shiner 
Bluntnose minnow 
Fathead minnow 
White sucker 
Black bullhead 
Burbot 
Ninespine stickleback 
Rock bass 
Pumpkinseed 
Bluegill 
Smallmouth bass 
Largemouth bass 
Black crappie 
Iowa darter 
Johnny darter 
Yellow perch 
Logperch 
Walleye 
Mottled sculpin 
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Umbra limi 
Esox lucius 
Esox masquinongy 
Phoxinus eos 
Notemigonous crysoleucas 
Notropis cornutis 
Pimephales notatus 
Pimephales promelas 
Catostomous commersoni 
Ameiurus me/as 
Lota Iota 
Pungitius pungitius 
Ambloplites rupestris 
Lepomis gibbosus 
Lepomis macrochirus 
Micropterus dolomieu 
Micropterus salmoides 
Pomoxis nigromaculatus 
Etheostoma exile 
Etheostoma nigrum 
Perea flavescens 
Percina caprodes 
Stizostedion vitreum 
Cottus bairdi 



Appendix C. Sport fish stocking history in Escanaba Lake (Kempinger et al. 1975). 
Dashed line indicates year creel data collection began. 

Year Species Size Number 
1933 Walleye Fry 103,000 
1933 Largemouth Bass Fingerling 79 
1934 Walleye Fry 95,000 
1935 Walleye Fry 189,000 
1936 Walleye Fry 597,000 
1936 Yellow Perch Yearling 1,000 
1936 Yellow Perch Fingerling 5,000 
1937 Walleye Fry 496,000 
1937 Muskellunge Fry 114,000 
1937 Northern Pike Fry 307,000 
1937 Largemouth Bass Fingerling 750 
1938 Walleye Fry 525,000 
1938 Muskellunge Fry 39,000 
1938 Northern Pike Fry 50,000 
1939 Walleye Fry 200,000 
1939 Northern Pike Fry 90,000 
1939 Muskellunge Fry 86,000 
1940 Walleye Fry 1,628,000 
1940 Northern Pike Fry 50,000 
1940 Muskellunge Fry 63,000 
1941 Walleye Fry 1,100,000 
1941 Northern Pike Fry 50,000 
1941 Muskellunge Fry 7,000 
1941 Shiners Adult 300 
1941 White Sucker Adult 2,500 
1941 White Sucker Fry 500,000 
1942 Walleye Fry 128,000 
1942 Largemouth Bass Fingerling 120 
1943 Largemouth Bass Fingerling 400 
1944 Largemouth Bass Fingerling 1,875 

___ 2_9!~--~~~~~h~~~----!~~~~---------30~ 
19541 Walleye Fingerling 48,300 
1958 Walleye Fingerling 35,800 
1959 Walleye Fingerling 11,000 
1961 Walleye Fingerling 21,000 
1961 Muskellunge Fingerling 291 
1961 Muskellunge Yearling 197 
1965 Muskellunge Fingerling 301 
1966 Muskellunge Yearling 155 

1Marked with fin removal for future identification, 1954-1966. 
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Appendix D. Total annual effort (hours fished), total annual harvest, and species-specific harvest in Escanaba 
Lake from 1946-1999. 

Total 
Year 

Total 
Effort Harvest Walleye 

1946 
1947 
1948 

9386.0 
6295.0 
12776.0 

9982 4 
7058 47 
14048 4313 

1949 19332.0 10224 2 I 99 
1950 35862.0 7924 5887 
1951 21874.0 3821 2267 
1952 25702.0 5226 3791 
1953 28862.0 8 I 84 4683 
1954 17965.0 6408 2292 
1955 23403.0 24629 5227 
1956 24412.0 28902 5096 
1957 24775.0 34796 3624 
1958 26368.0 43241 1178 
1959 21979.0 37703 1010 
1960 22214.0 38013 2469 
1961 18497.0 24708 3593 
1962 22367.0 26391 2490 
1963 20796.0 22616 1352 
1964 12769.0 12162 1758 
1965 10775.0 5535 1532 
1966 13716.0 3252 2783 
1967 14437.0 3551 3362 
1968 9898.0 1354 1028 
1969 11150.0 1697 1044 
1970 14694.5 3132 
1971 16143.5 2919 
1972 11212.0 2225 
1973 13446.0 2393 
1974 11107.5 2092 
1975 16816.0 5170 
1976 15834.0 5380 
1977 18283.5 8904 
1978 17066.5 8254 
1979 12892.0 3627 
1980 14018.0 3444 
1981 11781.0 4131 
1982 13338.0 9773 
1983 13748.0 7479 
1984 22295.5 4701 
1985 I 3547.0 2959 
1986 10552.5 1925 
1987 12690.0 5027 
1988 15346.5 8470 
1989 13096.0 6578 
1990 13828.5 5650 
1991 11354.0 3674 
1992 11065.0 4496 
1993 10964.5 2557 
1994 I 0936.5 249 I 
1995 10617.0 2727 
1996 8071.0 3249 
I 997 I 0282.5 4577 
1998 12813.0 3842 
1999 8041.5 1392 

2176 
2537 
803 
1238 
1091 
4525 
3598 
3016 
3307 
2755 
3150 
1413 
2039 
2664 
2735 
2609 
1256 
2939 
4398 
4277 
2674 
1033 
1726 
1686 
1222 
1304 
1465 
2610 
2986 
1125 

Yellow 
Perch 
8803 
6121 
9026 
7028 
1210 
843 
393 
728 

2072 
9006 
10251 
14612 
15738 
7293 
12225 
7699 
11935 
8182 
3926 
981 
286 
126 
170 
308 
695 
259 
1194 
728 
251 
311 
1408 
5006 
4200 
377 
93 

2551 
7043 
4243 
1407 
240 
576 · 
1994 
3988 
2201 
2883 
2525 
2638 
770 
I 156 
1217 
1670 
1861 
718 
245 

Northern 
Pike 

3 
0 

I 
2 
I 
2 
0 
0 

0 

72 
935 
882 
152 
294 
691 
638 
64 
73 
70 
31 
81 
239 
148 
63 
104 
325 
622 
212 
183 
193 
137 
86 
27 
33 
45 
38 
19 
13 
II 
17 
26 
36 
44 
49 
83 
76 
82 
57 
38 
53 
40 
8 

Total 851491.5 514663 133386 193410 7101 

Muskel1W1ge 
14 
7 
5 
11 
34 
21 
52 
20 
14 
9 
6 

13 
16 
11 
18 
24 
74 
57 
22 
23 
22 
21 
24 
32 
32 
25 
39 
25 
13 
25 
25 
22 
43 
51 
28 
24 
22 
17 
83 
51 
31 
26 
34 
44 
39 
28 
21 
20 
23 
7 

4 
6 
6 

10 

1374 

Species-specific harvest 
Rock Smallmouth Largemouth 
Bass 
240 
306 
224 
235 
380 
343 
366 
1563 
986 
1191 
1844 
1914 
668 
597 
700 
493 
736 
211 
76 
68 
3 
5 
5 
17 
30 
13 
56 
68 
33 
51 
107 
348 
240 
29 
75 
72 
366 
130 
68 
38 
46 
47 
24 
19 
6 

33 
13 
5 
7 

138 
69 
41 
88 
4 

15435 

Bass 
635 
421 
385 
540 
191 
57 
156 
636 
447 
329 
125 
90 
54 
130 
86 
66 
27 
10 
7 

3 
0 
0 
I 

I 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 

I 
0 
0 
0 
2 
0 

I 
0 
I 
0 
0 
0 

0 
0 
0 

0 

4410 

Bass 
167 
52 
53 
62 
49 
21 
90 
47 
68 
146 
161 
283 
203 
101 
103 
72 
176 
172 
137 
81 
25 

0 

2 
2 
2 

1 
0 
9 
13 
10 
7 

4 
3 
12 
15 
4 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
2 
0 
0 

2360 

Black 
Pumpkinseed Crappie 

81 9 
46 27 
18 16 
95 
121 
159 
302 
273 
376 

8109 
10199 
12131 
21740 
25792 
19164 
10958 
9189 
11170 
5839 
2463 
38 

32 
42 
34 
16 
26 
2 
2 

4 
II 
91 
23 
0 
0 
1 

126 
21 
0 
0 

0 

0 
0 

4 

5 
IS 
0 

3 
3 
4 
3 
0 

138734 

12 
18 
13 
5 
10 
8 

63 
645 
1172 
1782 
1300 
1220 
265 
343 
394 
33 
108 
24 
4 
3 
8 
5 
0 

0 
5 
80 
33 
34 
213 
293 
325 
67 
25 
115 
361 
387 

8 
5 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

9439 

Bluegill 
26 
31 
7 

40 
33 
95 
71 

224 
144 
548 
575 
885 
927 
587 
1876 
1244 
730 
430 
300 
203 

I 
0 
9 
6 
9 
3 
0 

0 

0 

1 
5 
0 

0 

0 

2 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
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Appendix E. Directed effort (hours fished) and directed harvest in Escanaba Lake from 1987-1999. 

Directed effort 
Yellow Northern Rock Smallmouth Largemouth Black 

Year Walleye Perch Pike Muskellunge Bass Bass Bass Pumpkinseed Crappie Bluegill 
1987 10216.0 1262.5 135.0 1637.5 40.0 25.5 38.0 0.0 13.5 3.5 
1988 12309.5 2658.0 282.5 2060.5 5.0 81.5 56.0 0.0 14.0 12.0 
1989 9438.0 2060.0 218.5 3098.0 0.0 27.0 0.0 0.0 0.0 0.0 
1990 9356.5 2166.0 407.0 3270.5 0.0 32.5 20.0 47.0 15.0 0.0 
1991 7284.5 1921.0 518.5 3132.0 40.5 61.5 24.0 32.0 95.0 6.0 
1992 7000.5 1977.0 721.0 2813.5 0.0 18.0 28.5 28.5 0.0 0.0 
1993 7819.5 1347.0 668.0 2370.0 15.0 14.0 40.0 14.0 1.0 0.0 
1994 7675.5 1393.5 522.5 2588.0 0.0 25.0 33.5 5.0 7.0 0.0 
1995 8255.5 1816.5 584.0 1919.0 17.0 20.5 61.5 10.5 1.0 0.0 
1996 5782.0 1729.5 581.5 1823.0 23.0 14.0 40.0 0.0 3.0 0.0 
1997 7500.0 2877.0 473.5 1853.5 109.5 6.0 101.5 0.0 13.5 0.0 
1998 10396.0 1482.0 382.5 1935.0 24.0 16.0 55.0 1.5 7.5 21.0 

---l 1999 6004.5 896.5 127.5 1744.0 25.5 31.0 30.5 12.0 0.0 0.0 
D 

Total 109038.0 23586.5 5622.0 30244.5 299.5 372.5 528.5 150.5 170.5 42.5 

Directed harvest 
Yellow Northern 

Year Walleye Perch Pike Muskellunge 
1987 2928 1352 1 19 
1988 4384 3400 21 
1989 4261 1788 2 31 
1990 2664 2682 5 19 
1991 1021 2399 13 20 
1992 1715 2409 26 17 
1993 1680 657 32 14 
1994 1221 1050 21 14 
1995 1299 1114 20 4 
1996 1444 1508 11 4 
1997 2599 1745 10 6 
1998 2986 471 5 5 
1999 1125 216 1 3 

Total 29327 20791 148 177 



Appendix F. Harvest (y) as a function of effort (x) non-linear regression summaries in Escanaba 
Lake from 1946-1999. 

Total annual harvest-Total annual effort 

Equation 

y=(0.5138144)*(x)e(·(-O.OOOOI 156)*(x)) 0.29 

Species-specific harvest-Total annual effort 

Species Equation 2 r 

Walleye y=(0. l 851875)*(x)/-(0.000009l)*(x)) 0.37 

Yell ow Perch y=(0.2330671 )*(x)e(-(O)*(x)) 0.16 

. I 
Northern Pike y=(0.002315017)*(x)e(-(-O.oooo9226)*(x)) 0.38 

Muskellunge y=(0.003044974)*(x)e(·(O.oooo3641)*(x)) 0.08 

Smallmouth Bass y=(0.002648338)*(x)e(-(-O.oooo3405)*(x)) 0.09 

Largemouth Bass y=(0.001959416)*(x)e(-(-O.OOOOll97)*(x)) 0.24 

Pumpkin seed y=(0. l 205512)*(x)e(-(-0.00002488)*(x)) 0.16 

Black Crappie y=(0.008172238)*(x)e(-(-o.00002407)*(x)) 0.23 

Rock Bass y=(0.01093167)*(x)e(·(-o.oooo3356)*(x)) 0.35 

Bluegill y=(0.007910231 )*(x)e(-(-O.ooool3SO)*(x)) 0.17 

11957-1999; northern pike first strong year class was in 1957. 
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Appendix G. Harvest (y) as a function of effort (x) non-linear regression summaries in Escanaba 
Lake from 1987-1999. 

Species-specific harvest-Total annual effort 

Species Equation 2 r 

Walleye y=(0.04 783638)*(x)e(-(-O.OOOI 173)•(x)) 0.66 

Yell ow Perch y=(0.0391621 )*(x)e(-(-o.0001161)•(x)) 0.49 

Northern Pike y=(0 .013 92 735)*(x)e(-(O.OOOI OS I )•(x)) 0.06 

Muskellunge y=(0.00045671 )*(x)e(-(-O.OOOl l47)•(x)) 0.48 

Directed harvest-Directed effort 

Species Equation 2 r 

Walleye y=(0. l l 80336)*(x)e(-(-o.0000924o)•(x)) 0.69 

Yell ow Perch y=(0. 7232615)*(x)e(-(-o.0001095)•(x)) 0.55 

Northern Pike y=(0.00672487)*(x)e(-(-o.oozs67)•(x)) 0.85 

Muskellunge y=(0.00277609)*(x)e(-(-0.00029696)•(x)) 0.47 
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Appendix H. Actual abundance estimates in Escanaba Lake from 1956-1999. 

Year Walleye Yellow Northern Muskellunge Pumpkinseed Black Rock Bluegill 
Perch Pike Crappie Bass 

1956 3250 54000 8 17000 3800 4900 1300 
1957 5530 56000 24 24000 4300 3700 1400 
1958 5695 66000 2000 32 19000 5300 3300 1600 
1959 4930 34000 1200 10 52000 2100 3900 1300 
1960 3235 35000 450 12 26000 1400 1000 2400 
1961 3410 54000 250 16 47000 1400 2400 1700 
1962 4700 68000 1200 66 44000 1600 5600 1800 
1963 1660 37000 700 77 22000 900 1800 400 
1964 1495 29000 1100 124 9000 400 
1965 2705 11000 1950 57 3100 1300 
1966 3035 6000 1900 69 
1967 6155 1200 21 
1968 4080 700 70 
1969 4180 18000 1200 73 
1970 2785 2300 18 
1971 6580 1800 
1972 4200 1500 74 
1973 
1974 3572 18 
1975 
1976 
1977 8539 45 
1978 
1979 5222 63 
1980 7565 72 
1981 3030 17174 195 44 
1982 5308 36262 102 72 
1983 3650 28242 108 45 
1984 7588 7153 143 113 
1985 4950 3132 42 110 
1986 6187 30450 30 77 
1987 5120 33869 51 95 
1988 4544 28101 351 37 
1989 9087 29653 103 260 
1990 5115 14480 308 159 
1991 4069 23926 588 60 
1992 2284 12549 415 103 
1993 4498 15060 608 63 
1994 3566 14409 1418 132 
1995 2587 8603 1740 93 
1996 2378 13574 274 71 
1997 11404 7294 376 60 
1998 6499 9770 560 109 
1999 2849 867 329 60 
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Appendix I. Methods of abundance estimates collected in Escanaba Lake from 1956-1999. 

Species Collection Size or age Type of Abundance Marking (M) gear Recapture (C&R) Data Source 

i'.ears mark estimate and time gear and Eeriod 

Walleye 1956-1972 Age3+ Moneljaw tag Petersen Spring fyke netting Creel census entire season Kempinger and Carline 1977 
or electroshocking 

1974-1987 Age3+ Mone! jaw tag Petersen Spring fyke netting Creel census entire season Annual files at ,Escanaba Lake 
or electroshocking 

1988-1999 Age3+ Moneljaw tag Petersen Spring fyke netting Creel census entire season Annual files at Escanaba Lake 
and spine clip or electroshocking 

Yellow Perch 1956-1969 2:l5cm Fin clip Petersen Spring fyke netting Creel census thru approximately Kempinger et al.1975 
four weeks past marking 

1981-1998 2:l5cm Fin clip Petersen Spring fyke netting Creel census thru June 15 Annual files at Escanaba Lake 
1999 2:15 cm Fin clip Petersen Spring fyke netting Creel census thru June 30 Annual file at Escanaba Lake 

Northern Pike 1959-1963 Age 1+ Preopercle strap tag Petersen Spring fyke netting Creel census entire season Kempinger and Carline 1978 
or fin clip 

00 1964-1972 1 :5:56cm Preopercle strap tag Petersen Spring fyke netting Spring fyke netting Kempinger and Carline 1978 w 
or fin clip 

1964-197i1 >56cm Preopercle strap tag Petersen Spring fyke netting Creel census entire season Kempinger and Carline 1978 
1981-1999 Age I+ Preopercle strap tag Petersen Spring fyke netting Creel census entire season Annual files at Escanaba Lake 

Muskellunge 1956-1981 2:51 cm Preopercle strap tag Petersen Spring fyke netting Creel census entire season Hoff and Serns 1986 
(Bailey) 

1982-1999 2:51 cm Preopercle strap tag Petersen Spring fyke netting Spring fyke netting the following Annual files at Escanaba Lake 
(Bailey) year or the creel census entire season 

Pumpkinseed 1956-1965 2:11 cm Fin clip Petersen Spring fyke netting Creel census thru approximately Kempinger et al. 1975 
four weeks past marking 

Black Crappie 1956-1965 2:15 cm Fin clip Petersen Spring fyke netting Creel census thru approximately Kempinger et al. 1975 
four weeks past marking 

Rock Bass 1956-1963 2:10 cm Fin clip Petersen Spring fyke netting Creel census thru approximately Kempinger et al. 1975 
four weeks past marking 

Bluegill 1956-1964 2:10 cm Fin clip Petersen Spring fyke netting Creel census thru approximately Kempinger et al. 1975 
four weeks past marking 

'Northern pike abundance estimates when combined are age I+. 



Appendix J. Testing of years within (bold) and validation years held out (italics) of the model abundance (y) 
as a function of angler harvest (x) in Escanaba Lake from 1964-1999. 

Total Predicted Actual .1 %.1 
Species Year Harvest Abundance Abundance Abundance Abundance 

Walleye 1970 2176 4625 2785 1840 66.08 

Equation 1974 1091 3263 3572 309 8.66 

y= l .256(x)+ 1892.294 1980 3150 5849 7565 1716 22.69 

1981 1413 3667 3030 637 21.02 

1985 2609 5169 4950 219 4.43 

1987 2939 5584 5120 464 9.06 

Avg.1= 21.99 
T-value -1.4698 

p 0.202 

1964 1758 4100 1495 2605 174.27 

1967 3362 6115 6155 40 0.65 

1982 2039 4453 5308 855 16.10 

1986 1256 3470 6187 2717 43.92 

1994 1222 3427 3566 139 3.89 

1997 2610 5170 11,404 6234 54.66 

Avg.1 = 48.92 
T-value -1.4698 

p 0.202 
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Appendix J. (continued) 

Total Predicted Actual Ll %fl 
Species Year Harvest Abundance Abundance Abundance Abundance 

Yellow Perch 1964 3926 24,555 29,000 4445 15.33 

Equation 1983 4243 26,065 28,242 2177 7.71 

y=4.764(x)+585 l .358 1988 3988 24,850 28,101 3251 11.57 

1990 2883 19,586 14,480 5106 35.26 

1999 245 7019 867 6152 709.52 

Avgll = 155.88 
T-value 0.7502 

p 0.495 

1986 576 8595 30,450 21,855 71.77 

1987 1994 15,351 33,869 18,518 54.68 

1989 2201 16,337 29,653 13,316 44.91 

1992 2638 18,419 12,549 5870 46.77 

1996 1670 13,807 13,574 233 1.72 

Avgll = 43.97 
T-value 0.7502 

p 0.495 



Appendix J. (continued) 

Total Predicted Actual l1 %f1 

Species Year Harvest Abundance Abundance Abundance Abundance 

N orthem Pike 1965 73 884 1950 1066 54.69 

Equation 1967 31 565 1200 635 52.93 

y=7.587(x)+329.691 1968 81 944 700 244 34.89 

1981 33 580 195 385 197.47 

1988 26 527 351 176 50.13 

1993 76 906 608 298 49.06 

Avg f1 = 73.19 
T-value -1.5613 

p 0.179 

1971 63 808 1800 992 55.13 

1972 104 1119 1500 381 25.42 

1982 45 671 102 569 557.95 

1986 11 413 30 383 1277.16 

1990 44 664 308 356 115.43 

1997 53 732 376 356 94.63 

Avg f1 = 354.29 
T-value -1.5613 

p 0.179 
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