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ABSTRACT 

Walleye (Stizostedion vitreum vitreum) and smallmouth bass (Micropterus 
dolomt'eu) diets from Big Crooked Lake, Wisconsin were exa-mined to assess the degree 
of diet overlap and predation occurring between these species in an attempt to deternine 
whether walleye influence smallmouth bass recruitment, which is consistently low 
compared to proximal lakes that do not have walleye. Of 389 adult walleye stomachs 
examined from June 1999 through March 2000, a total of 879 prey fish was found, but 
only m e  was identif ed as a srnallmouth bass. In 303 smallmouth bass stomachs 
examined, 55 prey fish were found and no camibalism was evident, nor were walleye 
preyed upon. Dietary overlap using the Schoener resource overlap index was 0.41 6,0.293 
and 0,205 for the months June, July and August 1999, respectively, indicating that there 
was not a significant dietary overlap during su er months. Because neither diet overlap 
nor prehtion appeared subslantial in Big Crooked Lake, additional research on 
interactions among younger age classes of walleye, interactions at other times of the year, 
and interactions with other species are needed to elucidate limitations to smallmouth bass 
recruiment in this system. 

INTRODUCTION 

Walleye (Stizostedion vitreum vitreum) and smallmouth bass (Micropterus 
dolomieu) are popular spo~tfishes in North America, and both species have been widely 
introduced in attempts to establish or enhance fisheries (Scott and Grossman 1973, Golby 
et al. 1987). These introductions have resulted in a wide range of consequences that are 
not well understood. Of particular concern are indroductions of walleye or smallmouth 
bass into waterbodies already containing a sustaining population of the other species, 
which results in a reduction in p w f h  or abundance of the other species (Kempinger and 
Carline 1977, Johnson and Hale 1977). For instance, smallmouth bass were nearly 
extirpated from Escanaba Lake, Wisconsin after the inlroduction and establishnnent of 
walleye in the late 1940's (Kempinger and Carline 1977). This occurred despite the fact 
that the smallmouth bass was the most abundant top predator in the lake. The bass 
continues to remain in veiy low abundance nearly 50 years after the inlroductions, while 
the walleye sustains a high population (Cauthier 2001). Johnson and Hale (1977) found 
mixed effects in systems where srnallmouth bass were inkoduced to waterbodies 
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containing walleye. In thee of four northeastern Minneso~a lakes, introductions of 
smallmouth bass conresponded to a decrease in walleye a;bundance, In the fourth lake, 
b o h  the smallmouth bass and walleye populations initially increased, but after 
approximately I f years, the smallmouth bass population decreased to a. very low level s 
the walleye abundance continued to increae. Other less well-documented caes  from 
many noplh temperate liakes have added to concerns of fisherres rnsrnagers about walleye 
and smaflmouth bass interactions. 

Precise understanding of causal factors in the decline of either species is uncle= as 
sbdies on feeding interactions bemeen walleye and smallnnouth bass are limited. General 
smallmouth b a s  and walleye food habit shdies indicate that they utilize similar diet 
items, which suggesB that &ey may coqe t e  witfn each other for food (Dobie 1966, Scott 
and Crossman 1973, Colby et al. 1979). Because walleye are thought to prey on a wide 
anay of suitable-sized (i.e., gape sized) fish species (Ryder and Kenr 1978), smallmouth 
bass might be a substantial prey item. Walleye predation has been documented to affect 
orher impoaanl fish species such as: yellow perch (Fomey 1977, H a m m  slnd MargraE 
19931, juvenile salmonids (Maule tlnd Hlorton 1984 , Rjeman et al. 1991) and paddlefish 
(Polyodon spathula) (Mero et al. 1994, Parken 1996), and numerous sbdies show that 
walleye indeed prey on smallmou& bass (Rainey and Lacher 1942, Rosebery 1950, 
Fedomk 1966, Pa ton  and Stevenson 1978, Jones et al. 1994). However, the degee to 
which walleye affect smallmouth bass populations is not well documented. 

Big Crooked Lake, Wisconsin is within the native range of both walleye and 
smallmouth bass (Becker 1983). Big Crooked Lake contains a high standing stock of 
walleye (1 8.5 walleyeha in 1999) and a low standing stock of smallmoulih bass (0.3 
smallmouth bassiha in 1999). In stark conh-ast, nearby Nebish Lake contains a sknding 
stock of 16.2 smallmouth bassiha (Keqinger and Gkstenson 1978) suggesting 
recruitment of smallmouth bass in Big Crooked Lake is limited. The objectives of this 
study were to examine interactions bemeen walleye and smallmom-th bass. Diet overlap 
was evaluated during June, July and Aumst 19199, and predaition on smaIlmouth bass by 
walley was evaluated Erom June 1999 to March 2000. 

Big Crooked Lake is located in Vilas Counv, Wisconsin. The lake is 276 hectares 
in size, has a maximm dep& of "i -5 rn, and has 8.0 km. of shoreline (Serns 1978). Other 
predatory fishes in Big Crooked Lake, besides walleye and smalImouth bass, include 
yellow perch (Pereaglavescens), rock bass (Ambloplites rupestrr's), burbot (Lota toga), 
mskellunge (Esox masquinona) and noahem pike (Esox lucius). Forage species 
included white sucker (Catostomus commersoni), pumpkinseed (Lepomz's gr'bbosus), 
bluntnose minnow (Pimephales notatus), mimic shiner (Notvl's volueellus), co 
shiner (Nortopis cconutus), log perch (13ercina cqrodes), johny  darter (Etheostoma 
nimm) ,  and Iowa d;rrl:er (Etheostoma exile). Gra$slh (Orconectes sp.) are vev abundimt 
along txiith several hxa of Ephemeroptera, Diptera and Odonata. 

Popularion Estimates 

Adult walleye and smallmouth bass populations were es~mated using a Schabel 
msnrk-recapture estimate (acker 1975). Bo& walleye and smallmouth bass were capwed 



prgspam using Eyke nets consisting of 1 stretch mesh and Im hops.  Fish were 
marked with tags (e,g., aluminum jaw bgs for walleye sfnd Flsy@ tags for smallmouth 
bass) and dorsal spines were clipped. Recaphres were cpbbined using night boat AC 
current eleelrofrshing. Multiple runs, each encorngassing the entire shoreline were 

6 pre famed. 

Estimates of smallmouth bass eggs and fr?i were obtained by locating smallmouth 
bass nests using snorkeling and SCUBA in the li~oraf zone. Estimates of eggs and fky 
were obtained by placing a 30-cm2 grid divided into 25, 6-cm2 squares on each nest. 
Visual estimates of n u d e r  of eggs and pre swim-up black fry in each square were 

d to estimate the total number of eggs deposited or fry produced from each nest. 
Estimates were highly correlated with acbal counts conducted on a subset of nests used 
to validate this technique (eggs: r2=0.98, f r j :  r2=0.97). 

Population es~mates of fall young-of-year (YOU) walleye and smallmouth bass 
were obtained during September using a Schnabel mark-recapbre estimate (Ricker 1975). 
YOU smallmouth bass were capbred by seining the 1il;toral zone and initially marked by 
clipping of tke upprer caudal fin. Recapture was conducted by subsequent multiple night 
boat electrofishing runs of the entire shoreline. YOY walleye populations were estimated 
by multiple night boat elec&ofishing runs. Fish were marked by fin clips and later 
recaptured by multiple recaplure runs, one to five nights later. 

Walleye md smallmouth bass stomach samples were collected fiom June through 
August 1999 to assess diet overlap and pred&ion. Additional walley-es were collected 
from q e n  water during September and October and through the ice (winter smples) 
during Novernber h o u g h  March. Fish were captured primarily by fyke net and night 
elec&ofishing md by angling in winter. Fyke nels (1 stPetch mesh and 1m hoops) 
were fished daily and emptied during early morning imize digestion. Net size of 19 

allowed prey fish to pass though the net precluding foraging inside the nets. There 
were no significant difhences in the propodon of any diet taxa found in stomachs of 
walleye caught by Qke net verses electrofishing except bluntnose mimow in July 
(2=4.996, ~ 0 . 0 2 5 )  and yellow perch in August (y=l2.830, ~ q 0 . 0 0 1 )  suggesting bias 
in diet items obtained betvveen gear m e s  was minimal. 

Stornach contents were flushed from live fish by g a s ~ c  lavage using a punnp 
similar to those described by Crossman and Hamilton (1978) and Gilbert and Johnson 
(1 997). Stomach conten& were presewed in 10% fomalin. Validation was performed on 
10 walleye to deternine the effectiveness of this technique; 100% of diet items were 
removed by this techique. For stomach samples, each prey item present was counted and 
wet mass was measured to the nearest 0.009 gam.  Pwially digested prey items were 
identified using diamostic body pa- (SCOM and Crossman 1973, Becker 1983, Bates et 

ins 19%6), srnd whole prey fish and invertebrates were 
collected as voucher specintens for evaluating partially digested prey, 

hatysis  of stomach contenls included kequency of occunence, percentage of tobl 
number of each food type, and percentage of total mass for each food type. The relative 
importance (RI) index (George and Hadley 1 979) was used to evaluate the importance of 
each diet item. Cornpansons of food items consurned behnieen walleye and smallmouth 



bass were made using the Schoener (T) resource overlap index (Schoener 1970). Values 
range from 0 to I., with 0 indicating no overlap and 1 indicating complete overlap. In 
addition to diet overlap, we also evaluated the occunence of predation on smallmouth 
bass b y  both walleye and smallmouth bass. 

The standing stock of smallmouth bass in Big Crooked Lake was low, ranging 
from 0.3 to 0.9ha from 1998 to 2000 (Table 1). For the stock size present, egg deposition 
was substantial, ranging from 13 1,000 to 202,000 smallmouth bass eggs on nests. 
However, smallmouth bass mortality during the first summer of life was high; survival of 
eggs to  fall YOY ranged from 1.7 to 4.8%, resulting in estimates of only 3,083 to 9,700 
YOU smallmouth bass by September. 

Table 1. Abundance and survival of smallmouth bass young-of-year (UOY) in Big Crooked Lake 1998-2000. 
Fry counted were black fry just prior to swim-up. Fall YOY estimates were collected in September 
using seining for marking fish and electrofishing for recaptures. 

Year Adult smallmouth Number of Estimated Estimated Estimated Survival Swival 
bass population smallmouth number of number of number of fiorn egg to from fry to 

estimate (nurnberlha) bass nests eggs fry fall VOY fall YOY fall YOY 

Length of walleye and smallmouth bass examined for stomach contents from June 
1999 to March 2000 ranged from 100-545 mm TL (Table 2). Percentage of empty 
stomachs in walleye was highest during the winter months (89%) and lowest during June 
(14%). For smallmouth bass, the lowest percentage of empty stomachs occurred in June 
(23%); the highest was in July (46%). The Schoener resource overlap index showed that 
diet overlap between walleye and smallmouth bass was highest in June (0.416) followed 
by July (0.293) and August (0.205). 

Cra$sh was the most important diet item for walleye during June (RI = 25) with 
Ephemeroptera (RI =. 24) and yellow perch (RI = 23) almost as impomnt (Table 3, Figure 
1). Yellow perch was the most important diet item during the remainder of the sampling 
period. Walleye continued to consume crayfish in July, but its importance in their diet 
continued to decline. Ephemeroptera were utilized frequently during June, when peak 
emergence occurred; otherwise few were encountered. YOY burbot were also utilized 
during June and July but not after that time. Only one smallmouth bass was eaten during 
this period. 

Relative importance of diet Qxa for smallmouth bass showed that cra@sh was the 
most impomnt diet item during all thee su er months having a RI value ranging from 
68 to 79, nearly 2.4 to 7.2 times that of walleye (Table 3, Fiwre 1). Smallmouth bass also 
utilized invertebrates such as Ephemeroptera and Odonata, with peak use of 
Ephemeroptera occurring during their emergence in June (M = 22). Unlike walleye, prey 
frsh were not heavily utilized by smallmouth bass and no young smallmouth bass were 
found in any stomachs. 


















