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The influence of smallmouth bass (Micropterus
dolomieu) predation and habitat complexity on the
structure of littoral zone fish assemblages

Pamela S.D. MacRae and Donald A. Jackson

Abstract: Fish assemblages in small lakessQ ha) in central Ontario were characterized to determine the impact of
smallmouth bassMicropterus dolomie)predation and habitat complexity on the structure of littoral zone fish assem
blages. Data were collected employing minnow traps and visual assessment. Although species richness did not differ
between lakes with and without smallmouth bass, species composition and relative abundance did differ. We identified
two distinct fish assemblage types: one characterized by small-bodied species, mainly cyprinids, and a second by large-
bodied centrarchid species, e.g., smallmouth bass. Smallmouth bass appear to reduce abundance, alter habitat use, and
extirpate many small-bodied species such as brook sticklel2glaéa inconstar)s fathead minnow Rimephales

promela3, pearl dace Nlargariscus margaritg, and Phoxinusspp.

Résumé: La caractérisation des peuplements de poissons du littoral de petit<B@$4) du centre de I'Ontario a

permis d’évaluer I'impact de la prédation de I’Achigan a petite boudfierppterus dolomielet de la complexité de

I'habitat sur la structure des communautés. Les données consistaient en des récoltes faites & la nasse et des estimations
visuelles. La composition spécifique des peuplements de poissons et I'abondance relative des espéces différaient entre
les lacs ou I'achigan était présent et ceux ou il était absent, mais pas la richesse en espéces. Il a été possible de distin-
guer deux types de peuplements, 'un composé de poissons a corps élancé, en majorité des cyprinidés, et l'autre do-
miné par des poissons centrarchidés a corps massif, e.g., I'achigan. La présence de 'achigan semble donc réduire
'abondance des poissons, modifier I'utilisation de I'habitat et éliminer plusieurs des poissons a corps élancé, tels que
I'Epinoche & cing épinesQulaea inconstans le Téte-de-bouleRimephales promelasle Mulet perlé Margariscus

margarita) et lesPhoxinusspp.

[Traduit par la Rédaction]

Introduction Magnuson1982). Piscivores alter small-fish assemblage com-

. . . osition in small boreal lakes by excluding predation-
Human-induced environmental disturbances have led 1, erant species (Harvey 1981; Tonn and Magnuson 1982)

the alteration of species distributions around the World.-Conamong other effects. Because piscivores are size-selective

cern about the introduction of nonnative species into aquati(énd gape-limited (Tonn and Paszkowski 1986; Post and Ev

ecosystems has led to a growing concern regarding the Iosoﬁws 1989), small fishes are generally more vulnerable to pre
of native fish biodiversity (Chapleau et al. 1997). Most fish dation theih large fish (Tonnget al. 1%/92)’ although it maypbe

introductions, whether intentional or unintentional, have Rega, ~ombination of size and morphology that determines risk to

Srbredation (He and Kitchell 1990. These small-bodied species
; . . . could potentially be eliminated from a lake if local predators
(Allendorf 1991) and possibly habitat alteration, trophie al 5¢ gpe to eat all size classes (Tonn et al. 1992). Therefore,

terations, and gene pool deterioration (Crossman 1991). g hodied species are often reduced in richness (Jackson
Temperate lakes contain fish communities whose cempoé_{

competition, hybridization, and introduction of disease

. . L 988) or absent from small lakes containing littoral piscivores
sition and richness are shaped by a number of biotic an ) 9 P

L o . (Harvey 1981; Tonn and Magnuson 1982; Jackson et al.
abiotic factors, and piscivory appears to be one of the majoj 995 “v/yinerable species vary by lake but studies have
factors contributing to community structure (Tonn and

shown certain small-bodied species to be particularly sus
ceptible to piscivorous fish predation (Jackson 1988; Naud
Received December 1, 1999. Accepted September 29, 2000. and Magnan 1988; He and Wright 1992). Recruitment of
Published on the NRC Research Press Web site on January 29arger-bodied species may be regulated by piscivores but

2001. these species would not likely be eliminated from lakes if
J15465 adults attained a size large enough to escape predation (Tonn
P.S.D. MacRaé? and D.A. Jackson.Department of et al. 1992).

Zoology, University of Toronto, Toronto, ON M5S 3GS5, It is generally accepted that complex habitats are safer for
Canada. prey than more open habitats (Crowder and Cooper 1982).

ICorresponding author (e-mail: pamelamacrae@hotmail.com). COmplex habitats provide greater amounts of refuge for fish,
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Simcoe Fisheries Assessment Unit, Sibbald Point Provincial can live or temporarily hide to live (McNair 1986). However,
Park, RR 2, Sutton West, ON LOE 1R0, Canada. more open habitats can be more profitable for resources than
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Table 1. Location and surface area of Ontario lakes and presencéargely game species, are often introduced into lakes with
or absence of smallmouth bass. little regard to their impact aside from their recreational op
portunities.

In this study, we investigated the long-term impact of

Area Smallmouth

Lake Location (ha)  bass piscivorous fish on the littoral fish community structure of
Grindstone (GR) 45°I'N, 78°52W 32 Present small temperate lakes. There is a long history of smallmouth
Heron (HE)* 45°27N, 78°49W 24 Present bass introductions into Ontario lakes, although they are not
Kearney (KE)* 45°3BN, 78°2TW 32 Present well documented. Smallmouth bass were introduced into
Little Wren (LWR) 45°1IN, 78°51'W 16 Present lakes in Algonquin Provincial Park, Ontario, beginning in
Louie (LO) 45°23N, 78°44W 31 Present the early 1900s (Christie 1957) and have been introduced
Plastic (PL) 45°11IN, 78°50W 33 Present into other lakes to supplement the sport fishery for native
Wren (WR) 45°11IN, 78°42W 50 Present salmonids (Ridgway et al. 1991). From these initial intro
Bluff (BL) 45°35’N, 78°20W 8 Absent ductions, natural colonization of watersheds has occurred.
Jake (JK) 45°3IN, 78°33W 6 Absent As a result of the continued introduction of smallmouth
Marmot (MR) 45°41N, 78°24W 3 Absent bass, concern is being raised regarding the potential impact
Poorhouse (PRH) 45°2R, 78°45W 30 Absent that they may have on indigenous species. In the absence of
Scott (SC) 45°2N, 78°43W 28 Absent pre-introduction fish community data, lakes lacking
Sproule (SP)* 45°30N, 78°23W 43 Absent piscivores can be used to assess the impact of smallmouth
Sunday (SU)* 45°36N, 78°21'W 46 Absent bass introductions on native fish communities (Chapleau et

Note: Sampling dates include cycle 1 (May 15-18), cycle 2 (May 21— al. 1997). . )
26), cycle 3 (June 7-18), cycle 4 (June 28 — July 10), cycle 5 (summer We sought to quantify the long-term impact of small

survey, July 26 — August 21), and cycle 6 (September 9-13). mouth bass on fish community structure by asking the fol
*Sampled repeatedly throughout the course of the summer. lowing questions. Does total species richness and abundance
of littoral fishes differ between lakes with and without small-
complex habitats (Werner et al. 1983). The trade-off beimouth bass? What effect do smallmouth bass have on the

tween resource availability and predation risk determines théise of complex and simple habitats by species vulnerable to
habitat use patterns of fish (Mittlebach 1981; Werner et alsmallmouth bass predation? Does a difference exist in the
1981; Crowder and Cooper 1982), and species have beéize of species vulnerable to predation between complex
shown to reduce the risk of predation by finding refuge athabitats offering refuge and those habitats of simple, more
the expense of foraging efficiency (Phelan and Baker 1992).0pen areas in lakes with and without smallmouth bass?
Piscivorous fishes have the ability to influence the distri-

bution of their prey, which may alter the feeding habits of
the prey by constraining their feeding space or time, preventl-\"‘:’thOds
ing their colonization of habitats or causing them to emi- .
grate, which all may ultimately reduce their numbers (Powe§t$ﬁy de§|grt1 ised t wdies. O intensi

et al. 1985; Jackson et al. 2001). Tonn and Magnuson (198% IS project comprised fwo SIUdIEs. ne was an Intensive exam

] o . .t ation of fish assemblages in four lakes during May to September
describe the distinction of lakes dominated by large PISCIVOr€§ing visual assessment and trapping techniques to identify and

verses Umbra-cyprinid species, where the small bodied speciggunt fish. The second, a study of 14 lakes sampled during-maxi
were either rare or absent from lakes with large piscivoresmum summer water temperatures, was a broader study with less in
Many fish populations have been eliminated, in large partiensive sampling but a larger number of lakes. Lakes chosen for
because of predation (Zaret and Paine 1973). this study were alk50 ha (mean surface area of 31 ha for lakes
Knowing the importance of complex habitat as refuge, wewith smalimouth bass and 26.3 ha for lakes without smallmouth
recognize the need to protect these fish habitats. Howevepass); secluded lakes were preferred to reduce tampering with sam
with the continued development of lakes, there is an ineread?!ing gear and other sources of disturbance by the public. Lakes
19 end 0 emove mpotant h habiat componerts suc'051 7€ JGed i o goups s wit spalmut s
as Woo_dy debris anq macrophytels. L‘”?"‘e devglopment IS COY alimouth bass. The dates of smallmouth bass introduction or
pled with the altera_tlon of shoreline fish habitat. Developed.qonization are unknown and varied among lakes.
lakes, those lakes influenced by human land use, have 1€SS goyr jakes were sampled for fish during May through September
woody habitat than undeveloped lakes (Christensen et alggg. Each lake was sampled on six different occasions, referred to
1996). Bryan and Scarnecchia (1992) compared developegs the sampling cycles (Table 1). This portion of the project was
and undeveloped lakes and found fish richness and -abunlesignated the “base study.” In the larger study, 14 lakes (Table 1)
dance to be greater in undeveloped lakes, which containedwere sampled for fish during mid-July through mid-August-(Ta
greater proportion of complex vegetation structure. Lakedle 2) and designated the “summer survey.” These lakes were sam
undergoing shoreline development are the same lakes witpjed only once to increase sample. size. Base study results revgaled
high fishing pressure, making them particularly susceptibléh@t the combination of trap and visual data for 1 day of sampling
to sport fish introductions due to the increase in accessibilit S representative of a littoral fish community (MacRae 1999). In

L he base study, an initial shoreline cruise was done to record rela
of the lake (Jackson et al. 2001). As well, piscivores haV‘:‘Iive habitat complexity of the littoral zone. Six sites were chosen

been demonstrated to prosper in some developed habital$yy |ake, three complex habitats and three simple habitats to-maxi
Bryan and Scarnecchia (1992) discovered that smallmouthize the habitat contrast. The design was to contrast habitat types

bass Micropterus dolomiepwere more abundant in devel with high complexity offering fish refuge versus low-complexity or
oped lakes compared with undeveloped lakes. Yet speciesimple sites offering little to no cover available to fish in order to
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Table 2. Presence (1) — absence (empty cell) data from the combined sampling using minnow traps and visual sampling from Ontario lakes.

Lakes with smallmouth bass Lakes without smallmouth bass
Species GR LO WR PL LWR HE KE SuU SP PRH JK BL MR SC
Rock bass (RB) 1 1
Largemouth bass (LMB) 1
1

1
1
Smallmouth bass (SMB) 1 1 1
Yellow perch (YP) 1 1 1 1 1 1 1 1 1
1
1
1
1

=

Common shiner (CS)
Bluntnose minnow (BNM) 1
Pumpkinseed (PS) 1 1 1 1
Brown bullhead (BBH)
Blacknose shiner (BNS) 1 1 1 1 1
Creek chub (CC) 1 1 1 1 1 1 1 1 1
Pearl dace (PD) 1 1
lowa darter (ID) 1
White sucker (WS) 1 1 1 1
Golden shiner (GS) 1 1 1 1 1 1 1 1
Phoxinusspp. (PH) 1 1 1 1 1 1 1
Brook stickleback (BRS) 1 1 1 1
Fathead minnow (FHM) 1 1 1 1 1
Brook trout * * * * * * * * *
Lake trout * * * * * * *
Splake * * *
Burbot * * * * *

Note: Lakes and species are ordered as they appear along the first axis in the correspondence analysis (Fig. 1) to show the pattern in species

assemblages. See Table 1 for lake name abbreviations.
*Piscivorous species previously found in the lake (e.g., Jackson 1988) but not captured during this study.

identify whether there are differences in habitat use by fish in theprinids, and the young of larger species were collected in minnow
presence and absence of smallmouth bass. Complex habitats hadps due to size selection of traps. However, it is these small spe-
high quantities of coarse, large woody material and (or) vegetationcies, as well as the young-of the-year from other larger-bodied spe-
Simple habitats were composed mainly of sand, gravel, rocks, andies, that are most vulnerable to smallmouth bass predation.
boulders, with little to no wood or vegetation. Although the degree

of complexity within either category may vary across the lakes, thegiatistical analysis

within-lake contrast is the relevant level of comparison. Sites were
selected as evenly distributed around the lake as possible withi

eas, areas were at least 60 m from one another. Visual sampli
and trapping were conducted within each of the chosen sites. Thi
methodology resulted in a stratified, randomized design (MclnernyC

; . ompared between habitat types. Comparisons employetest
and Degan 1993; Whittier and Hughes 1998). Through the sUmmelsq ming unequal variance. A one-way test was employed fer vul
survey, aII_snes sampl_ed visually and by trapping were randoml

Wherable species because an assumption of distribution was-appar

'@&nt, while all other species were compared using a two-way
distribution test. Combined results from individual species compar
isons were tested using the combined probabilities test (Sokal and
Sampling protocol Rohlf 1995) and a binomial test of trends in species abundance be

All sites within lakes were swum using snorkeling gear te re tween habitats.

cord presence—absence data of fish species. A total of ten 5-m Correspondence analysis (e.g., Jackson and Harvey 1989) was

transects were set 1-1.5 m from shore at a depth of 1-2.5 m afsed to summarize the underlying composition of fish communities
each site selected to ensure that species that may not be caughtand lake similarity and to graphically demonstrate the separation of
minnow traps due to species selectivity and bias would be includedpecies—lake relationships characterized in this study. Species and
in the presence—absence data. Lakes were then sampled with fgkes positioned in similar ordination space represent species—lake
baited minnow traps to assess the relative abundance of the fish agssociations that occur together more frequently than would be

semblage. These were commercially available Gee minnow trapsxpected if species were randomly distributed across the lakes.

with an opening diameter of 2-3 cm. Traps were baited with a dryCorrespondence analysis results are presented for the summer sur
cereal based dog kibble and were set near the shoreline at deptisy using presence—absence data and relative abundance estimates
ranging from 0.5 to 2 m. Traps were set over night and collected iNXCPUE). Species caught or observed only once in a single lake

the morning, after about 16 h of sampling. Fish collected werewere excluded.

counted and identified to species (Table 2). Minnow traps were

shown to provide a good estimate of the littoral fish communities

based on comparisons with other sampling protocols and knowiResults

community composition (MacRae 1999). Subsamples of a maxi

mum of 25 individuals of each species were chosen as encountered Eighteen species were sampled from these lakes during
and total length was measured. Only small-bodied species, e-g., cthe base study and summer survey combined and include

red for each species between lakes with and without smallmouth
ass, and length of fish and mean total length per species were

shoreline in small lakes<g ha).
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Table 3. Comparison of fish abundance estimates (mean catch per unit effort (XCPUE)) between lakes with and
without smallmouth bass in the summer survey.

XCPUE

Lakes with Lakes without
Species smallmouth bass smallmouth bass Difference Probability Trend
Blacknose shiner 0.01 0.04 -0.03 0.08 Negative
Bluntnose minnow 0.49 3.73 -3.33 0.20 Negative
Brook stickleback 0 0.31 -0.31 0.08 Negative
Fathead minnow 0 38.15 -38.15 0.01 Negative
Pearl dace 0 0.08 -0.08 0.15 Negative
Phoxinusspp. 0 38.64 -38.64 0.03 Negative
Brown bullhead 0 0.01 -0.01 0.36 Negative
Common shiner 0.18 0.08 0.10 0.59 Positive
Creek chub 1.10 1.20 -0.10 0.91 Negative
Golden shiner 0.08 1.59 -1.50 0.11 Negative
Largemouth bass 0.01 0 0.01 0.36 Positive
Pumpkinseed 4.76 1.02 3.73 0.05 Positive
Rock bass 0.82 0 0.82 0.09 Positive
Smallmouth bass 0.06 0 0.06 0.07 Positive
White sucker 0 0.14 -0.14 0.29 Negative
Yellow perch 0.53 0.28 0.25 0.38 Positive

Note: “Difference” category is the difference between the mean abundance values per minnow trap for the lakes with smallmouth
bass minus the mean abundance values for the lakes without smallmouth bass. The probability value is for the asestiated

those species caught in minnow traps or observed in visudllacknose shinerp(= 0.09) (Table 3). An overall signifi-
samples. Brook trout Salvelinus fontinalis lake trout cance test showed a greater abundance of vulnerable species
(Salvelinus namaycuyh and splake %. fontinalis x in lakes without smallmouth basg4;, = 33.31,p = 0.001;
S. namaycughhave been captured in these lakes in previousinomial distribution test (BNMDT)p = 0.01) (Table 4)
studies using other types of sampling gear (Table 2). Theseelative to those lakes with smallmouth bass. A comparison
salmonids inhabit cool or cold water during the summerof all other species in lakes showed mostly increased but
months and would not be expected in the warm littoral zonenonsignificant trends in species abundance in smallmouth
due to high temperature. Two species occurred in only onbass lakes compared with those lakes without smallmouth
lake; burbot [ota lota) and lowa darterEtheostoma exije  bass (Table 3). Overall significance tests indicated no differ-
were found in Sproule Lake. Largemouth babBcfopterus  ence in these species abundances between lakes with and
salmoide}was found in only two lakes, Wren Lake and-Lit without smallmouth bass(f,, = 30.47,p = 0.63; BNMDT,
tle Wren Lake, that are connected by a short watercoursgx = 0.20) (Table 4). Although species richness did not -dif
Only young-of-the-year were found in both lakes, and large fer between lakes with and without smallmouth bass, their
mouth bass were not found during previous surveys (Jackspecies compositions were distinct. Lakes with smallmouth
son 1988) but were known to be in nearby lakes. They mayass contained 2.3 fewer small-bodied species, on average,
have colonized or been introduced into these two lakes sincian lakes without smallmouth bass.
that sampling. Results did not reveal significant differences in species
In the base study, species richness did not differ betweeabundance between habitat types; however, comparisons of
lakes with and without smallmouth bass. However, reducabundance estimates between habitat types showed a greater
tions in abundance or the absence of small-bodied specieabundance of vulnerable species in complex over simple
including blacknose shineNEtropis heterolepis bluntnose habitats where subject to smallmouth bass predation. While
minnow (Pimephales notat)s pearl dace Nlargariscus no significant difference in abundance of fish between habi
margarita), and Phoxinus spp. (northern redbelly dace tats was foundy?, = 5.70,p = 0.22; BNMDT, p = 0.25;
(Phoxinus eods and (or) finescale dace Phoxinus nonsignificance is due to low sample size (n = 2))-(Ta
neogaeup, were observed in lakes with smallmouth bass.ble 4b), low sample size and statistical power is due to the
Abundance estimates for fish between base study lakes dact that four of the six vulnerable species, brook stiekle
habitat types were not compared statistically due to lowback, fathead minnow, pearl dace, aRdoxinusspp., were
sample size (four lakes). From the 14 lakes sampled in Julgbsent from all summer survey lakes containing smallmouth
through August, no significant difference in species richnesdass. This situation results from these species often being
between lakes with and without smallmouth bass was obunable to persist in lakes with smallmouth bass; however,
served (Mann-Whitney = 22, p = 0.75). However, species not all lakes without bass contain all of these small-bodied
most vulnerable to predation were absent from lakes wittspecies. Most other species also showed a trend of greater
smallmouth bass. Species absent or lower in abundance abundance in complex over simple habitats in lakes with
lakes with smallmouth bass include the fathead minnowsmallmouth bass (Table 5). The overall test of significance
(Pimephales promelagp = 0.01),Phoxinusspp. ¢ = 0.03), showed a preference of complex habitgtd,6 = 26.05,p =
brook stickleback Culaea inconstas (p = 0.08), and 0.053; BNMDT,p = 0.03), indicating a greater abundance of
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Table 4. Overall tests of significanceg{ and binomial test) for differences)(in relative abundance between lakes with and without
smallmouth bassbf in relative abundance between habitats for both vulnerable species and all other spepaiemtél length of species
between habitats in the base lakes, adlidirf total length of species between habitats in lakes with and without smallmouth bass.

Observedy? value Criticaly? value Associated probability Binomial probability

(a) Relative abundance in lakes with smallmouth bass versus lakes without smallmouth bass

Vulnerable species 33.31 0.001 0.01
Other species 30.47 0.63 0.21
(b) Relative abundance between habitats in lakes with smallmouth bass versus lakes without smallmouth bass
Vulnerable species

Bass: complex versus simple habitat 5.70 0.22 0.25
No bass: complex versus simple habitat 20.95 0.05 0.09
Other species

Bass: complex versus simple habitat 26.05 0.05 0.03
No bass: complex versus simple habitat 16.31 0.29 0.27
(c) Differences in length of fish between simple and complex habitats in base lakes

Heron Lake 6.25 0.9 0.31
Kearney Lake 12.01 0.44 0.23
Sunday Lake 22.97 0.29 0.21
Sproule Lake 7.87 0.89 0.27
(d) Differences in length of fish between lakes with smallmouth bass versus lakes without smallmouth bass in the summer survey
Bass 11.57 21.02 0.48 0.09
No bass 5.81 28.86 0.99 0.16

nonvulnerable species in complex habitats relative to simpl¢Fig. 1). Base lakes, Sproule Lake and Sunday Lake, were
habitats in lakes with smallmouth bass. together and were separated from other lakes along the first
A comparison of abundance estimates between compleand second axis by rare species (brown bullhe®adiurus
and simple habitats in lakes without smallmouth bassebulosuy lowa darter, and pearl dace). Lakes with small-
showed reduced abundance of vulnerable species in thmouth bass were positioned at coordinates similar to the
complex habitats (Table 5). Combined probability and bi-larger centrarchid species, whereas lakes without small-
nomial distribution tests reveal a greater abundance of vulmouth bass were closely associated with small-bodied spe-
nerable species in simple habitajg {; = 20.95,p = 0.051; cies, mainly cyprinids and brook stickleback (Fig. 1).
BNMDT, p = 0.09). All other species showed no trend in Species close to the origin (e.g., common shinanx{lus
habitat preference in lakes when smallmouth bass were naornutug, creek chub $emotilus atromaculatiispumpkin-

present §%,, = 16.31,p = 0.295; BNMDT, p = 0.27). seed [epomis gibbosys and vyellow perch Rerca
flavesceny were common species and (or) were found in
Length data most lakes regardless of the presence or absence of-small

Minnow traps are size selective given their limited size ofmouth bass. Species positioned at the far left end of axis 1
the opening; however, those species considered vulnerable (e.g., brook stickleback, fathead minnowhoxinus spp.)
smallmouth bass predation would not be limited by thewere found frequently in the same lakes. This group of spe
trap’s opening. No clear trends existed in the size of theseies was positioned separately from the group containing
fish in the two habitats of the lakes with and without small smallmouth bass, largemouth bass, and rock bAssb(c
mouth bass in the base study. Overall, significance tests relites rupestri$, indicating that these two groups of species
vealed that total length of fish, mean total length per speciesvere not found in the same lakes. Blacknose shiner and
across species, did not differ between habitats in lakes withluntnose minnow were positioned between lakes with and
and without smallmouth bass (Heron Lake, = 6.25,p =  without smallmouth bass and showed little affinity towards
0.90; BNMDT, p = 0.31; Kearney Lakey?,, = 12.01,p =  being in lakes either with or without smallmouth bass.

0.44; BNMDT, p = 0.23; Sproule Lakey?,, = 7.87,p =
0.89; BNMDT, p = 0.27; Sunday Lakey<,, = 22.97,p = -
0.29: BNMDT, p = 0.21) (Table 4). The Simmer survey re  elative abundance data (XCPUE)

vealed no trend for total length of species in the two habitats Correspondence analysis employing XCPUE data showed
in lakes subject to smallmouth bass predatiph,§ = 11.57, re_sults S|m!lar to those of the presence—absence plot. Lakes
p = 0.48; BNMDT, p = 0.09) (Table 4). There was no sig with and without smallmouth bass were separated along the

nificant difference in total length of all species between-hab first axis (Fig. 2). Sproule Lake and Sunday Lake were posi

itats in lakes without smallmouth basg?(, = 5.81, p = tiqned closer to Heron Lake and Kearney Lake, base lakes
0.99: BNMDT, p = 0.16). with smallmouth bass, due to high trap catches of blacknose
shiner and common shiner in all of these lakes. Larger
Species—lake relationships centrarchids were grouped together as were the lakes con
taining them, whereas small-bodied and rare species were
Presence—absence data associated with lakes without smallmouth bass. Four groups

Correspondence analysis revealed a separation of laked species were identified. The first, mainly cyprinids, was
with and without smallmouth bass along the first axisassociated with lakes without smallmouth bass and was
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Table 5. Comparison of fish relative abundance estimates (mean catch per unit effort (XCPUE)) between complex and
simple habitats during the summer survey period.

XCPUE

Associated
Species Complex habitat Simple habitat Difference probability Trend
Lakes with smallmouth bass
Blacknose shiner 0.01 0 0.01 0.18 Positive
Bluntnose minnow 0.38 0.31 0.07 0.32 Positive
Brook stickleback 0 0 0 na
Fathead minnow 0 0 0 na
Pearl dace 0 0 0 na
Phoxinusspp. 0 0 0 na
Brown bullhead 0 0 0 na
Common shiner 0.26 0 0.26 0.33 Positive
Creek chub 1.61 0.18 1.43 0.19 Positive
Golden shiner 0.17 0 0.17 0.13 Positive
Largemouth bass 0 0.02 —-0.02 0.36 Negative
Pumpkinseed 6.42 2.98 3.44 0.02 Positive
Rock bass 0.98 0.69 0.29 0.59 Positive
Smallmouth bass 0.07 0.06 0.01 0.62 Positive
White sucker 0 0 0 na
Yellow perch 0.82 0.11 0.71 0.71 Positive
Lakes without smallmouth bass
Blacknose shiner 0.03 0.05 -0.02 0.37 Negative
Bluntnose minnow 2.65 3.75 -1.10 0.18 Negative
Brook stickleback 0.19 0.27 -0.08 0.25 Negative
Fathead minnow 36.56 47.68 -11.12 0.25 Negative
Pearl dace 0.03 0.13 -0.09 0.22 Negative
Phoxinusspp. 43.58 33.70 9.88 0.03 Positive
Brown bullhead 0.02 0 0.02 0.36 Positive
Common shiner 0 0.02 -0.02 0.36 Negative
Creek chub 1.06 1.43 -0.37 0.35 Negative
Golden shiner 0.85 2.19 -1.35 0.28 Negative
Largemouth bass 0 0 0 na
Pumpkinseed 1.52 0.53 0.99 0.34 Positive
Rock bass 0 0 0 na
Smallmouth bass 0 0 0 na
White sucker 0.08 0.21 -0.13 0.36 Negative
Yellow perch 0.32 0.24 0.09 0.19 Positive

Note: “Difference” category is the difference between the mean abundance values per minnow trap for the complex habitat minus the
mean abundance values for the simple habitat. The probability value is for the assod¢ede(bne-tailed test for the vulnerable species
and two-tailed test for all other species). na, not applicable.

positioned at thédeft end of axis 1. The second group (e.g., piscivorous smallmouth bass. However, the fish community
creek chub and common shiner), a group of common spestructure differed. Lakes with smallmouth bass had an-aver
cies, was associated with the base lakes studied. The thimbe of 2.3 fewer small-bodied species compared with lakes
group consisted of smallmouth bass and yellow perch, andithout smallmouth bass. We identified two distinct fish as
the final group comprising other centrarchid species was asemblages, one characterized by a group of cyprinid species
sociated with summer survey lakes containing smallmoutfand brook stickleback and the other by large-bodied
bass. Blacknose shiner and bluntnose minnow were- postentrarchid species. The most apparent difference between
tioned closer to the lakes without smallmouth bass comparethe two assemblage types was the strong negative relation
with the presence—absence ordination (Fig. 1), indicatinghip between centrarchid assemblage and the brook stickle
that although they were sometimes found with smallmouthback — fathead minnow Phoxinusspp. assemblage.

baSS, they were more abundant in |akeS W|th0ut Sma”mouth Piscivores alter small fish assemb|age Composition in

bass. Clearly, lakes characterized by centrarchids were sepamall boreal lakes by excluding predation-intolerant species

rated from those with cyprinids and brook stickleback. (Harvey 1981; Tonn and Magnuson 1982) through predation
and (or) emigration of the small fish (He and Kitchell 1990).

Discussion While our study showed clear separation of fish assemblag_e

types between those lakes composed of large centrarchid

An average of 5.4 fish species were found in the littoralspecies and those containing mainly small-bodied species,

zone and did not differ between lakes with and withoutwe also showed a trend in habitat use by small fishes in
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Fig. 1. Axes 1 and 2 from a correspondence analysis of species presence—absence for summer survey lakes. Solid circles identify lakes
containing smallmouth bass, and open circles identify lakes without smallmouth bass. See Table 2 for species abbreviations.
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these lakes where smallmouth bass were present. This disults from our study indicate predation by smallmouth bass
tinction of lakes containing or lacking smallmouth bass isas being the most parsimonious explanation for the observed
apparent, although other piscivorous species, i.e., salmoniddijfferences in richness of vulnerable species and overall dif
present in these lakes do not show such relationships witferences in composition between lakes with and without
the small-bodied species. Summer thermal characteristicgmallmouth bass. Although these results are observational
would separate the vulnerable species from the salmonidsather than manipulative, the evidence strongly supports pre
thereby minimizing the predation effect during the periodsdation as the primary factor causing the difference in the
of reproduction and greatest activity and growth for thespecies composition in lakes. These results are comparable
small species. However, effects similar to the contrast bewith those of other studies, including He and Kitchell (1990)
tween smallmouth bass and no smallmouth bass should mwnd Chapleau et al. (1997).

found with other strong littoral predators, e.g., northern pike We found that species vulnerable to predation in lakes
(Esox luciu$, but they were not present in these lakes: Re without smallmouth bass were often more abundant relative
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Fig. 2. Axes 1 and 2 from a correspondence analysis for summer survey lakes using XCPUE. Solid circles identify lakes containing
smallmouth bass, and open circles identify lakes without smallmouth bass. See Table 2 for species abbreviations.
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to populations in lakes with smallmouth bass, whereas modiodied species. This is consistent with He and Wright (1992),
other species showed no clear trend in the abundanee bwho observed a shift in community composition from small-
tween these same lakes. Exclusion or reduction in aburbodied, soft-rayed species to large or deep-bodied species
dance of species was limited to small-bodied specieswith spines following the introduction of northern pike.
whereas larger-bodied species (e.g., creek chub, yellow Species subject to predation often seek refuge in structur
perch, and white suckeC@tostomus commersgphbften ce  ally complex habitats (Crowder and Cooper 1982; McNair
existed with smallmouth bass populations. Blacknose shinet986). Although no statistically significant difference was
and bluntnose minnow, while often coexisting with small found in habitat use of small-bodied species in lakes with
mouth bass, were more abundant in lakes without smallsmallmouth bass, a trend of greater abundance in complex
mouth bass. Thus, predation by smallmouth bass has laabitat was observed. The fact that four of the six species
greater influence on small-bodied species than on largesonsidered vulnerable to smallmouth bass predation did not
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coexist with smallmouth bass limited the statistical power 0f1993). Therefore, it is important to recognize the potential
this comparison. The complete absence of these species sugsk of local extinction and reduced species richness in de
gests that the lake conditions and habitat are insufficient teveloped lakes due to the combined stresses of predation
allow coexistence with smallmouth bass. In swimming allpressure and lack of structured habitat.
lakes, it was apparent that blacknose shiner and bluntnose Because the predation effect of smallmouth bass is so
minnow use the complex habitat to a greater degree than therong, presence—absence data provide valuable information
simple habitat during the day. It is possible that these spepertaining to species—lake associations and are appropriate
cies take advantage of diel peaks in piscivore activity andor most study objectives. However, relative abundance and
feed in simple habitats during low light levels while the length estimates may provide additional information on
predators are less active (Naud and Magnan 1988). Thishanges in species—lake relationships. Results of our study
would explain why traps were able to catch these smallsuggest that the introduction of smallmouth bass and other
bodied species when set overnight. However, these saniitoral piscivores to small lakes will lead to the marked re
species, when not subject to predation, do not confine thenduction or elimination of those species most vulnerable to
selves to complex habitats but occupy the entire littoralpredation. Therefore, priorities should be identified for small
zone. Moreover, these same fish are often more abundant lakes composed mainly of native, small-bodied species-or di
simple rather than complex habitats. These results are cowerse cyprinid communities and efforts be made to prevent
sistent with other studies suggesting that high densities dhe introduction of piscivores into these lakes and the -alter
vegetation and coarse and large woody structures offer refition or homogenization of both lake habitat and fish eom
uge for small fish from predation (Crowder and Coopermunities.
1982; Ekl6v 1997). Fish will capitalize on resources
_throughout the lake where _feasible, as r_estricting _their foragAcknowIedgements
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