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Abstract Individual foraging specializations are an iMpiroduction
portant source of intraspecific variability in feeding strat-
egies, but little is known about what ecological factofsmong the basic tenets of modern biology is that indi-
affect their intensity or development. We evaluated stomiduals are unique entities whose characteristics are de-
ach contents in marked individual largemouth baéis ( termined by their genetic makeup, physiology and be-
cropterus salmoid@sand tested the hypothesis that diétavior (Lomnicki 1988). Behavioral and morphological
specialization is most pronounced during periods witariation among individuals of a species can have impor-
high conspecific densities. We collected diet data owant effects on intra- and interspecific interactions in eco-
10 years from an unexploited population of largemoulibgical communities (Lomnicki 1988; DeAngelis and
bass that displayed a greater than threefold variationGross 1992). Much of the intraspecific variation among
density. Although diet composition of the aggregate basdividuals in foraging behavior, habitat selection, and
population did not change during the study, bass batbgration patterns is attributable to differences in age
condition was inversely correlated with population sizéeviewed by Polis 1984), sex (e.g., Selander 1966;
Individual marked bass exhibited high diet consisten&¢choener 1967; Keast 1977; Mushinsky et al. 1982) and
(diet overlap between successive captures) during ydaody size (Keast 1977; Mushinsky et al. 1982; Polis
with high population densities. Diet overlap betweet®84; Werner and Gilliam 1984; Ebenman and Persson
randomly assigned pairs of bass was not correlated wi#88). Fishes provide extreme examples of intraspecific
population size. We did not detect the expected positaeological variation because of their enormous changes
relationship between diet breadth and population sire.body size during their lifetime (Werner and Gilliam
Our analyses demonstrate that population responsed4984).
density changes may represent the sum of many uniqué&oraging behaviors of fishes often exhibit consider-
individual foraging responses and would be obscured dlyle intraspecific variation that cannot be accounted for
pooled sampling programs. Behavioral flexibility of indiby size, age, or sex of individuals. Although this level of
viduals may contribute to the ability of largemouth bag#traspecific variation is often treated as statistical noise
to function as a keystone predator in many aquatic cofRingler 1983), much of the observed variation in forag-
munities. ing tactics can be explained by foraging specializations
of individuals (Ringler 1983; Magurran 1986). Some for-
Key words Density dependence - Diet consistency - aging specializations are associated with trophic poly-
Intraspecific variability - Keystone predator - morphisms (Robinson and Wilson 1994). Other individu-
Largemouth bass al foraging specializations not associated with trophic
polymorphisms can be quite pronounced and sustained
over relatively long periods (Bryan and Larkin 1972;
Ringler 1983; Magurran 1986).
Despite the importance of intraspecific variation to
population dynamics (Lomnicki 1988), foraging models
- - (Werner et al. 1981) and evolutionary models of specia-
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Madison, WI 53706, USA known of how intraspecific variation in foraging tactics
James R. Hodgson among individuals changes as a density-dependent pro-
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593

(A) low diet consistency  (B) high diet consistency ~ change. Because we could uniquely mark and recapture
individual bass, we were able to quantify feeding histo-
tIBOO0O0 t MEBOOOO  ries of individual predators in the field and estimate their
degree of diet consistency. We tested the hypothesis that
P P ~—individual diet consistency is most pronounced during
M =preyindet | harjods with high conspecific densities. We also com-
pared our results with predictions from optimal foraging

.- models for expected changes in diet breadth during peri-
E [1:} [2] [3] L} E g e ’ E %‘ 9 @ %] ods of intense intraspecific competition (Pyke et al.

1977). Specifically, we expected that largemouth bass di-
prey types prey types et breadth would increase during periods of high conspe-
Fig. 1 A, B lllustration of two levels of diet consistency for &Cific densities. Here we describe the tendency of individ-
predator foraging from a community with six potential prey typegals to specialize on certain groups of prey during peri-
In both examples the predator chooses two of six available pggys of high bass densities. We demonstrate that diet con-

types. InA the forager exhibits low diet consistency as there is d . . .
overlap in diet choice between the two sampling peripdsdt,. YWstency is an individual-specific foraging response to

In B the predator exhibits high diet consistency as both prey tyg#gh conspecific densities that is not necessarily associ-

are included in equal proportions in both sampling pe iods ated with changes in diet breadth of individuals or of the
whole population. The behavior of individual fish ap-
pears to be an adaptive response to increased intraspecif-

tense intraspecific competition when prey become scaic&ompetition, even though this relationship is obscured

(Magurran 1986). However, it remains unclear whethairthe population level.

individual specializations are adaptive, and what ecologi-

cal factors are important in the development of individu-

al foraging specializations (Ehlinger 1990). Methods

Analyses of foraging specializations are usually con-
cerned withdiet breadth the number or evenness of pre§tudy site

types mduded in the d'.et .Of a predatc_Jr .(Leylns.196%ata were collected during 1984-1993 from Paul Lake, a small
An alternative form of individual specialization is the) 5 ha) deep (maximum depth 15 m) kettle lake located at the
tendency of individuals to demonstrate selection for th@iversity of Notre Dame Environmental Research Center near
same prey type(s) through time. We refer to thislias Land o’ Lakes, Wisconsin (89°3®, 46°13N). Paul Lake is locat-

consistencywhich can be evaluated only by knowing thgd on a private reserve and is an unexploited, unmanipulated
: : - P . : . ystem that has served as a long-term reterence lake 1or severa
identity of md'\”dua_l p(edators (F!g. 1). We d'ﬁerer_]t'atélhole-lake manipulations conducted during the last decade (Car-

these two terms to indicate that diet breadth and diet cgénter and Kitchell 1993).

sistency are two complementary components of foragingLargemouth bass have been the only piscivorous fish species in
specializations by predatorsl Despite the importanCeP@fﬂ Lake since around 1976 (LeaVltt et al. 1989) We restricted

; ; : i ; oi,QUr analyses to adult basel60 mm total length) that were
diet consistency in characterizing foraging specializ arked as individuals. We did not include individuals <150 mm

tions, studies of diet consistency in free-ranging predgm) length because we were unable to uniquely mark them, and
tors are exceedingly rare (but see Bryan and Larkiry contribute only a small fraction of the population biomass
1972). (mean 19%, SE=6).

The largemouth bas#l{cropterus salmoidgss a rel-
atively large and typically piscivorous predator commasyss population estimates
to water bodies throughout the continental United States _ o _
and southern Canada (MacCrimmon and Robbins 197)pulations were estimated in mid-May and mid-August each

i ; i sear. Angling and boomshocker electrofishing techniques were
Largemouth bass often occur in relatively high denSItlé%gd to establish a marked population of fish for Petersen mark-

L S
where they are present (He'd'nge'f 1975) ‘f’md can g‘?ﬁ-recapture estimates (Ricker 1975). All fish were marked with
viewed as keystone predators in many aquatic commuiiimbered Floy tags for identification. Electroshocking was used
ties (Keast 1985; Carpenter et al. 1987; Carpenter amcecapture individuals 1-2 days after the marked population was

Kitchell 1993; Mittelbach et al. 1995). The diets dfstablished in each census. On each mark-and-recapture census,
' ) ) e electroshocked the entire shoreline of the lake and sampled all

largemouth b.as.s are dlverse W'th prey ranging from fi that were caught. Each fish was measured (total length, near-
es and amphibians to benthic invertebrates and ZOOplaéJg'l mm) and weighed (nearest 1 g) either on an electronic bal-

ton (Keast 1985; Hodgson and Kitchell 1987). Largence or using a spring scale. Annual average population densities
mouth bass foraging is also relatively plastic, changigre calculated as the mean of the May and August surveys in
with prey availability (Hodgson and Kitchell 1987), halach year.

itat complexity (Anderson 1984), body size (Keast 1985;

Olson 1996) and foraging experience (Colgan et Biet data collection and analyses

1986).

We studied the diet dynamics of an unexploited poqtfét bass for diet analyses generally between 0800 and 1200 hours

lation of adult largemouth bass for 10 years while th@q 1600 and 2000 hours, once monthly during May through Au-
population experienced a greater than threefold dengjixgt. Within 60 min of capture, the stomach of each fish was

gling and electroshocking in the littoral zone were used to col-
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Table 1 Nineteen diet categories considered in the study of larggeadth of (1) the average individual in the population on each

mouth bass foraging in Paul Lake, Minnesota sampling date, (2) the aggregate diet of the population on each
sampling date, and (3) the aggregate population in each year. Diet
Prey category breadth of individuals was calculated from the proportion by mass
of each diet category found in individual stomach contents on each
Small zooplankton sampling date. Diet breadth of the population was determined by
Large zooplanktdh first calculating the aggregate diet composition by summing the
Ephemeroptera larvae amount of each diet category encountered in the stomach contents
Chaoborusspp. (larvae) across the entire population of individuals sampled on each date or
Hydracarina in each year, and then applying Eq. 2.
Chironomid pupae We assessed intra-annual diet consistency from marked indi-
Coleopteran larvae viduals sampled at least twice in the same year. An average of 16
Odonate naiads individuals (SE=2) was recaptured in each year. Diet consistency
Odonate adults was calculated as the percent overlap of an individual's diet be-
Trichopteran nymphs tween at least two successive sampling dates as:
Notonecta n(
Mollusca P(x =[ minimump_, }100 3
Hirudinea (X1, =| 2 A, 912) ()

Redbelly and finescale dace
(young-of-year) largemouth bass
Juvenile (>1 year) largemouth bass

wherep,; andp,, are the proportions of diet categargt timest;
andt, representing two successive captures of individual the
same year. This index estimates the propensity of individual fishes

g;ﬁyfish tebrate to select specific prey types consistently through time. A value of
Amgﬁi\p/gjg rates 0 indicates no diet overlap between successive samples, and a val-

ue of 100 indicates perfect diet overlap between successive sam-
ples. To determine whether individual diet consistency differed
from diet overlap among individuals in the population, we also
computed the percent overlap between 1000 randomly assigned
pairs of individuals (that were not sampled on the same date)
drawn from the pool of all fish sampled for stomach contents in a

. . . ... given yeatr.
flushed into a 0.29-mm Nitex mesh concentrator with a mOdIflgd Relationships between variables were determined using either

hand-pumped pressurized backpack sprayer (Seaburg 1957). ltg@ple correlation or linear least squares regression. We treated
too large to pass through the efferent tube of the pump _vvere_& annual means as independent data pairts0j in all cases,
moved using a blunt forceps. Samples were backwashed into iRglicept in a comparison of diet consistency and diet breadth for all
vidual vials and preserved in 95% ethyl alcohol for later enumefagividuals recaptured in the study=(L62). Residuals around re-
tion. N ressions were checked for normality and serial correlation (Drap-
Stomach contents of 1006 individuals were analysed. Tgpand Smith 1981).
mean number of fish sampled on any given sampling date was 25rq evaluate whether diet consistency in largemouth bass
(SE=2), and in any year was 101 (SE=9). Individuals with empdianged with increases in the length of time between samplings,
stomachs (19 out of 1006) were excluded from statistical analysgs.piocked the data into two time periods: a high bass density pe-
Stomach contents were identified according to Hilsenhoff (1978 from 1984 to 1988 and a low bass density period from 1989
Pennak (1978), and Balcer et al. (1984), and grouped into 19 pg®Y1993. We used two-way ANOVA to determine whether the
categories previously assessed for Paul Lake organisms (Hodggfgth of the time interval between successive captures affected

et al. 1993) (Table 1). A total of 81,615 individual prey items Wetge diet consistency of individuals, and whether bass density al-
enumerated. An average of 83 individual prey items was foundiiied the effect of time on diet consistency.

each bass stomach sampled throughout the study.

aPolyphemus pediculend copepods
b Daphniaspp. ancHolopedium gibberum
¢ Frogs, snakes, voles, shrews, mice, and birds

Data analyses Results

As an indicator of bass body condition we used the residual bg- : :

tween the observed mass of an individual fish and the mass g@-ss populat_l(_)n dynamics and changes
dicted from the long-term length-mass regression for all individl? Pody condition

als in this study:

In(Mas9 = 11 4+ 3 02TIn( Length (1) Over 10 years the estimated population size of adult

_ largemouth bass ranged from 97 to 316 individuals
(r?=0.97,P<<0.001,n=1006). The standard error of the interce ig. 2). Although bass size distributions differed among

was 0.093, and of the slope was 0.017. A positive residual indicat-, - - .
ed that an individual was heavier than the average for that le é@rs, bass length did not vary systematically with bass

while a negative residual indicated the opposite. Examination@®pulation size (Fig. 3). Bass body condition was signifi-
the residuals around this length-mass regression showed no assauitly and negatively correlatedr=( —0.78, n=10,

ation between the length of bass and body condition. P<0.01) with lation size (Fia. 4).
We used the measuB:(Levins 1968) to indicate diet breadth 0.01) with population size (Fig. 4)

of largemouth bass:

B:ﬁ (2) Changes in diet composition and breadth
L _ _ _with bass density
wherep; is the fraction of total diet mass represented by item

This index is minimized at 1.0 when only one prey type is foung: " ;
in the diet, and is maximized af wheren is the total number of rﬁlet composition of the average adult largemouth bass in

prey types, each representing an equal proportion of the diet. R@uUl Lake_ did not chan_ge despite greater than three_f()'d
calculated Levins' measure in three ways to represent the dilanges in bass density. The percentage contributions
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9 Paul Lake . *°
S 400l i 0.10 . . .
£ 0.04; S* N
3 0.05 Notonecta trichopteran
£ 300- . . o * nymphs
o 0L _ae ® e 0
S 0.6 0.3
5 200- ) — adult odonates
B . o *
2 L o4 . 0.2
E 100r - O . . ..
z B 02 , e o1 .
0 e [ odonate naiads . o °
1984 1986 1988 1990 1992 o 0 : 0 :
= 015 0.06
Year o 0+ bass 1+ bass
) ] ] ) . Q o010} * . 0.04
Fig. 2 Changes in population size of adult largemouth bass in Q . .
Paul Lake between 1984 and 1993. Edata pointrepresents the O o005 e 0.02
mean of a spring and fall mark-recapture estim@ateor bars re- o DN o . o
present standard errors associated with Petersen mark-and-recap- 0 ol et *
ture population estimat=s 0.15 . 0.09 -
Hirudinea ° terrestrial
L]
010l ® 0.06 vertebrates
* 3 [ ]
’E\ 400 T T T T T T T T T T 0.05 * 0.03 * oo
é * . . )
- * * $ 0 - 0 . S
5 H 50 150 250 350 50 150 250 350
C
> 300 1 Number of largemouth bass
2 H Fig. 5 Contributions of eight most profitable diet categories
§ (based on prey body size, i.e., largest prey) to diets of largemouth
2 ool | bass versus bass population size in Paul Lake for each of the
£ * 10 years in the study. Only the proportion of terrestrial vertebrates
3 " in diets is significantly correlated< —0.68,n=10, P<0.02) with
S . _ . i bass density. Proportional contributions of all other 18 diet catego-
% 100 | Increasing bass density —> . ries were not significantly correlated with populations ske0(2)
= 93 92 90 91 89 85 84 86 87 88
Year from 18 of the 19 prey categories were not correlated

Fig. 3 Boxplots of lengths of largemouth bass >150 mm in PaWith bass population density during the stué@.10,

Lake by year of the study. Years have been arranged in order ofird0, Fig. 5). Only the proportion of terrestrial verte-

frﬁahsg;igz obrﬁZIS |Fnoepl#ﬁgﬂg ;elieéanhE) xeidé?gggsdgn%tgdb%e brates in bass diets was significantly correlated with bass

note the interquartile rangél). Thewhiskersdenote the range of dens.lty (= —0.68,n=10,P<0.05, Fig. .5’ bottom right).

values that fall withing 1.54 of the hinges. Values outside the Diet breadth of the bass population was not related to

whiskers are denoted Iagterisk:: population size on any sampling date (0.20,n=10,
P>0.5) or any yearré —0.37,n=10, P>0.15), or for the
average individualré —0.14,n=10, P>0.5, Fig. 6). The
aggregate diet breadth of the population in any year

0.1 ’ s (mean=6.71, SE=0.53) was approximately 4 times the di-
¢ <001 et breadth of individuals (mean=1.62, SE=0.07) within
s L o . any year. Aggregate diet breadth of the population on
£ ° any sampling date (mean=4.72, SE=0.13) was approxi-
S ol ° o i mately 3 times the mean diet breadth of individuals.
o °
T~ [ J
? .\\
@ T L ] Changes in individual diet consistency with bass density
-0.1 ' ! Mean annual diet consistency of marked individuals was
50 150 250 350

positively related to bass population size (Fig. 7,
Number of largemouth bass F,¢6.02,P<0.04). Individuals tended to have higher di-

Fig. 4 Relationship between body condition and population siet consistency at high bass densities than at low densi-

in édult largemouth bass in Paul Lake between 1984 and 1993{ s. There was no significant relationship between per-

~0.78,n=10, P<0.01). Eacltata pointrepresents the mean of allcént diet overlap in randomly paired individuals and
observations taken in each y=ar population sizeK; &=0.07,P>0.75). Therefore, trends in
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12 ; . A) High bass density
25 -
*
< x g 201
B = = 154
o ©» +* * [
2= 6l * . * | 5 101
c
:'q___)' = % 8 4 Ak ﬁ A 8 54
o & o
o° o o0 O [ % 257 B) Low bass density
0 L L 5 20 1
50 150 250 350 2
15
Number of largemouth bass § 10
B
Fig. 6 Relationship between population size and mean annual diet 0 54
breadth calculated for the average individual on any sampling date ol
(filled circley, the aggregate population on any sampling date 1 2 3
(open triangley and for the aggregate population over the entire Interval between sampling (months)
summer ¢tar9
Fig. 8 A, B Effect of length of time interval between successive
samplings on estimated diet consistency of marked individuals.
30 . 1 Data were blocked intA high bass density years, 1984-1988, and
. fé‘,a,rgedl Y B low bass density years, 1989-1993. Length of time interval be-
indlviauals ° tween sampling events had no effect on diet consistency during ei-
e 25+ . ther period P>0.75’
%
>
S a0 — o
g | (r=0.08,P>0.3,n=162). Therefore, individuals that dem-
5 5 onstrated high diet consistency did not show decreased
o i andom i diet breadth that could indicate foraging specialization.
® pairs
10 : :
50 150 250 350 Discussion

Number of largemouth bass
) N ) _ The negative relationship between largemouth bass body
i e o oo S o e lion and populaionsize (ig, 4) suggests ht -
uals) as a f%nction of bass density. Least gqugres regression ti rce ava”a.b'“ty was diminished dl‘!”ng perlods. with
scribe this relationship is: [percent overlap=11.3+(0.043xb conspecific densities. Although diet breadth did not
density); P<0.04, r2=0.43]. The mean percent overlap (17.3%¢hange with population size (Fig. 6), individual diet
f:jomh rgr}_domly paireg. indiviollualz is showndforI comp?jri,soehoice was more consistent during years with high bass
e vt e peen fandamy pafed Pifonsites (Fig. 7). Bass foraging responses to changes in
population size were observed for individuals, but not at
the population level. Therefore, population level preda-
tion responses to density changes result largely from the
individual diet consistency were not confounded kyum of many unique individual foraging responses.
changes in diet choice within the population as a whole.
The average (intra-annual) percent overlap in diets of
randomly paired individuals was 17.3% (SE=1.0). Mechanisms leading to individual diet consistency
The length of time between recaptures of individual
bass had no significant effect on the diet consistency Fodividual largemouth bass tended to have more consis-
that time period (Fig. 8, 1560.246,P>0.75). Although tent diets during periods with high conspecific densities
there was some indication that diet consistency d€&ig. 7). This change in diet consistency cannot be attrib-
creased with increased time interval between samplingsd to changes in the size structure of the bass popula-
at low bass densities but not at high bass densitiie®, as population size was independent of the size dis-
(Fig. 8B), the effect was not significant in a two-watribution of individuals (Fig. 3). Although we are unable
ANOVA (F, 1560.113,P>0.85). to identify the mechanisms that lead to changes in bass
To determine whether individual diet consistency walet consistency, we propose two hypotheses that might
related to diet breadth, we compared values of individuedplain the development of this foraging response.
diet consistency to the mean diet breadth from the twoThe first hypothesis is related to bass territoriality. It
samples used to calculate diet consistency for all individ-possible that individual bass are territorial with the
uals recaptured during the study. Individual diet consiize of home ranges inversely related to population den-
tency was not related to diet breadth of individuasity. Therefore, when conspecific densities increase,
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home range size should decrease. If prey are patchisaging specializations are reinforced and maintained
distributed at a scale approximately the same grainca®r different time scales, and whether intraspecific
bass territory size, increases in bass density would dempetition changes the degree to which diet consisten-
crease the number of prey types available to the averagef individuals is maintained, remains unresolved.
predator. As a result, predators would be expected to be-
come more consistent in diet during times of high con-
specific densities because restricted home range sizeAgiplication to optimal foraging models
lows encounters with fewer prey types. Our data do not
support this hypothesis. If it were correct, we should al$be strong negative relationship between density and
expect that diet breadth would decrease as diet consistatly condition probably reflects intraspecific competi-
cy increased. This was not the case for adult largemotitin. However, bass diets did not respond as might be ex-
bass in Paul Lake where diet consistency was indeppeeted by traditional views of intraspecific competition
dent of diet breadth. and optimal foraging. Optimal foraging theory predicts
Bryan and Larkin (1972) showed that highly mobilthat when preferred prey become scarce (for instance
individual trout maintained as much diet consistency aben intraspecific competitive interactions are intense)
individuals that were repeatedly caught in the sardi&t breadth should increase as lower-quality prey are in-
stream location. Therefore, diet consistency did not apuded in the suite of prey consumed by a predator (Pyke
pear to result from territoriality in streams. Results froet al. 1977; Krebs 1978). We expected that increases in
Bryan and Larkin (1972) and our study suggest that dii¢t breadth would mirror decreases in body condition of
consistency in some fishes is the result of active selergemouth bass. Instead, foraging responses at the level
tion for certain prey types rather than associated wihindividual predators appeared to be the most sensitive
prey encounter due simply to patch choice by the pretla-changes in bass densities. Flexibility of individual for-
tor. agers’ behavior led to greater consistency within individ-
Learning and experience are dynamic componentsual diets but did not lead to expected changes in diet
the foraging strategies of largemouth bass (Colgan etbmkadth at the population level.
1986) and other fishes (Ware 1971; Godin 1978; WernerThere are several reasons why diet breadth might not
et al. 1981; Dill 1983; Ehlinger 1989; Kieffer and Colhave changed as predicted by optimal foraging theory.
gan 1991). Foraging experience for certain prey typd®st importantly, foraging theory assumes that prey se-
generally increases predator efficiency on those priction by a predator is a function of prey availability
Presumably gaining experience involves an active lea(Btephens and Krebs 1986). We do not know whether
ing process with associated costs. These costs mightpirey availability changed during our study but can only
clude lost foraging time or lowered feeding efficiency asfer that availability decreased when bass densities were
a predator learns to detect, capture, and handle new prigl, as reflected in decreased bass body condition.
types (Werner et al. 1981; Ehlinger 1989). The costs &wever, our data demonstrate that diet composition of
sociated with learning to feed on a new prey type shoblaiss generally did not vary with changes in bass density.
reinforce the established foraging regime (Dukas aHdthe bass population in Paul Lake had fallen to low
Clark 1995). Therefore, if resource levels influence foenough densities to allow prey fishes to flourish, we
aging strategies, it is possible that at high populatiprobably would have observed a focusing of bass preda-
densities (when presumably high-quality prey becortien on fishes (Hodgson et al. 1993), thus leading to the
scarce), the benefits of maintaining an established foragpected narrowing of diet breadth.
ing regime outweigh the costs associated with learning toAlternative explanations for the insensitivity of diet
consume all prey types encountered. At low predatmeadth to bass density include inappropriate temporal
densities, prey may be sufficiently abundant that selestale of analysis, interactions between the predator func-
ing prey as they are encountered is a more appropriiteal response, and prey growth rates (Hansson 1995),
foraging strategy than maintaining a consistent diet. inappropriate classification scheme of prey categories
We evaluated diet consistency across time intervéli@ebs 1989), and that bass do not perceive the environ-
with a minimum duration of 1 month. Therefore, if dement in a fine-grained manner as foraging models often
velopment of search images (Curio 1976) or specific fassume (Schluter 1981). Predators such as largemouth
aging skills were important in maintaining diet considass live in patchy environments. Models that do not ac-
tency of individuals, these skills must be maintained oveunt for predator behavior in spatially and temporally
relatively long periods. At time scales of days and houlsterogeneous environments may oversimplify this for-
diet consistency is probably reinforced by diurnal shifeging system. In heterogeneous environments, high in-
in prey availability and patch choice by the predatdraspecific variation in foraging mode may be adaptive
Bryan and Larkin (1972) showed that diet consistenpst as intraspecific variation in morphology is adaptive
was highest over short periods but was partially maifvan Valen 1965) and as a result may be a relatively
tained over periods up to about half a year. Our data sagmmon phenomenon. Differential responses by individ-
gest that diet consistency in largemouth bass is mails to changes in conspecific densities may obscure ex-
tained for up to several months, especially during timpscted trends in the “average” fish or the population as a
with high conspecific densities (Fig. 8). How individualvhole. In the case of largemouth bass foraging in Paul
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Lake, it appears that foraging flexibility allows individumouth bass develop individual-specific foraging regimes
als to become selective on subsets of the entire suitéhat are maintained through time. This phenomenon is
prey types available to the population. Therefore, basslogous to the ‘training effect’ that can bias predator
population impacts on prey resources appear to be maiet selection towards prey types it has previously con-
complex than simply the sum of the average individusimed (Oaten and Murdoch 1975). Stability of predator-
impact. prey systems is often enhanced by the addition of alter-
native prey (Inouye 1980; Powell 1980; but see Abrams
1987) and by “training effects” on predator functional re-
Largemouth bass as a keystone predator sponses (Oaten and Murdoch 1975). A generalist forag-
ing strategy combined with versatility probably stabilizes
The largemouth bass is a keystone predator whose pdatgemouth bass population dynamics and those of many
lation dynamics often precipitate changes throughout és-prey. However, because bass can effectively forage on
tire communities and ecosystems (Keast 1985; Carperkernate prey (i.e., benthic insects), they are capable of
et al. 1987; Carpenter and Kitchell 1993; Mittelbach etducing their preferred prey (e.g., planktivorous fishes)
al. 1995). The specific features of largemouth bass thatvery low densities, or even causing local extirpation
make them more effective predators than many otl{pturdoch and Bence 1987).
large piscivores are not well understood (Mittelbach et In our analysis of largemouth bass diets in Paul Lake
al. 1995). The ability of largemouth bass populations we observed only 9 incidents of bass predation on prey
achieve numerical dominance in many of the systefigh species in more than 1000 diet samples. Paul Lake
where they occur (Heidinger 1975), and maintain hidfass populations are sustained at high biomass primarily
population densities through time (Carpenter and Kitirough predation on benthic resources. Opportunistic
chell 1993), probably contribute to their role as keystoswitching to predation on fishes when they are sporadi-
predators in many aquatic communities. We believe tlally available (Hodgson and Kitchell 1987) can lead to
the foraging plasticity among individuals of a populatiovirtual elimination of planktivorous fishes from the com-
demonstrated by largemouth bass is an important attrfianity. Development of increased individual foraging
ute of this powerful effect. consistency may enable bass to effectively use alternate
A recent effort to characterize keystone species sugsources (i.e., benthos) during periods with intense in-
gests that keystones have effects on communities thatteaspecific competition and, therefore, sustain high popu-
disproportionately large compared to their abundaniegion densities when their preferred prey are absent.
(Power et al. 1996). Thus, numerically dominant specié#ether the degree of foraging plasticity we have ob-
are precluded from this definition of keystones. The abdlerved in largemouth bass is unique to this species is un-
ity of largemouth bass to have large impacts on aquatimown.
communities at low densities (i.e., keystone effects; Car-ldentifying keystone interactions remains an impor-
penter and Kitchell 1993; Mittelbach et al. 1995) is reitant but difficult goal of community ecology (Mills et al.
forced by their ability to achieve numerical dominance 993; Menge et al. 1994; Brown 1995). In the case of
many systems. The role of largemouth bass in structurlaggemouth bass, opportunistic foraging ability (Stroud
aguatic communities must, therefore, be viewed as a dpd Clepper 1975; Hodgson and Kitchell 1987) and be-
namic process that includes important interactions revioral flexibility at the level of individual predators,
both high and low population densities. such as that we have described, probably combine to
Predator versatility (Curio 1976) refers to the abilitnake largemouth bass a powerful keystone predator in
of individuals to specialize on a subset of prey types, many aquatic communities.
in a subset of foraging strategies that are included in the _ _ ]
entire repertoire of the species. Our data provide two Agknowledgements Discussions with Mark Olson, Sture Hans-
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ate for energy maximization (Dill 1983). Despite the g g
morphological adaptation to foraging on relatively large-
bodied prey (Werner 1979; Hoyle and Keast 1988),
largemouth bass are generally opportunistic and success-
fully forage on prey spanning several orders of magni-
tude in size, and many taxonomic categories (Hodgson
and Kitchell 1987). We have demonstrated that large-
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