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ABSTRACT

SPATIAL DYNAMICS, STAGE-STRUCTURE, AND THE PREDATOR-PREY

INTERACTIONS OF LARGEMOUTH BASS (MICROPTERUS SALMOIDES)

TIMOTHY EDWIN ESSINGTON

Under the supervision of Professor James F. Kitchell

At the University of Wisconsin-Madison

Largemouth bass are important predators in lake ecosystems, exerting strong top-down
control on fish communities. Although the effect of bass on fish communities is well known,
there is only marginal understanding of the underlying processes dictating bass predation
rates. For example, the spatial aspects of bass-prey interactions are poorly understood.
Moreover, bass are often components of complex food webs, where bass both prey upon and
compete with other fishes owing to stage-structured population dynamics. Iexplored the
interactions between bass and their prey by considering three distinct questions: 1) How do
predator-prey interactions affect fish spatial distributions and habitat use ? 2) Is satiation an

important constraint on bass predation rates ? 3) Can complex food webs lead to alternate
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stable states in bass and prey abundance? I combined long-term data analysis, whole-lake
manipulations, and modeling analysis to explore how predator-prey interactions dictate fish
distributions, and the consequences of these distributions for bass predation. At high prey
densities, bass do not seek out aggregations of prey, but instead follow a fixed behavior
pattern that creates a non-random distribution of predation risk. This behavior creates a
refuge for prey in the locations uncommonly inhabited by bass. This simple anti-predator
behavior becomes an important constraint on bass predation rates. As a consequence, bass
predation rates are always well below their physiological maximum, even when prey are
abundant. Lastly, I developed a general model of intraguild predation in stage-structured
populations. This model suggests that intraguild predation promotes alternate steady states,
where populations are alternately controlled by predation or competition. However,
likelihood of such steady states depends on the intensity of density-dependent processes.
Collectively, these results highlight the importance of individual behavior in mediating

population-level phenomenon, and the importance of stage-structure in predator-prey
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CHAPTER I

THESIS INTRODUCTION

Predation is a powerful force structuring many ecological communities. Examples of
predators exerting top-down control of community structure are diverse, ranging from insects
in agricultural fields (Croft 1990) to killer whales in kelp forests (Estes et al. 1998).
Although the importance of top-down control continues to be debated by some (McQueen et
al. 1989; Osenberg and Mittelbach 1996), the key issue is not whether top-down control
occurs, but rather identifying the conditions under which top-down control is important
(Hunter and Price 1992). For example, Strong (1992) argued that top-down control is more
common in aquatic than terrestrial ecosystems. Indeed, fish do control prey abundance in
diverse aquatic environments (rivers: Power 1990; oceans: Shiomoto et al. 1997; Verhey and
Richardson 1998; lakes: Hrbdcek et al. 1961; Brooks and Dodson 1965; Carpenter et al.
1987; Northcote 1988; Lyons and Magnuson 1987; Tonn et al. 1992). Further, piscivorous
fishes can induce trophic cascades (Carpenter et al. 1987), where suppression of one trophic

level cascades down food webs, leading to alternatively predation-limited and resource-



limited trophic levels. Apex piscivores can thereby control primary production (Carpenter
and Kitchell 1993) and are often keystone species (sensu Paine 1966; Power et al. 1996).

In freshwater lakes, largemouth bass (Micropterus salmoides) is a keystone predator
owing to its ability to extirpate small-bodied fishes and induce trophic cascades (Carpenter et
al. 1985; He et al. 1993; Mittelbach et al. 1995). By eliminating planktivorous fishes, bass
allow large-bodied cladoceran grazers such as Daphnia spp. to flourish, and thereby reduce
algal productivity (Carpenter et al. 1985, 1987; Carpenter and Kitchell 1993). This
phenomenon has been documented in experimental lakes (Carpenter et al. 1987) and in lakes
following bass winterkill (Hall and Ehlinger 1991; Mittelbach et al. 1995). However, others
have noted only limited effects of bass predation on food webs (Ramcharan et al. 1995), and
DeMelo et al. (1992) argued that such trophic cascades are uncommon. These discrepancies
suggest that bass predation is a variable and complex process. Thus, research focusing on the
mechanisms by which bass are able to control prey populations may provide key insights into
why top-down control varies across lakes.

A diversity of processes may govern top-down control by bass. Schindler et al. (1997)
argued that bass maintain numerical dominance over prey by virtue of their opportunistic
foraging capabilities. This allows bass to maintain high population densities in the absence
of preferred prey, so that bass can rapidly extirpate potential colonists when they become
available (Shindler et al. 1997). This argument implies that bass are able to consume prey at
high rates when available. However, the constraints on bass predation rates and the shape of
the functional response are not known. Thus, the extent that the functional response varies is

not known, nor by extension, is how predation rates vary across lakes.



Bass also have a pronounced ontogenetic response. Bass undergo abrubt diet shifts as
they grow, primarily consuming zooplankton and small benthic invertebrates in early stages,
shifting to larger invertebrates and finally to fish in later stages (Keast and Eadie 1985;
Olson 1996; Johnson and Post 1996). Bass adults consume a wide range of diet items,
including benthic invertebrates, bivalves, terrestrial vertebrates and fish (Keast 1985;
Hodgson and Kitchell 1987; Hodgson et al. 1993; Schindler et al. 1997). However, when
fish are available, they are the preferred prey (Keast 1985; Hodgson and Kitchell 1987).
These ontogenetic niche shifts present the opportunity for complex trophic interactions
between bass and their prey, because juvenile bass often must compete with prey for shared
resources (Olson et al. 1995). The outcome of species interactions in these stage-structured
populations may be considerably more complex than simple predator-prey systems.

Finally, prey fish exhibit strong behavioral responses to bass by inhabiting refuges
(Werner et al. 1983; Mittelbach 1986; Werner and Hall 1988; He and Kitchell 199C; He et al.
1993). Structurally complex habitats, such as macrophytes and coarse woody debris are
important refuges for prey. Although these refuges reduce predation risk (Savino and Stein
1982; Anderson 1984), intra- and interspecific competition is typically intense in these
habitats (Werner et al. 1983; Mittelbach 1984,1986; Persson and Eklov 1995). These
behavioral responses have important indirect effects, which can feed back to affect
competitive interactions between prey fishes (Mittelbach 1984; Mittelbach and Chesson
1987; Persson 1988; He and Wright 1992; Turner and Mittelbach 1992). Variation in fish
responses to bass predation likely is mediated by the abundance and types of refuges

available for prey.



These numerical, functional, ontogenetic, and behavioral responses pose a myriad of
means by which top-down control by bass may vary among lakes. Further complexity is
added by considering that many of these processes interact with each other. For example,
the functional and behavioral responses are linked because prey behavioral responses should
reduce predation rates. These two phenomena, in turn, feed back to alter the numerical
response. Nowhere are these interactions more apparent than in the spatial dynamics of
predator-prey interactions. The functional and numerical responses of predators and prey are
profoundly affected by the spatial distributions of predators and prey (Hassell and Pacala
1990; Ives 1992; Murdoch et al. 1992; McCauley et al. 1996). The spatial distribution of
predators and prey, in turn, are strongly influenced by predator-prey interactions, both due to
numerical (Renshaw 1982) and behavioral responses (Sih 1984; van Baalis and Sabelis 1993;
Hugie and Dill 1994). Hence, analyses of the spatial aspects of predator-prey interactions
should provide important insights into the processes mediating top-down control by bass.

My thesis is divided into four main chapters, each of which addresses a separate aspect
of bass predator-prey interactions. Although each chapter can stand alone, there are
important links between the chapters. Chapter II and Chapter III evaluate how predator-prey
interactions, habitat, and individual movement patterns dictate the spatial distribution of bass
and their prey. Chapter IV places this work in a broader context by exploring the range of
predation rates by bass in an attempt to identify the important constraints on those rates.
Chapter V takes an even broader view of predator-prey interactions by evaluating how
complex food webs may affect community structure. Chapter VI then provides a synopsis of

these chapters and explores the links between the findings of each chapter.






