CHAPTER 16

Habitat Selection, Species Interactions,
and Processes of Community Assembly
in Complex Landscapes
A Metacommunity Perspective

William J. Resetarits, Jr., Christopher A. Binckley,
and David R. Chalcraft

How are communities assembled? This simple question drives a great deal of the-
oretical and empirical research in community ecology (reviews by Cody and Dja-
mond 1975; Diamond 1975; Strong et al. 1984; Belyea and Lancaster 1999; Wei-
her and Keddy 1999), but elucidation of mechanisms or “rules” of community
assembly remain a challenge (e.g., Brown et al. 2000; Stone et al. 2000). The ma-
jority of community assembly studies focus on the role of internal dynamics (e.g.,
species interactions, abiotic tolerances) in determining composition of local
communities. However, there is increasing awareness that processes operating at
larger scales can have important consequences for local and regional dynamics
(Danielson 1991; Wilson 1992; Holt 1993; Ricklefs and Schluter 1993; Leibold
1998; Belyea and Lancaster 1999; Mouquet and Loreau 2002; Amarasekare and
Nisbet 2001). One such process is the movement of individuals among commu-
nities (Tilman et al. 1994; Holt 1997; Holyoak 2000). If local communities are
linked by dispersal, mechanisms structuring them must be examined in a larger
spatial framework. When communities are linked across space and time new pro-
cesses and emergent properties may arise from the resulting complex dynamics,
hence the metacommunity perspective (Wilson 1992).

The metacommunity perspective represents a logical extension of the meta-
population concept: discrete local populations or communities linked by periodic
dispersal. For clarity we identify a local community as the collection of organisms
occurring within a discrete habitat patch. Although rates of individual movement
among local populations are central to metapopulation and metacommunity
models, studies have only recently considered the manner of dispersal among
different populations (e.g., Hanski and Singer 2001; Holt and Barfield 2001).

Our work on habitat selection has focused on colonization, the necessary
consequence of dispersal. Here we examine ways individuals can select among lo-
cal communities and how processes of colonization can affect local and regional
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dynamics. Specifically, we focus on what we call “interactive habitat selection.” We
have two purposes: to review concepts of habitat selection relevant to metacom-
munities and to use our ongoing studies of pond communities to illustrate these
concepts.

Recent work suggests that habitat selection can dramatically affect both popu-
lation and community dynamics (Rosenzweig 1991; Brown 1998; Bernstein et al.
1999; Abrams 2000; Remes 2000; Schmidt et al. 2000; Delibes, P. Ferreras, et al.
2001; Delibes, P. Gaona, et al 2001; Hanski and Singer 2001; Heithaus 2001; Holt
and Barfield 2001; Grand 2002; Krivan and Sirot 2002; Spencer et al. 2002; Mor-
ris 2003). However, few empirical or theoretical studies have examined the effects
of habitat selection on local communities composed of more than two species.

Aquatic Mosaic Landscapes as a Model System for Understanding Linkages
among Communities

Linkages among communities may be especially critical for persistence of species
in complex landscapes where habitats vary both spatially and temporally. Because
freshwater habitats typically have more discrete boundaries than their terrestrial
or marine counterparts, they are ideal for illustrating many of the processes relat-
ing to habitat selection, dispersal, and metacommunities. While we focus here on
aquatic habitats as individual communities and linked metacommunities, the
concepts apply to a variety of systems.

Freshwater aquatic systems are often composed of isolated patches linked to
each other and the surrounding terrestrial matrix by species with complex life
cycles. The fauna contains the larval stages of many organisms that are primarily
(semi)terrestrial adults, or that must leave the water to complete their life cycle
(Merritt and Cummins 1984; Duellman and Trueb 1986; Hutchinson 1993;
Schneider and Frost 1996). Persistence of many such species is dependent on sea-
sonal invasion and/or oviposition by dispersing adults. Colonization/ oviposi-
tion behavior can play a major role in the assembly of individual aquatic com-
munities and link communities across landscapes. The importance of such
linkages varies with stability (persistence) of local communities and degree of
dispersal. The extent and pattern of spatial variation among communities and
temporal variation within and among communities has implications for habitat
quality and the dynamics of colonization. If dispersal is minimal, landscape level
dynamics are simply the sum of within-community processes across all local
community types. If dispersal is substantial, both local and metacommunity dy-
namics depend on the interaction of dispersal with spatial and temporal variation
in habitat quality.
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Types of Organisms and Types of Colonization

The causes of dispersal have generated much interest (e.g., Skellam 1952; Gadgil
1971; Maynard-Smith 1972; Hamilton and May 1977; Harper 1977; Parker 1984;
Cohen and Levin 1987; Cohen and Mitro 1989; Clobert et al. 2001). Although the
impetus for dispersal (e.g., drift, aggression, population density) has implications
in a number of domains (Holt 1997), we focus here on the consequences of dis-
persal for (re)distribution of individuals among habitat patches. It is useful, how-
ever, to distinguish between obligate and facultative dispersers. Obligate dispersers
have life cycles that force dispersal at some stage, while facultative dispersers de-
pend on current conditions for cues to initiate dispersal (or not). From a proba-
bilistic perspective obligate dispersers form more consistent links among com-
munities, whereas facultative dispersers may generate more dynamic linkages.
Impact of both depends on colonization strategies used by dispersing individuals.
Current metacommunity models (e.g., Holyoak et al., chapter 1; Mouquet et al.,
chapter 10) often follow the lead of metapopulation models in assuming random
colonization for simplicity (but see Danielson 1991) and as a starting point (Han-
ski and Gilpin 1997). Even simple colonization mechanisms can generate com-
plex dynamics (Skellam 1951; Levin 1992); however, the type of colonization may
play a central role in determining identity, extent, and strength of linkages among
communities. We will use three general types—random colonization, philopatry,
and interactive habitat selection—to illustrate how colonization strategies can
affect the connectedness of communities.

Random Colonization

Random colonizers have no control over their passive dispersal and settlement
patterns, or they actively disperse with random settlement patterns. Random col-
onization is the mode primarily used in current metacommunity models and
gives rise to the notion of the “propagule rain” where all patches have an equal
likelihood of receiving propagules from any other patch (figure 16.1a). Random
colonization can also be modeled in other ways. For example, proximity and pre-
vailing physical conditions may cause dispersers to have a greater probability of
colonizing nearby patches by chance alone (figure 16.1b).

Philopatry
Philopatry is translated as “father loving” and taken to mean “to breed in one’s
birthplace.” However, current usage includes scenarios with very different conse-
quences. Both species breeding at their natal locality because of simple encounter
probabilities and those actually exhibiting natal homing are included. In the for-
mer case, philopatry represents an extreme form of random colonization where
proximity effects or spatial structure dictate that colonization of other patches is
unlikely. While this distinction has consequences, it is beyond the scope of our

Figure 16.1 Types of dispersal/ colonization, illustrating consequences for linkag‘es among local com-
munities: (a) Random dispersal and recolonization in a large, panmictic populan.on. Eml.grants e.nter
regional pool and are randomly resorted among original habitats; (b) Randor.n dl.spersa] in a.s.p.atlally
structured (meta)population. Dispersal is random from each node b}lt c.olonlzatxon prob.ablhtles are
determined by spatial proximity (and patch size) as in internal co?omzatxon .rrlletapopulatlon modeg.
(c) Philopatry, in which individuals breed in their natal ponds with Probab.lht.y = 1; all other pon. ?
with probability = 0; (d) IHS where linkages derive from shared habitat traits independent of spatia
locations (e.g., closed versus open canopy, fish versus fishless, temporary versus permanent).
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current discussion. We simply define philo i it
. , patry as a high probab .
in one’s natal locality (figure 16.1¢). £ ety of breeding

Interactive Habitat Selection (IHS)

Thisis classic habitat selection. An organism assesses habitats duringactive s

and cbooses that deemed most appropriate (Baker 1978) (most likely to enearCh
the highest fitness; Fretwell and Lucas 1970). Individuals may either avogid effi;fe
attr.acted to certain patches relative to others (figure 16.1d; Rausher 1993) V(\)fLije
avoidance and attraction could be viewed as different descriptions of the sa.me :
sponse (e.g., are treefrogs avoiding fish or attracted to fishless habitats?), each -
produce different species distributions. “Interactive” indicates that pa)tche e
continually assessed, and the same habitat will be perceived differently shoLflceilr'e
undergo substantive change. This is the most labile of mechanisms and provid N
the greatest opportunity for matching phenotypes (both adult and propagule) f X
habitats (Resetarits 1996). This is the focus of much of the discussion below. °

Ata Fommunity level (1) any local community will include both obligate. and

facultative dispersers and species with various colonization strategies; (2) com
munities differ in the relative representation of dispersal / colonization ,typeS' an(i
(3) diffe.rent forms of dispersal/ colonization operate at different life hi;tor
stages within a single species. Our aquatic communities contain species exhibit}—,
ing the entire range of dispersal/ colonization types. However, our focal species
are mostly obligate dispersers since complex life cycles typically require leavin
the aquatic habitat at some point. Many of these species (e.g., certain frogs an(gi
beetlfes) exhibit interactive habitat selection (e.g., Resetarits and Wilbur 198g9' Re-
setarits 2001; Binckley and Resetarits 2002, 2003, 2005), while others appear t,o be
philopatric (e.g., damselflies; McPeek 1990). Still others may be essentially ran-
dgm colonizers (e.g., zooplankton, phytoplankton, aquatic plants, and others
with passive dispersal; Bilton et al. 2001; Caceres and Soluk 2002).

Consequences of Different Forms of Colonization for Metacommunities

Clearly the frequency distribution of different types of colonization (as well as dis-
persal) affects linkages among communities in complex landscapes (figure 16.1).
The greatest extent may derive from random dispersal (propagule rain model)
wl.le-re all communities within a certain radius have nonzero probabilities of re—’
ceiving colonists from a given community (figure 16.1a). The spatial dynamics
under random colonization depend on whether colonization is modeled as a
l;))r(:pf.agkule rain or whgther internal spatial structure and proximity are included
ut linkages are specifically manifeste i ion si

ey agd Ellnery1984)' d through changes in population size (mass

Philopatry reduces connections among communities and fosters isolation and
local adaptation. Philopats might be expected to contribute relatively little to dy-
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namic linkages among communities in complex landscapes (figure 16.1¢c). Only
with major disturbance would philopatric populations “reconnect” to others
within the landscape, unless philopatry is under dynamic control (which is not
indicated by any existing literature). Thus, the extent of philopatry within a com-
munity limits the potential for linkages.

The extent of linkages among communities under THS is intermediate between
complete linkage among all patches (propagule rain, figure 16.1a) and no or few
linkages (philopatry, figure 16.1c). However, a number of emergent patterns de-
riving from the process of IHS have implications for metacommunity dynamics.
Some of these include the following.

Compression

Species can be compressed into a smaller number of patches via IHS. For example,
all patches in a given landscape are ideally suitable for species X before invasion of
a subset of patches by a predator, species Y. In the absence of IHS all patches are
still colonized resulting in loss of individuals to sinks (figure 16.2a). With IHS the
number of patches available to X is compressed because it avoids patches with Y
(figure 16.2b). This decreases one set of interspecific interactions (e.g., predation)
but can increase the intensity of other intra- and/or inter-specific interactions and
affect (meta)population dynamics (Rosenzweig 1991; Blaustein 1999). This is
simply habitat loss driven by colonization behavior. All patterns described below
potentially involve habitat compression.

Contagion

When contagion occurs, the perceptions of a given habitat “bleed” over into
adjacent habitats, affecting their perceived (but not actual) suitability; suitable
patches take on the characteristics of the nearby unsuitable habitats in the “eye”
of the colonists. This can accelerate habitat loss and generate compression or
compromise (the next emergent pattern). In the case of avoidance, contagion
causes loss of otherwise favorable habitats perceived as unsuitable due to proxim-
ity to truly unsuitable habitats (figure 16.2¢). In a changing landscape where pro-
cesses render habitats unsuitable, contagion accelerates habitat loss by reducing
available patches and increasing strain (because of higher densities) on remaining
habitats perceived as suitable. In contrast, contagion based on attraction results in
colonization of unsuitable habitats perceived as suitable. Regional population size
is reduced because these habitats function as persistent sinks. These attractive
sinks can have a disproportionate effect on population persistence (Delibes, Fer-
reras, et al. 2001; Delibes, Gaona, et al 2001; see Hoopes et al. chapter 2).

Compromise

When preferred habitats do not exist, or are co-opted by incompatible species,
habitat selection forces species either to local extinction or habitat compromise
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Figure 16.2 Differing modes of dispersal / habitat selection and distribution of hypothetical species X
(obligate disperser) in a changing landscape. Initial set of habitats all suitable to X except one. (a) Dis-
tribution of colonists of X under passive dispersal / propagule rain model as habitat suitability changes
through invasion of incompatible species Y (shaded patches); no change in colonization and propag-
ules placed in unsuitable habitats are lost. (b) Distribution of colonists of X with THS. X detects and
avoids Y as an indicator of unsuitable habitat, propagules redistributed among remaining suitable
habitats, increasing densities of X. Increased densities may have further population consequences (see
text). (c) Habitat contagion in the context of IHS; suitable habitats in close proximity those invaded
by Y are viewed as unsuitable by X, resulting in loss of otherwise suitable habitats and further con-
striction of the population. Different consequences obtain depending on whether attraction or avoid-
ance is involved (see text). (d) Habitat compromise resulting from habitat loss. Smallest patch initially

considered unsuitable by X; after invasion by Y and subsequent loss of habitat, X forced into previously

unused habitats as a result of increased densities in remaining high quality habitats (sensu Fretwell and
Lucas 1970).
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(figure 16.2d); in habitat compromise species select the be§t remaining habita.t,
though average fitness may be consideral?ly below that seen in the preferred habi-
tats (sensu the Ideal Despotic Distribution, Fr.etwell and I‘Jucas 1?70) and may
even be below replacement rates, resulting in a sink Populatxon. This process may
also place species into new ecological contexts and into new sets of species inter-

actions.

Covariance

While attraction and avoidance can directly generate patterns of covariance
among species (figure 16.3a), they can also generate patterns of secondary co-
variance via independent species responses to the same or correllated facto-rs. For
example, gray (Hyla chrysoscelis) and squirrel treefrogs (H. squlr.ella) avoid fish,
and thus if fishless habitats are limited (and treefrqgs do n(?t avoid one another)
they will positively covary to a greater extent than if all habitats were ﬁshles§ and
provided other axes across which they could assort (figure 16.3a,b). Alternatlyely,
treefrog A avoids fish, treefrog B avoids shade; if open canopy ponds are 1.ess likely
to harbor fish, then the two have greater covariance asa result of sharing open
canopy, fishless ponds. This could result in competition for enemy-free space
(Jeffries and Lawton 1984; Holt and Lawton 1994).

Avoidance (Habitat Loss) and Attraction (Habitat Gain) Cascades

These are similar to cascading effects in other contexts and arise from some com-
bination of processes above. Imagine Z as a predator that excludes X an.d Y (com-
petitors that have partitioned Z-free habitats along some other ax1.s) (ﬁgure
16.3a). Predator Z invades a proportion of habitats su%tal?le to X, forcmg X mt'o
marginal habitats (for X) normally occupied by Y I‘f X is either avoided by Y or is
a superior competitor, Y’s options become very hml_ted (ﬁgl‘lre 16.3¢). Increase in
frequency of habitats containing Z results in cascac.hng. habitat los-s. Cascades can
occur as a result of attraction as well. If suitable habitat is defined (in part) by pres-
ence of Z, increase in frequency of Z results in cascading habitat gain. We can en-
vision interactions between avoidance and attraction that generate more complex
behavioral dynamics (via trait-mediated direct and 1nd1r‘ect effects-) and. also
complex dynamics arising from the operation of both density and trait mediated
effects over time.

Maladaptive Habitat Selection

Thus far we have assumed that species select habitats in which their performal.lce
is enhanced, or in which fitness of individuals selecting among habitats remains
constant (Fretwell and Lucas 1970). However, organisms may also make mal-
adaptive choices (Remes 2000; Delibes, Ferreras, et al. 2001.; Dehbe.s, Gaona, et al
2001). Random colonization commonly leads to inappropriate hal?ltat matching,
and philopatry can fail if habitats change. If cues used to assess habitats under THS



a) Each species occupies preferred habitat
Species Y
Species X

. Unoccupied
1Y (marginal) habitat
3

b) Species X and Y now syntopic Species X and
Y forced into
same habitats

Species Z /

invades

€) Displacement 8
Species X displaces
species Y

AARD
. PTN Y
AN ¥ ¥
AN ¥
L ') Species Y forced
I into marginal
\ ;bimts
Ii
i
(n]
T

Species Z. /

invades

F.lgure. 16.3 Interactive habitat selection and species covariances in dynamic landscapes: (a) twi

cies with allotopic distributions, X (triangles) and Y (squares); (b) Z invades (dark s}}:ad.ina) NO':Ee_

XnorY can Persist with Z, generating negative covariances between Z and X, and Z and Y; )% a.nde; a:

E::‘: i:;c;d m(;o;yntopy in rer.naining Z-free lllabitats (I}alf—circles); Z generates positiv’e covariance
: and Y; (c) Same as in (b) except X is competitively superior and co-opts suitable patches

previously occupied by Y, forcing it into the smallest (marginal) patch; Y may even move inItjo

smaller, more marginal habitats (not illustrated). Habitat selection can generate negative covariz::;lvceers1

among species by avoidance, and positive covari i
: riances by attraction (not illustrat
avoidance and habitat compression. e or by shared

Habitat Selection and Community Assembly 383

fail, the consequences can be dramatic. One of the truly puzzling patterns we ob-
served in frogs is oviposition in extremely ephemeral habitats, which often occurs
in active agricultural fields adjacent to forested areas. Both forested and open
areas contain potential breeding sites; forested sites are cooler, deeper, and less
ephemeral; open sites are warm, very shallow, and very ephemeral, often not last-
ing long enough for hatching much less metamorphosis. What precipitates these
seemingly disastrous choices by large numbers of ovipositing females? The strong
predilection of females for open canopy sites has been established (Binckley and
Resetarits, unpublished data), suggesting that, historically, selection of the most
open (warmest, most productive) sites was favored because such sites generated
the fastest growth and development. However, rapid anthropogenic change has
shifted the frequency of open canopy sites from rare to common, and the upper
extreme of the distribution from ponds in forest light gaps to puddles in barren
fields. Simple, historically “adaptive” decision algorithms such as, “choose the
highest available temperature,” now lead to maladaptive preferences for popula-
tion sinks (Remes 2000; Delibes, Ferreras, et al. 2001; Delibes, Gaona, et al 2001).
This consequence is possible whenever the relationship between preference and
performance breaks down (Rieger et al. 2004).

Populations, Communities, and Metacommunities

Incorporating habitat selection into population models affects population size
(Holt 1985; Smith et al. 2000; Spencer et al. 2002), growth rate, and persistence
(Pulliam and Danielson 1991; Sutherland 1996) because individuals actively
avoid sinks while selecting source habitats. In dynamic landscapes, where distri-
bution of sinks changes, IHS provides a mechanism for coping with the changing
fitness landscape (Pulliam and Danielson 1991; Resetarits 2001). This is because
individuals are not immediately lost from the population by mortality or repro-
ductive failure but are initially redistributed spatially and concentrated into re-
maining source habitat, which can then undergo secondary changes due to in-
creased density, and so on (Resetarits and Wilbur 1989; Abrams 1993; Watkinson
and Sutherland 1995; Blaustein 1999; Resetarits 2001, 2005).

Similarly, the presence and specific form of habitat selection can also have im-
portant consequences at the community and metacommunity levels. We typically
think of linkages among communities being generated by shared species that
connect habitats through dispersal. THS can contribute to this type of linkage in
a variety of ways and can even increase the number of species shared as a result of
common avoidance or attraction behaviors or as a result of shared responses to
habitat loss. THS also generates another form of linkage. We typically assume spe-
cies that do not co-occur do not interact, communities lacking shared species are
not connected, and species with complimentary distributions do not contribute
to metacommunity dynamics. However, our work demonstrates that communi-
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ties can be linked both by shared species and by species segregation driven b
habitat’selection. Numerous amphibians and insects avoid fish when coloniz)-,
ing/ovipositing (see “Axes of Habitat Selection: Empirical Perspectives”), and the
ml.ltually exclusive distributions seen for squirrel treefrogs and fish, for ;xam 1
(Binckley and Resetarits 2002), derive from behavioral avoidance not from t pie
c.al face-to-face interactions (e.g., competition and predation). Thus determg)a:
tion of the distribution of squirrel treefrogs occurs at the colonizatio,n stage, and
changes in fish distribution affects both treefrog distribution at the lands’ca
sFale and their local abundance in available fish-free habitats, linking commurf:
tle's at the landscape level. These phantom interactions (direct but cryptic effects
drlve.n by past interactions [sensu Connell 1980]) are a missing element in com-
munity .ecology and are particularly germane to metacommunity dynamics

The idea that behavior can generate patterns of negative and positive co.vari-
ance among species on the landscape scale generates potentially strong linkages
among communities that derive from such phantom interactions. Present distri-
butlops reflect the past history of species interactions. This idea was once domi-
nant in f?cology, spawning Connell’s (1980) classic denunciation of the “Ghost of
Cgmpetltion Past”; however the experimental evidence called for by Connell now
exists (see “Axes of Habitat Selection: Empirical Perspectives”).

Species can have different metapopulation structures and even those struc-
tures may be determined by phantom interactions. For example, fish in land-
scapes such as pine flatwoods in the southeastern United States or other extensive
wetlands (e.g., Great Dismal Swamp) typically exist as island-mainland meta-
populations with some internal connections (rescue effect). In contrast, fish in-
tolerant species are characterized by internal colonization metapopulations, be-
cause larg.er habitats likely contain fish, precluding an island-mainland struc,ture
an.d restricting spatial dynamics. Landscape level processes, including those
driven by. I'HS, can determine both the structure of individual populations and
communities as well as interactions among communities.

Behavioral production of diversity patterns suggests local community struc-
ture results from species interactions both within and among communities (at the
metac.ommunity scale). While community ecology has historically emphasized
local '1nteracti0ns, recent work (see “Axes of Habitat Selection: Empirical Per-
spe.ctlves” below) suggests that distributions can be determined by species inter-
actions even though species do not co-occur at the local scale. For these species
he?bltat selection defines the exact nature and extent of interactions occurrin :
within local communities by reducing the frequency of specific deleterious inter%
actions while simultaneously elevating the probability of an entirely different set
of local interactions.

B(.)t.h specific colonization strategies and exchange of individuals among com-
munltle.s can impact metacommunity dynamics (Rosenzweig 1985; McPeek
1989; Bilton et al. 2001; Binckley and Resetarits 2002). When species actively se-
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lect sites for feeding and reproduction, regional processes (e.g., dispersal and col-
onization) interact with local processes (e.g., predation, competition) to deter-
mine species distributions and community structure. IHS species subdivide
regional landscapes into different habitat types, each occurring in a specific spa-
tial configuration, based on shared characteristics that can be quite specific (e.g.,
species composition). Under IHS priority effects and phenology (e.g., Morin
1984; Alford and Wilbur 1985; Wilbur and Alford 1985; Alford 1989) assume
greater significance in the assembly of local communities and regional metacom-
munities because current occupants can affect habitat choices of later colonists.
Theory emphasizes that habitats differ in their fitness consequences, which are
detectable to individuals who match their choice of habitats to these conse-
quences (e.g., Fretwell and Lucas 1970; Fretwell 1972; Holt and Barfield 2001).
Habitat types are defined by specific factors that consistently and predictably
affect fitness, and may be biotic, abiotic, or a combination of multiple variables
(Fretwell and Lucas 1970; Werner and Gilliam 1984; Moody et al. 1997). Habitat
quality declines with increased densities of competitors leading to colonization of
initially inferior habitats (Fretwell and Lucas 1970). Thus, habitat selection is a
context dependent process, where suitability of any patch is relative to all other
potential patches. Diversity patterns, patterns of community linkages, and meta-
community dynamics for species exhibiting IHS depend not simply on the rela-
tive quality of patches, but on their frequency distribution and spatial configura-
tion in complex landscapes.

Axes of Habitat Selection: Empirical Perspectives

Thus far we have focused on how IHS affects communities and their linkages, but
what evidence exists that habitat selection can determine species distributions?
Many aquatic insects and amphibians can discriminate and selectively colonize
different patches based on a variety of factors (Resetarits and Wilbur 1989; Walton
etal. 1990; Crump 1991; Petranka and Fakhoury 1991; Kats and Sih 1992; Blaustein
and Kotler 1993; Hopey and Petranka 1994; Sherratt and Church 1994; Holomuzki
1995; Laurila and Aho 1997; Spieler and Linsenmair 1997; Blaustein 1999; Stav
et al. 1999; Summers 1999; Marsh and Borrell 2001; Resetarits 2001, 2005; Binck-
ley and Resetarits 2002, 2003, 2005). Selective colonization/ oviposition indicates
that individuals possess sensory mechanisms and behaviors that facilitate selec-
tion of favorable habitats (Rausher 1983, 1993; Singer 1984, 1986; Thompson and
Pellmyr 1991; Renwick and Chew 1994; Resetarits 1996; Blaustein 1999). Varia-
tion in environmental conditions and resulting success in different local commu-
nities (habitats or patches) provides the backdrop for the evolution of interactive
habitat selection (Resetarits 1996; Remes 2000). Below we describe studies on
habitat selection in treefrogs and aquatic beetles to illustrate the consequences
of habitat selection and the range of factors that may affect habitat suitability.



386 Chapter Sixteen

Biotic Factors

Our study of habitat selection traces back to an experiment (Resetarits and
Wilbur 1989, 1991) examining the response of ovipositing gray treefrogs to vari-
ation in the faunal composition of experimental ponds (figure 16.4a). In this and
all subsequent experiments we tested the responses of naturally colonizing popu-
lations to experimental conditions presented in as realistic a field setting as pos-
sible. We typically set up pools containing base communities that then vary in
biotic and/ or abiotic conditions (e.g., Morin 1983, Fauth and Resetarits 1991)
and allow our focal species to colonize (Resetarits and Wilbur 1989). We assay
the responses by removing eggs daily (frogs) or adults and egg cases periodically
(beetles).

Our initial goal was to determine whether H. chrysoscelis could detect and re-
spond to (avoid) species important in its larval ecology. That experiment estab-
lished habitat selection as a significant factor in the distribution of larval H.
chrysoscelis (figure 16.4a). Ovipositing H. chrysoscelis detected and avoided fish
(Enneacanthus chaetodon), salamanders (Ambystoma maculatum), and high den-
sities of conspecifics. Not all predators (nor competitors) were equal; other pred-
ators (Notophthalmus viridescens and Tramea carolina) and a potential competi-
tor (Rana catesbeiana) were not avoided, either because they could not reliably
be detected or did not have significant effects on potential fitness (Resetarits and
Wilbur 1989; Resetarits 1996). The critical implication for communities was that
behavior in response to the expected levels of predation and competition could
determine the distribution of species, even in the absence of what we commonly
think of as species interactions. These phantom interactions were the first exper-
imental evidence that past species interactions did in fact determine the present
distribution of species (sensu Connell 1980).

Since then we have examined the responses of numerous species to variation
in both the density and identity of predatory fish. We have recently returned to the
role of competitors in colonization, but predator experiments support the role of
conspecific densities, because habitats typically avoided by frogs receive eggs only
on nights with considerable oviposition activity (Binckley and Resetarits 2003;
Rieger et al. 2004). Since we removed eggs after each oviposition event, this
within-night variation in density is the only density variation accessible to frogs.
As activity (equals density) increases, preference for preferred habitats weakens,
as predicted by the ideal-free distribution (Fretwell and Lucas 1970). This suggests
that responses to habitat characteristics may be hierarchical.

We have found that a variety of frogs and aquatic beetles show strong responses
to predatory fish, even stronger than that observed in the initial experiment.
Given the choice between fish and fishless habitats, H. squirella deposits 95% of
eggs in fishless pools (Binckley and Resetarits 2002). Even higher avoidance rates
(a staggering 99.3%) occurred for H. femoralis in an experiment examining
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Figure 16.4 (a) Responses of ovipositing H. chrysoscelis to predators and com.pet%tors.. ** indicates sig-
nificant difference from controls (dashed line) at P < 0.01. Data represents distribution of more than
144,000 eggs into two categories, avoided species (Enneacanthus chaetodon, Arr.lblystoma maculatum,
and conspecifics) and control equivalents (Rana catesbeiana, Natoftzkthalmus viridescens and Tramea
carolina) (modified from Resetarits and Wilbur 1989). (b) Oviposition responses of a natural popu-
lation of H. chrysoscelis to (nonlethal) presence of five species of pred'atory fish; only Ap.hredoderus
sayanus was not significantly different from controls (modified fron.l Bmcl.dey and Reset.ants 2093), a
result obtained with other taxa as well (unpublished data); monotypic family is only species/ .famlly of
seven tested not eliciting strong avoidance. (c) Oviposition responses of a natural popul'atl(?n of H.
femoralis to a gradient of (nonlethal) fish density (2 g Umbra pygmaea)r All. treatments significantly
differ from controls but not one another. The threshold response density lies below the 1 fish level
(<0.53 g/100 L) (modified from Rieger et al. 2004)
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habitat selection on two spatial scales (see figure 16.8) (Resetarits 2005). This ap-
pears to represent a generalized response to fish, being elicited by species repre-
senting six families (in five orders) of freshwater fish (with one interesting excep-
tion still under investigation—see figure 16.4b) (Binckley and Resetarits 2003;
Binckley, unpublished data).

While the response to fish continues to impress us, more impressive is that the
response can be elicited at densities of 0.53g of fish/100 L (a single, 2 g Umbra pyg-
maeain 375 L of water) (figure 16.4¢). This response also precisely mirrors the ac-
tual effects on performance (Rieger et al. 2004). Interestingly, the four species
(figure 16.4b) that elicit avoidance have very different effects on larval anurans
(Chalcraft and Resetarits 2003a, 2003b); the nonlethal, phantom effects on spe-
cies distribution are equivalent among predators, while their lethal effects are very
different, providing a complex twist on the concept of functional equivalence
(Binckley and Resetarits 2003).

Our work on beetles has revealed similar responses for individual species, plus
we have both adult colonization responses and oviposition responses for at least
one species. Figure 16.5a shows both responses for Tropisternus lateralis; adults
colonize fishless habitats with greater frequency and their oviposition directly re-
flects this (Resetarits 2001). Adults may choose habitats for themselves (egg dis-
tribution is a byproduct), their offspring (adult distribution is a byproduct), or
they may attempt to optimize both simultaneously. We cannot yet separate these
alternatives.

The diversity of beetles has allowed us to examine the effects of fish on multi-
species assemblages (Binckley and Resetarits 2005). Figure 16.6 illustrates these
effects of habitat selection alone (there is no mortality due to fish), which are al-
most identical to the results obtained in field surveys: reduction of common spe-
cies, elimination of rare species, and significantly higher species richness and bio-
mass in the absence of fish (Kenk 1949; Weir 1972; Healey 1984; Fairchild et al.
2000). Thus, the primary filter leading to characteristic communities in fish ver-
sus fishless habitats (Wellborn, et al. 1996) may be behavior, rather than preda-

tion (Binckley and Resetarits 2003, 2005).

Abiotic Factors and Biotic-Abiotic Interactions

We have recently begun to study effects of abiotic factors on habitat selection and
examine interactions between biotic and abiotic factors. Attempts to examine
interactions between other factors and predation have been limited by the strong
fish response. A similar problem occurs with canopy types (open versus closed);
the majority of both treefrogs and beetles prefer open canopy ponds (figure
16.5b). Both preferences are so strong we are unable to test for (meaningful) bio-
logical interactions with other factors. For T. lateralis we see a significant effect of
nutrients in open canopy ponds but no colonization of closed canopy ponds
regardless of nutrient level, giving a statistically significant, but not biologically
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Figure 16.5 (a) Responses of naturally colonizing aquatic beetles, Tropisternus lateralis, to (no.nl'etha.l)
presence of pumpkinseed sunfish (Lepomis gibbosus). Number of adults explained 96.% of variation in
number of egg cases (modified from Resetarits 2001). (b) Responses of T. lateralis to open versus
closed canopy crossed with nutrient levels showing dramatic response to canopy cover and effects of

nutrients only in open canopy ponds (unpublished data).
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main graph. is conservative estimate of beetle response. This is the strongest evidence to date that THS
can determine species distribution and affect community assembly (Binckley and Resetarits 2005).

relevant, interaction (figure 16.5b)! We see similar results with treefrogs. In the
presence -of fish or in closed canopy ponds, other factors cannot override the
strong primary effects of fish or canopy (figure 16.7).

Spatial Dimensions of Habitat Selection

How habitat selection functions in larger landscapes and at multiple spatial scales
impacts the extent of linkages among communities. This is an empirical question,
and we have gained some insights into this issue from several relevant experi-
ments. Clearly different organisms will have different capacities to choose among
habitats at larger spatial scales. Our treefrogs appear to make decisions at the scale
of hundreds of meters, but beyond that we can say little (e.g., Resetarits and
Wilbur 1989; Resetarits 1996, 2005). Aquatic beetles vary in flying abilities but
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certainly outstrip treefrogs and can be expected to cover kilometers or more, de-
pending on species. For other taxa, such as dragonflies, individuals of certain spe-
cies can cover hundreds of kilometers (or even thousands for Pantala), whereas
others move very little. This leads to the potential for linkages ranging from local
to global (McPeek and Gomulkiewicz, chapter 15). Ovipositioning pinewoods
treefrogs, H. femoralis, prefer localities consisting of only fishless patches over locali-
ties containing one or more patches with fish (regional—illustrating contagion),
but also distinguish within localities between fish and fishless patches (local) (Re-
setarits 2005). The results are quite striking (figure 16.8) and indicate that our ex-
perimental arrays capture variation in the landscape on at least two meaningful
levels with respect to oviposition site choice and (meta)community assembly.
While the study of habitat selection itself is interesting and productive, it is its
role in the distribution and abundance of species that brings it fully into the realm
of ecology. The types of behavioral decisions we have observed and their appar-
ent prevalence indicate that choice of habitats by organisms is a dynamic and

Ovipositing ¢ T. lateralis Ovipositing  H. squirella

CANOPY
CLOSED OPEN
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Figure 16.7 Potential effect of shared habitat preferences for open canopy, fishless ponds on covari-
ance in distribution and abundance of T. lateralis (black arrows) and H. squirella (gray arrows), and
effects of variation in preferences (nutrients) on potential covariance. Avoidance generates negative

covariance between both species and fish.
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Figure 16.8 Responses of a natural population of ovipositing H. femoralis to (nonlethal) presence of
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fundamental process in ecology that can serve as a primary filter in determining
species distributions and abundances (Binckley and Resetarits 2005). These deci-
sions provide a framework for linkages between communities that has funda-
mental implications for the emerging field of metacommunity ecology (Resetar-
its 2005).

Conclusions—Dynamics of Habitat Selection in Complex Landscapes

Metapopulation and metacommunity theory have primarily used random dis-
persal in modeling landscape level processes. The form of dispersal/ colonization
can have important consequences for the existence and extent of linkages among
local communities (patches, habitats). Whether a landscape is comprised of nu-
merous individual communities or linked into larger metacommunities depends
partly on the nature of dispersal and colonization. Interactive habitat selection
has the greatest potential to form complex links among populations of multiple
species. As we expand the study of community assembly beyond the local scale
(Danielson 1991; Wilson 1992; Holt 1993; Resetarits, in review), and from stable
to temporally dynamic communities, we must expand our vision beyond indi-
vidual populations and species pairs, or risk generating a science of metacommu-
nities as simply assembled metapopulations (Holyoak et al., chapter 1). At pres-
ent most models and empirical studies of habitat selection focus on one or two
species. Competition in nature is not constrained to the pairwise construct of the
Lotka-Volterra equations, and processes such as diffuse competition and com-
munity-wide character displacement have much broader implications for the as-
sembly of natural communities than can be derived from two species models (Lei-
bold 1998; Stevens and Willig 2000; Mouquet and Loreau 2002; Stanton 2003).
Similarly, habitat selection has much broader implications at the community and
landscape level that affect how we view sets of communities and processes of com-
munity assembly in complex landscapes.

We have shown various ways in which habitat selection can influence meta-
communities and illustrated the types of decisions species are capable of making.
We have also touched on how behavioral decisions can translate into species dis-
tributions and compositional patterns in natural communities. Much more work
is required before we can begin to understand the role of habitat selection at the
population /species and landscape / metacommunity scales. We are continuing
our work on habitat selection in aquatic systems along several lines: focusing on
issues including the spatial dynamics of habitat selection and trade-offs between
habitat quantity and quality; relationships between habitat preference and
offspring performance, multiple risks and decision rules (e.g., minimize mortal-
ity rate divided by growth rate, minimize adult risk); and effects of habitat alter-
ation and introduced species. It is our hope that this work will lead to a better un-
derstanding of habitat selection itself, but more importantly, the consequences of
habitat selection for the assembly of communities across complex landscapes.
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