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Abstract. Two of the most important factors determining community structure and diver-
sity within and among habitat patches are patch size and patch quality. Despite the importance
of patch size in existing paradigms in island biogeography, metapopulation biology, landscape
ecology, and metacommunity ecology, and growing conservation concerns with habitat frag-
mentation, there has been little investigation into how patch size interacts with patch quality.
We crossed three levels of patch size (1.13 m2, 2.54 m2 and 5.73 m2) with two levels of patch
quality (fish presence/absence, green sunfish [Lepomis cyanellus] and golden shiners [Notemigo-
nus crysoleucus]) in six replicate experimental landscapes (3 9 2 9 6 = 36 patches). Both fish
predators have been previously shown to elicit avoidance in ovipositing treefrogs. We examined
how patch size and patch quality, as well as the interaction between size and quality, affected
female oviposition preference and male calling site choice in a natural population of treefrogs
(Hyla chrysoscelis). Females almost exclusively oviposited in the largest fishless patches, indi-
cating that females use both risk, in the form of fish predators, and size itself, as components
of patch quality. Females routinely use much smaller natural and experimental patches, sug-
gesting that the responses to patch size are highly context dependent. Responses to fish were
unaffected by patch size. Male responses largely mimicked those of females, but did not drive
female oviposition. We suggest that patch size itself functions as another aspect of patch qual-
ity for H. chrysoscelis, and serves as another niche dimension across which species may behav-
iorally sort in natural systems. Because of strong, shared avoidance of fish (as well as other
predators), among many colonizing taxa, patch size may be a critical factor in species sorting
and processes of community assembly in freshwater habitats, allowing species to behaviorally
segregate along gradients of patch size in fishless ponds. Conversely, lack of variation in patch
size may concentrate colonization activity, leading to intensification of species interactions
and/or increased use of lesser quality patches.

Key words: colonization; habitat fragmentation; habitat selection; ideal-free distribution; immigration;
niche dimensions; oviposition site choice; species sorting.

INTRODUCTION

Two of the most important factors determining com-
munity structure and diversity within and among habitat
patches are patch size and patch quality. Existing para-
digms in island biogeography, metapopulation biology,
landscape ecology, and metacommunity ecology empha-
size patch size, along with patch isolation, as critical char-
acteristics affecting diversity (MacArthur and Wilson
1967, Hanski and Gilpin 1997, Shurin 2001, Kneitel and
Miller 2003, Leibold et al. 2004, Kadmon and Allouche
2007). Proportional increases in the abundances and rich-
ness of species relative to area is one established law of
ecology (Rosenzweig 1991, Gotelli 2008). Interest in how
patch size affects populations and species richness pre-
cedes the Equilibrium Theory of Island Biogeography
(ETIB; e.g., Arrhenius 1921, Gleason 1922, Cain 1938,

MacArthur and Wilson 1967, see Connor and McCoy
1979, Bender et al. 1998), however, ETIB and its deriva-
tions solidified the central role of patch size in the collec-
tive ecological consciousness and its importance has been
augmented by the development of metapopulation and
metacommunity theories.
That size occupies a central place in ecology and con-

servation is attested to by the myriad of studies concern-
ing patch size (e.g., McIntyre and Wiens 1999, €Ockinger
and Smith 2006; review in Bender et al. 1998) and habitat
fragmentation (e.g., Golden and Crist 1999, Summerville
and Crist 2001; reviews in Debinski and Holt 2000,
Mortelliti et al. 2010). Increasing concern with the effects
of habitat loss and fragmentation has placed further
emphasis on both size and isolation (Debinski and Holt
2000, Hodgson et al. 2009, Ockinger et al. 2010). The
effect of patch size on diversity is generally ascribed to its
role in extinction rates, with larger patches harboring
more species at larger population sizes than smaller
patches. However, patch size can also affect the immigra-
tion side of the equation. Under random dispersal and
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colonization, size can increase the probability that a site
will be colonized (target area hypothesis; MacArthur and
Wilson 1967, Connor and McCoy 1979, Rosenzweig
1991, Hanski 1999). Invoking habitat selection, larger
habitat patches may also be more easily detected, cues are
more apparent, or may even be preferred. For aquatic
systems, cues indicating presence of water, such as reflec-
tance and chemosensory cues, are clearly related to habi-
tat area. Thus, random capture probabilities and active
habitat selection may interact; larger “targets” may be
proportionally or disproportionately more perceptible or
preferable to colonizing species and patch size may be the
driving force in colonization dynamics.
Habitat selection theory emphasizes patch quality as a

primary determinant of patch-specific colonization rates
and resulting patterns of abundance and species richness
(Fretwell and Lucas 1970, Wiens 1976, Pulliam and
Danielson 1991, Rosenzweig 1991, Morris 2003, Resetar-
its et al. 2005). Numerous studies have documented the
role of habitat quality in driving colonization rates in
both terrestrial (Rausher 1983, 1993, Singer 1984,
Thompson and Pellmyr 1991, Renwick 1994) and aquatic
systems (Resetarits and Wilbur 1989, Resetarits 2001,
Kiflawi et al. 2003, Binckley and Resetarits 2005, Vonesh
and Buck 2007; review in Blaustein 1999). Likewise, a
growing body of theoretical and empirical work suggests
that spatial variation in quality should interact with size
and isolation to drive colonization dynamics (Armsworth
and Roughgarden 2005, Resetarits et al. 2005, Abrams
2007, Abrams et al. 2007). Whereas size and location are
relatively stable characteristics of many habitat patches,
habitat quality, especially if determined by species compo-
sition and intraspecific density, is potentially more
dynamic (Resetarits and Wilbur 1989, Wellborn et al.
1996, Leibold et al. 1997). Species capable of assessing
relative quality of patches can effectively respond to the
shifting mosaic nature of such complex landscapes by
directing colonization to current high quality patches
(Resetarits and Wilbur 1989, Resetarits 1996).
The presence (and identity) of predators is an impor-

tant component of patch quality, and predators can have
a variety of effects on species diversity and community
structure (Paine 1966, Kerfoot and Sih 1987, Wellborn
et al. 1996, Crooks and Soule 1999, Terborgh et al. 1999,
Prugh et al. 2009, Estes et al. 2011). For example, the
transition from fish to fishless habitats is a defining char-
acteristic for freshwater communities (Wellborn et al.
1996). Effects on species distribution and community
structure have been primarily attributed to the lethal
impacts of predators (but see Lima 1998, 2009, Preisser
et al. 2005, Ale and Whelan 2008, Orrock et al. 2008,
Peckarsky et al. 2008), but recent work has demonstrated
that predators can have dramatic, direct, non-lethal
effects on species distribution and community structure
via effects on colonization by prey species (Resetarits and
Wilbur 1989, Blaustein 1999, Resetarits 2005, Resetarits
and Binckley 2009, Vonesh et al. 2009, Kraus and Vonesh
2010, Resetarits and Silberbush 2016). Thus, predators

can affect species/area relationships via both extinction
rate within patches (Ryberg and Chase 2007) and colo-
nization rate of patches with varying levels of predation
risk (Resetarits and Binckley 2013). Patch-specific colo-
nization rates generated by interactions between patch
size and patch quality could profoundly affect the equilib-
rium dynamics of habitat patches and impact both com-
munity and metacommunity structure.
Patch size and isolation have been central to the devel-

opment of nature reserve design and the field of conser-
vation biology. Recently, conservation biologists have
expressed a growing interest in the role of patch quality,
and concern over the relative weighting of patch quality,
size, and connectivity in conservation planning, particu-
larly in the context of climate change. This shift in focus
emphasizes the need to better understand the relative
contribution of these critical factors and their interac-
tion to colonization rates and resulting population, com-
munity, and metacommunity dynamics (Hodgson et al.
2009, 2011, Mortelliti et al. 2010, Doerr et al. 2011).
We conducted an experiment crossing the presence/

absence of predatory fish (patch quality) with patch size
to examine the specific effects of each factor, and the
possible interactions between the two, on the oviposition
site choice of naturally colonizing gray treefrogs, Hyla
chrysoscelis. Our measure of quality was based on
observed field patterns of distribution and abundance,
and experimentally verified based on behavior of the
organisms themselves. Our experimental design directly
and independently manipulated both quality and size,
allowing examination of their relative importance.

MATERIALS AND METHODS

Our experiment was conducted in a large oldfield at
the University of Mississippi Field Station (UMFS) in
Lafayette County, Mississippi, USA. We constructed six
rectangular mesocosm arrays (blocks) of six pools each
(N = 36), crossing three pool sizes (1.13 m2, 2.54 m2, and
5.73 m2) with the presence/absence of fish, specifically
green sunfish (Lepomis cyanellus) and golden shiners
(Notemigonus crysoleucus; Fig. 1). Pools were of the same
material, color, and shape (cylindrical), though the largest
pools were 13 cm deeper than the other two sizes, which
we compensated for by filling all pools to the same depth
(50 cm). Thus, pools held ~593, 1,334, and 3,002 L,
respectively. Treatments were randomly assigned to posi-
tions within the array, subject to the caveat that pools of
the same size were opposite one another in the two rows
of each array, that each row contained alternating fish
and fishless pools (Fig. 1), and an equal number of
blocks had more fish and fishless pools on the forest side.
The green sunfish, L. cyanellus, is one of the most wide-
spread fishes in North America, is widely introduced to
previously fishless waters both inside and outside of its
native range (Lee et al. 1980), and is one of the most
abundant fish at UMFS. They are generalist predators
that feed at all depths in ponds and strongly repel
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oviposition by H. chrysoscelis (data not shown). The
golden shiner, Notemigonus crysoleucus, is a small, pela-
gic, largely planktivorous, gape-limited fish that also
strongly repels oviposition by H. chrysoscelis (Data not
shown). It is also widespread in North America and
widely introduced as a forage fish.
We began filling pools with well water on 9 May 2016,

one block at a time, completing two blocks per day. Con-
current with filling, dried leaf litter (mixed hardwoods)
was added to patches (pools) of different size in propor-
tion to the volume (0.9, 2.0, 4.4 kg, respectively) with all
blocks assembled by 11 May. On 11 May, each patch
received fish at an initial density of ~2.3 g/100 L: small
(1.13 m2) patches received 4 fish total (2 N. chrysoleu-
cus + 2 L. cyanellus), medium (2.54 m2) patches received
9 fish total (4–5 N. chrysoleucus + 4–5 L. cyanellus), and
large patches (5.73 m2) received 20 fish total
(10 N. chrysoleucus + 10 L. cyanellus). This density is on
the lower end of biomass density used in previous experi-
ments and in natural ponds (Mittelbach et al. 1995), but
above the threshold that elicits avoidance in Hyla species
(Rieger et al. 2004; Data not shown). To equalize
biomass within blocks, we created eight complementary
(one “large” and one “small”) pairs within each of the two
species for each block (by eye to minimize stress), and
randomly assigned the appropriate number of pairs to
each fish patch within that block, thus maintaining the
same fish density and size structure across patch sizes
within blocks. Mean mass of both N. chrysoleucus and

L. cyanellus in the holding tanks from which the experi-
mental animals were haphazardly sampled was ~3.5 g.
Because medium patches required an uneven number of
fish, each medium patch in blocks 1, 3, and 5 received
one extra L. cyanellus, while those in blocks 2, 4, and 6
received one extra N. chrysoleucus.
On 12 May, screen lids were submerged to begin the

experiment. The experiment was checked every morning
for eggs, which were removed, photographed, and placed
in rearing tanks or natural fishless ponds. They were then
counted from photographs using ImageJ (Schneider et al.
2012). On 12 June, after 35,000+ eggs had been laid and
clear preferences had been established, we began return-
ing the eggs to the pools in which they were laid to exam-
ine whether increasing conspecific density affected
oviposition preferences (sensu the Ideal Free Distribu-
tion; Fretwell and Lucas 1970). On 17 nights we con-
ducted surveys of calling males. These were conducted
beginning 2 June 2016 and occurred on haphazard nights
approximately 90 min after sunset and consisted of a sin-
gle observer walking counterclockwise through the set of
blocks and recording the number of males on each patch,
which took <15 min. Nights are not independent, as the
same males may be recorded on multiple occasions, but
surveys provide an estimate of relative calling activity
among the patches. Block 6 received only 660 eggs laid in
a single patch (large fishless) on one night, and only 11
total observations of male activity. Totals for the other
five blocks ranged from 7,419 to 19,832 eggs. Thus, Block

FIG. 1. Physical layout and treatment summary for experimental landscapes in an old field at the University of Mississippi Field
Station, approximately to scale; blue, fishless; red, fish. Block 6 attracted very little activity and was eliminated from the analyses.
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6 clearly informs us that a particular area of our site was
not attractive to breedingH. chrysoscelis, but provides no
information regarding our questions and was thus
excluded a priori from the analyses. The experiment was
ended on 21 July after five nights of no eggs and an
extended forecast of 0% chance of rain for at least 10 d.
Our experiment comprised a randomized complete

block design crossing three levels of patch size (size) with
two levels of predator treatment (fish). Our primary
response variables were the normalized total number of
eggs/patch and the normalized male activity/patch (total
number of observations of a male on a patch on a night),
with individual patches as the unit of analysis. Male
activity is an estimate of male calling site preference,
since we did not mark males nor survey males each
night. The maximum number of observed males on a
single night was 40, which serves as a minimum estimate
of the number of calling males in the population. Nor-
malization was based on relative surface area and vol-
ume, since depth was constant among sizes, and with the
scale based on the size of the smallest patches. Egg data
was square-root transformed (

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X þ 0:5
p

) and analysed
in a generalized linear mixed model ANOVA with block
as a random effect, using PROC GLIMMIX (SAS Insti-
tute 2016) with a quasi-Poisson distribution and a log
link function. The estimate of block effect was zero, and
thus block was dropped from the model, resulting in a
generalized linear model. The same approach was used
for male activity, except we used the raw data with a
Poisson distribution, and the small block effect was
retained. Treatment means were compared using Fish-
er’s Protected LSD across all treatment combinations
only when there was an interaction term with P < 0.10,
using a = 0.05 for individual LSD comparisons. We also
examined the correlation (Pearson’s Product Moment)
between the number of eggs and our estimate of male
calling activity. All analyses used SAS v. 9.4 (SAS Insti-
tute 2016) with Type III sums of squares and a = 0.05.

RESULTS

Eggs

A total of 76,925 eggs were laid in 88 oviposition events
(eggs/patch/night) spread over 31 of the 65 nights that
comprised the experiment. Eggs were laid in 11 of 30
available patches, with the maximum number of eggs laid
on a single night at 8,349. All of the oviposition events in
individual patches appeared to contain two clutches or
fewer (.2,000 eggs), and only four events appeared to
contain less than a typical clutch of eggs (all <300 eggs).
Both patch size (F2,24 = 9.34, P < 0.001) and fish pres-

ence (F1,24 = 16.25, P < 0.0005) had significant effects on
oviposition, and there was a significant size 9 fish inter-
action (F2,24 = 4.12, P = 0.029; Fig. 2a). Females almost
completely avoided all fish pools regardless of size,
depositing a total of only 2,984 eggs (3.8% raw) spread
over four oviposition events in fish patches. Among

fishless pools, females showed a strong preference for
large pools (normalized mean � SE, 2,520.2 � 383.9
eggs), utilized medium pools significantly less (988.98 �
549.1), and totally avoided small pools (Fig. 2a). Overall
81% of eggs (raw) were laid in large fishless patches. The
size 9 fish interaction resulted from the preference for
larger size among the fishless pools, but no preference
among the pools with fish: all were avoided equally. Pref-
erence for large patches did not decrease after we began
returning eggs, in fact, the relative proportion of eggs in
large patches increased from 76% to 85%. The most obvi-
ous difference after we began returning eggs was a more
even distribution of eggs in large predator-free patches
among blocks (Appendix S1: Fig. S1).

Males

We observed 344 occurrences of male activity (obser-
vations of a male on a patch on a night) over the dura-
tion of the experiment. Males were observed at patches
on 14 of the 17 nights of observation, with nightly totals
ranging from 6 to 40.
Patch size (F2,20 = 4.73, P < 0.021) and fish presence

(F1,20 = 26.78, P < 0.0001) had significant effects on male
activity and there was a significant size 9 fish interaction
(F2,20 = 3.90, P = 0.037; Fig. 2b). Males, like females,

FIG. 2. Data for (a) total egg number and (b) total male
activity, both normalized to unit area. Values are means � 1 SE.
Letters indicate significantly different treatments based on
Fisher’s Protected LSD based on all treatment combinations.
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almost totally avoided fish pools regardless of size, with
only 7.6% of male activity occurring in fish patches.
Among fishless pools, males showed the strongest prefer-
ence for the large pools (normalized mean � SE; 9.64
� 2.83 observations), utilized medium pools at a margin-
ally lower rate (5.42 � 2.66, P = 0.0634), and almost
totally avoided small pools (0.80 � 0.49; Fig. 2b). The
size 9 fish interaction resulted from the same pattern as
in eggs: preference for larger size among the fishless pools
but no preference among the pools with fish. The male
preference for large vs. medium patches occurred primar-
ily in earlier observations; later observations (after 24
June) were essentially equivalent in normalized activity
between large and medium patches, possibly suggesting a
density-dependent response to larval density (Appen-
dix S1: Fig. S2). Large fishless patches accounted for 70%
(raw) of male occurrences, while small patches accounted
for only 1.5% (raw).

Eggs/male correlation

Totals for male activity and oviposition behavior were
strongly positively correlated across patches (r = 0.911,
P < 0.0001, n = 36; Fig. 3a), but there was no relation-
ship between the number of eggs laid and total male
activity on any given night (r = 0.0686, P = 0.793,
n = 17; Fig. 3b). There was also no relationship between
the number of eggs on the previous night and male activ-
ity (r = �0.20, P = 0.442, n = 17), nor the number of
eggs and male activity the previous night (r = 0.135,
P = 0.605, n = 17). Thus, males and females are not
proximally reacting to current levels of activity, nor to
levels of activity on the previous night.

DISCUSSION

Effects of patch quality, patch size, and density on
Hyla oviposition

We directly manipulated the size and perceived preda-
tion risk of available habitat patches to examine the rela-
tive importance of those factors and their interaction in
the oviposition behavior of gray treefrogs. Our experi-
ment focused on prospection and settlement (coloniza-
tion), and provides a snapshot of the effects of patch size
and quality on early colonization dynamics. This process
is critically important because priority effects can strongly
influence the trajectories of different communities (Alford
and Wilbur 1985, Chase 2003, Kraus and Vonesh 2010)
and effects of variation in early colonization carry over
into long term community structure (Vonesh et al. 2009).
The response of ovipositing Hyla to variation in patch

size was contrary to expectations under a passive colo-
nization model based on spatial encounter probabilities
(target-area effect), with a strong, size-adjusted, positive
response to patch size (Fig. 2a). We initially framed this
as a question of patch size vs. patch quality, but clearly
patch size itself is a strong component of perceived patch

quality. Predation risk, here generated by the presence/
absence of fish, produced an expected, but surprisingly
strong, pattern of fish avoidance, with a strong patch
size 9 predation risk interaction driven by the total lack
of response to variation in patch size in fish patches
(Fig. 2a). Given the strength of the preference for large
patches, we expected some increase in oviposition in larger
fish patches, but this was not the case. Clearly the process
is hierarchical, with females (as well as males) choosing
based first on predation risk, then on size, and there is no
amelioration of the responses to risk by increasing size.
The strong active preference for larger patches is not
based on an absolute threshold of tolerance, but is a con-
text dependent process, as Hyla chrysoscelis readily utilize
smaller patches in both natural and experimental systems
when larger patches are not available (e.g., Resetarits and
Wilbur 1989, Binckley and Resetarits 2003, Pintar and
Resetarits 2017; data not shown). All else being equal,
female H. chrysoscelis simply preferred larger patches,
and the preference was quite marked.
There are many sources of variation in patch quality,

andH. chrysoscelis are capable of assessing many of these
directly. While we can speculate on factors that might
vary with patch size, very little is actually known

FIG. 3. (a) Correlation between total male activity per patch
(raw) and total egg number per patch (raw) for the 30 patches.
(b) Correlation between total male activity per night (raw) and
total number of eggs per night (raw) for the 17 nights of male
activity surveys. Lines are regression lines.

March 2018 EFFECTS OF PATCH SIZE AND PREDATORS 665



regarding variation among patches in predator density,
permanence, productivity, etc. at the smaller end of the
size spectrum, where H. chrysoscelis typically breed. For
example, the expectation is that permanence should scale
positively with patch size but, in natural systems, this is
not necessarily the case, with hydroperiod more depen-
dent on depth, vegetation, and underlying hydrology
(Eason and Fauth 2001). Similarly, productivity, from the
perspective of H. chrysoscelis, is primarily a consequence
of pond age, canopy cover, and nutrient profile, and gray
treefrogs are capable of assessing age and canopy directly,
but do not respond to variation in nutrients (Seale 1980,
Alford and Wilbur 1985, Binckley and Resetarits 2007,
2008, Pintar and Resetarits 2017). Hyla chrysoscelis are
capable of directly assessing the presence/absence of the
most important predators, which are fish, and pond age
may be a better predictor of non-fish predators than pond
size (Schneider and Frost 1996), though both may be
important (Woodward 1983, Spencer et al. 1999). It
remains to be determined what the source(s) of variation
in expected fitness H. chrysoscelis are tracking with pref-
erence for larger patches.
Conventional wisdom suggests that male calling helps

females locate patches and drives female oviposition behav-
ior, but this does not seem the case with H. chrysoscelis,
where post-amplexus female patch choice appears to domi-
nate (Fellers 1979, Godwin and Roble 1983, Resetarits and
Wilbur 1991). In both previous work (Resetarits and
Wilbur 1989, 1991) and this study, while patch preferences
are strongly correlated on certain axes, there are also strik-
ing disconnects between sexes. In the prior study, females
avoided a fish (Enneacanthus chaetodon), a salamander
(Ambystoma maculatum), and conspecific tadpoles, while
males only avoided fish and conspecific tadpoles. More
striking was the disconnect in the spatiotemporal distribu-
tion of activity, in which peak male and female activity
were poorly correlated, which is also evident here. Males
and females share the same preferences for large fishless
patches (Fig. 3a), but the activity of females on any given
night is not correlated with male activity (Fig. 3b), and
male preferences equilibrated between large and medium
fishless patches later in the experiment (Appendix S1:
Fig. S2), while egg distribution still strongly favored large
fishless patches (Appendix S1: Fig. S1).
It is also interesting that we found no evidence of

density-dependent oviposition over the range of Hyla
activity we observed. Hyla savignyi in Israel avoid higher
densities of conspecific tadpoles when ovipositing (Stein
and Blaustein 2015) and, in a previous experiment (Rese-
tarits and Wilbur 1989, 1991), H. chrysoscelis avoided
ovipositing in pools with high densities of conspecific tad-
poles, but we saw no compelling evidence for density-
dependent oviposition here, even though some of our large
patches eventually contained upward of 5,000 tadpoles.
Possibly none of our large pools reached a saturation lar-
val density, or did not reach it until the end of the experi-
ment, or perhaps females respond to the relative stage of
the tadpoles in a patch, not simply the total number.

Kraus and Vonesh (2010) found that H. chrysoscelis
avoidance of fish was reduced as communities assembled,
but whether this is related to increasing conspecific density
in fishless patches is unclear, as predatory insects also
accumulate in fish-free pools, and resources are increas-
ingly locked up in less palatable forms of plant biomass.
Resolution of this question awaits more focused examina-
tion of the interaction between density and the factors
determining primary patch quality.

Patch quality vs. patch size in community ecology

The importance of patch quality and how quality inter-
acts with size have a variety of ramifications for how com-
munities are assembled, as well as how communities are
potentially linked into larger metacommunities. Struc-
tural features of the landscape, such as patch size, num-
ber, and isolation, have dominated our view of the role of
colonization and extinction dynamics in generating pat-
terns of distribution and diversity (MacArthur and
Wilson 1967, Allen 1987, Hanski and Gilpin 1997, Shurin
2001, Kneitel and Miller 2003, Leibold et al. 2004,
Binckley and Resetarits 2005, Ryberg and Chase 2007,
Resetarits and Binckley 2013). Considering the number of
studies addressing size and isolation alone, the longstand-
ing interest in habitat selection (especially in the context
of the Ideal-Free Distribution: see Gray and Kennedy
1993, Morris 2003), and current debates over the relative
importance of habitat quality, quantity and connectivity
in conservation planning (Hodgson et al. 2009, 2011,
Mortelliti et al. 2010, Doerr et al. 2011), surprisingly little
work has experimentally compared the relative impor-
tance (and potential interaction) of patch size and patch
quality (Saward-Arav et al. 2016), quality and isolation
(but see Thomas et al. 2001), or quality and patch num-
ber (but see Resetarits and Binckley 2013) in the context
of colonization dynamics. This is partly understandable,
as patch size, and to a lesser extent, isolation, are easier to
define and measure than patch quality, which must be
empirically determined and can differ for each colonizing
species. However, we risk a gap in our understanding of
colonization dynamics and resulting population/commu-
nity structure that arises from the failure to incorporate
habitat quality into existing paradigms and models
(Armsworth and Roughgarden 2005, Resetarits et al.
2005, Abrams 2007, Abrams et al. 2007).
Numerous studies have documented the important role

of patch quality in colonization rate both in terrestrial
(Rausher 1983, 1993, Singer 1984, Thompson and Pellmyr
1991, Renwick 1994, Mortelliti et al. 2014), and aquatic
systems (Resetarits and Wilbur 1989, Resetarits 2001,
Kiflawi et al. 2003, Binckley and Resetarits 2005, 2007,
2008, Vonesh and Buck 2007, Vonesh et al. 2009, Deans
and Chalcraft 2017, review: Blaustein 1999). However,
these studies typically manipulate quality while holding
size (and isolation) constant and are rarely designed to
compare relative importance. The influence of quality fre-
quently equals or exceeds that of size and distance when
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explaining population-level patterns of patch occupancy,
turnover, and abundance in terrestrial systems (Fleishman
et al. 2002, Collinge et al. 2003, Summerville and Crist
2004, Summerville et al. 2005, Mortelliti et al. 2014, but
see Moilanen and Hanski 2001). However, size and quality
are often confounded when concentrations of limiting
resources are correlated with habitat area (see review in
Haynes and Cronin 2004, Krauss et al. 2005, Rabasa
et al. 2008), thus leaving open the question of which is
driving observed patterns. In our study, patch size and
patch quality are only confounded because size, along
with predation risk, turns out to itself be an important
component of perceived quality for ovipositing treefrogs,
adding an additional layer of complexity to questions
regarding the importance of patch quality vs. patch size
and their interaction. The idea that organisms directly
assess patch size as a component of patch quality has
implications for how we integrate size and quality into
conservation planning and how we manage for both indi-
vidual species conservation and overall biological diversity
(Hodgson et al. 2009, 2011, Mortelliti et al. 2010, Doerr
et al. 2011).
The fact that in the presence of larger patches smaller

patches that are readily utilized when there is no varia-
tion in patch size are not utilized reinforces the idea that
perceived patch quality and resulting colonization rate
are highly context dependent across multiple spatial
scales (Resetarits et al. 2005, Resetarits and Binckley
2009, Hughey et al. 2012, Wesner et al. 2012, Deans and
Chalcraft 2017, Resetarits and Silberbush 2016). Pre-
ferred habitats in one spatial context may be less so in
another spatial context, depending upon characteristics
of the individual patch, characteristics of surrounding
patches (Resetarits et al. 2005), and the larger habitat
matrix in which a patch is embedded (Deans and Chal-
craft 2017). In this context, patch size itself becomes
another niche dimension across which species may
behaviorally sort in natural systems. Because of strong,
shared avoidance of fish among many colonizing taxa,
patch size may be a critical factor in species sorting and
processes of community assembly in freshwater habitats,
allowing species to behaviorally segregate along gradi-
ents of patch size in fishless ponds. Conversely, lack of
variation in patch size may concentrate colonization
activity, leading to intensification of species interactions
and/or increased use of lesser quality, lower fitness
patches. The fact that patch size effects on immigration
dynamics are not simply a result of passive capture
(target-area effect), but are also driven by active habitat
selection based on size as a component of perceived
patch quality, adds another layer of complexity to how
we think about the role of patch size in metapopulation
and metacommunity dynamics.
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