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Pond hydroperiod alters the effect of density-
dependent processes on larval anurans

Tracy Noel Rogers and David R. Chalcraft

Abstract: Many studies examine how changes (disturbances) to the abiotic environment alter the intensity of species inter-
actions by directly changing the numbers of individuals involved in the interaction but few studies examine how the abio-
tic environment affects how strongly individuals interact with each other. We conducted an experiment to evaluate how
pond hydroperiod affected the ability of two larval anuran species (Hyla squirella and Bufo terrestris) to interact with
intraspecific and interspecific competitors. Pond hydroperiod altered how an increase in the abundance of intraspecific
competitors affected fitness components of B. ferrestris but not for H. squirella. Specifically, an increase in intraspecific
abundance caused a reduction in B. terrestris survivorship in short hydroperiod ponds but had no effect on fitness compo-
nents of B. terrestris in long hydroperiod ponds. Interspecific competition did not occur between these species in either
short or long hydroperiod ponds. Our study highlights the point that the strength of density-dependent processes operating
in the aquatic environment can depend on pond hydroperiod. Consequently, the extent to which processes operating in the
aquatic environment contribute to the regulation of population and metapopulation size for amphibians will also likely
depend on pond hydroperiod.

Résumé : De nombreuses études examinent comment les changements (perturbations) dans 1’environnement abiotique
modifient I’intensité des interactions entre les especes en changeant directement le nombre d’individus impliqués dans 1’in-
teraction, mais peu de travaux examinent comment I’environnement abiotique affecte la force de I’interaction entre les in-
dividus. Nous avons monté une expérience pour évaluer comment I’hydropériode d’un étang affecte la capacité des larves
de deux especes d’anoures (Hyla squirella et Bufo terrestris) d’interagir avec leurs compétiteurs intraspécifiques et inter-
spécifiques. L hydropériode de 1’étang change la maniere par laquelle une augmentation de nombre de compétiteurs intra-
spécifiques affecte les composantes de la fitnesss chez B. ferrestris, mais non chez H. aquirella. De fagon plus spécifique,
une augmentation de ’abondance au sein de 1’espece cause une réduction de la survie de B. terrestris dans les étangs a
courte hydropériode, mais reste sans effet sur les composantes de la fitness de B. terrestris dans les étangs a longue hydro-
période. Il ne se produit pas de compétition interspécifique entre ces especes dans les étangs, que 1’hydropériode soit
courte ou longue. Notre étude souligne le fait que la force des processus dépendants de la densité en opération dans le mi-
lieu aquatique peut dépendre de 1’hydropériode de 1’étang. En conséquence, 1’importance de la contribution des processus
en ceuvre dans le milieu aquatique a la régulation de la taille de la population et de la métapopulation chez les amphibiens
dépendra aussi vraisemblablement de I’hydropériode de I’étang.

[Traduit par la Rédaction]

Introduction

Extensive research demonstrates that both the abiotic en-
vironment and biotic interactions have important direct ef-
fects on the distribution and abundance of species (for
reviews, see Schoener (1983), Sih et al. (1985), and Gure-
vitch et al. (1992)). Less appreciated, however, are ways
that the abiotic environment can alter how biotic interactions
affect a species (Dunson and Travis 1991; Chalcraft and An-
drews 1999). The abiotic environment can alter biotic inter-
actions in two ways (Wootton 1994; Chalcraft and Andrews
1999). First, the abiotic environment can alter the intensity
of either interspecific or intraspecific interactions by chang-
ing the abundances of species involved in the interaction.
Second, the abiotic environment can change the per capita

effect that either intraspecific or interspecific individuals
have on a species (i.e., an environmentally contingent inter-
action). Although ecologists have devoted much attention to
the first mechanism (for reviews on the intermediate disturb-
ance hypothesis, see, e.g., Sousa (1984) and Chesson
(2000)), less attention has been directed toward environmen-
tally contingent interactions. Here we examine how an abio-
tic factor, pond hydroperiod, affects intraspecific and
interspecific competitive interactions involving two species
of larval anurans.

Hydroperiod and competition have important direct ef-
fects on larval anurans. The most obvious effect of hydro-
period is death if larvae do not metamorphose into
terrestrial adults before the pond dries. Both hydroperiod
and competition also have important effects on growth and

Received 8 January 2008. Accepted 30 September 2008. Published on the NRC Research Press Web site at cjfas.nrc.ca on 6 December

2008.
J20356

T.N. Rogers and D.R. Chalcraft.! Department of Biology, East Carolina University, Greenville, NC 27858, USA.

ICorresponding author (e-mail: chalcraftd@ecu.edu).

Can. J. Fish. Aquat. Sci. 65: 2761-2768 (2008)

doi:10.1139/F08-177

© 2008 NRC Canada



2762

development of larval anurans. For example, larval anurans
tend to metamorphose at smaller sizes in ponds with a
shorter hydroperiod (Wilbur 1987; Crump 1989; Laurila and
Kujasalo 1999) and in ponds with more competitors (Wilbur
1977, 1982, 1987). Metamorphosing at a smaller mass can
decrease adult fitness by lowering survival and fecundity
and delaying the onset of sexual maturation (Banks and Bee-
bee 1986; Smith 1987; Berven 1990).

Hydroperiod can also affect the intensity of biotic inter-
actions imposed on larval anurans by altering abundances of
predator or competitor species ( for review, see Wellborn et
al. 1996) or by causing the effects of competitive interac-
tions to be more severe. For example, Wilbur (1987) found
that an increase in competitor abundance could slow larval
development sufficiently so that no larvae could complete
metamorphosis in ponds that dry quickly, while no larvae
would die as the result of desiccation in permanent ponds
despite reduced developmental rates. Pond drying may in-
tensify competitive interactions by reducing phytoplankton
and periphyton abundance (by reducing the volume of water
present or the amount of substrate surface area that is
underwater), the two major food sources for larval anurans
(Alford 1999), while increasing the encounter rate between
potential competitors.

Although Wilbur (1987) clearly demonstrated that short-
ening pond hydroperiod could amplify the intensity of com-
petitive interactions, his study did not separate the effects of
interspecific or intraspecific competitors. Tejedo and Re-
ques’ (1994) study on the natterjack toad demonstrated that
the strength of intraspecific density dependence was stronger
in short hydroperiod ponds, but their study only focused on
one species and did not examine the influence of hydro-
period on interspecific competition. In our study, we exam-
ined how hydroperiod affected the intensity of intraspecific
and interspecific interactions involving two species of larval
anurans. We hypothesized that pond drying will intensify the
effect of intraspecific and interspecific interactions on larval
anurans.

Study species

Our study focused on the effects of hydroperiod and intra-
specific and interspecific interactions on larvae of
Hyla squirella (squirrel tree frog) and Bufo terrestris
(southern toad). Both H. squirella and B. terrestris are
summer breeders that oviposit in ponds with relatively short
hydroperiods, but B. ferrestris will also oviposit in ponds
with longer hydroperiods (for review, see Lannoo 2005).
Furthermore, both species graze on algae and detritus that
are either suspended in the water column or occur on sub-
strates and have comparable larval developmental times (for
review, see Lannoo 2005). Given the extensive similarities,
it is likely that H. squirella and B. terrestris are competitors.
Although both species are common in the coastal plain of
the southeastern USA, little is known regarding how they in-
teract with each other and how these interactions may vary
in ponds that differ in hydroperiod.

Materials and methods

Experimental design
We conducted an experiment in 48 artificial ponds (modi-
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fied 1100 L Rubbermaid cattle-watering tanks) to evaluate
the effect of hydroperiod on the relative strengths of intra-
specific and interspecific interactions between H. squirella
and B. terrestris. Control over the experimental conditions
in independent and replicate artificial ponds allows investi-
gators to explore complex ecological questions that would
otherwise be impractical to study in natural ponds (Chalcraft
et al. 2005). Numerous studies suggest that processes identi-
fied to be important to the larval ecology of amphibians in
artificial ponds similar to ours are also important in natural
ponds (Scott 1990; Semlitsch et al. 1996; Resetarits and
Fauth 1998).

Our experimental design involved manipulations of the
initial abundance of both species in ponds that dried in
50 days (short hydroperiod) and in ponds that did not dry
(long hydroperiod). The duration of the short hydroperiod
ponds should have allowed most of the tadpoles to metamor-
phose but under stressful drying conditions, whereas individ-
uals in long hydroperiod ponds did not experience drying
conditions. Within each hydroperiod, we established six
treatments that differed in the initial abundances of each
species: (i) no larval anurans of either species, (if) 200
H. squirella alone, (iii) 400 H. squirella alone, (iv), 200
B. terrestris alone, (v) 400 B. terrestris alone, and (vi) 200
B. terrestris and 200 H. squirella. This experimental design
allowed us to measure (i) the effect of intraspecific inter-
actions and (if) the relative effect of intraspecific and inter-
specific interactions. Treatments without larval anurans
allowed us to quantify the availability of algal resources in
the absence of grazing larval anurans. The initial densities
used in this experiment fell within the range of those ob-
served in natural ponds (Morin 1983; Travis and Trexler
1986; Wilbur 1987). Each of the 12 treatments was repli-
cated four times in a randomized complete block design.

Field techniques

Four groups of 12 closely spaced artificial ponds were
placed in an open field at East Carolina University’s West
Research Campus in Greenville, North Carolina, and each
group was identified as a different statistical block. All pro-
cedures (e.g., creation, experimental manipulation, and mon-
itoring of ponds) were conducted on a block-by-block basis
to minimize within-block variation not attributable to treat-
ment differences. Each artificial pond was equipped with an
L-shaped polyvinyl chloride (PVC) standpipe to allow for
controlled draining of the pond. The standpipe opening was
covered with a screen to prevent unwanted colonization and
escape of experimental animals. Ponds were filled with
water to a depth of 35 cm on 13-14 May 2006. To add fur-
ther realism to these artificial ponds, we added 500 g of
hardwood leaf litter and an inoculation of algae and zoo-
plankton obtained from a natural pond. Each pond was cov-
ered with a tight-fitting fiberglass screen lid to prevent the
colonization of unwanted animals and escape of experimen-
tal animals.

Larval anurans were obtained from 15 clutches of
H. squirella and four clutches of B. terrestris that were laid
3—-6 June 2006. Before the addition of larval anurans to arti-
ficial ponds, we randomly assigned a different treatment
designation to each artificial pond within each block. Three-
day-old larval anurans were randomly assigned to each arti-

© 2008 NRC Canada



Rogers and Chalcraft

ficial pond with the constraint that (i) each pond receive a
similar proportion of individuals from each clutch to ensure
similar levels of genetic diversity within each pond and
(i) the number of individuals of each species added to a
pond corresponds to the treatment assigned to that pond.

Although all ponds initially had the same depth (35 cm),
we simulated drying in short hydroperiod ponds by lowering
the L-shaped PVC pipe installed in each pond at pre-
determined intervals. The rate of drying was based on an
equation describing the natural drying curve of ponds
located in North Carolina (Wilbur 1987):

D; =1 — (j/)°P

where D; is the desired depth on day j, j is the time in days
since the larval anurans were added to ponds, 7 is the target
date in days for the depth to reach zero, P is the depth at the
beginning of the experiment, and a is a shape parameter
(a = 2) for the drying curve.

We quantified algal concentrations present in each pond
40 days after larval anurans were added. A periphyton sam-
ple was obtained by scraping algae off a piece of flagging
tape tied to a ceramic tile at the bottom of each pond. We
recorded the amount of surface area scraped for each sam-
ple. A phytoplankton sample was obtained by filtering a
known volume of water from each pond. Periphyton and
phytoplankton samples were frozen for later chlorophyll ex-
traction using the spectrophotometric methods for chloro-
phyll a described by Clesceri et al. (1998).

Ponds were checked daily, and newly metamorphosed
frogs or toads (metamorphs), defined as individuals with at
least one forelimb, were removed and returned to the lab.
After tail resorption, each metamorph was blotted dry with
a damp cloth, measured to the nearest 0.001 g, and then re-
leased at the site of egg collection. Larval period of each
metamorph was estimated from day of hatching until the
date at which it was removed from the pond. Short hydro-
period ponds were terminated on day 50 at a depth of 5 cm
as the remaining tadpoles would not likely survive to meta-
morphose before complete pond drying. Long hydroperiod
ponds were terminated on 23 September 2006 (day 104)
after all metamorphs emerged. Survivorship for each species
was measured as the proportion of individuals added to a
pond that successfully metamorphosed. Some larvae sur-
vived to the end of the experiment in short hydroperiod
ponds but did not complete metamorphosis.

Statistical analyses

Each pond represented an independent experimental unit
from which mean larval period, mean mass at metamorpho-
sis, and survivorship to metamorphosis of each species was
measured and used for statistical analyses. Survivorship data
were log-transformed as this provided a measure of instanta-
neous per capita mortality rates and homogenized variances.
No B. terrestris successfully metamorphosed in one replicate
of the treatment with a high abundance of B. terrestris in a
short hydroperiod pond. As a result, we added a nominal
value (0.01) to all B. terrestris survival data before transfor-
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mation so that this observation could be included in the
analysis. Excluding this particular treatment from the analy-
sis did not qualitatively change the results. Mass at meta-
morphosis was log-transformed to meet the assumption of
homogeneity of variance. There were no problems with nor-
mality of residuals or homogeneity of variances for untrans-
formed values of larval period.

We analyzed our data with analysis of variance
(ANOVA) and multivariate analysis of variance
(MANOVA). Experimental blocks were treated as random
effects in ANOVA and MANOVA models. All other terms
in ANOVA and MANOVA models were treated as fixed ef-
fects. All analyses were conducted in SYSTAT (version
11.0; Systat Software Inc., Chicago, Illinois). We consider
effects to be significant when p < 0.05, but we also discuss
trends in effects when p < 0.10. Summary p values are pro-
vided in the manuscript, but the full MANOVA results are
available on the Web as supplemental tables.2

We tested the hypothesis that hydroperiod alters the effect
of increasing intraspecific abundance on a response vector
describing larval growth components (larval period and
mass at metamorphosis) by conducting a factorial MAN-
OVA for each species with intraspecific abundance (200 vs.
400 larval anurans), hydroperiod (short vs. long), and block
specified as the main factors (Smith 1987; Fauth and Rese-
tarits 1991; Chalcraft and Resetarits 2003). These MANO-
VAs only included data from treatments that did not contain
an interspecific competitor, and a significant interaction be-
tween intraspecific abundance and hydroperiod supports the
hypothesis that hydroperiod alters the effect of increasing
intraspecific abundance. Following MANOVA, we used
factorial ANOVA, with the same statistical model, to deter-
mine if either larval period, mass at metamorphosis, or log
survivorship to metamorphosis was affected by these intra-
specific treatments.

Similarly, we tested the hypothesis that hydroperiod alters
the effects of interspecific interactions on the response vec-
tor describing components of larval growth (larval period
and mass at metamorphosis) by conducting a factorial
MANOVA for each species, with the presence of an inter-
specific competitor, hydroperiod, and block specified as the
main factors. The effect of an interspecific competitor was
tested by comparing growth components and survival of a
species when it occurred by itself at an initial abundance of
200 individuals versus when that species occurred with a po-
tential interspecific competitor (i.e., treatments with 200 lar-
vae of each species). A significant interaction between the
presence of an interspecific competitor and hydroperiod sup-
ports the hypothesis that the effect of interspecific inter-
actions changes with hydroperiod. Following MANOVA,
we used factorial ANOVA, with the same statistical model,
to determine if larval period, mass at metamorphosis, or the
log survivorship to metamorphosis was affected by inter-
specific competitors.

Two additional ANOVAs (one for periphyton and one for
phytoplankton) were conducted to evaluate the effects of
larval anuran presence, hydroperiod, and their interaction on

2 Supplementary data for this article are available on the journal Web site (http://cjfas.nrc.ca) or may be purchased from the Depository of
Unpublished Data, Document Delivery, CISTI, National Research Council Canada, Building M-55, 1200 Montreal Road, Ottawa, ON
K1A 0R6, Canada. DUD 3857. For more information on obtaining material refer to http://cisti-icist.nrc-cnrc.gc.ca/cms/unpub_e.html.
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the availability of algal resources. The total degrees of free-
dom for these analyses were reduced because of the loss of
three phytoplankton samples and two periphyton samples.
When the presence of larval anurans altered algal resources,
we performed two additional ANOVAs. One factorial AN-
OVA evaluated the effects of varying species composition
(i.e., H. squirella alone vs. B. terrestris alone vs. both to-
gether) in treatments with 400 larval anurans and the inter-
active effect between species composition and hydroperiod.
The other factorial ANOVA only used data with a single
species present and evaluated the effects of species identity
(H. squirella vs. B. terrestris), abundance (200 vs. 400),
hydroperiod, and their two-way interactions.

Results

There was a trend for hydroperiod to affect growth com-
ponents of B. terrestris when it occurred by itself, but uni-
variate tests did not detect a significant effect of
hydroperiod on either larval period or mass at metamorpho-
sis (p > 0.465; Supplemental Table S12; Figs. la, 1b). Fur-
thermore, growth components of B. ferrestris were not
affected by either intraspecific density or the interaction be-
tween intraspecific density and hydroperiod when B. ferrest-
ris occurred by itself (p > 0.294; Supplemental Table S12;
Figs. la, 1b). The influence of intraspecific density on
B. terrestris survival depended on hydroperiod (p = 0.009;
Supplemental Table S12; Fig. 1c¢). Specifically, an increase
in B. terrestris density reduced survivorship in short hydro-
period ponds (F|;3 = 53.356, p = 0.005) but not in long
hydroperiod ponds (F;3 = 1.561, p = 0.300). Neither the
presence of H. squirella nor the interaction between
H. squirella presence and hydroperiod affected growth com-
ponents or survival of B. terrestris (p > 0.184; Supplemental
Table S22; Fig. 1).

Although a MANOVA suggested that neither intraspecific
density nor hydroperiod nor their interaction affected growth
components of H. squirella when it occurred by itself, uni-
variate ANOVA indicated that H. squirella experienced a
decrease in mean mass as conspecific density increased (p =
0.021; Supplemental Table S32; Figs. 2a, 2b). Larval period
and survival of H. squirrella did not differ significantly
among treatments that contained only H. squirrella (p >
0.152; Supplemental Table S32%; Figs. 2b, 2¢). Neither the
presence of B. terrestris nor the interaction between B. fer-
restris presence and hydroperiod affected growth compo-
nents or survival of H. squirella (p > 0.205; Supplemental
Table S42; Fig. 2).

Larval anurans reduced periphyton concentrations (p =
0.041; Supplemental Table S5a2; Fig. 3a). Although there
was a trend for the concentration of periphyton to be greater
in long hydroperiod ponds (p = 0.074), the interactive effect
between larval anuran presence and hydroperiod was not
significant (p > 0.704; Supplemental Table S5a?; Fig. 3a).
When 400 larval anurans were present, neither species com-
position nor hydroperiod nor their interaction affected
periphyton concentration (p > 0.168; Supplemental
Table S5b2). Neither hydroperiod nor intraspecific density
nor species identity nor any of their two-way interactions
affected periphyton concentration in treatments that only
contained a single larval anuran species (p > 0.187; Supple-
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Fig. 1. (a) Larval period, (b) mass at metamorphosis, and (c¢) survi-
vorship of Bufo terrestris larvae in ponds varying in hydroperiod
and the density of potential competitors (open bars, 200 B. ferres-
tris; shaded bars, 400 B. terrestris; solid bars, 200 B. terrestris and
200 Hyla squirella). Each bar (+1 standard error) represents the
mean of four replicates of a particular treatment.
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mental Table S5¢2). Phytoplankton concentration was not al-
tered by the presence of larval anurans, hydroperiod, or their
interaction (p > 0.292; Supplemental Table S5d%; Fig. 3b).
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Fig. 2. (a) Larval period, (b) mass at metamorphosis, and (c) survi-
vorship of Hyla squirella larvae in ponds varying in hydroperiod
and the density of potential competitors (open bars, 200 H. squir-
ella; shaded bars, 400 H. squirella; solid bars, 200 H. squirella and
200 Bufo terrestris). Each bar (1 standard error) represents the
mean of four replicates of a particular treatment.
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Fig. 3. Mean concentration of (a) periphyton (+1 standard error)
and (b) phytoplankton (1 standard error) collected from short and
long hydroperiod ponds that had larval anurans either absent (open
bars) or present (shaded bars): n = 4 in ponds with no larval anur-
ans; n = 18 for periphyton in ponds with larval anurans; n = 19 for
phytoplankton in long hydroperiod ponds with larval anurans; and
n = 16 for phytoplankton in short hydroperiod ponds with larval
anurans.
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about some equilibrium value(s). We detected such density-
dependent changes during the larval stage of two anuran
species. Increasing H. squirella abundance reduced H. squir-
ella mass at metamorphosis, and prior studies (Banks and
Beebee 1986; Smith 1987; Berven 1990) have demonstrated
that reduced mass at metamorphosis correlates to reduced
fecundity (i.e., per capita birth rates) in many species of
larval anurans. Furthermore, increasing the abundance of
B. terrestris in short hydroperiod ponds resulted in a reduc-
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tion in the proportion of B. terrestris that successfully meta-
morphosed from a pond (i.e., per capita death rates). Conse-
quently, variation in the number of larval anurans present
alters per capita birth (H. squirella) and death rates (B. fer-
restris), which could regulate the population size of these
species. Such density dependence during the larval stage
has been documented for many anuran species (for reviews,
see Alford (1999) and Skelly and Kiesecker (2001)).

Most interestingly, we also found that the strength of in-
traspecific density dependence depended on the abiotic envi-
ronment. Specifically, the effect of increasing intraspecific
abundance on B. terrestris depended on whether intraspe-
cific interactions occurred within a short hydroperiod or a
long hydroperiod pond. An increase in the initial abundance
of B. terrestris caused a decline in their survivorship in short
hydroperiod ponds but had no (or very weak) effect on any
of their fitness components in long hydroperiod ponds.
Although a number of studies are now documenting the ex-
tent of spatial and temporal variation in the strength of den-
sity-dependent processes (e.g., Bjornstad et al. 1995;
Agrawal et al. 2004; Underwood 2007), the source of this
variation remains unclear (Agrawal et al. 2004). Our results
have identified that a source of variation in the effect of in-
traspecific density dependence was an abiotic component of
the habitat (i.e., hydroperiod).

The effect of the abiotic environment on the strength of
intraspecific density dependence is important for at least
two reasons. First, it demonstrates that results from studies
on biotic processes in one habitat may not necessarily trans-
late to other habitats. During the past 30 years, ecologists
have become increasingly aware that the biotic context in
which a particular species interaction is measured can
actually change the intensity of the species interaction (for
reviews, see Wootton (1994) and Werner and Peacor
(2003)). Although the dependence of species interactions on
the abiotic context was introduced some time ago (Tansley
1917; Park 1954), the importance of such environmentally
contingent interactions has not received much consideration.
By understanding how the abiotic context affects the inten-
sity of species interactions, spatial and temporal variation in
the intensity of biotic interactions become predictable rather
than idiosyncratic.

Second, geographic variation in the strength of density-
dependent processes that operate during a particular life his-
tory stage could change the relative importance of different
life history stages to population regulation. The presence of
density-dependent interactions among larvae of B. ferrestris
within short but not long hydroperiod ponds suggests that
the influence of larval (aquatic) ecology on regulating the
size of B. terrestris populations will depend on pond hydro-
period. Specifically, larval B. ferrestris may regulate popula-
tion size in short hydroperiod ponds, but processes operating
on terrestrial phases of B. ferrestris may be more important
in regulating population size at long hydroperiod ponds. Fur-
thermore, the influence of B. ferrestris larvae on the regula-
tion of metapopulation size may be dependent on the
frequency distribution of hydroperiod length among ponds
occurring within a metapopulation. If most ponds in a par-
ticular metapopulation have a long hydroperiod, the aquatic
environment may play only a minor role in regulating the
size of the B. terrestris metapopulation. Instead, those meta-
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populations would be influenced more by density depend-
ence occurring during the adult terrestrial stage. Conversely,
if most ponds in a particular metapopulation have a short
hydroperiod, larval B. ferrestris may play a much more im-
portant role. Alternatively, processes other than intraspecific
competition (e.g., predation) may be responsible for regulat-
ing larval population sizes of B. ferrestris in ponds with
long hydroperiods.

Why does hydroperiod affect intraspecific interactions
among larval B. terrestris? We suggest that the increase in
the abundance of B. terrestris in short hydroperiod ponds
causes the total amount of algal food resources available
per individual to drop below a threshold value so that pro-
portionately fewer larvae could sustain themselves. This
threshold did not appear to be crossed in the long hydroper-
iod ponds, as survivorship was similar in long hydroperiod
ponds that differed in the initial abundance of larval anu-
rans. We have two pieces of evidence for the idea that the
total amount of algal food resources available per individual
is reduced in short hydroperiod ponds. First, we found that
the concentration of periphyton tended to be lower in short
hydroperiod ponds. Second, and more importantly, as short
hydroperiod ponds dried, there was less submerged surface
area available for periphyton growth. Reduced submerged
surface area occurred because drying exposed more of the
sides of the tanks to the air (5 and 35 cm of a tank side
were submerged at the end of the experiment in short and
long hydroperiod ponds, respectively). Reductions in sub-
merged surface area also occur as natural ponds dry. Conse-
quently, short hydroperiod ponds had lower total amounts of
periphyton present. Thus, an increase in the initial abun-
dance of B. terrestris in short hydroperiod ponds means that
the amount of food resources per individual is lower in
ponds with more larval anurans. An increase in the initial
abundance of B. ferrestris in long hydroperiod ponds does
reduce the amount of algal resources per individual, but
given the greater abundance of algal resources in long
hydroperiod ponds, each individual larva in long hydro-
period ponds would have more food available to it than an
individual larva in short hydroperiod ponds. It must be
noted, however, that our metric of standing algal biomass
may not be an accurate reflection of productivity (i.e., in-
stantaneous rates of biomass production) and other hypothe-
ses could also explain these data.

Hydroperiod altered the effects of intraspecific inter-
actions among B. ferrestris but not among H. squirella. Con-
sequently, hydroperiod does not consistently alter the
strength of intraspecific interactions for different anuran spe-
cies. Our work, in conjunction with the work of Tejedo and
Reques (1994), however, suggests that a significant effect of
hydroperiod on the strength of intraspecific interactions is
not uncommon among anuran species. Further work is nec-
essary to identify properties of species that make their fit-
ness components more susceptible to changes in population
abundance in short hydroperiod ponds. One trait that could
explain differences in how hydroperiod affects the strength
of intraspecific interactions is foraging location. Benthic
larval anurans would not really experience a change in the
total amount of food resources available in a drying pond
because algae that was present higher up in the water col-
umn was never really available to them so they are not
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losing resources as water volume declines. Microhabitat
generalists would experience a decline in resource availabil-
ity as ponds dry, however, because there is reduced water
volume in which algae can grow.

Prior studies of larval anurans in the southeastern US
have often documented that interspecific interactions among
larval anurans can be relatively intense (for reviews, see Al-
ford (1999) and Skelly and Kiesecker (2001)). The interspe-
cific interactions that we observed between H. squirella and
B. terrestris were weak. Consequently, interspecific interac-
tions during the larval stage likely will not play an important
role in determining whether B. terrestris and H. squirella
co-occur. Although other studies suggest that larvae of vari-
ous Bufo species are relatively insensitive to the effects of
interspecific interactions (Licht 1967; Wilbur 1977; Richter-
Boix et al. 2004), the absence of an interspecific effect of
B. terrestris on H. squirella was surprising; prior studies
(e.g., Morin 1983; Wilbur 1987; Fauth and Resetarits 1991)
suggest that larval Bufo interact strongly with other hylid
species. Richardson (2001), however, measured 14 different
larval traits in five hylid species from the southeastern US
and found that H. squirella differed substantially in these
traits from the other hylid species that she studied (H. cin-
erea, H. femoralis, H. gratiosa, and H. versicolor). Conse-
quently, these differences in phenotypic traits may explain
why H. squirella and B. terrestris did not interact in similar
ways as other hylids do with B. terrestris.

Although hydroperiod affected how an increase in intra-
specific abundance affected the survival of B. terrestris,
hydroperiod did not appear to affect the larval growth of ei-
ther species. This result was rather surprising as both species
can often be found in ponds that dry relatively rapidly, and
hydroperiod has been found to affect growth in other species
that use temporary habitats (e.g., Blaustein et al. 1999). This
suggests that these species either lack the ability to detect
pond drying or that our “short” hydroperiod length was not
sufficiently short to elicit a growth response. Our choice for
short hydroperiod duration was based in part, however, on
the midpoint of the described larval period for H. squirella
(for review, see Lannoo 2005) and the fact that this duration
was used for other larval anuran studies conducted in the
southeastern US (e.g., Wilbur 1987).

In summary, we found that an increase in intraspecific
abundance has an important effect on larval performance of
two anuran species but that the effect of increasing intra-
specific abundance on larval performance can depend on
the abiotic environment. The main implications of our study
are (i) that geographic variation in abiotic conditions can al-
ter the relative importance of particular life history stages to
population regulation and (if) that studies of species inter-
actions (e.g., intraspecific competition) conducted under one
set of abiotic conditions may not accurately predict the ef-
fect of species interactions under a different set of environ-
mental conditions. Our results indicate that a better
understanding of how intraspecific and interspecific inter-
actions affect organisms will require more attention to the
various mechanisms through which abiotic factors affect
ecological communities.
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