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Abstract.—Organisms use environmental cues to make phenotypic changes that maximize fitness.  As humans 
manipulate the environment, environmental variation can become so extreme that it exceeds the range of 
conditions to which the organism can respond effectively.  As humans affect climate and modify rivers, hydrologic 
conditions become increasingly variable.  Organisms, such as anurans that require water for their early life 
stages seek to maximize size at metamorphosis while facing the risks of predation, competition, and pond drying.  
Our study investigated the impact of hydroperiod variation on the survival and development of Southern 
Leopard Frogs (Lithobates sphenocephalus) in ex-situ pond mesocosms.  We manipulated mesocosm water levels 
to simulate different rates of pond volume fluctuations and examined their impact on tadpole survival, time to 
metamorphosis, and morphology.  We did not find an effect of hydrologic variability on larval development, 
survival, time to metamorphosis, or morphology.  Anurans may not be able to respond to habitat variability that 
occurs at temporal scales of days to weeks as in this study, or their response to environmental fluctuations may 
be conditional on additional factors.  Alternatively, our treatments with low water levels may not have changed 
the benthic area or resource availability and, thus, may have had little impact on growth.  This work emphasizes 
the complexities of frog responses to hydrologic variability and the importance of considering several interacting 
elements when measuring phenotypic plasticity in changing contexts.

Key Words.—anuran; hydroperiod; metamorphosis; phenotypic plasticity; Southern Leopard Frog; stress; tadpole

   
Introduction

Organisms use predictable environmental 
cues to initiate key life-history transformations or 
behaviors to maximize fitness, often demonstrating a 
high degree of phenotypic plasticity in their responses 
(Stearns 1976; Thorpe et al. 1998; Miner and Vonesh 
2004).  Human interventions are altering natural 
settings and disrupting the ability of organisms to 
use cues effectively (Nyingi et al. 2013; Fehlmann 
et al. 2017; Wilson et al. 2020).  When connections 
between cue and outcome are disrupted, adaptive 
behaviors or physiological changes may no longer 
improve fitness and result in declining survival or 
reproductive success (Reed et al. 2010; Donaldson-
Matasci et al. 2013; Fehlmann et al. 2017).  In 
addition to increased ranges of environmental 
conditions, the rates of change are also increasing, 
which minimizes the ability of organisms to mount 
behavioral or physiological changes that allow them 
to respond appropriately to shifting cues (Jacobs 
and Wingfield 2000; Goldberg et al. 2012).  For 
example, hydroelectric operations for daily power 

needs result in daily shifts in high and low flow that 
have no natural analog (Piman et al. 2013; Bobrowiec 
and Tavares 2017).  In these instances, the changes 
may occur so rapidly that an organism cannot mount 
a physiological response or select an alternative 
habitat that would allow them to be successful in 
either extreme condition (Piman et al. 2013).  Thus, 
the organism may not respond to the cue and exhibit 
average responses across the spectrum of conditions, 
resulting in poor performance during maximal 
or minimal conditions (Gervasi and Foufopoulos 
2008; Piccinetti et al. 2017; Brannelly et al. 2019).  
Alternatively, the organism could experience strain 
from constantly being in a state of physiological 
stress or may select refuge habitats that do not serve 
all life-history needs (Miner and Vonesh 2004; Reed 
et al. 2010). 
 Freshwater biodiversity is among the most 
threatened globally due to increased human use and 
modification of freshwater systems (McAllister et 
al. 1997; Nyingi et al. 2013; Fehlmann et al. 2017).  
Hydroperiod and the natural flow regime are the 
strongest drivers of the ecological conditions in 
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freshwater and are highly modified for human needs 
(Ficetola and De Bernardi 2003; Dudgeon et al. 2006; 
Gido et al. 2013).  Increased variation in precipitation 
and hydrologic control by small and large dams have 
well-understood impacts on rivers, but floodplains, 
oxbows, and slackwater ponds where many 
amphibians live are impacted in similar ways (Eskew 
et al. 2012; Guzy et al. 2018).  Modified hydrologic 
regimes provide an opportunity to examine how 
habitat variability and the rate of environmental 
change affect key indicators of success (Freeman et 
al. 2001; Craven et al. 2010; Kupferberg et al. 2012).  
In-situ systems are undergoing daily fluctuations 
from peaking power operations of hydrologic dams, 
and we expect that climate change will increase the 
frequency of drought and large rain events amplifying 
the variability of hydrologic regimes (Kupferberg et 
al. 2012) and the speed with which systems achieve 
minimum and maximum depth or flow (Knapp et al. 
2008).
 Amphibians are a model organism for understanding 
how environmental variation contributes to the 
developmental plasticity of organisms with biphasic 
life histories (Newman 1992; Miner et al. 2005; 
Blaustein et al. 2012).  During their larval phase, 
these organisms must inhabit an aquatic environment, 
transitioning to a terrestrial environment only after 
undergoing metamorphosis.  They subsequently 
return to the aquatic environment for reproduction. 
(Brühl et al. 2011).  As a result, amphibians use 
different habitat types throughout their life cycle, 
and fitness is closely tied to the success they achieve 
during their larval phase, which is tightly linked to 
conditions experienced in the larval environment 
(Amburgey et al. 2012, 2016; Blaustein et al. 2012).  
The transition between life stages and habitat 
requires considerable energy and is predicted to 
occur when growth rates relative to body size slow 
(Werner 1986; Altwegg and Reyer 2003; Amburgey 
et al. 2012).  Thus, changes in resource availability, 
intraspecific competition, or the introduction of 
predators that all reduce energy intake can accelerate 
this transition between habitats (Werner 1986; Xiao-
Li et al. 2014).  Ultimately, transformation at smaller 
sizes contributes to smaller adult body size, which is 
associated with lower survival and fecundity (Berven 
1990; Newman 1992; Altwegg and Reyer 2003; but 
see Earl and Whiteman 2015).
 Pond drying affects many of these conditions that 
can influence the rate of larval development and 
timing of metamorphosis (Semlitsch 1987; Semlitsch 
and Wilbur 1988; Leips et al. 2000).  Drying reduces 

pond volume, which decreases resource availability 
as the area of the pond can decrease, increases 
intraspecific density and competition, and increases 
thermal variability in the pond (Semlitsch and Wilbur 
1988; Skelly 1996).  Additionally, as ponds undergo 
desiccation, the substances and elements (e.g., 
waste products, hormones, or irritants) present in 
them become more concentrated, which may trigger 
metamorphosis (Schmuck et al. 1994; Castellano et al. 
2022).  The rate of drying, however, could influence 
the strength of amphibian responses to these cues.  Fast 
drying may accelerate cues to transform because if 
ponds dry completely, the larvae run the risk of dying 
before metamorphosis (Cooke 1985; Loman 1999).  
Likewise, rapid filling and drying associated with 
highly variable precipitation or even peaking power 
generation may interfere with the environmental cues 
that amphibians would use to transform, which could 
have negative consequences at the larval or adult 
life stages (Newman 1992; Stallard 2001; Earl and 
Whiteman 2015). Previous work has demonstrated 
that water volume manipulations induce shifts in 
larval anuran development (e.g., Pintar and Resetarits 
2018a), but it is less clear how variation in the rate of 
water level change might impact anuran responses to 
fluctuating conditions.
 The Southern Leopard Frog (Lithobates 
sphenocephalus) is a widespread species in the 
southeastern U.S. (Butterfield et al. 2005).  Tadpoles 
transform into terrestrial juveniles at approximately 
20–33 mm long (SUL) after 3 mo (Butterfield et al. 
2005).  They prefer to live in shallow freshwater 
aquatic environments, including ponds, creeks, 
reservoirs, swamps, and sloughs, and they can live 
for about 3 y (Butterfield et al. 2005).  They are also 
common in Sewanee, Tennessee, USA, and have 
been successfully reared in mesocosms (Zeitler et al. 
2019, 2021).
 We used the Southern Leopard Frog as a 
model organism to determine the effects of rapid 
environmental change via changing hydroperiod 
variation on the development and survival of 
amphibians using ex-situ pond mesocosms with 
different hydrologic regimes.  Relative to two stable 
treatments with little change in depth at either high 
or low depth, we compared four rates of water 
level change between high and low depths.  We 
quantified differences in tadpole survival, time to 
metamorphosis, and morphology among treatments.  
Overall, we expected that more stable treatments with 
less variability would have higher survival, growth, 
and shorter time to metamorphosis. 
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Figure 1.  (A) Pond mesocosm array and (B) the study species, the Southern Leopard Frog (Lithobates sphenocephalus), 
at the Sewanee Utility District in Franklin County, Tennessee, USA. (A photographed by Konstantinos Andriotis and 
B by Kristen Cecala).

Materials and Methods

 We set up 24 ex-situ pond mesocosms using 1,325 
L cattle tanks placed at the Sewanee Utility District in 
Sewanee, Tennessee, USA (Fig. 1).  We implemented 
four replicates of six treatments, incorporating one 
treatment with a consistently highwater depth of 50 
cm and another one with a constant low water depth 
of 30 cm, serving as our control groups, where water 
depth remained unchanged.  These water levels 
were selected to represent a 40% reduction in water 
volume within the range represented in previous 
studies of pond drying (e.g., Amburgey et al. 2016; 
Pintar and Resetarits 2018a).  We then simulated fill 
and dry cycles of 3 d, 6 d, 15 d, and 30 d between 50 
cm and 30 cm in depth.  Every 3 d, we adjusted water 
levels over a period of a few hours to depths assigned 
by each treatment.  For example, the 6-d cycle would 
be adjusted 10 cm every 3 d whereas the 30-d cycle 
would be adjusted 2 cm every 3 d.  The treatments 
were randomly assigned to the 24 mesocosms. 
 At first, we filled mesocosms with water from 
Lake O’Donnell, the lake providing water to the 
municipality of Sewanee on 24 February 2022.  
Then, we inoculated each mesocosm with 1 L water 
from Cheston Lake with native communities of 
microorganisms and 1 kg of dried upland Sugar Maple 
(Acer saccharum) leaf litter on 28 February 2022.  
After that, we refilled mesocosms with dechlorinated 

tap water as necessary to compensate for evaporation 
or as appropriate for the assigned treatment.  Next, 
we covered all mesocosms with a 5 mm pond netting 
mesh covering to prevent unwanted predation by 
birds and colonization by non-target organisms.  
We also added a float to each mesocosm to allow 
transforming individuals to rest at the surface of the 
water.  To easily manipulate water depth, we installed 
standpipes with regularly drilled holes filled with 
plugs.  To lower water levels, we simply removed 
plugs to the assigned water depth after covering the 
holes with window screen mesh to prevent the loss of 
tadpoles.  To fill the mesocosms, we inserted plugs to 
allow water depth to increase and filled mesocosms 
via gravity from 1,135 L tanks where tap water was 
allowed to dechlorinate for 48 h prior to introduction 
to the mesocosms.  We allowed mesocosms to sit for 
four weeks before the introduction of tadpoles.
 We collected five egg masses of L. sphenocephalus 
after dark on 7 March 2022 from Lake Cheston.  We 
transferred egg masses to the lab (10 min trip) in 19 L 
buckets and checked them daily.  We housed the egg 
masses individually in a 38 L aquarium with pond 
water from their collection site.  We filled the water 
to a depth of 5 cm and kept it well-oxygenated using 
a bubbler with an ambient photoperiod at 21° C.  
Then, on 15 March 2022, after approximately 75% of 
the eggs hatched, we randomly selected 10 tadpoles 
(Gosner stages 23 through 25) from each egg mass 
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to be introduced into each mesocosm for a total of 
50 tadpoles per mesocosm.  We introduced the 
tadpoles to outdoor mesocosms after being allowed 
to acclimate to the outdoor temperatures.  After their 
introduction to the mesocosms, we checked daily to 
ensure that the mesocosms had not flooded or drained 
accidentally.  We did not provide supplemental food 
to the mesocosms.  As tadpoles approached Gosner 
stage 41, which is considered the stage at which they 
have reached metamorphosis (Gosner 1960), we 
removed them from the mesocosm using dipnets and 
minnow traps and transported them to the lab. 
 In the lab, we euthanized froglets in an overdose 
of MS-222 (3 gL-1 of buffered water).  We weighed 
froglets, measured snout-urostyle length (SUL), 
right femur length, and maximal head width, and we 
inspected froglets for any malformations or injuries 
before we placed them in 75% ethanol.  We kept 
specimens at the University of the South for future 
studies.  For analysis, we used mass and length 
measurements to calculate the scaled mass index for 
each individual, which is a metric to represent body fat 
proportion in small vertebrates (Peig and Green 2009; 
MacCracken and Stebbings 2012).  We standardized 
head and leg length by body size by dividing the 
measurements by the SUL before proceeding with 
statistical analyses.  These morphological variables 
are associated with amphibian success including 
survival and fecundity, which both contribute directly 
to fitness (Werner 1986; Zeitler et al. 2019).

 Data analysis.— Our survival data and model 
residuals (time to metamorphosis, SUL, mass, 
scaled mass index) met expectations of normality 
(W > 0.972, P > 0.145) and equality of variances 
(K-squared > 8.22, P > 0.145), and we evaluated 
the effects of treatment on survival data using an 
Analysis of Variance (ANOVA).  We calculated 
survival as the proportion of the initial 50 tadpoles 
that were recovered as froglets.  Because survival 
was measured at the mesocosm scale, we calculated 
the mean body size, body condition, leg length, and 
head width per mesocosm and evaluated if mesocosm 
survival influenced morphology using a series of 
ANOVAs.  If an ANOVA indicated a significant 
effect of survival, we included survival as a covariate 
in the morphological mixed model described 
below.  We evaluated the effects of treatment on 
the morphology of froglets at metamorphosis using 
Linear Mixed Models with mesocosm as a random 
effect and repeated the model for body size (SUL), 
body condition (scaled mass index: SMI), size-

corrected leg length (femur length/SUL), and size-
corrected maximum head width (head width/SUL).  
We evaluated the normality of the residuals of these 
models to confirm use of this model structure.  We 
repeated a similar model structure to evaluate the 
potential for differences among treatments in the 
length of time necessary to reach metamorphosis 
(calculated as the number of days between the 
introduction to the mesocosm and removal from the 
mesocosm).  Linear Mixed Models were evaluated 
using package lme4 (Bates et al. 2015).  Because of the 
long period of larval development relative to another 
similar study in this location (Zeitler et al. 2021), 
we assessed whether morphological characteristics 
were associated with time to metamorphosis using 
Linear Mixed Models with mesocosm as a random 
effect.  We used Sattherwaite approximations to 
assess the significance of all Linear Mixed Models.  
For any significant outcomes in these models, we 
used package emmeans to evaluate pairwise post-
hoc comparisons among treatments with Tukey 
corrections for multiple comparisons (Lenth 2019).  
All analyses were performed in R and evaluated with 
α = 0.05.

Results

We recovered 354 individuals with survival ranging 
from 0% to 66% per mesocosm.  Two stable high 
water level replicates and one 30 d replicate had 0% 
survival, and a stable low water level treatment had 
66% survival (Table 1).  Survival to metamorphosis 
did not differ significantly among the treatments 
in this study (F5,18 = 1.73, P = 0.179), nor did time 
to metamorphosis (F6,324 = 2.65, P = 0.068).  We 
performed a post-hoc analysis on this result to 
evaluate if there was one treatment driving this result, 
but there were no significant differences (t = 3.23, P 
= 0.059; Fig. 2).  The proportion of animals in each 
mesocosm surviving to metamorphosis had no effect 
on head width (F1,19 = 0.84, P = 0.367), leg length 
(F1,19 = 3.65, P = 0.071) or body condition (F1,19 = 
2.35, P = 0.142).  Body size (SUL) was negatively 
associated with mesocosm survival rate and was 
included as a covariate in the mixed model used to 
evaluate the effects of treatment on body size (F1,19 = 
6.74, P = 0.018).
 We did not observe any treatment effects on 
morphology.  In the Linear Mixed Model for body 
size (SUL), we did not observe a significant effect 
of the covariate, mesocosm survival (F1,323 = 0.744, 
P = 0.414); however, we did note the variation in 
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Table 1.  Survival rates of Southern Leopard Frog (Lithobates 
sphenocephalus) tadpoles reaching metamorphosis after being 
reared in outdoor mesocosms with variable water level in Sewanee, 
Tennessee, USA (n = 4 mesocosms per hydrologic treatment).  
Means as well as minimum and maximum values are presented.  
The terms High and Low represent constant water levels 
throughout the experiment at depths of 50 and 30 cm respectively 
whereas x-day indicates the length of time mesocosms took to 
transition from high and low water levels and present different 
treatment rates of water level change.

Treatment Mean Minimum Maximum

High 0.26 0.00 0.58

Low 0.41 0.20 0.66

3-day 0.15 0.08 0.30

6-day 0.35 0.26 0.46

15-day 0.46 0.32 0.60

30-day 0.15 0.00 0.54 Figure 2.  Days to metamorphosis (means and quartiles) of 
Southern Leopard Frog (Lithobates sphenocephalus) tadpoles 
reared in outdoor mesocosms (Sewanee, Tennessee, USA) with 
manipulations of water level.

how morphology changed relative to the length of 
the larval period.  Likewise, body condition, size-
corrected leg length, and size-corrected head width 
were not different among treatments (F6,324 = 0.485, 
P = 0.776, F6,324 = 1.296, P = 0.322, F6,324 = 0.198, 
P = 0.959; respectively) We did not find significant 
associations between time to metamorphosis and 
body condition (F1,328 = 1.69, P = 0.195) or between 
time to metamorphosis and size-corrected leg length 
(F1,328 < 0.001, P = 0.983).  Conversely, we observed a 
negative relationship between time to metamorphosis 
and body size (SUL; r2 = 0.639; F1,328 = 13.96, P < 
0.001, Fig. 3), and a positive relationship between 
time to metamorphosis and size-corrected head width 
(r2 = 0.142; F1,328 = 5.41, P < 0.001, Fig. 3).

Discussion

 Our data suggest that the hydrologic variability in 
our study had little impact on the larval development 
of L. sphenocephalus. We found no significant 
relationships between variability and morphology, 
survival, or time to metamorphosis.  We propose 
three potential explanations for the lack of discernible 
patterns that we elaborate on below.  First, the 
variability in water depths we simulated could be 
within the range of natural variation experienced by 
this species, and therefore, tadpoles had the adaptive 
capacity to respond appropriately to these shifts 
in hydroperiod.  Secondly, the effects of habitat 
variability may only emerge as a synergistic threat, 
which were eliminated in our ex-situ study.  Lastly, 
shifts in water volume in this study may not have 
been extreme enough to simulate the threat of drying 
resulting in minimal physiological responses to our 

treatments.
 As pools dry, the concentration of materials and 
compounds within them intensifies (Schmuck et 
al. 1994).  Increased waste products, hormones, or 
irritants could induce metamorphosis to avoid the 
adverse effects of lowered water levels (Marques 
et al. 2013).  Alternatively, less surface area for 
foraging and more densely packed tadpoles could 
slow growth rates to induce metamorphosis (Denver 
et al. 1998; Castellano et al. 2022).  Unlike other 
studies investigating these particular drivers of time 
to metamorphosis or size at metamorphosis, we 
evaluated rapid versus slow shifts in water levels and 
found little evidence to suggest that even 30-d cycles 
between low and high-water levels were sufficient 
to induce changes in metamorphosis.  It is possible 
that the repeated filling of the tanks diluted these 
compounds that inhibit growth, eliminating individual 
responses to decreasing volume.  Alternatively, the 
majority of tadpole activity and foraging took place 
in the leaf litter rather than in the water column 
(Stoler and Relyea 2013, 2020).  Therefore, changing 
water volume may not be a realistic cue to indicate 
drying where water volume but also pond area would 
decrease.  In our study, low water volumes were 
only experienced for 3 d, limiting the time in which 
tadpoles were exposed to these low-water conditions 
and able to mount a physiological response.
 Despite using similar methods established in 
another study on pond drying with a 60% reduction 
in water volume (Pintar and Resetarits 2018a), 
our results differed from their observations of 
declining size in fluctuating environments.  Their 
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Figure 3.  Relationships between morphological development 
of Southern Leopard Frog (Lithobates sphenocephalus) and time 
to metamorphosis for body size (A; snout-urostyle length) and 
size-corrected head width (B).  Lines represent the predicted 
linear relationships with the shaded areas representing the 95% 
confidence intervals.

fluctuating treatment was roughly equivalent to our 
30-d fluctuating treatment, for which we expected 
the effects would be magnified in more variable 
hydrologic regimes.  Although the two treatments 
were adjusted at different frequencies (3 d in the 
present study versus 7 d in Pintar and Resetarits 
2018a), the largest difference between the present 
study and Pintar and Resetarits (2018a) was the 
seasonality of the study and the refilling rate.  We 
collected egg masses from spring-breeding L. 
sphenocephalus and manipulated water levels over 
the summer rather than the winter as in Pintar and 
Resetarits (2018a), so the water level fluctuations 
were applied throughout the study period rather 
than for limited time early in development or late in 
development.  Alternatively, Pintar and Resetarits 
(2018b) demonstrated compensatory growth when 
experimental ponds were filled, particularly at the 
early stages of development in a species with faster 
developmental rates.  It could be that there is a critical 
window in early development where the water level is 

particularly important for setting a growth trajectory 
for tadpoles (Frisch and Santer 2004; Dmitriew 
2011).  Because we began the experiment with full 
mesocosms, all of them experienced draining in the 
first month of development, which could have set 
the trajectory for all the tadpoles and minimized 
differences among treatments.  Investigating the 
potential for critical windows of drying cues would 
provide more insight into the potential effects of 
drought on anuran success.
 Although we did not measure temperature 
throughout the experiment and temperature was 
not presented in Pintar and Resetarits (2018a), 
we think that our mesocosms may have attained 
higher temperatures relative to Pintar and Resetarits 
(2018a), which could have overwhelmed the effects 
of hydrologic variation (Newman 1998; Rose 2005; 
Wheeler et al. 2015).  Repeated mixing of water in 
the mesocosms every 3 d may have also reduced the 
potential for vertical stratification in temperature and 
accelerated metamorphosis of all individuals in our 
study.  We also noted that all our metamorphosed 
froglets had body sizes below the mean reported 
for the species (Luhring 2013; Pintar and Resetarits 
2018a).  It is possible that this effect of temperature 
overwhelmed the effect of hydrologic variability or 
that climate change impacts on pond hydroperiod 
could impact anuran development indirectly via 
temperature (Atkinson 1994; Newman 1998; 
Dastansara et al. 2017). 
 The metamorphosed froglets in our experiment 
were smaller than froglets from similar ex-situ 
experiments and took longer to transform (e.g., 
Dole 1971; Luhring 2013; Zeitler et al. 2021).  More 
specifically, the metamorphic L. sphenocephalus sizes 
in nature vary and range from 20–33 mm (Butterfield 
et al. 2005).  The mean size of metamorphosing 
tadpoles in our experiment was 22.6 ± 0.11 mm, 
which is smaller than mean sizes at transformation.  
Also, tadpoles in this experiment took 15% longer 
to metamorphose compared to the ones raised in 
similar experiments (Ashton and Ashton 1988).  Our 
results highlighted a positive relationship between 
time to metamorphosis and size-corrected head width 
that could be interpreted as a signal of successful 
foraging in the larval environment.  Research has 
shown that narrowed heads in individual tadpoles 
are associated with reduced foraging success of the 
frogs at a juvenile stage (Emerson 1985; Emerson 
and Bramble 1993; Tejedo et al. 2010; Zeitler et 
al. 2021).  Positive relationship between time to 
metamorphosis and size-corrected head width as 
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well as the negative relationship between survival 
and size at metamorphosis suggest food resources 
may have become limited in our study (Emerson 
1985; Emerson and Bramble 1993; Zeitler et al. 
2021).  In the future, we recommend that researchers 
evaluating variation in water level quantify primary 
productivity and temperature and consider adding 
additional resources like algal wafers to maintain 
consistent food availability and faster growth rates 
than we observed.  Low survival and density-
dependent growth may have inhibited our ability to 
detect treatment effects.  Despite using mixed models 
to capture as much variability among treatments 
as possible, we were restricted to four replicate 
mesocosms per treatment.  If the effects of hydrologic 
variability are small relative to other environmental 
factors affecting larval anuran development, the low 
power in this experiment may have also caused us to 
fail to detect a small to moderate treatment effect. 
 As climate changes, we expect hydrographs to 
become more variable and depart from long-term 
patterns (Arnell and Gosling 2013).  Identifying if and 
how populations of aquatic organisms will respond to 
these changes is essential to understanding the long-
term success of populations and the functions they 
provide.  Although our study found no phenotypic 
changes associated with highly variable water 
levels in larval anurans, other studies have found 
that fluctuating water levels can induce responses 
by larval anurans (Pintar and Resetarits 2018a).  
Determining whether conditions like temperature or 
seasonality contribute to differences in our findings 
will provide insight into how human alterations of 
freshwater hydrologic regimes will impact anuran 
success.  Likewise, the effect of water levels alone 
may be insufficient to change tadpole phenotype, 
but it may instead depend more directly on other 
factors or how declining water volume interacts with 
mitigating factors like predator presence or density 
dependence. 
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