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An animal’s physiology should be closely adapted to its environment to optimize
organismal function, so physiological traits may be mismatched when animals are
introduced to new locations. For introduced amphibians, mismatched traits involving
hydric balance or performance across hydric states could have profound impacts on their
abundance and distribution, and thus their invasion success. We examined susceptibility
to dehydration in invasive Cuban treefrogs (Osteopilus septentrionalis) and two sympatric
native treefrogs (Hyla spp.) in Florida, USA, by measuring rates of evaporative water loss,
rates of water uptake, and sensitivity of locomotor performance to dehydration. Of the
three species, Cuban treefrogs were the most susceptible to dehydration by experiencing
the highest rate of evaporative water loss and lowest rate of water uptake. Green
treefrogs (Hyla cinerea) were the most resistant to dehydration by losing water the slowest
and gaining water the fastest, and squirrel treefrogs (Hyla squirella) were intermediate in
rates of water loss and uptake. Dehydrating frogs by 20% of their fully hydrated body
masses affected the locomotor performance of all species by decreasing maximum jump
lengths, decreasing speed, and increasing successive jump lengths. The maximum jump
lengths of Cuban treefrogs and green treefrogs were more sensitive to dehydration than
those of squirrel treefrogs. Despite this sensitivity, Cuban treefrogs still outperformed
both native species in maximum jump length and speed, even when controlling for body
size. Consequently, the performance of dehydrated Cuban treefrogs was similar to that
of fully hydrated native treefrogs. Our results suggest that Cuban treefrogs are more
susceptible to dehydration and its effects than several native competitors; however, they
may be able to at least partly compensate for these effects with their large body size,
superior locomotor performance, and strong affinity for refugia. Our findings highlight
different strategies used by frogs to maintain water balance and suggest that Cuban
treefrog densities may be higher in areas with greater moisture availability and habitat
complexity, including urban and densely forested areas. Native treefrogs may experience
stronger competition and predation from Cuban treefrogs in these areas, which supports
anecdotal reports of native frog declines.

Keywords: Cuban treefrog, dehydration, evaporative water loss, Hyla sp., introduced species, jumping
performance, Osteopilus septentrionalis, water uptake
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INTRODUCTION

As amphibians made the evolutionary transition from aquatic
to terrestrial habitats, many species developed morphological,
physiological, and behavioral adaptations that reduced the risk
of desiccation, including changes in rates of evaporative water
loss and water uptake, increased tolerance to dehydration, and
water-conserving behaviors (Toledo and Jared, 1993; Jorgensen,
1997). Although many amphibians have little resistance to water
loss and must live in or near water and use behavioral strategies
to avoid desiccating conditions, such as nocturnal activity
and fossoriality (Wells, 2007), some species have specialized
adaptations to reduce and tolerate water loss. For example, some
species can tolerate losing up to 50% of their body mass to
water loss (Thorson, 1955), and others can substantially decrease
evaporative water loss by secreting lipids from specialized glands
and spreading them over their bodies (Blaylock et al., 1976;
Lillywhite et al., 1997; Barbeau and Lillywhite, 2005), or by
forming cocoons from sloughed skin (McClanahan et al., 1976;
Withers, 1998). The wide variation in tolerance to dehydration
among species is broadly related to their ecological habits, with
arboreal species exhibiting high resistance to evaporative water
loss, terrestrial species showing moderate resistance, and semi-
aquatic species showing low resistance (Thorson, 1955; Wygoda,
1984; Young et al., 2005). Similarly, high rates of water uptake
have been reported in species inhabiting arid areas (Bentley et al.,
1958; Van Berkum et al., 1982; Tingley et al., 2012).

In addition to maintaining water balance, another challenge
that amphibians face in terrestrial environments is maintaining
ecological performance while dehydrated. The locomotor
performance of amphibians is often sensitive to dehydration,
with increasing levels of dehydration causing decreased jump
lengths, speed, and endurance (Moore and Gatten, 1989;
Rogowitz et al., 1999; Titon et al., 2010; Tingley et al., 2012).
Because locomotor performance affects the ability to capture
prey and escape from predators, decreased performance due
to dehydration can compromise predator escape abilities and
foraging efficiency (Preest and Pough, 2003), and consequently,
can reduce fitness (Wassersug and Sperry, 1977; Walton, 1988;
Miles, 2004; Husak, 2006). The hydric sensitivity of locomotor
performance differs among species and is often related to
local environmental conditions. Amphibians inhabiting dry
areas, which presumably face a greater risk of desiccation
than amphibians in wet areas, can often maintain a high
level of locomotor performance while dehydrated. For example,
dehydrated cane toads (Rhinella marina) from an arid area had
greater endurance and longer jump lengths than did dehydrated
conspecifics from a mesic area (Tingley et al.,, 2012), and the
savanna-dwelling cururu toad (R. schneideri) moved longer
distances during timed trials when dehydrated than did two
congeners found in rainforest (Titon et al., 2010).

An animal’s physiology should be closely adapted to its
environment to optimize organismal function, so physiological
traits may be mismatched when animals are introduced to
new locations. For introduced amphibians, mismatched traits
involving hydric balance or ecological performance across
hydric states could have profound impacts on their abundance

TABLE 1 | Summary of morphometric measurements for frogs used in this study,
including the mean + SE (range) snout-vent length (SVL), body mass, and surface
area (adjusted to account for the water-conserving posture; see methods for
details) for each species.

Cuban treefrogs Green treefrogs Squirrel treefrogs

SVL (mm) 37.2+1.1(28-50) 32.8+0.2(23-50) 259+ 1.1(23-32)
Mass (g) 26+02(1.1-50) 1.9+0.2(0.6-6.3) 0.9+ 0.1(0.6-1.6)
Surface area (cm?) 11.0 + 0.5 (7.1-16.3) 9.0 + 0.6 (5.0-18.6) 6.3 + 0.2 (5.0-8.5)

and distribution. Environmental conditions that differ from
those experienced in their native range could also facilitate
adaptations in physiology or behavior, such as those that
occurred in introduced cane toads when they invaded an arid
region of Australia (Tingley et al., 2012). The Cuban treefrog
(Osteopilus septentrionalis) is native to the Caribbean and has
been introduced to Florida, USA, where it negatively impacts
native amphibians by competing with them and preying upon
them (Meshaka, 2001; Wyatt and Forys, 2004; Smith, 2005;
Knight et al., 2009; Rice et al., 2011). Observational data suggest
that Cuban treefrogs may be limited by water availability. For
example, Cuban treefrogs are more strongly associated with more
urban areas than natural areas (largely due to artificial water
sources), and they are more abundant in wetlands and hardwood
hammocks than in pine forests (Meshaka, 2001; Johnson, 2007).
Furthermore, Cuban treefrogs that were displaced to old-
field habitat rapidly moved to nearby hardwood hammock or
bottomland forest, which also suggests that they prefer more
mesic habitats (McGarrity and Johnson, 2010). The habitat of
Cuban treefrogs in their native range has not been described in
detail, but observations suggest that they are also associated with
urban and forested areas in Cuba, the Cayman Islands, and the
Bahamas (Meshaka, 2001).

We examined susceptibility to dehydration in Cuban treefrogs
and two sympatric native treefrogs (Hyla spp.) in Florida by
comparing rates of evaporative water loss, rates of water uptake,
and sensitivity of locomotor performance to dehydration. The
goal of our study was to investigate innate differences in these
properties among species, rather than size-related differences,
so we used frogs of similar body sizes (Table1). Based on
apparent preferences for moist microhabitats, as described above,
we hypothesized that Cuban treefrogs would be more susceptible
to dehydration than the native species by exhibiting higher
rates of evaporative water loss, lower rates of water uptake,
and locomotor performance that is more compromised by
dehydration. Examining these physiological traits will enhance
our knowledge of how the Cuban treefrog is affected by
water availability, which may influence their habitat use and
distribution, and thus their niche overlap with native species.

MATERIALS AND METHODS
Ethics Approval Statement

This study was carried out in accordance with the
recommendations of the Institutional Animal Care and
Use Committees at the Memphis Zoo and University of Florida.
The protocol was approved by the Institutional Animal Care and
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Use Committees at the Memphis Zoo (17-110) and University of
Florida (201709995).

Frog Collection and Husbandry

We collected 30 Cuban treefrogs (O. septentrionalis), 30 green
treefrogs (Hyla cinerea) and 30 squirrel treefrogs (Hyla squirella)
from the University of Florida and four private properties in
Gainesville, Florida. Frogs were captured by hand or collected
from PVC pipe refugia over a three-day period (19-21 October
2017), and the experiments took place within the following 2
weeks. Immediately upon capture, we recorded each frog’s snout-
vent length (SVL) and body mass in the field (Table 1). Frogs
were housed individually in ventilated plastic containers (12 cm
in diameter, 14 cm in height) with moist paper towels and fed
crickets twice per week. At the end of the study, the frogs were
maintained in the laboratory for future experiments.

Rates of Evaporative Water Loss and
Water Uptake

We measured rates of evaporative water loss and water uptake for
all frogs. We first determined the masses of fully hydrated frogs by
weighing them after they had been submerged in 3 cm of bottled
drinking water for 30 min and their bladders had been emptied by
gently pressing their abdomens. Frogs were then dehydrated until
20% of their fully hydrated body masses had been lost by placing
them in wind tunnels in front of an electric fan (Titon et al,,
2010; Tingley et al., 2012). Wind tunnels were constructed from
rectangular plastic containers (11 x 7 x 5cm) with screened
ends. While in the wind tunnels, frogs were weighed every
3 min until they lost 20% of their body mass. We observed the
posture of each frog every 3 min during the trial and calculated
the proportion of time spent in the water-conserving posture
(legs folded under the body and ventral surface pressed to the
substrate). All measurements and observations were performed
carefully to avoid disturbing the frogs. The goal of our study was
to compare physiological differences in water loss rates among
three species, rather than differences that were related to body
size or behavior. Larger frogs lose water slower than smaller
frogs due to a smaller surface-area-to-volume ratio, and frogs
in the water-conserving posture lose water slower than frogs
in active postures because less surface area is exposed to the
air. Therefore, to accurately compare differences in resistance
to water loss among species, we controlled for the exposed
surface area of each frog due to its body size and posture. We
calculated rates of evaporative water loss by dividing the slopes
of regressions of body masses vs. time by each frog’s surface area.
Surface area (cm?) was calculated using the following equation
based on body mass (McClanahan and Baldwin, 1969): surface
area = 9.90 (body mass)*>¢. We adjusted surface area values by
assuming that the water-conserving posture exposes two-thirds
of a frog’s total surface area (Withers et al., 1982). We tested for
effects of species on rates of evaporative water loss (expressed
as mg/cm?/min) using a linear model. We controlled for the
time spent in the water-conserving posture by including the
residuals from a regression of the proportion of time spent in the
water-conserving posture vs. water loss rate as a fixed effect.
After dehydrated frogs were used in locomotor performance
trials (as described below), they were immediately rehydrated.

To measure rates of water uptake, we placed frogs in plastic
containers with 3 cm of bottled drinking water. Every 3 min, frogs
were removed from the containers, blotted gently with paper
towel to remove excess water, and weighed. These techniques
have been used to measure water uptake rates in other studies
(Titon et al., 2010; Tingley et al., 2012). Frog body masses were
recorded every 3min until they reached their fully hydrated
masses or for a maximum of 30 min. We calculated rates of water
uptake by dividing the slopes of regressions of body masses vs.
time by each frog’s fully hydrated body mass. We used a linear
model to test for effects of species on rates of water uptake
(expressed as mg/g/min).

We investigated whether rates of evaporative water loss were
related to rates of water uptake by using a linear model that
controlled for time spent in the water-conserving posture by
including the residuals from a regression of the proportion of
time spent in the water-conserving posture vs. water loss as a
fixed effect. We also tested for potential effects of species and
body size (SVL) on water-conserving behavior (proportion of
time in the water-conserving posture) during dehydration trials
using a linear model. Finally, we examined the natural hydration
levels of frogs (calculated by dividing body masses recorded in
the field by their fully hydrated body masses determined in the
laboratory). We used a linear model to evaluate effects of species
and body size (SVL) on natural hydration levels.

Locomotor Performance

We measured the locomotor performance of each frog when it
was fully hydrated and dehydrated until 20% of its body mass
was lost, as described above. Each frog was tested at each hydric
state in a random order, with trials for the same frog occurring at
least 48 h apart. Frogs were allowed to jump five times on fabric
taped to the floor of a long hallway at 25°C. Most frogs jumped
readily, but those that were more reluctant to jump were gently
prodded on the urostyle to encourage them to jump. We recorded
the time it took each frog to complete five jumps, and we marked
the location of each jump using dot stickers. After five jumps were
completed, the length of each jump was measured to the nearest
0.5cm. We used these data to examine the maximum distance
jumped, the time to complete five jumps (when controlling for
the total distance covered) as a measure of speed, and the change
in jumping performance across the five jumps (slope of jump
length vs. jump number) as a measure of endurance.

We used two separate linear mixed-effects models to examine
whether the maximum jump lengths and the change in jump
lengths over time were affected by hydric state, species, SVL, and
the interaction between hydric state and species. We used a third
linear mixed model to examine whether speed was affected by
hydric state, species, SVL, and the interaction between hydric
state and species, when controlling for the total distance covered
by the five jumps as a fixed effect. For all models, we included
individual frog identity as a random effect to account for the fact
that each frog was tested at each hydric state and thus the jumping
performance data across hydric states were not independent.

All statistical analyses were conducted in R statistical software
(version 3.4.3). Linear models were performed in the stats
package, linear mixed-effects models were performed in the nlme
package, and all probability values were calculated using the car
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package. We used the visreg package to construct partial residual
plots to examine the relationships between variables.

RESULTS

Rates of Evaporative Water Loss and

Water Uptake

Rates of evaporative water loss (F = 4.7908, DF = 2, P = 0.0107;
Figure 1A) and water uptake (F = 14.1540, DF = 2, P < 0.0001;
Figure 1B) differed among species and showed a similar pattern
of water balance. Of the three species, the introduced Cuban
treefrog was the most susceptible to dehydration by experiencing
the highest rate of evaporative water loss and lowest rate of
water uptake. The native green treefrog was the most resistant
to dehydration by losing water the slowest and gaining water the
fastest, and the native squirrel treefrog was intermediate in rates
of water loss and gain. Within individual frogs, rates of water loss
were negatively related to rates of water uptake (F = 7.3556, DF =
1, P = 0.0081; Figure 1C). Water-conserving behaviors differed
among species (F = 4.4239, DF = 2, P = 0.0148, Figure 1D),
but not body sizes (F = 0.1715, DF = 1, P = 0.6790). The
amount of time spent in the water-conserving posture was lowest
in Cuban treefrogs, highest in green treefrogs, and intermediate
in squirrel treefrogs. The average natural hydration level of frogs
upon immediate collection from the field was 96% (range: 76—
100%) and did not differ among species (F = 0.1896, DF = 2, P
= 0.8276) or body sizes (F = 1.8616, DF = 1, P = 0.1760).

Locomotor Performance

The maximum distances jumped by frogs (when controlling for
SVL) were affected by hydric state, species, and the interaction
between hydric state and species (Table 2, Figure 2A). Fully
hydrated frogs jumped farther than dehydrated frogs in all
species, but the magnitude of the effects of dehydration
on maximum jump lengths differed by species (Figure 2A).
Cuban treefrogs and green treefrogs were similarly affected
by dehydration, with maximum jump lengths decreasing by
an average of 22% (18cm) and 23% (14cm), respectively
(Figure 2A). Both of these species were more sensitive to
dehydration than squirrel treefrogs, which experienced a
12% decrease (7 cm), on average (Figure 2A). Overall, Cuban
treefrogs had longer maximum jump lengths in comparison to
the native species, even when controlling for body size. When
Cuban treefrogs were dehydrated, their maximum jump lengths
were similar to those of native frogs when they were fully
hydrated (Figure 2A).

Jumping speed was affected by hydric state and species (when
controlling for the distance covered and SVL) but there was no
evidence for an interaction between these two factors (Table 2,
Figure 2B). Dehydrated frogs took 16% (1 sec) longer, on average,
to complete five jumps than fully hydrated frogs (Figure 2B).
Of the three species, Cuban treefrogs had the fastest speed,
green treefrogs had the slowest speed, and squirrel treefrogs
had an intermediate speed (Figure2B). The change in jump
lengths across the five jumps (slope of jump length vs. jump
number) also differed by hydric state, but not by species or by
the interaction between these factors, when controlling for SVL
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FIGURE 1 | Partial residual plots with lines depicting means (in A,B,D) or
regressions (in C) and 95% confidence bands (shaded), controlling for all
factors in the statistical models that are not shown in the figures, showing the
significantly different rates of (A) evaporative water loss and (B) water uptake
for three species, (C) the significant correlation between these rates for
individual frogs, and (D) significant differences in the proportion of time spent
in the water-conserving posture (WCP) among three species.

(Table 2, Figure 2C). In all species, the slope for dehydrated
frogs was positive, whereas the slope for fully hydrated frogs
was zero or negative (Figure 2C); this indicates that dehydrated
frogs tended to increase their jump lengths over successive jumps,
whereas successive jump lengths of hydrated frogs tended to
remain the same or decrease.

DISCUSSION

The ability of amphibians to maintain hydric balance and
locomotor performance across hydric states influences their
habitat use, geographic distribution, and evolution (Jorgensen,
1997; Wells, 2007). For introduced amphibians, such as the
Cuban treefrog in Florida, these physiological traits may affect
their invasion success and impacts on native species resulting
from competition and predation. To fully understand hydric
balance in amphibians, rates of evaporative water loss and water
uptake should both be considered, and our study is the first to do
this for introduced Cuban treefrogs and two native competitors
in Florida. We found that rates of water loss and water uptake
differed among species and were negatively correlated (Figure 1).
Of the three species, the invasive Cuban treefrog was the most
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TABLE 2 | Statistical results from three separate linear models examining the
effects of different variables on the locomotor performance of frogs, including
maximum jump length, speed, and change in jumping performance across five
jumps (slope of jump length vs. jump number).

Predictors x2 DF P
MAXIMUM JUMP

Hydration 60.0791 1 <0.0000
Species 46.4760 2 <0.0000
SVL 20.0912 1 <0.0000
Hydration x Species 7.9265 2 0.0190
SPEED

Hydration 17.5806 1 <0.0000
Species 8.7769 2 0.0124
SVL 0.0969 1 0.7556
Distance 0.4115 1 0.5212
Hydration x Species 1.0886 2 0.5802
SLOPE OF PERFORMANCE

Hydration 16.6373 1 <0.0001
Species 0.6622 2 0.7181
SVL 0.5904 1 0.4423
Hydration x Species 2.56475 2 0.2798

Significant probability values are shown in bold typeface.

susceptible to dehydration by experiencing the highest rate of
evaporative water loss and lowest rate of water uptake. The
green treefrog was the most resistant to dehydration by losing
water the slowest and gaining water the fastest, and the squirrel
treefrog was intermediate in rates of water loss and gain. Our
water loss findings match those of a study that showed that green
treefrogs had the lowest rate of water loss of five arboreal species,
including Cuban treefrogs (Wygoda, 1984). However, results
from these two studies contradict another study that found that
green treefrogs had the highest rate of water loss of six arboreal
species, including squirrel treefrogs (Barbeau and Lillywhite,
2005). Native treefrogs in Florida secrete waterproofing lipids
from specialized glands and use wiping movements to spread
them over their bodies, which reduces evaporative water loss
(Barbeau and Lillywhite, 2005). It is not known whether Cuban
treefrogs produce lipids or use wiping behaviors, but they have
co-ossification of the cranial skin that is thought to reduce
evaporative water loss from the head (Seibert et al., 1974). By
occupying small refugia and using their casqued heads to seal
the entrances (de Andrade and Abe, 1997; Navas et al., 2002),
Cuban treefrogs can reduce water loss through a combination
of their physiology and behavior. When frogs were placed in
front of a fan during dehydration trials, the amount of time spent
in the water-conserving posture was lowest in Cuban treefrogs,
highest in green treefrogs, and intermediate in squirrel treefrogs.
This suggests that species with a higher physiological tolerance to
dehydration may rely more on their physiology to withstand dry
conditions, whereas species that are less tolerant of dehydration
may be more likely to avoid dry conditions by seeking out more
favorable microhabitats.

Because Cuban treefrogs had the highest rate of evaporative
water loss and lowest rate of water uptake of the species we

A Cuban Green Squirrel
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FIGURE 2 | Partial residual plots with means (lines) and 95% confidence
bands (shaded), controlling for all factors in the statistical models that are not
shown in the figures, showing the locomotor performance of frogs, including
(A) the significant interaction between species and hydric state on the
maximum jump distance, (B) significant effects of species and hydric state on
speed, and (C) the significant effect of hydric state on the change in jump

distance across five jumps (slope of jump distance vs. jump number).

examined, they may be less tolerant of dry conditions than
other frogs of similar sizes. Species that inhabit arid habitats
typically lose water more slowly and absorb water more rapidly
than species associated with more mesic habitats (Warburg,
1965; Walker and Whitford, 1970; de Andrade and Abe, 1997;
Navas et al., 2004; Young et al., 2005). This might explain why
Cuban treefrogs are more abundant in wetlands and hardwood
hammocks than in pine forests in Florida, and why they are
strongly associated with urban areas in their introduced and
native ranges (Meshaka, 2001; Johnson, 2007). Urban areas
provide greater water availability than many natural areas due
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to artificial sources of water, such as ornamental ponds and
lawn/garden irrigation. When Cuban treefrogs were displaced
to old-field habitat in another study, they rapidly moved to
nearby hardwood hammock or bottomland forest, which also
suggests that they prefer forested areas over more open areas
(McGarrity and Johnson, 2010). In addition to providing more
moisture, habitats that Cuban treefrogs prefer also provide more
potential refugia than non-preferred habitats. Cuban treefrogs’
high affinity for refugia (Meshaka, 2001) enables them to invade
urban areas and forested areas with high structural complexity
and abundant refugia, such as tree hollows. Among the native
frogs we examined, we found that squirrel treefrogs lost water
more quickly and absorbed water more slowly than green
treefrogs. Squirrel treefrogs have been observed using refugia that
were more enclosed than refugia used by green treefrogs (Goin,
1958), and squirrel treefrogs also used PVC pipe refugia with
a smaller diameter more often than green treefrogs (Zacharow
et al,, 2003), which may reflect their higher susceptibility to
dehydration.

Dehydration affected the locomotor performance of all species
by decreasing the maximum jump length, decreasing speed,
and increasing (rather than decreasing) jump lengths over time,
which is unlikely to indicate an increase in endurance over time
and may instead represent a reluctance to move as the trial
began(Figure 2). These changes in the movements of dehydrated
frogs can compromise foraging efficiency and predator escape
abilities, and consequently, can reduce fitness (Wassersug and
Sperry, 1977; Walton, 1988; Miles, 2004; Husak, 2006). Frogs that
jump farther and faster should be more likely to escape from
common predators, such as snakes and wading birds. Higher-
performing frogs should also be more successful at capturing
invertebrate prey (Preest and Pough, 2003). Of the three species
we examined, the jumping abilities of Cuban treefrogs and
green treefrogs were the most sensitive to dehydration, with
maximum jump lengths of dehydrated frogs decreasing by
nearly twice as much as those of dehydrated squirrel treefrogs
(Figure 2). The poorer locomotor abilities of Cuban treefrogs
when dehydrated, relative to some native frogs, could contribute
to their limited abundance in more open habitats (Meshaka,
2001), in combination with other physiological and behavioral
factors.

Opverall, we found that Cuban treefrogs were more susceptible
to dehydration than similar-sized native treefrogs by losing water
more rapidly and absorbing water more slowly. Furthermore,
the locomotor performance of Cuban treefrogs was more
compromised by dehydration than one of two native species.
However, many Cuban treefrogs may be able to compensate for
these effects in nature due to their large body sizes and superior
jumping abilities. We used frogs of similar sizes in our study to
investigate innate differences in water balance and dehydration
sensitivity among species, rather than size-related differences.
However, adult Cuban treefrogs can grow to be much larger than
native treefrogs in Florida (50-100+ mm SVL, depending on sex
and locality; Meshaka, 2001; McGarrity and Johnson, 2009), so
even though they lost water more rapidly than the native species
of the same size, larger frogs should lose water more slowly
than smaller frogs due to a smaller surface-area-to-volume ratio.
Larger frogs also jumped farther than smaller frogs, but even

when controlling for body size, we found that Cuban treefrogs
had stronger jumping abilities than the native frogs. Although
dehydration had a stronger effect on the jumping performance
of Cuban treefrogs than squirrel treefrogs, the maximum jump
lengths and speed of dehydrated Cuban treefrogs were similar
to those of both native frogs when they were fully hydrated
(Figure 2). Therefore, the large body sizes and tremendous
jumping performance of Cuban treefrogs may allow them to at
least partly compensate for the effects of dehydration. However,
any decreases in the jumping performance of dehydrated Cuban
treefrogs should reduce their competitive advantage and place
them on a more level playing field with native species.

In conclusion, we found that Cuban treefrogs were more
susceptible to dehydration than two native competitors and their
locomotor abilities were more sensitive to dehydration than one
of two native species. The relatively poorer water balance of
Cuban treefrogs could, in part, explain their lower abundance
in more open habitats (Meshaka, 2001) and could affect their
survival and activity during periods of drought. Native frogs
may experience stronger competition from Cuban treefrogs in
more mesic areas, such as urban areas and densely forested
areas, which supports anecdotal reports that native frogs have
declined in these areas (Meshaka, 2001; Johnson, 2007; Rice et al.,
2011). Eliminating or reducing artificial sources of water (e.g.,
ornamental ponds and lawn/garden irrigation) and potential
refugia (e.g., open pipes, pots, and other debris) may help reduce
the abundance of Cuban treefrogs in urban areas, which could
potentially reduce competition with native treefrogs. Although
the geographic distribution of Cuban treefrogs in Florida appears
to be limited primarily by low temperatures at the northern edge
of their range (Rodder and Weinsheimer, 2009), water availability
may also affect their distribution and abundance on a local
scale. Selective pressure in dry habitats or during droughts could
facilitate adaptations to improve water balance and maintain
locomotor performance over a larger range of hydric states, as
occurred in invasive cane toads when they invaded an arid region
of Australia (Tingley et al., 2012). Our study demonstrates how a
physiological mechanism may reduce the spread of a non-native
species and its impacts on native species. Studies such as ours
illustrate the role that physiology may play in reducing the threat
of invasive species and, thus, in conserving natural resources.
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