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ABSTRACT: Mountain yellow-legged frogs (Rana muscosa) at high elevations of the Sierra Nevada
must obtain enough food during summer to survive 7–9 winter months when their aquatic habitats
are frozen and food is presumably unavailable. Adults of R. muscosa prey on a variety of organisms,
including aquatic and terrestrial invertebrates and anuran larvae. To determine if anuran larvae
influence the condition, distribution, and survival of adults of R. muscosa, we assessed body condition (variation from the expected mass for given length) and distribution of R. muscosa in relation
to abundance and distribution of larval Hyla regilla, Bufo canorus, and Bufo boreas. Using three
years of mark-recapture data, we found that abundance of larval H. regilla in a water body was
positively correlated with the condition of R. muscosa. Moreover, R. muscosa had higher relative
mass (Wr) values in areas with other anuran larvae than in areas with no other amphibian species.
High Wr values significantly increased the probability of recapturing frogs in following years. Using
surveys of over 1700 lakes and ponds in the John Muir Wilderness and Kings Canyon National
Park, we also found that the presence of larval H. regilla or Bufo in a water body was a significant
indicator of the presence of adults of R. muscosa after accounting for significant habitat and isolation
variables. These findings taken together suggest that some adults of R. muscosa actively seek out
water bodies with other anuran species during the critical summer months and that the anuran
larvae provide a nutritious food source that increases the body condition and, therefore, survival of
the frogs.
Key words: Anuran predation; Condition; Frog predation on tadpoles; High elevation anurans;
Rana muscosa; Relative mass; Sierra Nevada amphibians

AMPHIBIANS at high elevations or latitudes exhibit annual cycles in energy intake and expenditure (Jørgensen, 1992).
During summer months, they feed, grow,
and store energy to survive the long winter
months when their aquatic habitats are
frozen and food is presumably unavailable.
In this short activity period, amphibians
must obtain enough nutritious prey to create fat stores for maintenance of metabolic
needs over winter, support gamete production, and support post-thaw breeding
activities (Jørgensen, 1992).
The body condition (variation from the
expected mass for given length) of an an1
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imal is often assumed to reflect its amount
of fat stores, health, and reproductive
state, as well as environmental characteristics such as habitat quality and prey availability (Anderson and Gutreuter, 1983;
Ney, 1993). Condition measurements are
easily calculated from routinely collected
mass and length data and measure the
‘‘plumpness’’ of an animal (Liao et al.,
1995). Condition indices have been widely
used as field assessment tools for determining relationships of fish populations
and environmental conditions including
prey concentrations (Liao et al., 1995;
McGurk et al., 1993; Murphy et al., 1991),
but they are just beginning to be used for
assessing relationships between amphibian
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populations and environmental conditions
(Docherty et al., 1995; Reading and
Clarke, 1995).
The mountain yellow-legged frog (Rana
muscosa) occurs in aquatic habitats in the
Sierra Nevada Mountains of California and
Nevada at elevations of 1370–3700 m,
where it must obtain enough food during
3–5 mo in the summer to survive the long
frozen winter months of the high Sierra
(Bradford, 1983). Like other ranid frogs,
mountain yellow-legged frogs are primarily
sit-and-wait predators and opportunistically seize their prey when it comes into
range (Stebbins and Cohen, 1995; Zwiefel,
1955). To be successful with this technique, frogs would be expected to position
themselves in areas with high densities of
prey, thus increasing the chances of prey
entering their range. Those frogs occurring in areas with abundant prey would
likely take more prey and, therefore, have
higher body condition than frogs occurring
in areas with low numbers of prey, assuming other environmental conditions are
constant.
Because R. muscosa has declined
throughout its range in the Sierra Nevada
(Bradford et al., 1994; Drost and Fellers,
1996; Knapp and Matthews, 2000a) and is
currently petitioned for federal listing as
endangered, it is important to understand
the relationship between it and other organisms on which it depends. The body
condition and distributional relationship
between adults of R. muscosa and important prey sources will provide valuable information when assessing the viability of
habitats as reserve areas for this declining
species.
Although very little is known about the
feeding habits of R. muscosa in the Sierra
Nevada, adults have been reported feeding
on tadpoles of Bufo canorus (Mullally,
1953) and Hyla regilla (Pope, 1999a), as
well as aquatic and terrestrial invertebrates
(Mullally, 1953; Zwiefel, 1955). Juvenile
and subadult frogs feed on smaller invertebrate prey, and adult frogs, if possible,
supplement their invertebrate diet with
larger tadpole prey. The tadpoles of H. regilla, B. canorus, and B. boreas form aggregations during the daytime in warm
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shallow waters along the margins of lakes
and ponds (Ultsch et al., 1999) and, in
these habitats, are vulnerable to predation
(Alford, 1999). Stomach analyses of several
adults of R. muscosa collected from a pond
with numerous tadpoles of B. canorus revealed that B. canorus made up a large
proportion of the stomach contents (Mullally, 1953). In addition to actual feeding
behavior, a recent study provided evidence
that movement patterns of adults of R.
muscosa may be related to the distribution
and abundance of tadpoles of H. regilla
during mid-summer when foraging is the
primary activity (Pope and Matthews,
2001).
Based on an assumed predator/prey relationship between R. muscosa and other
anuran larvae in the Sierra Nevada, we
used two study techniques (small-scale,
long-term mark-recapture and large-scale,
short-term survey) to determine if (1)
body condition of adults of R. muscosa is
positively related to abundance of H. regilla in a water body, (2) body condition
affects the probability of recapture after
the winter season, and (3) the distribution
of adults of R. muscosa is related to the
distribution of other anuran larvae (H. regilla, B. canorus, and B. boreas) in the Sierra Nevada. We predicted that, if anuran
tadpoles are an important prey source, we
would find increased body condition in areas with abundant anuran prey, we would
more likely recapture frogs that had high
body condition the previous summer because fatter frogs would more likely survive the winter months, and we would detect an association between the distribution of adults of R. muscosa and other anuran larvae. To account for possible
confounding habitat, isolation, and temporal and spatial effects, we used generalized additive regression models (Cleveland and Devlin, 1988; Hastie and Tibshirani, 1991) for the analyses.
MATERIALS AND METHODS
To determine if body condition of R.
muscosa is related to abundance of larval
H. regilla and if body condition affects the
probability of recapture, we conducted a
3-yr mark-recapture study of R. muscosa
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in Dusy Basin (3470 m), Kings Canyon
National Park (KCNP), California. Both
species were abundant there, and we observed R. muscosa feeding on tadpoles of
H. regilla on numerous occasions (Matthews and Pope, unpublished data; Pope,
1999a). The general study area covers approximately 1.0 km2 and includes five
stream segments and 11 lakes and ponds.
The main lake in the basin (10 m deep,
5.3 ha) supports a self-sustaining population of hybrid rainbow-golden trout (Oncorhynchus mykiss 3 O. aquabonita), but
most of the smaller neighboring ponds
(,2.5 m deep, area ,3000 m2) do not support any fish. The presence of trout in
Dusy Basin is a result of past stocking by
the California Department of Fish and
Game, which was terminated in the basin
in the early 1980s. Interspersed among the
lakes and granite outcroppings, alpine fell
field vegetation occurs with low-growing
herbaceous plants and shrubs and few krummholzed white-bark pines (Holland and
Keil, 1995).
During summers of 1997 and 1998, a
total of 500 adults (.40 mm SVL) of R.
muscosa were individually marked in the
basin using passive integrated transponders (PIT tags) (Pope, 1999b; Pope and
Matthews, 2001). Recapture surveys were
conducted in 1997–1999 by systematically
revisiting all water bodies in the study area
and capturing all adult frogs possible. The
PIT tag number, location of capture, mass,
length, and sex were recorded for all frogs.
We conducted seven recapture surveys in
each body of water in the study area in
1997, 15 in 1998, and eight in 1999.
To compare frog condition to an area
without any other anuran prey, an additional 81 mountain yellow-legged frogs
were PIT tagged and surveyed in an isolated lake (1805 m2) approximately 1 km
from the study basin at an elevation of
3450 m where no other amphibian species
were found. The lake is 4 m deep, does
not support fish, and has similar nearshore substrate to lakes and ponds within
the study area. Frogs in this lake have
been observed foraging on terrestrial invertebrates both on the surface of the wa-
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ter and in an adjacent wet meadow (Pope
and Matthews, unpublished data).
Visual encounter surveys (Crump and
Scott, 1994) were conducted periodically
throughout summers to assess the relative
number of amphibian larvae in each water
body in the basin. The surveys involved
one person walking the perimeter of a lake
or stream and counting all species and
numbers of tadpoles seen. The shoreline
habitat features, including substrate characteristics and vegetation of all lakes in the
study area, were mapped using GPS.
To determine if the landscape-scale distribution of adults of R. muscosa in the
Sierra Nevada is related to the distribution
of other anuran larvae, we used a data set
that included 1728 lakes in the John Muir
Wilderness (JMW) and neighboring
KCNP. The lakes were surveyed between
1995 and 1997 as a part of a larger study
to determine the effect of introduced trout
on native biota (Knapp and Matthews
2000a,b; Matthews and Knapp, 1999).
Lakes and ponds were identified from U.S.
Geological Survey (USGS) 1:24,000 topographic maps and included 669 and 1059
water bodies in the JMW and KCNP study
areas, respectively. Surveys were conducted during summer months when water
bodies were ice-free and amphibians were
active. The JMW and KCNP study areas
encompass a total of approximately
100,000 ha and are managed by the U.S.
Forest Service and the National Park Service, respectively. With the exception of introduced fishes and low impact recreation,
both areas are relatively undisturbed.
The species and number of amphibians
at each water body were determined using
visual encounter surveys. Potential amphibians in the sampled lakes were R.
muscosa, H. regilla, B. canorus, and B. boreas. The presence or absence of trout
(Oncorhynchus mykiss 3 O. m. aguabonita hybrids, Salvelinus fontinalis, and Salmo trutta) was determined at each water
body using visual encounter surveys in
shallow ponds or gillnets in deep lakes. Information was also collected on the physical attributes of each water body, including water body elevation, surface area,
maximum depth, littoral zone (i.e., near-
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shore) substrate composition, number of
inlet streams, and isolation from other water bodies (see Knapp and Matthews,
2000a, for methodological details).
Data Analysis
To measure the variation in mass of R.
muscosa from Dusy Basin in terms of
abundance of larval H. regilla while accounting for length and possible confounding environmental effects, we used a
generalized additive model (GAM; Cleveland and Devlin, 1988; Hastie and Tibshirani, 1991). The use of a GAM allowed
us to assess directly the linear or nonlinear
effects of potential sources of variation on
the mass of frogs without assuming a linear
or other simple parametric relationship
and while controlling for the other covariates including length. The GAMs relax
the assumption that the relationships between the dependent and independent
variables are linear by using a nonparametric smoothing function (e.g., loess) to
determine the fitted model that best fits
the independent variables (Cleveland and
Devlin, 1988; Hastie and Tibshirani,
1991). Therefore, instead of assuming that
the dependent variable is a parametric
function of the significant independent
variables, one assumes only that it is a sum
of the smooth functions for each of these
variables. By using a GAM, use of a specific condition index was unnecessary to
determine the effects of specific variables.
We used the regression equation
log W 5 a 1 b log L 1 snowfall

The covariates X1, X2, and X3 represent log
of number of larval H. regilla, number of
days from thaw, and maximum water body
depth; and lo is a nonparametric loess
smooth function of the covariates (Hastie
and Tibshirani, 1991). The random error
term, e, is assumed to represent white
noise. The number of days from thaw was
calculated by subtracting the date when 0
mm of snow was first recorded at the Bishop Pass Station from the date of the frog’s
recapture. Additional variables (presence/
absence of fish, and near-shore substrate)
were initially analyzed but were not included in the final regression model because they were not found to be statistically significant. The data for this analysis
were collected over three summer seasons
(1997–1999), and repeated measurements
of individuals were included if at least 25
days had passed between captures. We
used the likelihood ratio test and the Akaike information criteria (AIC) (Linhart and
Zucchini, 1986) to estimate the significance and relative importance of each covariate in the presence of all other covariates.
We then used the relative mass (Wr)
condition index (Wege and Anderson,
1978) to compare condition of frogs in water bodies with and without larvae of H.
regilla and to assess whether or not body
condition affected the probability of recapturing frogs from year to year. The Wr index was calculated for all frogs with the
equation
Wr 5 100

1 sex 1 lo(X1 ) 1 lo(X2 )
1 lo(X3 ) 1 e
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(1)

where W 5 wet weight (mass), L 5 snout–
vent length (SVL), and b 5 slope of L and
represents the exponent of length (b 5 3
for isometric growth) in the weight-length
equation (LeCren, 1951). Snowfall is a categorical variable indicating the percent of
normal winter snowfall recorded at the
Bishop Pass Station located about 0.60 km
from the Dusy Basin study site (California
Department of Water Resources, http://
cdec.water.ca.gov) for 1996/1997 (117%),
1997/1998 (177%), and 1998/1999 (74%).

W
Ws

(2)

where W is the wet mass of the frogs and
Ws is the expected length-specific mass
predicted from a linear regression of mass
(log10W) on length (log10L) for all frogs.
The estimated regression line for lengthspecific mass for Dusy Basin mountain yellow-legged frogs was determined to be
logWs 5 23.76 1 2.85logL 1 e

(3)

Ws was then multiplied by 1.003 based on
the Baskerville bias correction (Baskerville, 1972), emse/2, for log normal regression
where mse is the mean sum of squares of
the linear regression. Consequently, Ws 5
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e23.76 1 2.85logL1 1.003 and the resulting values
were used to calculate Wr values (equation
2) for individual frogs.
To compare body condition in lake basins with and without other anuran prey,
summer 1998 and 1999 Wr values for PITtagged frogs captured in the isolated lake
1 km from the main study basin were compared to Wr values for frogs captured in
the main study area lakes during the same
period using the Wilcoxon rank-sum test.
We used the nonparametric Wilcoxon test
because the data failed the normality test
(P , 0.001), and it was not possible to normalize distributions via transformations.
To quantify the effect of body condition
on the probability of recapturing frogs
from year to year while accounting for potentially confounding effects, we used
nonparametric logistic regression with the
equation
Pr(Y 5 1) 5

eu
1 1 eu

(4)

where Pr (Y 5 1) is the probability of recapturing a frog the following year and the
linear predictor u 5 a 1 log(Wr) 1 SVL
1 day 1 over-wintering lake 1 frog sex 1
year. The Wr and SVL values used in the
equation were the last values collected for
a frog before winter in 1997 and 1998, and
day was the day of survey (day number
starting from 1 January). The variable SVL
was included in the equation in addition
to Wr because there is evidence that larger
frogs have a better chance of being recaptured after the winter season than smaller
frogs (Pope, 1999b). Over-wintering lake
was the expected lake (either 1 or 5) used
for over-wintering based on locations of
recaptured frogs prior to lakes freezing
and immediately after the thaw (Pope and
Matthews, 2001).
The survey data from the 1728 water
bodies in the JMW and KCNP were first
used to determine if an association between the distribution and abundance of
adults of R. muscosa and other anuran species could be found. In water bodies
where adults of R. muscosa were identified, we compared the mean number of
adults of R. muscosa in water bodies with
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other species versus water bodies with
only R. muscosa using the Wilcoxon ranksum test. We then used the JMW and
KCNP survey data to determine if the
presence/absence of larvae of H. regilla or
Bufo spp. influenced the probability of
adults of R. muscosa presence/absence in
water bodies on a landscape scale. We
used nonparametric logistic regression
(equation 4) for the analysis in order to
assess the effect of larval presence/absence
while accounting for potentially confounding habitat and isolation effects. In this
equation, Pr(Y 5 1) is the probability of
presence of adults in a water body and the
linear predictor u 5 a 1 larvae 1 fish 1
lo(X1) 1 ··· 1 lo(X6) where larvae and fish
were categorical variables indicating presence/absence of larval H. regilla or Bufo
spp. and presence/absence of fish, respectively. The covariates X1, ···, X6 were maximum lake depth, lake elevation, % nearshore silt, UTM coordinates, number of
lakes within 1 km, and number of inlets.
These variables were chosen to reduce collinearity and because most had been found
to be significant variables in a previous
analysis on the effect of trout on presence/
absence of larval R. muscosa (Knapp and
Matthews, 2000a). The spatial surface,
represented by lo(UTMe, UTMn), can be
viewed as a surrogate for any habitat characteristics at locations with coordinates
(UTMe, UTMn) that were not measured but
that might have an effect on adult R. muscosa occurrence (Hobert et al., 1997).
If an observed distributional relationship between adults of R. muscosa and
other amphibians is based on a predator/
prey relationship as our hypothesis predicts and our model accounts for other important explanatory variables, we would
not expect to see as strong a relationship
between larval R. muscosa and other amphibian larvae since the larvae are primarily herbivores (Stebbins and Cohen, 1995).
To test this, we substituted the adults of
R. muscosa dependent variable with larval
R. muscosa presence/absence in the nonparametric logistic regression model. We
then compared the significance values for
the independent variable H. regilla or
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Bufo spp. presence/absence in the two
models.
RESULTS
In Dusy Basin, we found that the abundance of larval H. regilla in a water body
positively influences the mass of R. muscosa when length is held constant (Fig.
1A). The overall regression model of log
mass was highly significant (n 5 2530, P
, 0.001, R2 5 0.88) as was the individual
effect of the relative number of larval H.
regilla (P , 0.001). Based on the AIC, the
relative importance of significant (P ,
0.05) independent variables influencing
condition (not including length) was %
winter snowfall, number of larval H. regilla, and number of days from thaw. Sex did
not significantly influence body condition
(P 5 0.18, Fig. 1B). The condition of frogs
was lower (P , 0.001) in summer after the
winter of 1997–1998 with 177% of normal
snowfall compared to the more ‘‘normal’’
winters of 1996–1997 (117%) and 1998–
1999 (74%, Fig. 1C). The relationship between body condition and number of days
from thaw had a nonlinear contribution (P
, 0.001) with condition peaking approximately 70 days after thaw (Fig. 1D).
A comparison of Wr values for frogs in
the isolated lake with no amphibians other
than R. muscosa and the Dusy Basin study
area lakes during mid-summer (August
and early September) 1998 and 1999 revealed that frogs in the Dusy Basin study
area had a significantly higher condition in
both 1998 (n 5 111, x̄ 5 95.2 6 0.99) and
1999 (n 5 232, x̄ 5 105.4 6 0.90) than did
frogs in the isolated lake (1998: n 5 28, x̄
5 85.0 6 2.22; 1999: n 5 96, x̄ 5 92.3 6
1.62) (Fig. 2).
The logistic regression model assessing
the probability of recapturing Dusy Basin
PIT-tagged frogs after the 1997–1998 and
1998–1999 seasons was highly significant
(n 5 737, P , 0.001) as was the individual
effect of frog Wr values recorded before
the winter seasons (P , 0.001, Table 1).
FIG. 1.—Estimated effects of (A) number of Hyla
regilla, (B) frog sex, (C) percent winter snowfall, and
(D) number of days from thaw on the body condition
[log(W) while accounting for log(L)] of Rana muscosa. For A and D, dotted lines represent approxi-

←
mate 95% confidence intervals, and hatch marks at
the bottom of the graphs represent data points.
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FIG. 2.—Box plots showing the relative mass (Wr) of Rana muscosa in the study lakes with Hyla regilla
versus the isolated lake without H. regilla for summers of 1998 and 1999. The bottom and top of each box
indicate the 25th and 75th percentiles, respectively; the black notched area represents the 95% confidence
interval; the line within each box marks the median; and the whiskers below and above each box indicate the
10th and 90th percentiles, respectively. Observations falling outside these percentiles are shown as points
above and below the whiskers. For 1998, nwith H. regilla 5 111 and nwithout H. regilla 5 28 (Wilcoxon rank-sum test: z
5 3.70, P 5 0.0002). For 1999, nwith H. regilla 5 332, and nwithout H. regilla 5 96 (Wilcoxon rank-sum test: z 5 5.76, P
, 1025).

Frogs with low Wr values were less likely
to be recaptured after the winter season
than frogs with high Wr values when all
other variables were held constant. In ad-

dition, frogs with large SVL and frogs that
over-wintered in the deepest lake (10 m)
had a higher probability of being recaptured compared to frogs with small SVL

TABLE 1.—Regression coefficient (b), standard error of b, test statistic, statistical significance (P value), and
direction of effect of the variables in the linear regression model assessing the probability of recapturing PITtagged frogs after the winter seasons.
Variable

Relative weight when last
recaptured before winter
Snout–vent length
Over-wintering lake (1 or 5)*
Survey year
Calender day last recaptured
before winter
Frog sex

b

SEb

a
Test
statistic

0.04
0.10
20.75
21.12

0.01
0.02
0.18
0.22

5.53
6.17
24.11
25.02

0.01
0.01

0.00
0.20

1.94
0.07

P value

Direction
of effect

,0.001
,0.001
,0.001
,0.001

1
1
**
***

0.05
0.94

1
NA

a
Test statistic 5 t value.
* Specific lake where frog was assumed to over-winter based on recapture history of the individual (Pope and Matthews, 2001). Lake 1 is 53,187
m2 and 10 m deep; lake 5 is 1028 m2 and 1.4 m deep.
** Probability of recapture was higher for frogs that over-wintered in lake 1 than in lake 5.
*** Probability of recapture was higher in 1998 than in 1999.
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and frogs that over-wintered in a more
shallow lake (1.4 m) (Table 1).
Within the JMW and KCNP study areas, 356 of the 1728 water bodies surveyed
were found to have at least one adult
mountain yellow-legged frog. Of these,
134 (38%) also had at least one other anuran species present (H. regila, B. boreas,
or B. canorus). Adults of R. muscosa were
more abundant in lakes with other anuran
species (n 5 134, x̄ 5 46.2 6 9.90) than
in lakes with no other species (n 5 221, x̄
5 26.6 6 2.99; Wilcoxon rank-sum test z
5 2.007, P 5 0.04).
The overall logistic regression model of
adults of R. muscosa occurrence in a water
body was highly significant (n 5 1728, P
, 0.001) and presence or absence of larval
H. regilla or Bufo spp. was found to be a
significant indicator (P 5 0.05) of occurrence of adults of R. muscosa. When the
dependent variable (adults of R. muscosa)
in the logistic regression model was replaced with larval R. muscosa and the covariates remained constant, the presence/
absence of H. regilla or Bufo spp. was not
found to be a significant indicator of the
presence of larval R. muscosa (P 5 0.19).
DISCUSSION
Our results indicate that individuals of
R. muscosa have higher body conditions in
areas with high numbers of larval H. regilla when compared to areas with low
numbers and that the presence of larval H.
regilla or Bufo spp. in a water body significantly increases the abundance and
probability of finding adults of R. muscosa
in the water body. In addition, based on
recapture surveys, R. muscosa with high
body condition seem to have a better
chance of surviving winter than frogs with
low body condition. It appears that some
adults of R. muscosa actively seek out water bodies with other amphibian species
during summer months and that these anuran larvae provide a nutritious food
source that increases the body condition
and, thus, survival of the frogs.
Throughout the summer of 1998, after
a winter with 177% normal precipitation,
body condition of frogs in Dusy Basin remained significantly lower compared to
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summers of 1997 and 1999. Although survival of adult frogs was high after the extreme winter (Pope and Matthews, 2001),
the frogs were unable to regain mass-tolength ratios comparable to 1997 and 1999
in the 2.5 mo before winter began. Recapture rates were lower in 1999 compared to
1998 and, when the site was first surveyed
in early summer 1999, bodies of several
winter-killed R. muscosa were observed
(Pope and Matthews, unpublished data)
and may have been caused by starvation
(no signs of disease were observed). There
may have been a delayed effect of the extraordinary 1997–1998 winter, where frogs
used up fat reserves for winter survival and
reproduction and then were not able to
obtain enough nutrition in the shortened
summer (breeding occurred in late July
1998) to survive the following winter.
This study assumes that the increased
body condition of adults of R. muscosa in
areas with abundant anuran larvae is due
to increased body fat from eating more nutritious prey than in areas with fewer anuran larvae. However, we do not have direct evidence (fat body organ comparisons) that the high condition in areas with
abundant anuran prey is directly reflective
of increased fat body size. While acknowledging this deficiency, we believe that the
development of condition models is an important noninvasive tool that can provide
insight on the ecological relationships and
fitness of declining or endangered amphibian populations.
This research highlights the importance
of a specific prey type for adult mountain
yellow-legged frogs but does not suggest
that other prey types are not important. To
understand the relative importance of
prey, the different nutritional needs of
growing young and adult frogs and the seasonal shifts in composition and abundance
of prey must be considered (Donnelly,
1991). Small juvenile and subadult mountain yellow-legged frogs likely rely heavily
on aquatic and terrestrial invertebrates instead of large tadpole prey due to their
gape restrictions. Suitable invertebrate
prey (e.g., ants, grasshoppers, wasps, butterflies, caddisflies, and mayflies) are abundant and widespread throughout the Si-
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erra Nevada (Storer and Usinger, 1966)
and are probably a more consistent food
source for the frogs throughout summer,
especially when tadpoles are not present
(early and late in the summer season).
However, during periods when tadpole
prey are abundant, they are likely more
energetically profitable (lower search and
capture costs per calorie gained) for adult
frogs than are invertebrates, and they provide an important supplemental food
source.
Although we have observed R. muscosa
feeding on tadpoles on numerous occasions, we have not observed this species
feeding on larval R. muscosa. There appears to be a division between the daytime
tadpole microhabitats of the different species (Matthews and Pope, unpublished
data; Mullally, 1953), and we have observed adults of R. muscosa moving to different water bodies after breeding is completed (Pope, 1999b). These behaviors
may result in a reduction in cannibalism.
This is the first study showing a relationship between the distribution and
body condition of adults of R. muscosa and
other amphibian species. Understanding
this relationship may aid managers in designating successful reserve areas for R.
muscosa and other amphibians in the Sierra Nevada. In addition to mountain yellow-legged frogs, Yosemite toads (Drost
and Fellers, 1996; Sherman and Morton,
1993) and Pacific treefrogs (Matthews et
al., 2001) have also declined in the high
Sierra Nevada, at least partially due to the
widespread introduction of nonnative fish
(Knapp, 1996). Fish-free reserve areas
with a range of aquatic habitats that support as many native amphibians as possible
may be the only way to maintain natural
aquatic food webs in the high Sierra Nevada.
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