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Abstract
Bufo boreas is a species of toad that has been undergoing extreme larval

mortality. Several anthropogenic factors are known to aid in the decline, but less is
known about the behavioral patterns and microhabitat influences on the decline.
Tadpoles of Rana luteiventris and B. boreas were observed in the wild and data for

temperature and depth selection were gathered over a three-month period. Tadpoles of B.
boreas selected warmer waters and varied their depth, while tadpoles of R. luteiventris
were shown to be more variable regarding temperature selection and less variable

regarding depth selection. Even though the tadpoles of B. boreas migrated to inhabit
warmer waters, they did not complete metamorphosis until nearly a month later than R.
luteiventris. Their more rapid development suggests that they are more adapted to

saturating the landscape by occupying a larger number of ponds, while B. boreas is
limited to sites large enough to allow for the daily migration from deep to shallow waters.

In many areas, these large sites are disappearing for a variety of reasons. Microhabitat
selection, in combination with the anthropogenic mechanisms, is a likely contributor to
the decline of B. boreas.
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Introduction

Increased amphibian mortality has resulted in significant investigation in recent

years. Many anuran species have been shown to be in decline throughout the world,
some to the point of extinction (Alford and Richards 1999). For example, Bufo boreas is

a species in the Northwestern United States undergoing severe larval mortality
(Kiesecker et al. 2001). A possible explanation for this decline may be increased

exposure to harmful UV-B radiation, which in turn increases the tadpoles’ susceptibility

to the fungus Saprolegnia ferax (Kiesecker et al. 2001). Another possibility is the
damaging effects of mine tailings to the DNA of tadpoles of the western toad (Tverdy

2001). Each of these damaging effects would likely influence survivorship and

distribution patterns. These are not, however, the only factors influencing distribution.
Microhabitat selection may also be important to understanding the complex
distributions of amphibians. Smith-Gill and Berven (1979) have shown that warmer

water temperatures in aquatic microhabitats maximize growth and development of

tadpoles. Furthermore, Beiswerger (1977) demonstrated that larvae of Bufo americanus
undergo a diel pattern of daily distribution, moving to warm waters near the shore in the

morning and taking refuge in deeper waters as the shore temperatures drop in the

evening. Therefore, amphibians may select certain pond sites that may maximize growth
and development.

On the other hand, maximizing growth and development may not be the only
factor influencing microhabitat selection. Reaser (2000) suggested that Rana luteiventris
selects habitat sites based on microclimate, food availability, and predation. Tadpoles

must carefully balance metamorphosis in order to obtain the optimal benefits of the
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aquatic environment without risking dehydration or predation. Some tadpoles are known
to develop more slowly in favorable environments (low population density and high

food) and metamorphose at a later stage, while others of the same species will

metamorphose at an earlier stage in unfavorable conditions (high population density and
predation) and finish growth in the terrestrial stage (Wilbur and Collins 1973).
The toad Bufo boreas and the frog Rana luteiventris inhabit ponds and lakes of

the Rocky Mountains of Montana. B. boreas inhabits the warmest microhabitats of
ponds throughout its development (Brattstrom 1962). It is also known to have a

development period of approximately four months. Hatching ranges from March to June,
and metamorphosis ranges from July to September (Wright and Wright 1949). Less is
known about the microhabitat preferences of R. luteiventris. However it is known to

develop over approximately three months, with hatching occurring from March to May
and metamorphosis occurring from July to August (Wright and Wright 1949).

Selection of microhabitat by tadpoles of Bufo boreas and Rana luteiventris is
relatively unstudied in Western Montana. It is possible that the distribution of these two

species in Montana is, at least, partially determined by microhabitat choices. Adults may
select sites that will balance growth and survivorship of the tadpoles. This study attempts

to map aggregation behaviors and model growth of

boreas and Rana luteiventris in

Park Lake, where both species are found in abundance. Based on previous observations

(Brattstrom 1962; Wright and Wright 1949), I hypothesize that B. boreas should select

the highest temperatures in the aquatic habitat and develop more slowly than R.
luteiventris. Correspondingly, I also hypothesize that R. luteiventris will develop more

quickly and show a lower dependence on water temperature as a factor for growth.
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Materials and Methods

Field Observations
Measurements of growth and temperature selection by tadpoles were obtained for

Bufo boreas and Rana luteiventris at Park Lake in Jefferson County, Montana. From
June 14 through August 5, 2001, the area was surveyed for collections of 10 or more

tadpoles (an aggregate) and the depth and temperature of water around these aggregations

was recorded. From June 6 to August 7, 2001, the temperatures of air, shallow water,
and deep water were recorded at this location. Measurements of shallow-water
temperatures were obtained at 5 cm near the shore, while measurements of deep-water
temperatures were taken at lm, a depth that could only be achieved roughly 20m from

shore. These measurements were taken every hour for blocks of time ranging from 2

hours to 14 hours, at least one day a week for the time period stated above. These
temperatures were taken in the northwest section of the site where the majority of the egg

masses were found.

As the study progressed, aggregates of R. luteiventris tadpoles became smaller
and they scattered easily; therefore an exact measurement of depth and temperature could
not be achieved. The temperature of the approximate region, however, was constant over
•a

a lm area, and the depth was estimated. This estimation was not a problem for tadpoles

of B. boreas because they traveled in large aggregates and tended not to scatter.

Total body lengths of newly hatched tadpoles were difficult to obtain at the site
due to variations in hatching times and dispersal of tadpoles. Consequently, egg masses

from Park Lake were taken to the laboratory and hatched in 10-gallon aquaria in which
the process of development could be more easily monitored. Once hatched, tadpoles
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were digitally photographed on 0.5cm-grid paper overlaid with acetate paper.

Photographs were analyzed by establishing a pixel: cm ratio using Adobe Photoshop 5.5.
Larger tadpoles, however, were measured in the field. Tadpoles were captured using a
large dip net and placed in 3-liter aquaria. Once a sufficient number was obtained, each

tadpole was measured with calipers and released into the lake. Tadpoles were measured
once a week from June 20 through August 6.

Analysis

The average total body length of frogs and toads was calculated for each of the
seven days that measurements were obtained. A logistic growth function was then used

to model growth (change in size over time) with the aid of Statistica software. Schoener

and Schoener (1978) used a similar non-linear model to demonstrate growth. The logistic
growth model involves graphing 1/S| vs. I/S2, where Si is the first value (week one, for

example) and St is the next value in the table (week two). For the second point in the
graph, the value of week two becomes Si and week three becomes the value for S2. This

method of point calculation was done for each value for each species, until all the data
points were used. From the graph of 1/S1 vs. I/S2 the slope (zm) and intercept (M) was

found using a linear regression. Theses values were then used to determine the
parameters for the logistic growth function:

1/Sf=l/SM(1 -be'Kt)

Where:
t = Age in units of chosen time interval
K - Logistic growth constant
b = Logistic scaling constant
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Sec = Estimated maximum size
Using m and M, the values for K, S«,, and b can be calculated:

K = -In (m)
S0O=l/[Af(l-zn)]
b — (So — Soo)/So

where So is equal to the size at hatching.
The temperature and depth of aggregation data were partitioned into three time

periods. The periods were divided according to dates of collection, each separated by one
to two weeks. The first period (early) was July 1 and 2, the second period (middle) was
July 16-July 22, and the third period (late) was July 29-August 5. A multivariate analysis

of variance (MANOVA) was used to test for the effects of species type and time period

on both temperature and depth of aggregations. Individual analysis of variance

(ANOVA) tests were performed on the effects of species and time on both aggregation

depth and temperature selection. Descriptive analysis of the depth data indicated the
potential for higher variability for toads than for frogs. A t-test was used to test for

differences in the coefficient of variation of depth between species.
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Results

For the two 24-hour temperature periods of measurement (June 20-21 and July
17-18) the average difference between the maximum temperature and the minimum

temperature for 5cm depth was 4.0 °C, and for a depth of lm the average difference was

1.9 °C (e.g. Figi).

Figure 1. Daily temperature fluctuations at 5cm and lm, recorded on July 17 and 18,2001.

Growth of tadpoles was measured for both species for seven weeks (Table 1).
These data were used in the logistic growth curve to model the development of both

species. In the laboratory the average size at hatching was 15.80 mm for R. luteiventris
and 7.33 mm for B. boreas.

Aggregations were observable from approximately 1000 hr to 1800 hr. There was
a total of 31 aggregations recorded for B. boreas and 16 aggregations for R. luteiventris.
In each of the three periods of summer (early, middle and late), there were as follows: 12

toad aggregations and 4 frog aggregations in early summer; 8 toad aggregations and 6
frog aggregations in middle summer; and 5 toad aggregations and 4 frog aggregations in
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late summer. The tadpoles of R. luteiventris were not as abundant at this site;

consequently the aggregations were rare.

Table 1. Average size in mm of anuran

species over a seven-week observation period.

Week
1
2
3
4
5
6
7

Rana luteiventris
16.65
21.73
28.34
34.33
40.14
51.87
57.90

Bufo boreas
7.33
12.85
21.36
27.64
34.66
38.16
43.00

Analysis
The parameter values for the logistic function for each of the two species can be
found in Table 2 and functions are illustrated in Figure 2. It is also important to note that

at the time of the last growth measurements the frog tadpoles began to complete
metamorphosis, while the toad tadpoles did not accomplish this change until nearly a

month later, after the measurements had stopped.

Table 2. Results of regression analysis, and logistic values to
determine growth rates using the logistic growth curve.

Value
M
M
R2
S„
K
Soo
B
Function

R. luteiventris
0.7118
0.00328
0.990925
15.8mm
0.3399
87.87mm
-4.56
yi=0.01138 (l+4.56e0 3399x)

B. boreas
0.4801
0.01166
0.994729
7.33mm
0.7337
44.57mm
-5.08
yi=0.02244(l+5.08e'°'7337x)

SKSS
13

Week
Figure 2. Logistic growth model describing tadpole development.

MANOVA revealed significant interactions between the period of summer and
the species on depths and temperature (Table 3). ANOVA further suggested that the

significant effect was the interaction between species and time of summer on temperature
(Table 4) and not in the interaction between species and time on depth selection (Table 5,
Figures 3 and 4). Although average depth was not influenced by time or species, Figure
4 suggests that average depth was more variable for toads than for frogs. A simple t-test

on the coefficient of variation demonstrated that there was a significant difference in the

variability of depth selection (Figure 5, Table 6).
Table 3. Results of MANOVA testing for overall effects on species and time on
aggregation temperature and depth.

Effect
Species
Time
Species x Time

Wilks’ Lambda
.664
.437
.683

Rao’s R
8.34
8.47
3.46

dfl
2
4
4

df2
33
66
66

p-level
.001171*
.000014*
.012512*
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Table 4. Results of ANOVA testing for effects of species and time on aggregation
temperature.

Effect
Species
Time
Species x Time

df
1
2
2

MS
37.78
63.66
22.19

df Error
34
34
34

MS Error
3.035
3.035
3.035

F
12.45
20.97
7.31

p-level
.001223*
.000001*
.002287*

Time
Figure 3. Average aggregation temperature for anuran species during three summer periods: early,
middle and late.
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Effect
Species
Time
Species x Time

df
1
2
2

MS
744.72
140.65
89.44

df Error
34
34
34

MS Error
257.57
257.57
257.57

F
2.89
0.55
0.35

p-level
0.098188
0.584227
0.709120
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Figure 4. Average aggregation depth recorded for anuran species.

Table 6. Results of t-test examining the coefficient of variation between both species.

Variable

Coefficient of
variation

Mean
Frogs
13.47

Mean
Toad
67.40

t-value

Df

P

-4.49

4

.0109*

Std. Dev.
Frog
16.38*

Std. Dev
toad
12.86*
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Figure 4. Average coefficient of variation of depth

selection recordings for anuran species.
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Discussion

Selection of warm water microhabitat is potentially an important component of
growth and development for tadpoles of B. boreas. The present study suggests, however,
that R. luteiventris is not as dependent on selecting warm waters and instead may be

selecting microhabitat based on other factors (e.g., fish predation, as Reaser (2000)

suggests). In the field, tadpoles of B. boreas were consistently found in warmer waters
and their depth was significantly variable in the lake over the course of a day. R.

luteiventris tadpoles, on the other hand, were more variable in their selection of
temperature than in their selection of depth.

Consistent with Werner’s research (1986), the data from this study suggest that
frog tadpole species reach metamorphosis more rapidly than toad tadpole species. These

data also concur with Beiswerger (1977) in which B. americanus showed a diel pattern of
daily migration: i.e., the tadpoles will move to the warm deep waters at night, and move

to the warm shallow waters during the day. Beiswerger (1978) also suggested that
tadpoles of B. boreas move in water to thermoregulate and maintain some control of

body temperature. Lillywhite et al. (1973) and Smith-Gill and Berven (1979) have
shown that selecting for warm water is known to maximize tadpole development.

Further studies could focus on using laboratory water temperatures similar to the
extremes in Park Lake to determine the benefits of selecting warmer waters. Such studies
might conclusively demonstrate that warmer temperatures enhance growth rates in these

tadpole species. Another study might focus on the same two species in different
locations where fish are not present. It is likely that the fish population in Park Lake
altered the microhabitat selection of the spotted frog, and not the western toad, because
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the bufotoxins found in the western toad are unpalatable to the fish in the lake. Further

comparisons may demonstrate why B. boreas is undergoing extreme larval mortality
compared to R. luteiventris, and possibly result in increased conservation efforts of
wetland sites where these toads exist.

Even though the B. boreas in this study were apparently selecting for warmer
waters, the tadpoles of R. luteiventris developed more quickly and reached

metamorphosis sooner. This fact suggests that R. luteiventris has an advantage over B.

boreas, in that the species can select ponds with shorter hydroperiods. Because there are
more small ponds than large ponds in the Park Lake area, R. luteiventris can saturate the

landscape more effectively. Adult B. boreas, in contrast, must select sites that have a

hydroperiod of about four months, the time required to achieve metamorphosis (Wright
and Wright 1949). Thus, it is likely that the western toads are limited to larger lakes or

ponds, while the spotted frog has more freedom of site selection.
In a drier climate such as the Park Lake area, it becomes difficult for B. boreas to
persist. Many larger ponds are visibly contaminated with mine tailings, an anthropogenic

mechanism known to damage tadpoles (Tverdy 2001). Also, as the water levels decrease,

the eggs suffer increased exposure to UVB radiation, a factor in itself known to decrease

survival of these tadpoles (Blaustein et al. 1994). The UVB radiation exposure also

increases susceptibility to the fungal pathogen Saprolegnia ferax (Kiesecker et al. 2001).
These anthropogenic factors, in addition to the developmental requirements for B. boreas,
are likely to jointly influence the decline of this species. Protection of large ponds and

lakes with both shallow and deep-water refuges may provide for the conservation of
western toads.
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