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ABSTRACT—We conducted surveys in Rocky Mountain National Park, Colorado for amphib-
jans in 1987-1994. Four species, Ambystoma tigrinum, Bufo boreas, Pseudacris maculata, and Rana
sylvatica, were recorded. Pseudacris maculata was the most widely distributed and abundant spe-
cies in the Park. Two populations of P maculata were estimated to contain 161 and 136 breeding
males in 1988. There was no evidence of a decline of A. tigrinum or R. sylvatica, but these species
were found at relatively few locations. We did not detect Rana pipiens, which had been known
previously from 3 locations in the Park. We found 7 breeding populations of B. boreas, which
has declined recently elsewhere in the southern Rocky Mountains, but all but 2 of these pop-
ulations were small and may not reproduce annually. At least one of these small populations is
thought to have been extirpated. Estimated numbers of males in the 2 large populations, which
are 6.4 km apart in the same drainage, were stable or increasing slightly from 1992 to 1995,
averaging 189 and 239 individuals. Current and known locations of amphibians did not differ
in elevation, size, lake type, presence of shallow water or emergent vegetation on the north shore,
or presence of trout. Water chemistry at amphibian breeding sites was variable, but pH de-
creased significantly with increasing elevation. Causes of declines of B. boreas and R. pipiens are
not known. Populations of B. boreas in the North Fork of the Big Thompson River are critically

important to the conservation of this species in the Rocky Mountains.

Declines and extinctions of amphibian pop-
ulations throughout the world are receiving
considerable attention (Richards and others
1993; -Blaustein 1994; Pechmann and Wilbur
1994; Pounds and Crump 1994; Pyke and Os-
borne 1996; Green 1997). In the western United
States, recent declines in abundance and dis-
tribution of several pond-breeding amphibians
have been identified (Corn and Fogleman 1984;
Bradford 1989; Carey 1993; Corn 1994; Drost
and Fellers 1996; Fisher and Shaffer 1996). De-
clining amphibian populations in the southern
Rocky Mountains are particularly alarming,

1 Mailine address.

because they occurred within the past 20 yr
and in areas still considered pristine. However,
except where habitat destruction has been ob-
served, reasons for declines in amphibian pop-
ulations are not well understood. The rapidity
and magnitude of declines of some species em-
phasizes the need for baseline data on distri-
bution and abundance of amphibians. Unfor-
tunately, historical data on montane amphibi-
ans is often fragmentary or anecdotal, and life

“history information is also lacking or poorly

understood. This lack of information con-
founds interpretation of data on trends in pop-
ulation size or distribution, and it makes it dif-
ficult to identify the factors causing declines.
Corn and others (1989) determined that 2
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species of amphibians had declined from his-
toric distributions in north-central Colorado
and southern Wyoming, including Rocky
Mountain National Park (RMNP). This report
and other evidence of declining amphibians in
the southern Rocky Mountains stimulated in-
terest in the National Park Service to assess am-
phibian populations within RMNP. As a result,
we expanded ongoing investigations of am-
phibian status in Colorado and Wyoming to in-
clude a more comprehensive evaluation of
RMNP from 1988 to 1990 and 1994. The objec-
tive of this study was to determine the status of
amphibian populations in RMNP by compar-
ing the historic occurrence (RMNP and muse-
um records, other data) to current distributions
of amphibians.

The mountains of western North America
have a depauperate amphibian fauna, but spe-
cies occurring there have generated a dispro-
portionate share of the concern about unex-
plained declines (Blaustein 1994; Corn 1994;
Drost and Fellers 1996). These patterns also oc-
cur in RMNP. Just 5 species, 1 salamander and
4 anurans, have been recorded in the Park, but
the status of several of these is questionable.

Ambystoma tigrinum (tiger salamander) is the
only salamander that occurs in the State of Col-
orado. Declines in population sizes have been
observed in the Elk Mountains in central Col-
orado (Harte and Hoffman 1989; but see Wis-
singer and Whiteman 1992). Bufo boreas (boreal
toad) formerly was widespread and abundant
in the southern Rocky Mountains but has de-
clined to the point where the US. Fish and
Wildlife Service has been petitioned to list it as
endangered (USFWS 1994), and Colorado list-
ed B. boreas as an endangered species in 1993
(Goettl 1997). Pseudacris maculata (boreal cho-
rus frog) is common in central and western
North America, including Colorado. Except for
some populations located a few km northwest
of RMNP that have declined (Corn and others
1989), this species is not thought to be in trou-
ble. Rana pipiens (northern leopard frog) is an-
other widely distributed frog, but one that has
declined in several areas, including the south-
ern Rocky Mountains (Corn and Fogleman
1984; Corn and others 1989; Koch and Peterson
1995). Rana sylvatica (wood frog) is common in
North American forests from Georgia to Alas-
ka, but it is restricted to small relict popula-
tions in the southern Rocky Mountains. This
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species is classified as threatened in Colorado
because of its limited distribution and the lack"
of knowledge of its status. Recent surveys have
not suggested that R. sylvatica is declining
(Corn and others 1989; K. Kehmeir, Colorado
Division of Wildlife, Ft. Collins, pers. comm.).

This paper details the historical and current
distribution of amphibians in RMNF, including
some population estimates for P maculata and
B. boreas. These data should be used for baseline
information, indicating where future research
effort be directed. To enhance the long-term
usefulness of our data, we include an appendix
of locality data collected from 1988 to 1996.

METHODS
Amphibian Surveys

We conducted searches at locations where pres-
ence of =1 species of amphibian was indicated by
historical records and at other accessible locations
within RMNP boundaries. Known localities were
compiled using museum records, published ac-
counts, a file of visual observations maintained by
RMNF, and field notes from local herpetologists. Ad-
ditional locations were identified based on physical
habitat characteristics that would support amphibi-
ans and evaluated for comparative purposes. We also
attempted to survey most reasonably accessible bod-
ies of water in the Park. Many locations contained >1
body of water, for example a complex of beaver
ponds or ponds in close proximity connected by sur-
face water.

Park-wide surveys were conducted from 1988 to
1990 and in 1994, beginning at snow melt (May and
June) and continuing through early August of each
year. Both daytime and nighttime searches were con-
ducted during the breeding season. Searches later in
the summer were conducted during the day. Day-
time visits involved visual searches of shorelines and
adjacent wetlands for adult amphibians, and shallow
water for eggs or larvae. We used a dip net to search
for larvae in water with dense emergent vegetation.
We also recorded the life stages of each species en-
countered. These included transformed juveniles
and adults, breeding adults (including breeding cho-
ruses), tadpoles and larvae, and eggs.

For each lake or pond surveyed, origin was record-
ed as either geologic or man-made. Location type
was recorded as drainage (having a permanent out-
let), semidrainage (judged to have an outlet only in
years of high water), or as a beaver pond. Dimen-
sions of each site were estimated by eye, measured
with a range finder, or measured on topographic
maps for larger lakes. Water depth was recorded as
<1m, 1 to 2 m, or >2 m. The substrate was charac-
terized as predominantly organic matter, silt, sand,
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gravel, or boulders. The area covered by emergent
vegetation was estimated, the presence or absence of
emergent vegetation and shallow water on the north
shoreline was noted, and the nearest distance to a
forest edge was measured. We used Student’s t-tests
(for continuous variables) or log-likelihood Chi-
square tests (for categorical variables) to compare
environmental characteristics of sites with and with-
out amphibians.

Population Estimates

Numbers of male P maculata were estimated at 2
ponds in Horseshoe Park during 1988. Frogs were
coliected by hand at night, uniquely marked by toe-
clipping, and immediately released. Frogs were re-
leased the same night or early the next day. We
marked frogs on 3 occasions at 1 pond and 5 occa-
" sions at the other.

We estimated numbers of B. boreas at 3 locations in
the North Fork of the Big Thompson River: Lost Lake
and Kettle Tarn in 1991 to 1996, and Halfway in 1994
to 1996. Toads were collected from the breeding ag-
gregation in May and June each year and from the
surrounding habitat during the rest of the summer.
We measured snout-vent length to the nearest 0.1
mm with dial calipers, and marked each toad by in-
jecting a uniquely numbered passive integrated tran-
sponder (PIT tag; Camper and Dixon 1986; Sinsch
and Seidel 1995; Christy 1996) subcutaneously, ini-
tially on the ventral surface but then dorsally parallel
to the urostyle beginning in 1995. PIT tags were in-
serted using a sterile 12-gauge needle and applicator
provided by the manufacturer. Transponder function
was tested before the toad was released.

Lost Lake was visited 5 to 8 times and Kettle Tarn

5 to 10 times each year. Halfway was visited 2 to 4
times each year from 1994 to 1996. After the initial
samples of the breeding aggregation, suitable habitat
within 100 to 200 m of each lake was searched thor-
oughly during each visit. Captured toads were mea-
sured and scanned with a hand-held PIT tag reader.
Previously marked toads were measured and re-
leased at the capture site, while unmarked toads re-
ceived a PIT tag.
_ Population sizes of P. maculata were estimated us-
ing CAPTURE (Rexstad and Burnham 1991). This
program estimates numbers of animals using closed
population (no births, deaths, immigration, or emi-
gration) capture-recapture models (Otis and others
1978). We estimated population sizes of B. boreas with
JOLLY (Pollock and others 1990) for the years 1992 to
1996. Each sample comprised all toads captured in a
given year. JOLLY uses the Jolly-Seber model for open
populations, which allows for estimates of survival
rate and recruitment between years.

Water Chemistry
We measured pH in the field using a temperature-
compensated portable pH meter and glass electrode.
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A sample was collected in a 125-ml high-density
polyethylene (HDPE) bottle in shallow water
(<0.5-m deep) from the littoral zone of a pond. If
amphibian eggs or breeding activity was observed,
the sample was taken from that spot. We divided the
sample and read pH from three successive aliquots;
only the value from the final aliquot was recorded.
We used linear regression to examine changes in pH
across the elevation gradient.

More complete water chemistry was recorded
from 28 localities. We collected water in a 250- or
500-ml HDPE bottle and delivered samples to the
Water Analysis Laboratory at the U.S. Forest Service
Rocky Mountain Research Station in Fort Collins.
One to 7 samples were collected at each location from
3 May to 11 July , 1988 to 1991 (mean day = 7 June).
Unfiltered samples were refrigerated and held 1to 3
days before they were delivered for analysis. pH was
measured electrometrically with a glass electrode,
and acid neutralizing capacity (ANC) was deter-
mined by Gran titration. Major anions and cations
were measured following standard methods (USEPA
1987). Variables were averaged at locations with mul-
tiple samples.

RESULTS
Surveys and Population Estimates

We found historical records of amphibians at
21 localities: 10 with 1 species, 7 with 2 species,
and 4 with 3 species. There were 6 known lo-
calities for A. tigrinum, 13 known localities for
B. boreas, 11 known localities for P- maculata, 3
known localities for R. pipiens, and 4 known lo-
calities for R. sylvatica. We searched 193 bodies
of water at 116 locations (Fig. 1, Appendix).
Forty-eight locations were surveyed once, 34lo-
cations were surveyed twice, 13 locations were
surveyed 3 times, and the remaining 21 loca-
tions were surveyed 4 to 49 times (total surveys
= 376). Reliability of visual searches increases
with the number of times a location is sur-
veyed, but logistic constraints prevented us
from searching many of the back-country lo-
cations more than once. Locations with either
historical or current amphibian sightings re-
ceived a disproportionate number of repeat
visits (Table 1), but back-country locations with
no amphibians were rarely surveyed more than
once.

We observed amphibians at 48 locations, in-
cluding 40 locations with 1 species, 6 locations
with 2 species, and 2 locations with 3 species.
We found A. tigrinum in 2 of 6 known localities
(Fig. 2). They were also found in 4 locations that
did not have previous records. Reproductive
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FIGURE 1. Locations in Rocky Mountain National Park searched for amphibians 1988 to 1996.

activity was apparent at all 6 sites that con-
tained tiger salamanders. The most wide-
spread species encountered in RMNP was P
maculata. We found this species at 9 of 11 local-
ities where they had been previously reported

TABLE 1. Numbers of surveys at locations with his-
torical, new, or no records of amphibians.

Number of surveys

Locations 1 2 3 =>4
Historical records 2 6 1 12
New records 14 7 3 7
No records 32 21 9 2

and at 23 new locations (Fig. 2). Because P. ma-
culata are conspicuous only during the breed-
ing season, we located most populations by lis-
tening for breeding choruses. During 1988, we
captured 72 and 77 male P. maculata from 2
ponds in Horseshoe Park, respectively. Esti-
mated numbers of breeding males in these 2
populations were 161 (SE = 38.9) and 136 (SE
= 20.3), respectively. Previous accounts of R.
pipiens in RMNP are limited to Sheep Lakes,
Horseshoe Park, and Shadow Mountain Lake.
No R. pipiens were found at Sheep Lakes and
Horseshoe Park despite 20 visits in 1988 to
1990. Shadow Mountain Reservoir was
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FIGURE 2. Current locations for 3 species of amphibians in Rocky Mountain National Park.

searched twice in 1988 and no R. pipiens were
observed. Although restricted in range in Col-
orado and to the Colorado River drainage in
RMNP, R. sylvatica appears to be doing well in
RMNP. It was found in 3 of the 4 localities with
previous records. We also found R. sylvatica at
3 new sites (Fig. 2). Reproductive populations
were documented at all 6 sites where R. sylva-
tica was found.

We found B. boreas at 6 of 13 known localities
and at 8 sites with no previous records (Fig. 3).

Breeding was observed at 7 sites, all east of the
Continental Divide: 3 of the known locations
(Glacier Basin, Lost Lake, and Spruce Lake) and
4 of the ““new” localities (Alluvial Fan, Half-
way, Kettle Tarn, and Lake Husted). However,
only Kettle Tarn and Lost Lake, in the North
Fork Drainage of the Big Thompson River, and
possibly Spruce Lake support significant pop-
ulations of B. boreas. At Kettle Tarn, the num-
bers of egg masses observed annually from
1990 to 1996 were 13, 23, 18, 25, 21, 24, and 8.
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FIGURE 3. Current locations for Bufo boreas in Rocky Mountain Park.

We located 22, 15, and 23 egg masses at Lost
Lake from 1990 to 1992 and 35, 32, and 15 egg
masses from 1994 to 1996. Bad weather and re-
duced effort resulted in no observations during
the breeding season at Lost Lake in 1993, al-
though large numbers of tadpoles were seen
later that year. We discovered B. boreas breeding
at Halfway in 1994 and counted 3 egg masses
that yr, 5 egg masses in 1995 and none in 1996.
We did not observe egg masses at Spruce Lake,
but David Stevens (Rocky Mountain National
Park, personal communication) reported tad-

poles there in August, 1990. Reproduction took
place at Glacier Basin in 1988, 1989, 1990, and
1996, but we never observed >1 egg mass in
any year and no toads were observed during
single visits in 1992 and 1994. Tadpoles were
seen in Lake Husted only in 1990, but we doubt
that any of these were able to metamorphose
before winter. We found a pair of toads in am-
plexus at the Alluvial Fan in 1988, but never ob-
served eggs or tadpoles at this location.

From 1991 to 1996 we captured, measured,
marked, and released 401 male and 87 female
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TABLE2. Captures, recaptures, and population estimates (N) of Bufo boreas at 3 locations in Rocky Mountain
National Park. Population estimates were made using JOLLY except as noted.

95%
Location Cap- Recap- Standard confidence
Sex Year tures tures? Y error interval
Lost Lake <) 1991 204
3 1992 144 92 249 17.22 213-286
3 1993 78 56 225 24.32 177-273
3 1994 110 66 266 31.27 205-328
3 1995 121 77 215 35.41 146-285
3 1996 43 32
? 1991 29
Q 1992 22 1
Q 1993 10 3
? 1994 20 2
e 1995 12 0
? 1996 3 0
Kettle Tarn ) 1991 22
3 1992 63 5 121 38.97 45-198
<) 1993 54 23 192 36.6 120-264
<) 1994 118 39 204 23.18 159-250
3 1995 210 93 238 31.43 176-300
<) 1996 29 16
? 1991 2
Q 1992 8 0
? 1993 12 0
Q 1994 ‘ 9 1
Q 1995 25 0
Q 1996 13 3
Halfway 3 1994 18 24 5.16 19-42
) 1995 19 3 16P 1.43 15-22
<) 1996 7 6
Q 1994 2
Q 1995 6 0
? 1996 0 0

a Toads marked in previous years.

b Egtimate made from within-year capture history using CAPTURE.

B. boreas at Lost Lake; 316 males, 62 females,
and 5 juveniles (small toads without secondary
sexual characters) at Kettle Tarn; 20 males and
7 females at Lake Husted; and 32 males and 6
females at Halfway (1994 to 1996). An addi-
tional 7 males, 19 females, and 8 juveniles were
marked away from any breeding site, bringing
the total number of B. boreas marked in the
North Fork drainage to 970 in 6 yr. The capture
data at Lost Lake and Kettle Tarn were best fit
by the full Jolly-Seber model, allowing for vari-
ation in survival and capture probability. This
model does not provide population estimates
for the 15t or last yr of data. The estimated num-
bers (N) of male toads (Table 2) indicate that
both Lost Lake and Kettle Tarn had stable or in-
creasing populations from 1992 through 1995.
However, the smaller numbers of captures and
egg masses deposited in 1996 may indicate a
decline in these populations. Too few toads

were marked at Halfway for accurate estimates
using JOLLY, so population size was estimated
using CAPTURE and the data within each year.
As in the larger populations, fewer toads were
observed at Halfway in 1996, and no egg mass-
es were seen.

The apparent large imbalance in the sex ratio
of B. boreas in the North Fork populations (776
males [81%] and 181 females [19%] marked
overall) probably does not reflect the true pop-
ulation structure. Female toads had lower cap-
ture rates. The mean probabilities of capture
for males from 1991 to 1996 were 0.47 at Lost
Lake and 0.54 at Kettle Tarn. Recapture data
were too sparse to estimate capture probability
of females accurately, but preliminary analysis
suggests that it was =<0.10. This disparity was
probably because females do not breed an-
nually, skipping =1 yr because of energy con-
straints (Olson, 1992). Female B. boreas also may
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TABLE 3. Elevation and frequency of occurrence in habitat variable categories of all locations searched, and
known and current locations of amphibians Rocky Mountain National Park.

Current locations for

All Knpown Any

Habitat parameter sites locations amphibian A. tigrinum B. boreas P. maculata R. sylvatica
N 116 21 48 6 14 32 6
Elevation (m)

Minimum 2449 2557 2449 2545 2606 2449 2606

Mean 2991 2824 2760 2734 2889 2699 2704

Maximum 3511 3487 3383 2975 3383 3115 2780
Area (number in category)

<0.05 ha 23 3 13 0 4 9 4

0.05-0.5 ha 42 9 21 6 5 14 2

0.5-5.0 ha 35 5 7 0 4 3 0

>5.0 ha 10 4 5 0 1 4 0
Site type (number in category)

Drainage lake 57 8 14 3 5 7 0

Semidrainage lake 25 4 8 2 3 5 0

Beaver pond 33 9 26 1 6 20 6
North shoreline (number in category)

Shallows present 94 19 44 5 12 30 5

Shallows absent 16 2 2 1 2 0 0

Vegetation present 75 17 41 5 13 28 5

Vegetation absent 33 4 5 1 1 2 0
Trout (number in category)

Present 67 14 27 1 8 19 5

Absent 49 7 21 -5 6 13 1

disperse farther from breeding sites than males
(Campbell 1976), and so would have been less
likely to have been captured during searches
after the breeding season.

Habitat

Locations searched for amphibians in RMNP
occurred at 2449 to 3511 m elevation, and the
majority were small (<0.5 ha), drainage lakes
or beaver ponds, with shallows and emergent
vegetation present on the north shore (Table 3).
More than one-half of the locations (58%) had
native or introduced species of trout present.
Bubo boreas was distributed across the broadest
range of elevations (777 m) and R. sylvatica
across the narrowest (174 m). Compared to lo-
cations without P maculata, locations were P
maculata were present were smaller (log-likeli-
hood ratio, G = 10.72, 3 df, p = 0.013), more
often in beaver ponds (G = 23.88, 2 df, p <
0.001), contained shallow water along the north
shore (G = 11.18, 1 df, p = 0.001), and more of-
ten had emergent vegetation along the north
shore (G = 13.43, 1 df, p = 0.001). Presence of
P. maculata was unrelated to presence of trout (G

= 0.10, 1 df, p = 0.75). Locations with B. boreas
did not differ from locations without B. boreas
in any environmental parameter. There were
too few locations with A. tigrinum or R. sylvatica
for formal comparisons, although we located R.
sylvatica only in small beaver ponds.

The 21 known locations did not differ signif-
icantly from the 48 current locations we ob-
served with amphibians in elevation (¢t = 1.08,
p = 0.29), area (G = 3.81, 3 df, p = 0.15), site
type (G = 0.78, 2 df, p = 0.68), presence of north
shore shallows (G = 0.64, 1 df, p = 0.42), pres-
ence of north shore emergent vegetation (G =
0.79, 1 df, p = 0.37), or presence of trout (G =
0.67, 1 df, p = 0.41).

Water Chemistry

We measured pH of 115 water bodies at 63
locations in the field. Hydrogen ion concentra-
tions were averaged for multiple observations
at single locations. Although pH declined with
elevation (Fig. 4; pH = 9.44 — 0.00098 X (me-
ters elevation); F = 11.99, p < 0.001), we re-
corded only 7 instances of pH below 6.0. Most
other variables had large ranges with standard
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FIGURE 4. pH at 63 locations in Rocky Mountain
National Park, measured in 1988.

deviations greater than the mean, but mean val-
ues indicated that surface waters of amphibian
habitats were relatively dilute (Table 4). The
mean alkalinity (194.6 peq/l1) is at the thresh-
old for susceptibility to damage from acidic
precipitation (Schindler 1988).

DISCUSSION

Amphibians are not especially diverse or
abundant in RMNP. Although all 5 species that
inhabit the northern mountains of Colorado
have been recorded previously from the park,
we found only 4 of them in this study. The ab-
sent species, R. pipiens, had been recorded pre-
viously from only 3 locations in RMNP, but this
species has suffered recent severe declines in
the Front Range (Corn and Fogleman 1984,
Corn and others 1989). The current absence of
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R. pipiens from RMNP may be part of the gen-
eral decline of the species in Colorado, but suit-
able habitat for R. pipiens is not abundant in
RMNP. Many of the locations we searched were
at higher elevations than where R. pipiens occur
in northern Colorado (Corn and others 1989),
and semidrainage lakes, a favored habitat of R.
pipiens (Pennak 1969) were the least common
type of water body searched.

The most abundant species in the Park, P. ma-
culata, is common in the large glacial valleys
both east and west of the Continental Divide.
These habitats are characterized by meander-
ing streams with beaver ponds. Rana sylvatica
occurs in similar habitats in the Colorado River
valley. Temporary ponds are the preferred hab-
itats of A. tigrinum, but few of the bodies of wa-
ter we searched were of this habitat type. Bufo
boreas occurs in a variety of habitats in RMNP;
from large lakes with trout (Lost and Spruce
Lakes), to small glacial ponds (Kettle Tarn), and
beaver ponds (Glacier Basin).

The populations of B. boreas in RMNP are in-
teresting because this species has undergone a
severe decline in the southern Rocky Moun-
tains (southeastern Wyoming, Colorado, and
northern New Mexico) in the last 20 years (Ca-
rey 1993, Corn and others 1989, Stuart and
Painter 1994). Lost Lake and Kettle Tarn harbor
the largest populations of B. boreas now known
to exist in the southern Rocky Mountains, so
they are an important resource in future man-
agement plans. Despite these populations,
toads in RMNP have probably also declined in
the last few years. No evidence of breeding was

TABLE 4. Mean water chemistry from 28 locations in Rocky Mountain National Park. Units are mg/liter
except alkalinity (peq/liter) and conductivity (uS/cm).

Variable N x SD Range
Alkalinity 28 194.64 301.56 38.5-1595
Conductivity 15 16.83 114 8.2-48.4
Cat*+ 28 2.64 3.34 0.39-18.0
Mg*++ 28 0.71 1.19 0.06-6.31
Na* 27 1.53 1.47 0.16-6.46
K+ 28 0.83 0.97 0.00-3.14
NH4* 28 0.05 0.03 0.001-0.125
Cl- 28 0.43 0.73 0.08-3.79
504~ 27 1.80 3.07 0.12-16.42
NO3- 28 0.22 0.35 0.00-1.16
Si02 15 4.55 1 4.93 0.60-19.13
P 28 0.02 0.02 0.00-0.09
Al 28 0.08 0.12 0.00-0.49
Dissolved inorganic carbon 13 1.80 . 1.30 0.00-4.41
10.10 8.91 0.57-27.17

Dissolved organic carbon 13
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seen at one-half of the 14 locations where we
observed B. boreas, and breeding apparently
ceased at 1 location, Horseshoe Park, during
this study. Loss of this population is alarming,
because in 1986, toads had recolonized beaver
ponds that were damaged by the 1982 Lawn
Lake flood (Zimmerman and Tracy 1993).
Breeding at Lake Husted is infrequent and
probably unsuccessful because of the high el-
evation of this location. The size and status of
the population of B. boreas at Spruce Lake is not
well known, so the only “good”” populations
occur in the North Fork of the Big Thompson
River at Kettle Tarn and Lost Lake.

The causes of declines of R. pipiens and B. bo-
reas are probably different. Corn and Fogleman
(1984) observed extinction of several popula-
tions of R. pipiens and attributed these events to
a severe winter drought that caused semiper-
manent ponds to dry. The decline of B. boreas is
not likely to have been caused by drought, be-
cause this species has disappeared from sev-
eral large permanent lakes and wetlands as-
sociated with streams (Corn and others 1989,
Stuart and Painter 1994). Carey (1993) observed
the disappearance of several populations of B.
boreas in the West Elk Mountains of central Col-
orado between 1974 and 1982, and she ob-
served toads with symptoms of red-leg disease,
a common bacterial infection in amphibians
and fish. Carey hypothesized that an uniden-
tified environmental factor had caused suble-
thal stress of adult B. boreas, which caused sup-
pression of the immune system, which allowed
the infection and death of the toads. This is an
attractive hypothesis, because a regional stress
is one of the few mechanisms we can envision
that would cause the nearly simultaneous de-
cline of B. boreas throughout the southern
Rocky Mountains. A stressor has not been iden-
tified, although Maniero and Carey (1997) ob-
served immunosuppression in R. pipiens ex-
posed to low temperature in the laboratory.

Harte and Hoffman (1989) hypothesized that
acidic precipitation, in the form of an acidic
pulse during snowmelt, had killed salamander
embryos and caused a decline of a population
of A. tigrinum in central Colorado from 1982 to
1987. This population has since recovered (Wis-
_ singer and Whiteman 1992), and there is little

evidence that either chronic or episodic acidi-
fication occurs widely in the Rocky Mountains
at levels sufficient to kill embryos (Corn and
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Vertucci 1992; Vertucci and Corn, 1996). How-
ever, sublethal effects of acid precipitation,
such as possible negative effects on immune re-
sponse (Carey and others 1996) have not been
evaluated.

Blaustein and others (1994a) found that B. bo-
reas embryos shaded from ambient UV-B radi-
ation had higher hatching success than embry-
os exposed to ambient radiation in the Cascade
Mountains in Oregon, and that B. boreas oocytes
had low rates of enzyme activity related to re-
pair of UV-damaged DNA. Mortality related to
increased UV-B radiation could explain the rel-
atively synchronous decline of B. boreas in the
southern Rocky Mountains in the last 20 yr. Di-
rect observations of mortality, however, have
been of adult toads rather than embryos (Carey
1993), and experiments in 1994 at Kettle Tarn
and Lost Lake failed to demonstrate a relation-
ship between UV-B exposure and hatching suc-
cess of toad embryos (Corn, in press).

Blaustein and others (1994b) documented
fungal (Saprolegnia) infections resulting in large
scale embryo mortality at several locations in
the Pacific Northwest, but this has not been ob-
served in the Rocky Mountains. Effects of other
potential pollutants are even more difficult to
evaluate. Pesticide, herbicide, and heavy metal
contamination have negative effects on adult
and larval amphibians. Baron and others (1986)
studied sediments of high-elevation lakes in
RMNP and found an increase in deposition of
lead beginning around 1850, but concentra-
tions at 2 of 4 sites had declined since 1960.

The bullfrog (Rana catesbeiana) is a large frog
from the eastern U.S. that has been introduced
throughout the West and is suggested to have
caused the decline of many western ranid spe-
cies (Moyle 1973, Hammerson 1982, Bury and
Whelan 1984). Rana catesbeiana does not occur
above about 1550 m in Colorado (Hammerson
1986), so it cannot have contributed to declines
of montane species.

Other introduced predators may have influ-
enced the historical distribution and abun-
dance of amphibians in RMNP, if not recent
changes. Introduced fish, especially trout in the
Sierra Nevada, have been implicated in declines
of ranid frogs in California (Hayes and Jen-
nings 1986; Bradford 1989; Knapp 1996). Three
species of introduced trout occur in RMNP
(Rosenlund and Stevens 1986): rainbow (On-
corhyncus mykiss), brown (Salmo trutta) and
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brook (Salvelinus fontinalis). There is also an ac-
tive program for reintroducing the endangered
greenback cutthroat trout (O. clarki). Occur-
rence of B. boreas and P. maculata were unrelated
to presence or absence of introduced or native
trout. However, A. tigrinum was found at only
1 location that also had trout present (Table 3).
Salamanders are especially vulnerable to pre-
dation by fish. After Bear Lake was treated with
antimycin in 1975 to remove S. fontinalis, A. ti-
grinum flourished because of poor reproduc-
tion by reintroduced O. clarki (Rosenlund and
Stevens 1986). Spawning habitat was improved
and O. clarki restocked in 1981 and 1984, and
we found no salamanders in our surveys of
Bear Lake. Geraghty (1992) surveyed A. tigri-
num populations above 3000 m in central Col-
orado, and only 2 of 31 ponds with salaman-
ders also contained fish.

Difference among species in vulnerability to
predation relate to behavior and morphology
(Wassersug 1997). The herbivorous, filter-feed-
ing tadpoles of P maculata inhabit heavily veg-
etated shallow water and are less likely to be
exposed to predation than are larval A. tigri-
num, which are active predators on zooplank-
ton. Bufo boreas tadpoles also tend to aggregate
in extremely shallow water that may offer a ref-
uge from predation, but toad eggs and tadpoles
are unpalatable to fish and most other potential
predators (Licht 1969).

Adult Bufo supposedly have some protection
from predation because of their toxic skin se-
cretions. However, Olson (1989) documented
high levels of predation on adult B. boreas at
breeding aggregations in the Cascade Moun-
tains by common ravens (Corvus corax) and
Brothers (1994) observed predation on B. boreas
in Idaho by American crows (C. brachyrhyn-
chos). Corvids do not eat the entire toad, but
leave characteristic remains on the banks of
ponds that include the head with dorsal skin at-
tached, the limbs, and the ovaries of gravid fe-
males. On 13 May 1992, 5 toad carcasses (4
were female) were observed at Kettle Tarn that
appeared to have been killed and eaten by C.
corax (Corn 1993).

Populations of pond-breeding amphibians
are characterized by “’boom or bust” dynamics
that lead to large fluctuations without human
interference (Bragg 1960, Pechmann and others
1991, Pechmann and Wilbur 1994). Late freezes
during the breeding season, early drying of
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temporary ponds, and predation can cause cat-
astrophic mortality. Populations of amphibians
in the Rocky Mountains are often small and fe-
males do not breed annually. These factors lead
to demographic stochasticity, which may lead
to extinction. Montane populations of R. pipiens
may have succumbed to the effects of just such
a stochastic event when breeding ponds dried
in the late 1970s (Corn and Fogleman 1984), but
the apparently synchronous disappearance of
B. boreas in much of the southern Rocky Moun-
tains does not support the hypothesis of a ran-
dom fluctuation.

A paradox that we have no ready explanation
for is that Lost Lake, which harbors the largest
population of B. boreas known in RMNP (and
perhaps Colorado), has undergone a great
amount of habitat alteration recently. An earth-
en dam on Lost Lake was removed in 1986, low-
ering the water level and exposing 10 to 20 m
of rocky shoreline. However, this may have
benefitted B. boreas by creating the shallow
pools now favored for reproduction (see Fig. 3
in Vertucci and Corn 1996). Also in 1986, Lost
Lake was treated with antimycin in preparation
for introduction of O. clarkii in 1987 to 1989 (Ro-
senlund and Stevens 1986). These observations
support our conviction that the general decline
of B. boreas has not been caused by habitat al-
teration.

Management Recommendations

Management of amphibians in RMNP
should focus on protection of existing popula-
tions of B. boreas, because of the severe decline
this species has undergone in the southern
Rocky Mountains. Because we do not know the
reasons for the decline, however, management
prescriptions are difficult to devise. Consider-
ation might be given to protecting breeding
toads from predation by C. corax, but the se-
verity of this threat is questionable. No carcass-
es of toads attributable to predation have been
observed since 1992.

There is a need for continued monitoring of
populations of B. boreas in RMNP, and data al-
ready collected at Lost Lake and Kettle Tarn
can form the basis for a long-term study of pop-
ulation dynamics. Such data are critical to eval-
uating the role of stochastic variation in de-
clines of amphibian populations. Knowledge of
other aspects of the ecology of these toads, in-
cluding habitat use, is needed for future man-
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agement of B. boreas in RMNP and elsewhere in
the southern Rocky Mountains.
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