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+ INTRODUCTION 

Declines and extinctions of many populations 
of amphibians have been noted worldwide in recent 
years (Com and Fogelman 1984, Beiswenger 1986, 
McAllister and Leonard 1990, Wake and Morowitz 
1990, Wake 1991, Adler 1992). Habitat 
modifications due to human activities may contribute 
to many of these declines. Habitat may be destroyed 
overtly, or it may be fragmented. Fragmentation 
results in reduced area, a differential loss of 
important habitat components, and increased isolation 
of populations (Wyman 1990). The persistence of 
amphibians in areas where modifications short of total 
habitat destruction occur depends on the preservation 
of essential habitat components and landscape 
connectivity that allows individual animals access . to 
breeding, foraging, and wintering sites (Sinsch 1989). 
Long-term persistence also may rely on the 
immigration of individuals from other populations 
(Pechmann et al. 1991, Sjogren 1991). 

Our efforts to conserve amphibian species 
and to establish methods of sustainable resource use 
depend on our understanding of habitat fragmentation 
and knowledge of the behavioral and population 
responses to different types of habitat modifications 
(Gibbons 1988, Groom and Schumaker 1993). Few 
studies have addressed these types of questions. 
Notable exceptions include some studies on the 
effects of logging (Com and Bury 1989) and 
acidification (Wyman and Hawksley-Lescault 1988, 
Harte and Hoffman 1989, Com and Vertucci 1992). 
In Europe, researchers and wildlife conservationists 

are investigating the impacts of roads on amphibians 
and attempting to find solutions to fragmentation and 
mortality effects (Langton 1989), but this concern has 
not yet received noticeable attention in North 
America. We lack studies evaluating the relative 
importance and integration of foraging areas, 
hibemacula, breeding sites, areas occupied pre- and 
post-breeding, and dispersal routes connecting these 
areas. With these kinds of information, researchers 
and land managers will acquire the ability to better 
analyze, predict, and mitigate the effects of habitat 
modifications that are sources of amphibian 
population declines. 

+ OBJECTIVES AND APPROACH 

The goal of this project is to determine how 
specific habitat modifications may contribute to local 
changes in the abundance and distribution of 
amphibians. Our approach is to replicate a previous 
field study of a spotted frog population in 
Yellowstone National Park (YNP). This previou.s 
study, conducted in 1953-55 by Frederick B. Turner, 
provides a baseline for the population's demographic 
characteristics, habitat use, and movement patterns. 
By comparing the historic and current data, we are 
analyzing how the frog population and its use of 
habitat has changed over the 40-year period. 
Specifically, we seek to answer these questions: 

1) In an area where site modifications due to human 
activities have occurred, how has frog habitat 
changed? 
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2) Have the demographic characteristics of the frog 
population in the modified area changed? 

3) Has the distribution of frogs in the modified area 
changed? 

4) Have the movement patterns of frogs within the 
modified area changed? 

5) How have changes in habitat contributed to the 
observed changes in the demographic characteristics 
and spatial relationships of this population? 

+ METHODS 

STUDY SPECIES 

The spotted frog Rana pretiosa is a 
widespread and common species in YNP. Declines 
of populations on the west coast, in the Great Basin, 
and along the Wasatch Front have led to a C1 
classification under the Endangered Species Act, with 
listing as endangered or threatened "warranted but 
precluded" (USDI Fish and Wildlife Service 1993). 
Elsewhere in its range, including YNP, the species is 
classified as C2. Spotted frogs appear to be abundant 
and reproducing well in the Greater Yellowstone 
Ecosystem (Peterson et al. 1992). 

Spotted frogs inhabit stream edges and 
marshy areas near ponds, lakes, springs, and streams. 
Breeding occurs mainly in temporary or permanent 
shallow-water ponds. In YNP, spotted frogs are 
slow-growing and long-lived; females reach sexual 
maturity in their fifth or sixth year and may live up 
to 12 or 13 years; males breed in their fourth year 
and may live up to 10 years (Turner 1960). 

STUDY AREA 

The Lodge Creek study area is located near 
Lake Lodge, approximately 1.6 km south of the 
intersection of East Entrance Road and Grand Loop 
Highway in YNP. Turner's 1953-55 study was 
concentrated in a 28 hectare area (Fig. 1A) which 
included two breeding pools, two springs, boggy 
areas, intermittent drainages, and a permanent 
stream, Lodge Creek (formerly known as Soldier 
Creek). Most features of the former study site 
remain recognizable in 1993 (Fig. 1B). We have 

expanded the current investigation to include Lodge 
Creek downstream from Turner's core study area to 
its mouth at the shore of Yellowstone Lake. The 
core area is included in our long-term monitoring 
plan (Peterson et. al. 1992). 

POPULATION CHARACTERISTICS AND 
HABITAT USE 

We have been monitoring the population of 
frogs in this area since 1991 (Peterson et al. 1992). 
In 1993, we hand-captured, marked, released, and 
recaptured juvenile and adult frogs approximately 5 
to 6 days per week from 15 May to 21 August, and 
one or two days per week from 28 Aug to 22 
October. Each frog was given a unique code based 
on a pattern of toe-clipping (Waichman 1992). We 
recorded the sex, length, and weight of each frog at 
the time of each capture/recapture. We also recorded 
the dates and locations of each capture/recapture and 
noted the key features of capture sites, including 
wetland type, vegetation, and water and air 
temperatures. These data are similar to data collected 
by Turner during the former study. In addition, we 
used radiotelemetry to follow the movements of 20 
adult frogs for periods of time ranging from a few 
days up to 6 weeks. We monitored breeding sites 
and documented dates of egg deposition, hatching, 
tadpole development, and emergence of 
metamorphosing frogs. We mapped key locations 
and measured distances using both a Trimble Basic 
Plus Global Positioning System (GPS) and compass­
and-tape techniques. In order to create the study area 
map, we photographed the site from an airplane at 
about 600 m., digitized the photograph, and used 
computer graphics software to draw the map and 
identify features. 

We are in the process of comparing Turner's 
data to our data on demographic characteristics, 
spatial relationships, and habitat. As a first step, we 
are compiling our 1990s data to perform analySes that 
will be similar to those used for the 1950s data set. 
For this semiannual report, we quantified captures 
and recaptures to estimate population size, and we 
plotted capture/recapture locations on maps of the 
study area to estimate distribution and movements. 
At this point in our analyses of the data sets, we are 
able to make broad comparisons only. 

Our final report will contain more detailed 
comparisons of the historical and current data sets, 
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Figure la. F.B. Turner's Lodge Creek study area, 1953-55. The rectangle indicates the core study area. 
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including comparisons of size classes, growth rates, 
sex ratios, larval population sizes, movement rates, 
and habitat use. We will refine our population 
estimates using the Jolly-Seber or other open 
population size estimation methods. Using GPS data 
and aerial photographs, we will enhance the study 
area map and create site-specific maps of portions of 
the study area. To gain a better understanding of bow 
sites and habitat have changed, we will meet with 
YNP maintenance and archival staff and request their 
assistance in determining precise locations and dates 
of developments. Using weather data collected at 
Lake, we will compare temperatures and precipitation 
of the 10 years prior to each field study (1943-53 and 
1983-93) and for the time period between the two 
studies. Finally, we will use the comparative 
demographic, movement, and habitat use data to 
refme our hypotheses of bow specific habitat 
modifications may contribute to the decline or 
persistence of a frog population. These hypotheses 
will be instrumental in design of next year's field 
study. 

+ PROJECT PROGRESS AND FINDINGS 

HABITAT MODIFICATIONS 

The study area includes sites that have been 
modified by human activities as well as those that 
appear to have changed very little since the 1950s. 
Turner (1960) described his study site as "subject to 
minimal human use~; exceptions included a foot trail 
used for guided walks through the area, the proximity 
of Lake Lodge Cabins to a short section of Lodge 
Creek, and the use of 45 acres as summer pasture for 
Park horses. Since Turner's study, there have been 
two major modifications of the area. The first, in the 
early 1970s, was the relocation of the Grand Loop 
Highway approximately 400 meters west-northwest 
from its previous route (compare Fig. 1A and 1B). 
The second, in the early 1980s, was the development 
of the springs at the head of the main fork of Lodge 
Creek and associated construction of a pumping, 
piping and chlorination system, roads, culverts, 
maintenance/chlorine-treatment building, and fences. 

These developments caused changes at some 
of the former frog habitat areas in Turner's core 
study area. A list of important former habitat areas, 
development at those sites, and descriptions of the 

current sites is included in Table 1; the areas are 
identified by number on Figure lB. In summary, 
there are three major changes apparent in habitat: 

1) At the time of the historical study, the area at the 
head of Lodge Creek's main fork included an open 
sedge meadow with a spring-fed pool and water-filled 
holes, seeps and a large boggy area. It now supports 
a young lodgepole stand, willows, and a restricted 
seep/sedge area. The former pool is gone; two 
water-filled holes are the only bodies of surface water 
deeper than a few centimeters. The seeps come 
together to form the head of Lodge Creek, which is 
undisturbed downstream of the pumping operation 
until it reaches the highway. Changes in hydrology 
and vegetation appear to be due to development of 
the springs and accompanying surface disturbances. 

2) Within the historical core study area, there were 
no road or highway crossings of Lodge Creek. The 
new highway crosses Lodge Creek just above the 
confluence of the main and middle forks, and the 
streams pass through culverts beneath the highway. 
A side channel of Lodge Creek that formerly flowed 
north of the main channel was also crossed by the 
highway. This channel is now completely dry and 
grown with non-wetland vegetation. Other than the 
loss of the side channel and the addition of the 
highway with road shoulders and culverts, there are 
no apparent changes in the drainage. 

3) A seasonally wet meadow at the east side of the 
former study area has been bisected by the highway, 
resulting in the probable loss of one temporary pool 
(pool 6) and an unknown amount of temporary 
wetland areas. Formerly, an ephemeral stream with 
two branches flowed from its origin from melting 
snows and spring rain in the meadow to its junction 
with Lodge Creek. This drainage, barely visible in 
tall grass and sedges, now carries water in one 
branch only, and passes under the highway through 
a culvert. The vicinity of the crossing has been filled 
and reconstructed with embankments on both sides of 
the highway. 

Other habitat areas of the former study area 
are still present, including two breeding pools (pools 
1 and 3), a non-breeding pool (pool 4), most of 
Lodge Creek, and the springs at the head of the 
middle fork. These sites appear to have changed 
very little in the 40-year interim. 
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DEMOGRAPHIC CHARACTERISTICS 

Our preliminary assessment is that the 
population in the study area has declined 
approximately 80% compared to the 1950s 
population. Frogs in the 1990s reproduced at two of 
the three former breeding sites within the study area, 
but numbers of egg clusters at these two sites have 
declined 70-86% relative to the 1950s. 

Turner's historical study used data from the 
capture and recapture of individuals over a period of 
three years to estimate population size, sex ratios, age 
distributions, survival, and growth rates. To obtain 
data for similar analyses of the 1993 population, we 
conducted an intensive capture/recapture effort of 
frogs in the core study as defined by Turner, and, 
less intensively, in Lodge Creek downstream of the 
study area to Yellowstone Lake. We made a total of 
892 captures during the active season. Many frogs 
were recaptured at least once; others were recaptured 
on several occasions. We also marked a number of 
metamorphosing larvae. Results are tabulated in 
Table 2. 

Our estimate of the population in the study 
area in 1993 indicates a decline of approximately 
80% compared to 1953. Turner (1960) estimated a 
1953 population size of 1559 .± 132 frogs (N + SD). 
Our 1993 estimate of the population size within the 
same area is 300 .± 22 frogs. Both estimates are 
based on the Lincoln-Petersen method, which uses a 
ratio of marked to total animals to estimate a total 
population. The two estimates are not strictly 

Table 2. Summary of Capture/Recapture Data, 1993 

' · 
Category 

Frogs marked, total 

Frogs recaptured, total* 

Adult and juvenile frogs marked, core study area 

Adult and juvenile frogs recaptured, core study area* 

Metamorphosing larvae marked in breeding ponds 

comparable; Turner's estimate was based on two 
active seasons of capture/recapture data, while ours 
is based on a single active season. In addition, 1993 
was abnormally cool, possibly resulting in frogs 
being less active and therefore less likely to be 
observed and captured. There is some corroborating 
evidence of a decline; Turner revisited the site in 
1991 and was struck by the relative scarcity of frogs 
as compared to the 1950s. Also, in 1991, we 
conducted mark/recapture of frogs in upper Lodge 
Creek (a large portion of the study area), and from 
that data we estimated a population of 245 (.± 30) 
frogs. We think that the population has declined 
significantly since the 1950s. 

Reproduction occurred in 1993 at two 
breeding pools identified by Turner in the 1950s, 
pool 1 in the meadow and pool 3 in the forest. A 
third breeding site formerly used by frogs in the area 
is no longer in existence. In 1955, Turner (1957) 
documented 26 egg clusters at pool 1 and 25 at pool 
3. By contrast, we found three egg clusters at pool 
1 and twelve at pool 3 in 1991 (Peterson et al. 1992), 
and in 1993 we found three egg clusters at pool1 and 
four at pool 3. 

Because spotted frogs in YNP are slow-
. growing and long-lived, the size or age class 
structure of the population in a given year reflects 
reproductive successes and mortality rates of several 
past years (Turner 1957). Further analyses of our 
1991 and 1993 data, in addition to data collected in 
1994, may provide more insights into the nature of 
the population decline. 

Number of 
Frogs 

564 

214 

238 

161 

190 

*This category includes frogs captured at least one time in 1993; it does not include multiple recaptures of the same 
frogs. 
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Figure 2 A and B. Dispersion of the Lake Lodge population, 1953-55, during (A) June 21 to July 31, and (B) Aug 1 to 
Sept 20 (Turner 1960). 

C and D. Dispersion of the population, 1993, during (C) June 21 to July 31, and (D) Aug 1 to Sept 26. Each dot represents the 
capture of a frog at that location; repeated captures during the same time period are not shown. 

DISTRIBUTION 

In 1993, we found frogs at many of the 
locations identified by Turner in the 1950s. 
However, overall distribution of frogs in the study 
area appears to have changed in some ways. While 
all occupied habitat sites within the study area have 
fewer frogs than they did in the 1950s, there also are 
differences in the proportions of frogs at these sites 
compared to the 1950s. The area along Lodge Creek 
south of the highway has proportionately fewer frogs, 
and Lodge Creek upstream of the highway has 
proportionately more frogs than in the 1950s. 

Turner plotted all points of capture and 
recapture for a series of 1144 frogs on a set of maps 

representing three periods of the summer over the 
three years of the study. The last two periods (June 
21-July 31, and Aug 1-Sept 20) are reproduced in 
Fig. 2, A and B. Similarly, we mapped locations of 
frogs captured in 1993 (Fig. 2, C and D). To 
estimate and compare differences in relative use of 
the habitat areas for 1953 and 1993, we averaged the 
June-July and August-September captures and 
calculated proportions of frogs using the various 
habitat areas. These numbers are given as percents 
in Table 2. Validity of the comparisons is limited by 
our inability to control for error introduced by 
unequal sampling effort. If, however, the dispersion 
patterns are generally representative, some contrasts 
between the two data sets are so large as to indicate 
real differences rather than differences in sampling. 
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The data suggest two important conclusions: (1) 
Lodge Creek south of the highway (areas 7 and 7C in 
Table 2) supports far fewer frogs, proportionately as 
well as absolutely, than it did historically. While 
Turner made 36% of the captures along this section 
of Lodge Creek, we found only 7%; and (2) the 
headwaters area of Lodge Creek and adjacent 
wetlands (areas 1, 2, and 3 in Table 2) remain 
extremely important, potentially even more important 
than they were historically in terms of the persistence 
of this population. While Turner found less than 
30% of the 1950s population in this area, we found 
over 73%. 

MOVEMENTS 

Both the 1950s . and the 1990s data sets 
reveal that some individual frogs move quite 
extensively within the study area. Despite our small 
sample size, we found many of the same types of 
movements that Turner described. An important 
exception is the lack of movements in 1993 
connecting the southwestern comer of the area 
(Lodge Creek south of the highway) to the far eastern 
end (Pool1 and meadows). Movements among these 
areas require crossing of the highway. Not all 
movements across the highway are prevented. 
However, frogs managed to get across the highway 
in the vicinity of the ephemeral drainage in the 
eastern study area. 

Turner found that movements of individual 
frogs within the study area connected key habitat 
features. Frogs moved among areas at the head of 
Lodge Creek, pool 1, pools 3 and 4, the eastern 
meadow and ephemeral stream, and the Lodge Creek 
drainage below the confluence of the east and middle 
forks. In the 1950s, even the farthest comers of the 
study area (western Lodge Creek and the eastern 
meadows) were linked by movements taking place 
during one season or over a period of several 
seasons. Frogs moved overland to reach the pools, 
but relied on streams and intermittent stream channels 
as movement corridors in late summer. In 1993, we 
also found that frog movements connected many of 
the habitat features of the core study area (Fig. 3). 
From capture/recapture and telemetry data, we found 
15 frogs that made movements within the wetlands 
around the headwaters of the two forks of Lodge 
creek, and 23 frogs that moved to or from habitat 
areas at the pools, meadow, Lodge Creek, and Lodge 
Creek headwaters. We found no instances of frogs 

moving between the core study area and the lower 
portion of Lodge Creek near Yellowstone Lake. 

Comparing movements of the 1950s and the 
1990s, we found 8 of the 15 movement patterns 
described by Turner (Fig. 3). Of the 7 that are not 
represented in the 1993 data, 6 movements involve 
Lodge Creek south of the highway (area ?east and 
?west in Fig. 3). We found, however, that frogs 
continue to use the ephemeral drainage to move 
between the eastern meadow and Lodge Creek even 
though the highway bisects these two areas. At least 
8 frogs managed to move across the highway (6 
downstream and 2 upstream) in this area. One 
telemetered frog apparent! y crossed the road surface, 
but it is possible that some frogs use the large culvert 
under the highway as a passage. 

+ SUMMARY 

A large spotted frog population occupied 
streams and seasonally wet areas in the vicinity of 
Lake Lodge during the 1950s. Demographic 
characteristics, spatial distribution, and movement 
patterns of the 1950s population were documented by 
Frederick B. Turner. We are comparing data from 
the 1950s with data that we are collecting in 1990s to 
determine how the frog population and its use of 
habitat has changed. Spotted frogs have persisted in 
the area despite development of a water pumping 
system at the head of Lodge Creek and the relocation 
of Grand Loop Highway, which now bisects the 
former study area. Our preliminary work indicates 
that population size has declined by about 80%, from 
approximately 1500 frogs to approxmiately 300 frogs. 
Numbers of egg clusters deposited in the 1990s 
declined 70% in 1991 and 86% in 1993, compared to 
1955. Most of the habitat features (pools, streams, 
boggy areas) identified during the former study still 
exist and remain occupied by frogs. There are, 
however, changes in the distribution of frogs among 
these areas. The head of Lodge Creek has changed 
the most in terms of hydrology and vegetation, and 
while it appears to support fewer frogs than it did 
historically, it now supports a higher proportion of 
the population. In contrast, Lodge Creek south of the 
highway that now bisects the former study area shows 
a sharp decline in both absolute and proportional use, 
indicating a reduction of effective habitat compared 
to that occupied by the 1950s population. 
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Figure 3. Movements among key habitat areas. 

Numbers refer to habitat areas identified on Figures 1B and 2. 
+ I + refers to 1950s I 1993, e.g. + I -indicates that movements were found between these areas in the 1950s 
but not in 1993. Only movements occurring within one season were included from the 1950s data. 

Areas 3 4 5 

1&2 +I+ +I+ +I+ 

3 + I- -I-

4 +I+ 

5 

6 

Movements of frogs observed in 1993 indicate that 
dispersal among habitat areas is similar to the 1950s, 
with the exception of dispersal between Lodge Creek 
south of the highway and the far eastern side of the 
study area. We are in the process of comparing data 
sets from the 1950s and the 1990s to determine more 
precisely the nature of changes in demographic 
characteristics, distribution, dispersal, and habitat. 

+ IMPLICATIONS AND FuTURE WORK 

The importance of habitat diversity and 
metapopulation dynamics for the persistence of 
animal populations have been emphasized by 
theoretical and empirical research in conservation 
biology (Terborgh 1974, Diamond 1975, Soule and 
Wilcox 1980, Wilcox 1980, Merriam 1984, Pulliam 
1988). The Lodge Creek spotted frog population 
provides a case study potentially capable of revealing 
how these concepts may apply to amphibians. It is 
particularly valuable because of the existence of 
detailed, historical data. We hypothesize that the 
persistence and robustness of this spotted frog 
population is linked closely to its access and use of 
diverse kinds of habitat: seasonally wet meadow 
areas, ephemeral streams, breeding pools, springs, 
and permanent streams. In addition, emigration from 
other breeding populations in the area may contribute 
to population persistence. We further hypothesize 
that fragmentation caused by highway construction 
and habitat loss may be important factors in 
explaining the decline of this population. In 1994, 

6 ?east ?west 

+I+ + 1- + I-

- I - - I - -I + 

+I+ -I- + I-

+I+ + 1- + I-

+I+ + I-

we will continue to investigate and develop these 
hypotheses through continued mark/recapture and 
telemetry of frogs in the core study area, close 
monitoring of frog movements among the key habitat 
areas, and comparisons of historical and current data 
on distribution, dispersal, and demographics. We 
also will expand mark/recapture efforts to drainages 
and wetland areas north and south of the core study 
area, and we will continue to study frogs in lower 
Lodge Creek to determine if and how the population 
may be linked to others in the area. 
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