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Abstract
Populations of amphibian species have been declining throughout the world.

This factor is significant because amphibian population dynamics can be an

indication of anthropogenic disturbance in the environment. The ability of
adjacent populations to interact via dispersing individuals correlates with the
overall resilience of a species. Landscape features coupled with varied seasonal

needs are also factors that have an impact on dispersal rates. The objective of
this study was to delineate dispersal patterns of Rana luteiventris with respect

to temporal variations, spatial factors, individual disperser characteristics, and

effects of mining effluent on dispersal. Gaining a better understanding of the
patterns of dispersal in Rana luteiventris will improve awareness of the
management/conservation concerns of montane anuran populations.

iv

Introduction
The effects of landscape structure, or ecological processes, on
populations are manifest through abilities of individual organisms to use

adjacent habitats to supplement resources as well as the degree to which
individuals can disperse between populations (Dunning etaL 1992). Many
amphibian species depend upon “dispersal corridors” to maintain connections

between habitats (Fahrig and Merriam 1985). In particular, juvenile dispersal

has proven to be one of the most vital links between adjacent populations
(Berven and Grudzien 1990; Brown and Kodric-Brown 1977; Gill 1978).

Adjacent populations interacting with one another through migrating
individuals are termed metapopulations, or local populations within regional

populations (Gilpin and Hanski 1991). Characteristics of connections among

subpopulations strongly influence the temporal variation in abundance and

overall resilience of a species (Fahrig and Paloheimo 1988; Gilpin and Hanski
1991). In addition, metapopulation interactions provide a means for various
populations to maintain genetic variability, thereby preventing the harmful

effects of homozygosity (Gilpin and Hanski 1991; Reh and Seitz 1990; Mills and

Allendorf 1996).
Despite awareness of global declines of amphibian species since the
1960s (Houlahan et cd. 2000), acknowledgement of these declines through
scientific investigation had not been seriously pursued until the early 1990s.

The herpetological community, however, has been directing substantial
attention toward amphibian studies because of the proposed role amphibians

assume as indicators of environmental quality (Wake 1991), and population
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characteristics provide a means to characterize the degree of anthropogenic
disturbance inflicted upon wetland ecosystems (Hecnar and M’Closkey 1996).

The human role in habitat fragmentation must be studied and appreciated in

order to develop adequate conservation plans and to sustain natural amphibian
habitats (Gilpin and Hanski 1991). Indeed, there is a continually growing body

of knowledge demonstrating the adverse side effects of habitat fragmentation in

the life history of amphibian species (deMaynadier and Hunter 1998; Gibbs
1998; Reh and Seitz 1990; Wyman 1991).
The ability of amphibian populations to disperse among one another is a
critical but little understood process affecting population numbers. Many

amphibian species require particular habitat characteristics to fulfill breeding,
foraging, and over-wintering needs, which systematically change with seasonal

variations (Sinsch 1990). Connectedness of amphibian populations becomes
particularly important in habitat patch areas affected by human alteration

(Gibbs 1998). Taylor et al. (1993) indicated that the ability of an organism to
disperse in a heterogeneous landscape depends upon the distance between

habitat patches in addition to the amount of fragmentation.
The Columbia spotted frog (R. luteiventris) demonstrates seasonal habitat
occupation (Pilliod 2001) which necessitates gathering information in order to
better understand dispersal patterns of this species. Study of the population

movements of individuals through heterogeneous environments requires
consideration of both spatial and temporal components. The aim of this study
is to uncover the dispersal patterns of R. luteiventris. Specifically, the questions
addressed in this study are whether or not dispersal is influenced by the time of
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summer, if there are differences in dispersal between males and females, if the

distance between habitat patches plays a role in dispersal, and whether the
presence of mining effluent affects dispersal rates.
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Methods

This project was conducted in the Lower Lump Gulch Drainage Basin of

the Helena National Forest in western Montana (Figure 1). This area contains
several wetlands inhabited by R. luteiventris and connected by stream corridors.

The matrix habitat could be characterized as mountainous woodlands. Nine

corridors were identified and selected as study sites according to varying
lengths between population patches as well as the degree of mining effluent
present. The upper portion of the drainage basin has been influenced by
historic mining activity leaving the wetlands of this area to act as sediment

settling areas, whereas most of the lower areas have not been affected. Both

long and short corridors were selected in the upper and lower portions of this
landscape.

Streams were marked in 50-m increments for long transects and 20-m
intervals for shorter connections. I walked the entire length of the individual

streams in a zig-zag pattern in order to survey each bank. Each stream
channel was inspected several times through the months of May to August in

the summers of 2000 and 2001. Time, temperature, humidity, and light
intensity were measured prior to and immediately following each sample trek.

I captured individual frogs either by hand or with a dip net and recorded
the sex, snout-to-vent length, and the distance to the nearest wetland. In
addition, each frog was marked by clipping the third digit of the left hind foot

using scissors disinfected with bleach. Immediately following removal, the toes
were placed in individually labeled envelopes.
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Procedures used for age estimations of the captured frogs were developed

from previously established methods (Leclair and Castanet 1987; Shiraga
1999). Dried toes were placed on a drop of water, and the tissue surrounding

the bone was removed using sharp probes and forceps under a dissecting
microscope. The toes were placed in one-millimeter microcentrifuge tubes filled
with 3% nitric acid solution overnight. The toes were then washed with distilled

water three times in their respective tubes and allowed to soak for at least two

hours.
The diaphysis of the bone structure produces the best sections for

identifying annual growth rings. The toes were therefore examined under a
dissecting microscope in order to remove the joint regions with a razor blade.

Next, the toes were mounted in freezing medium on small plates designed for a
cryostat microtome. The toes were embedded in the medium vertically and
allowed to freeze for several minutes. The plates were mounted in the

microtome, and sections of approximately 20 pm were made.
I labeled gelatin-coated slides (See Appendix A for preparation), used my

finger to smear a drop of egg albumin evenly across the portion of the slide

where sections were to be placed, and flooded the albumin film with three drops
of distilled water. Next, 7-10 toe cross-sections were transferred onto the

water surface using forceps, and the slides were placed on a slide warmer
overnight.
After the sections had been fixed to the gelatin coat, the slides were
placed for 45 minutes in five-slide wells containing concentrated Gill’s
Hematoxylin #2. Following staining, each slide was dipped into three wells

5

containing distilled water, three times per well, and placed on the slide warmer

once again until the water had completely evaporated.

Kaiser’s glycerol jelly (See Appendix A for preparation) was used to secure
cover slips over the sections. The jelly had to be heated on a plate in order to

achieve a liquid consistency, but it was important to ensure that the
temperature did not exceed 75 °C. I placed a small drop of the jelly onto the

slide, and applied downward pressure to the cover slip in order to spread the
jelly into a thin layer over the surface of the sections as well as evacuate air

bubbles.
Slides were cooled to room temperature, then placed under a microscope

for evaluation. After a clear toe section had been identified, I counted the layers
of bone from the peripheral edge of the section to the center. LAG lines are very
small rings that represent the slow growth period during winter hibernation.

When counting LAG lines, one year must be subtracted from the total in order

to account for the metamorphic stage each frog undergoes before its first

winter.

Four contingency tables were constructed as follows: 1) the number of
frogs versus time of year, 2) age and time of year, 3) sex and time of year, 4) and
distance from the nearest wetland and with the presence/absence of mining
effluent. Chi-square analyses were performed on all of the contingency tables

to test for significant effects.
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Results

In the summers of 2000 and 2001, a total of 215 post-metamorphic R.
luteiventris individuals were captured and marked in 8 of 9 stream corridors.
Results indicate that dispersal patterns of R. luteiventris are influenced by
temporal factors, spatial factors, gender, and anthropogenic disturbance. There

were four transects with the most dispersal activity (Fig 2). Throughout the
summer months, R. luteiventris displays seasonal activity patterns as

individuals migrated significantly more (%2 = 10.7, p = 0.001) in the months of

May and August as opposed to June and July (Fig 3). The distance between
habitat patches does not seem to influence dispersal in this area. There was
not a substantial difference (%2 = 0.117, p = 0.683) in travel between long

(>200m) and short corridors (Fig 4).

Male and female frogs, however, differed

in dispersal with regard to frequency of capture (x2 = 11.9, p = 0.008), (Fig 5).
But there was no difference in distance traveled between male and female frogs
(X2 = 0.73, p = 0.394). Finally, mining presence had a significant negative effect
(X2 = 10.9, p = 0.007) on R. luteiventris dispersal rates (Fig 6).
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Discussion
There are a variety of landscape features in the Lower Lump Gulch
Drainage study area including streams, ephemeral pools, flooded meadows,

ponds, and lakes that add to the diverse habitats occupied by R. luteiventris.
The migratory behaviors of R. luteiventris in this study suggest that the habitat
requirements of this species vary seasonally. This variation is probably because
of the arrangement and availability of breeding, foraging, and overwintering

sites in the Lower Lump Gulch Drainage that resulted in the seasonal migration
patterns of R. luteiventris. Specifically, I found that frogs would most frequently

disperse in May and August, which corresponds to anticipated movements to

breeding sites in the early portions of the summer and return back to

overwintering sites late in the summer. Other movements throughout the
summer probably were carried out to supplement resources.

The developmental stages of individual frogs captured ranged from new
metamorphs to 5-year-olds. Previous findings also suggest that most juveniles

begin emigration a few months later than adults of the same populations
(Semlitsch 1998). This delay could be explained by the relatively delicate
condition frogs are in when recovering from their first winter’s estivation period.
Young frogs may have to remain in their natal ponds for their first summer in
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this area in order to increase energy stores required for dispersal later in the

summer.

Many studies have demonstrated that anuran migration is more likely to
occur in shorter transects as opposed to longer routes (Berven and Grudzien
1990; Taylor 1993; Fahrig and Paloheimo 1988). I did not find a significant
difference in dispersal, however, between long and short connection corridors.

The spatial arrangement of landscape features has been shown to have a strong
influence on movement patterns (Gibbs 1998; Van Gelder et al. 1986). My

results may reflect the local habitat needs of the animals; frogs may have to

disperse longer routes to meet foraging and overwintering needs.
There were many more male dispersers than females. A likely

explanation may be different requirements, particularly for breeding, between

the sexes. Differences in migratory rates of females and males may be
associated with female efforts to remain in high quality foraging areas with less

competition, perhaps due to the short active season in this harsh climate
(Pilliod 2001). Female R. luteiventris have tremendous energy demands, as they
must generate eggs for deposition during the next breeding season in addition
to surviving the winters (Pilliod 2001).

The presence of mining effluent in stream corridors appears to be a

significant barrier to dispersal of R. luteiventris, and thus acts to decrease

connectivity between the population patches in mining areas. Accordingly,
mining effluent may be considered another form of habitat fragmentation that
impedes the ability of R. luteiventris populations to interact and realize the

benefits of supplemental foraging, breeding, and overwintering areas.
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These data suggest that protection of montane R. luteiventris population
breeding sites alone is not sufficient to maintain this species from a
conservation and management perspective. In the Lower Lump Gulch Drainage

it appears that separate breeding, foraging, and winter habitats and connecting

corridors may all be required for R. luteiventris populations to persist. The data

also indicate that enacting programs to contain mining effluent would be
appropriate to preserve population connectivity in the Lower Lump Gulch
Drainage.

My results suggest that R. luteiventris move among wetland habitats at

different times of the year using stream corridor routes. Also, males disperse
more than females, and the presence of mining effluent significantly disrupts

migratory patterns. This study also supports previous findings that
demonstrate how wetland ecosystems provide a necessary framework for
metapopulation structure and dynamics in amphibian species (Gill 1978;

Sjogren 1991). The observed habitat use and movement patterns have

important implications for the conservation of montane R. luteiventris
populations in relation to their habitat requirements and dispersal abilities. A

better understanding of how frog populations use this local habitat the local

habitat required to develop and implement well-informed conservation
programs.
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Fig. 1. Study area in the Lower Lump Gulch Drainage.
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Fig. 2. Percentage of frogs captured in different nine transects.
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Fig. 3. Total capture frequency through the summer months of 2000 and 2001.
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Appendix A

The Current Protocols in Molecular Biology, Volume 2

1. Wash the slides in water with detergent for a few min.
2. Rinse the slides in water for 30 min.
3. Dissolve the gelatin in water at 70 °C to make a 0.5% solution. Cool the
solution to room temperature and add CrK(SC>4)2*H20 to 0.5% (Chromium
Potassium Sulfate). Cool the solution to 4 °C on ice. Use immediately,
as gelling occurs after prolonged storage of the solution on ice. Prepare
0.2X gelatin solution by diluting IX solution 5-fold with water. It can be
used for several days if prepared using sterile water and stored at room
temperature. If cloudiness or bacterial growth occurs, discard the
solution.
4. Place the slides in a slide rack and immerse for 2 min in a glass staining
dish filled with IX gelatin stubbing solution (4 °C). Stubbing must be
done carefully to avoid air bubbles.
5. Remove the slide rack from the stubbing solution and set it on its side
with the frosted sides of the slides facing downward to let the excess
stubbing solution drip off. Dry overnight before use. Slides stubbed with
gelatin are stable at room temperature for several weeks.

Kaiser’s Glycerol Jelly (from Animal Tissue Techniques, pg. 119)

8 g gelatin
52 mL water
50 mL glycerol (glycine)
1 g phenol (carbonic acid)
1. Allow the gelatin to soak for 1-2 hr in water.
2. Add glycerol and preservative.
3. Warm for 10-15 min. (not over 75 °C) and stir until the mixture is
homogeneous.
4. Keep covered jar in the refrigerator.
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