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Abstract

The populations of many amphibian species appear to be in decline. The loss 

of amphibians contributes to the overall loss of biodiversity that is occurring on a 

global scale. Amphibians are well-known bioindicators and can perhaps aid in

# pinpointing factors responsible for the loss of biodiversity. Habitat patch size is a

crucial variable to species persistence. I examined the relationship between wetland 

area and population occupancy for three amphibian species of the Western Montana 

Rockies: Ambystoma macrodactylum (long-toed salamander), Bufo boreas (Western 

toad), and Rana luteiventris (spotted frog). A logistic regression analysis revealed 

significant associations between increasing wetland area and breeding activity for 

spotted frogs and long-toed salamanders. I observed a threshold wetland area 

required to sustain breeding populations, and suggest that this minimum area is 

essential for amphibian persistence. Although a significant association was not 

observed for Western toads, this absence was most likely due to small sample size.
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Introduction

It has been estimated that species are being eliminated from Earth at a rate on 

course for another major extinction event (Wilson 1988). Both the per-species rate 

and absolute loss in number of species due to the current destruction of rain forests is

♦ about 1,000 to 10,000 times that before human intervention. As the human 

population continues to grow, pressures on ecosystem services will escalate. These 

pressures result in a loss of biodiversity due to (1) habitat destruction, such as 

deforestation, (2) the introduction of new species to habitats, and (3) pollution. 

Extinction events are also occurring in pristine areas where there has been little-to-no 

direct human intervention. These extinctions suggest that in addition to direct human

contributions, there may be a more indirect, global cause to extinction, such as 

U.V.B. radiation or global warming (Blaustein et al. 1994). As the population size of 

Homo sapiens doubles within the next century, the utilization of net primary 

production will jump from 3% to 80% (Wilson 1988). Humans in particular depend 

on the biodiversity of species for medical reasons, as well as for sustenance. To

maintain biodiversity on this planet, action must be taken to decrease the loss of 

species worldwide.

* Regionally, amphibian populations are declining. The decline of amphibian 

species is an area of concern for a number of reasons. First, amphibians contribute to 

the biodiversity of the planet. Furthermore, the loss of amphibians will cause the 

following: shift patterns of predation allowing certain invertebrate populations (such 

as mosquitoes) to expand, stress the populations of amphibian predators, and possibly 

lead to eutrophication of freshwater habitats due to a lack of foraging herbivorous
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tadpoles (Stebbins and Cohen 1997). The decline of amphibians is most prominent 

for frogs and toads which appear to be declining from widely separated parts of the 

world, including multiple parts of Western-North, Central, and South America and

Australia (Stebbins and Cohen 1997).

♦ Amphibians serve as representative models for studying the global decline of

species because they are biological indicators of environmental conditions. In 1997, 

Stebbins and Cohen noted specific characteristics of amphibians that make them

effective bio-indicators:

(1) Amphibians live in easily definable habitats such as wetlands, where a 

population can be more or less localized/isolated.

(2) In these local populations, amphibians are generally abundant, allowing 

for a large sample size and thus good statistics.

(3) Amphibians are both terrestrial and aquatic organisms making them

sensitive to impacts of each environment.

(4) After transformation from the larval stage, amphibians feed primarily on

invertebrates, and are thus especially subject to the biomagnification 

effects of persistent chemical contaminants in the food web.

(5) As moisture-dependent ectotherms, amphibians are vulnerable to extremes 

of cold and dryness.

(6) The thin, permeable skin of amphibians allows the passage of both gases 

and liquids. The skin is thus sensitive to chemical contaminants and 

pathogens coming from air, water, and terrestrial substrates.



To study amphibian persistence across a region, a scale must be defined that 

addresses an understanding of the metapopulation concept of landscape ecology. A 

metapopulation, or regional population, consists of local populations of individuals, 

each occupying a unique habitat patch connected by migration corridors. The

♦ regional population may persist while local populations go extinct. Conversely, the

regional population may go extinct because one or a few important local populations 

go extinct. To monitor the persistence of amphibian populations at a wetland scale, a 

landscape approach that incorporates regional and local populations may help.

Suitable habitat patches imbedded in an unsuitable matrix structure define a 

landscape (Wetland Training Institute 1987). Variables of landscape study include 

patch isolation, patch quality, patch shape, patch size, and number of patches. Size of 

habitat patches is a crucial variable to species persistence. The local extinction rate 

decreases with greater patch size (Forman 1995). Positive associations between patch 

size and species persistence have been demonstrated for a multitude of species. 

Examples include birds, the Florida scrub lizard, Florida scrub plants, small mammal 

species and scorpions (Herkert 1994; Hokit et al. 1999; Quintana-Ascencio and 

Menges 1996; Diffendorfer et al. 1995; Margules et al. 1994).

f I examined the relationship between wetland area and population occupancy

for three amphibian species of Western Montana: Ambystoma macrodactylum (long

toed salamander), Bufo boreas (Western toad), and Rana luteiventris (spotted frog). 

This focus on wetland size is one component of a large-scale project for developing a 

habitat-based, landscape model for predicting amphibian persistence.

3
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The spotted frog is known to be relatively abundant in the Rocky Mountain 

region of Western Montana. In fact, this particular species is the most abundant of 

frogs in this region (Reichel et al. 1995). Its distribution, however, is relatively 

unknown in the Bob Marshall Wilderness of Western Montana. I generated locality

• data for Rana luteiventris at wetland sites in the Bob Marshall Wilderness.

Methods

Wetland Surveys

I surveyed 14 wetlands between May and August of 1999. In addition, 9 

neighboring wetlands were surveyed between May and August of 1998 and were 

included in the data set (Hokit personal communication). The wetlands are located in

the Bob Marshall Wilderness, the Helena National Forest, and the Scapegoat

Wilderness. Wetlands are those areas that are inundated or saturated by surface or

ground water at a frequency and duration sufficient to support, and that under normal 

circumstances do support, a prevalence of vegetation typically adapted for life in 

saturated soil conditions (Wetland Training Institute 1987). Wetlands generally 

include swamps, marshes, bogs, and similar areas. Such patches of habitat often 

contain lentic and riparian vegetation, at least one inlet and one outlet, and multiple 

ponds. Most of the wetland areas I surveyed are delineated on United States 

Geographical Service (USGS) topographical maps of the Bob Marshall Wilderness 

and Helena National Forest regions.

I surveyed wetlands by hiking the perimeter and as much of the interior of a

wetland as possible, to conduct Visual Encounter Surveys, and Dipnet Surveys,
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described by Crisafulli (1997). I recorded the presence of adults/juveniles, larvae, 

and egg masses for each amphibian species for each wetland. With the help of a 

Global Positioning System, I marked the coordinates of each wetland and assigned a 

locality number. The area of each wetland was estimated by one of two possible 

methods: pacing N-S and E-W diameters and/or using a digital planimeter to measure

areas from USGS maps.

Data Analysis

I analyzed wetland area versus breeding activity for multiple amphibian 

species using logistic regression. The presence or absence of breeding was fit to a 

logistical curve to analyze simultaneous breeding for all possible combinations of 

species with respect to wetland areas. The objective was to look for a relationship 

between increasing size of wetlands and an increased probability of breeding activity 

for each individual species and for combinations of different species.

Results

Wetland surveys in the Bob Marshall Wilderness uncovered locality data for

R. luteiventris at 5 distinct sites, and A. macrodactylum at 1 site. The presence of the 

tailed frog (Ascaphus truei) was confirmed east of the continental divide for the first 

time in history. Out of 23 surveyed sites including the Bob Marshall Wilderness, 

Scapegoat Wilderness and Helena National Forest, I found breeding activity in 16 

sites forri. macrodactylum, 6 for B. boreas, and 17 for R. luteiventris.
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Logistic regression analysis revealed a significant association between 

wetland area and breeding activity for most individual species and species 

combinations. Analysis of R. luteiventris and A. macrodactylum individually or in 

combination with other species tended to result in a positive relationship between

• wetland area and breeding activity (Table 1). Analysis of B. boreas by itself or in

combination with A. macrodactylum resulted in non-significant results (Table 1).

Table 1. Logistic regression results for the effect of wetland area (independent 
variable) versus amphibian breeding activity

Dependent Variable LRT* Df p value
Amma1 + Bubo2 + Ralu3 4.30 1 0.038
Amma + Ralu 8.16 1 0.004
Amma + Bubo 1.53 1 0.215
Ralu + Bubo 4.30 1 0.038
Amma 4.78 1 0.028
Ralu 8.16 1 0.004
Bubo 1.53 1 0.215
♦Likelihood ratio chi square 
'Ambystoma macrodactylum 
2Bufo boreas
3Rana luteiventris

As shown in Figures 1-5, significant results (indicated by non-overlapping

error bars) were obtained for the simultaneous breeding of different combinations of 

the species studied. For each of these figures, there is a small, well-defined wetland 

area where breeding does not occur and a much more variable wetland area where 

breeding does occur. I obtained non-significant results for two of the scenarios, both 

of which included breeding activity of B. boreas (Figures 6 and 7).
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Discussion

My study revealed that the spotted frog and the long-toed salamander both 

show strong, positive associations between breeding activity (persistence) and 

increasing wetland size. I found variable results, however, for the Western toad.

W Although toad-breeding activity was most frequent in larger wetlands, both of the

non-significant results in Table 1 involve toads. This discrepancy can be explained, 

in part, because of the small sample size for B. boreas, present at only 6 of 23 

wetlands. Toads were absent from many apparently suitable sites. B. boreas 

populations are declining regionally because of undetermined factors and are listed as 

a species of special concern.

The locality data generated for R. luteiventris and A. macrodactylum in the 

Bob Marshall Wilderness will be helpful for quantifying the prevalence and 

persistence of these species and the biodiversity of amphibians in general. The large

wetland areas where breeding is supported are highly variable in size, whereas the 

small wetland areas where breeding is not supported are less variable, as indicated by

the error bars on the graphs in the Results section. Lower variability in non-breeding 

sites suggests that there is a threshold wetland size that must be attained before

* amphibian populations will be supported. Below this particular wetland size, viable

amphibian populations cannot persist. Conversely, it is more likely to find 

amphibians at any particular wetland size above the threshold, although factors other 

than wetland size may influence the presence/absence as well. For example, 

Bartoletti (2000) observed that increasing pond connectivity positively influences 

spotted frog persistence in Western Montana. Wicher (2000) found increased
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survival of spotted frogs and Western toads after one-year’s use of a settling pond to 

decrease mining effluent in Upper Frahner Meadow of Western Montana. Thus 

connectivity and water quality influence amphibian persistence. However, although 

fluctuations will be observed in the number of species supported at a particular 

wetland size, in general, an increasing number of species persist with increasing 

wetland size. Larger habitats generally have more resources, more suitable area for 

breeding, vigilance, and occupation, and a greater diversity of habitat for supporting 

various species (Crisafulli 1997).

The association between increasing patch size and an increasing number of 

reproducing species is supported throughout ecological literature. In a study on 17

islands in Lake Malaren, Sweden, Nilsson et al. (1988) found that larger islands 

supported a greater number of carabid beetles. Similarly, Lomolino et al. (1989) 

found that larger habitat patches supported a greater number of montane mammal 

species. E. O. Wilson (1988) stated these results as an ecological principle: the rule 

of thumb is that a 10-fold increase in habitat area results in a doubling of the number

of species.

The results obtained in this study are supported by studies of birds, the Florida

scrub lizard, Florida scrub plants, small mammalian species, and scorpions (Herkert 

1994; Hokit et al. 1999; Quintana-Ascencio and Menges 1996; Diffendorfer et al. 

1995; Margules et al. 1994). Herkert (1994) studied breeding bird communities of 

Illinois grassland habitat and found that habitat area strongly influenced bird 

communities. He observed discrimination behavior in these birds as some species 

regularly avoided structurally suitable habitat on small grassland fragments.
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Quintana-Ascencio and Menges’ (1996) study on Florida scrub plants revealed that 

scrub patch size was positively associated with the presence of herbaceous species. 

Hanski et al. (1996) modeled patch occupancy for the endangered butterfly species 

Melitaea cinxia, the Glanville fritillary. Predictability of patch occupancy based on

• increasing patch size was demonstrated for more than half of the study area, a sample

size of 1552 habitat patches.

As far as the biodiversity crisis is concerned, it is often more valuable to have 

a large, non-ffagmented habitat patch rather than many small, fragmented patches. 

This concept is important for humans to grasp because “the primary cause of the 

decay of organic diversity is habitat destruction” (Wilson 1988). My results support 

such a conclusion. Breeding activity for spotted frogs and long-toed salamanders was 

strongly associated with wetland area. Although Western toad breeding was not 

statistically associated with wetland area, a trend toward a positive association was 

observed and the lack of statistical significance was likely a result of small sample 

size. Thus, the persistence of these amphibian species in Western Montana depends 

on the presence of large, healthy wetlands.

$
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