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ABSTRACT

Habitat fragmentation is one of the primary factors responsible for the decline of 

amphibians and has been shown to result in smaller and more isolated populations. In 

this study, a large and a small population of spotted frogs (Rana luteiventris) were studied

in order to determine what effects, if any, patch size and isolation have on age structure

and vital rates within populations of R. luteiventris. Individual frogs were captured,

marked, and released. Skeletochronology was then used to determine individual age.

Age structures were found to be significantly different between the populations, with the 

small population being composed mainly of older individuals and the large population 

being well represented by all age classes. Measurable vital rates were found to be 

comparable between sites, suggesting that the differences in age structure between the

populations may be due to the isolation of the small population and subsequent inhibition 

of dispersal rates. This trend, coupled with drought conditions in the past three years, 

may explain why the small population has a significantly older population that may be 

susceptible to extinction. This finding may also indicate that the small population is 

characteristic of a sink population, dependent on immigration and recruitment for

persistence.
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Introduction

Destruction of habitat and the resulting fragmentation of landscapes has been cited 

as one of the primary roots of the “biodiversity crisis” (Blaustein et al. 1994). This 

habitat fragmentation results in populations that are cut-off from other populations and 

may inhibit dispersal patterns, resulting in permanent local extinctions of the fragmented 

populations (Soule 1987). For many populations, persistance at the metapopulation level 

depends on the recolonization of these local extinctions by way of dispersal (Merriam and 

Wegner 1992).

Fragmentation results mainly from human activities, such as road building, 

logging, and cattle grazing. As habitat becomes fragmented and populations become

smaller and more isolated, it is essential to understand the underlying factors that regulate

these populations. For instance, do density-dependent factors such as competition vary 

between small and large populations? Are there differences in survivorship and fecundity

(vital rates) from one populations size to the other? If so, might variation of these factors 

lead to local extinction or decline of a particular population? Understanding these and

other variables such as dispersal patterns could lead to better management of habitat and

land-use patterns and eventually result in improved ecosystem health (Soule 1985).

However, in order to comprehend these different variables, the effects of habitat

destruction must be further understood.

There are many known consequences of habitat fragmentation. McCoy and

Mushinsky (1999) have shown that fragmentation affects the richness and abundance of

vertebrate species. With smaller patches, vertebrate species richness (diversity) as well as

abundance was found to decrease. Patch-occupancy patterns (regarding the presence and
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relative abundance of individuals) are also negatively affected by habitat fragmentation 

(Luiselli and Capizzi 1997; Hokit et al. 1999), although different species respond to 

fragmentation in different ways (Kolozsvary and Swihard 1999). Finally, fragmentation 

results in smaller patch size. A patch is an ecological term referring to a given area of 

habitat, such as a wetland, and its actual area determines the size of a patch. Smaller 

patch size has been shown to constrain population size and make populations more prone 

to extinction (Soule 1987).

Habitat fragmentation is of special interest with regard to species within the class 

Amphibia. It has long been known that amphibian populations are declining over much 

of their range (Blaustein et al. 1994; Com 1994). This decline is due to a variety of 

spatiotemporal factors, most of which result in habitat fragmentation and leads to smaller 

and more isolated populations. As fragmentation becomes more and more prevalent, it is 

important to understand how amphibian demographics may be affected. The factors

affecting population dynamics include density-dependent factors (Duellman and Trueb

1986) and other vital rates such as survivorship, fecundity, and dispersal, which are

dependent on local characteristics like age, population density, and female body length

(Krebs 1999; Berven 1988). Monitoring and better understanding these rates may be

essential in determining what specifically is causing this decline in amphibians.

Reaser (1997) has shown that populations of the spotted frog R. luteiventris are 

undergoing declines in over fifty percent of their historical range in Northern Nevada, a 

figure that reflects general population trends everywhere. Survivorship and fecundity of 

populations of R. luteiventris have been shown to be dependent on a variety of spatial and 

temporal factors (Reaser 1997), including effects of predation, microclimate, food
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availability, and cattle grazing. Local differences in age structure, density, and body size 

also influence the demographic dynamics and structure of amphibian populations (Cole 

1954; Gadgil and Bossert 1970; Berven 1988,1990). Determining the vital rates of R. 

luteiventris populations is important because it provides us with an idea of how those 

rates may vary as patch sizes vary, which could lead to improved habitat management.

To test whether patch size influences population dynamics, I examined two 

populations of R. luteiventris. A large and a small patch size were sampled to determine 

how patch size affects density, age structure, and vital rates. As it is imprecise to

determine vital rates directly from a static table of age structure, I tested the two patches

for similarities and differences in age structure, density, female/male size, and age vs. size 

correlations. Conner et al. (2000) found that population densities of animals tend to be 

higher in larger rather than smaller areas. I first tested the hypothesis that I would find a 

higher density of R. luteiventris in the large patch. Next, I tested for differences in 

fecundity between the populations. Berven (1988) found that female body size provides 

an approximate estimate of fecundity, leading me to test the hypothesis that I would find 

higher fecundity in the population with a larger average female body length.

Furthermore, Halliday and Verrell (1988) found that body size and age are not as closely 

correlated as once believed, and that body size depends more on the first year of growth 

than age. However, they found that there remains a positive correlation between body 

size and age, leading me to test the hypothesis that there would be positive age-size 

correlation in R. luteiventris. Finally, Duellman and Trueb (1986) have shown that sexual 

dimorphism is characteristic of many amphibian species, leading me to test the hypothesis
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that I would find sexual dimorphism in R. luteiventris, with females being larger on 

average than males.

Materials and Methods

Natural History

Rana luteiventris is part of the complex (set of subspecies) of the western spotted 

frogs (Rana pretiosa) and ranges from Washington and Oregon eastward to Idaho, 

Montana, Colorado, and Wyoming (Stebbins and Cohen, 1995). Rana luteiventris are 

found in wetlands characterized by sedge grasses and cool, clear water that flows slowly 

through the wetland, often with ponds of varying sizes, in open areas where midday 

summer air temperatures range from 9 to 24° C (mean of 20°). It has been known for

some time that the Rana pretiosa complex along with several other species of amphibians 

has been experiencing population declines (Stebbins and Cohen, 1995).

Field Sampling

This study investigated the relationship between patch size, age structure, and 

population density in R. luteiventris. Accordingly, ages of frogs from populations of 

large patch size (Forest Lake) were compared with those of frogs from populations of 

small patch size (Little Corral Gulch). Forest Lake and Little Corral gulch are located in 

the Helena National Forest in west-central Montana. The sites are approximately two 

miles apart and are located in the Park Lake area. The Forest Lake wetland is roughly 9.6 

hectares, while the Little Corrall wetland is about 4.5 hectares. Sampling occurred

between May and August of 2001. Sampling was done before young-of-the-year tadpoles 

metamorphed so as to eliminate the presence of all frogs less than one year old. One
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hundred and eighty adult frogs were captured by hand at Forest Lake, and sixty-three 

adult frogs were captured at Little Corral. Once captured, the snout-vent length (SVL) in 

mm was recorded for each frog. Subsequently, the first phalange of the hind third digit of 

each animal was cut off and transferred to either 70% ethanol or a small, paper envelope. 

The frogs were then released where they were captured. During the three months of 

sampling, recaptures were also noted at each site. These data would later be analyzed via 

the Schnabel method to determine the total population size (Krebs 1999).

Age Estimation

Toes were collected from each individual and analyzed via skeletochronology, 

which yields the age of each individual. Skeletochronology is based on the presence of 

annual growth rings in the skeleton, which can be seen in cross-sections of bones. These 

growth rings are clearly visible in the phalanges. Consequently, age determination 

involves only the removal of a toe, and the frogs can be released with only minimal 

trauma (Reaser and Dexter 1996). Annual growth rings are the result of differing growth

rates of the summer growing season and the winter hibernation period. This period of 

hibernation (or estivation) leads to lines of arrested growth (LAGs) laid down between 

growth periods (Smirina 1972). Normally, only one growth ring and one LAG are formed

per year. The following skeletochronology methodology is derived from many different

sources (e.g. Smirina 1972; LeClair and Castanet 1987; Halliday and Verrel 1988;

Shiraga 1999). The age of some individuals may be underestimated, however, because of

resorption of some of the initial rings of growth, a process in which perosteal bone is 

replaced with endosteal bone, thus obscuring annual growth lines (Hemelaar, 1985). In a 

study specifically aimed at determining the degree of resorption, Gittings et al. (1982)
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found no resorption in over 85% of frogs aged, thus indicating the relative accuracy of the

method.

Toes were stripped of their surrounding skin and flesh using tweezers and a sharp 

probe, and the bone was mounted in Poly-freeze gel in a cryostat machine. Sectioning 

(10 um in thickness) was carried out with the cryostat. From 4-8 sections were laid down 

on a gelatin-coated slide and placed on a slide warmer. The sections were adhered to the 

slide with egg albumin and allowed to dry overnight on the slide warmer.

Staining was carried out with Gill’s Hematoxylin #2. The slides were placed in a 

five-slide glass staining jar for 45 minutes. They were rinsed by dipping them in water 

three times each. Kaiser’s glycerol jelly was heated to 70 ° Celsius and placed over the 

mount; a cover slip was then applied. Once the cover slip had cooled, the slides could be 

placed under a microscope and evaluated. The number of LAG lines present determines

age.

Statistical Procedures

The association between body size and age was determined using linear regression 

and the data analysis toolpak function in Microsoft Excel. The association was further

assessed separately for males, females, and juveniles.

A static age distribution of the two populations was constructed to investigate

how patch size may influence age structure. Fecundity was estimated for each population 

by calculating average female body length, with greater female snout-vent length 

correlating to higher fecundity (Berven, 1988). Although Berven did his study on the 

wood frog, Rana sylvatica, a comparable index of fecundity is expected because Rana 

sylvatica is a close relative of Rana luteiventris.. Using graphs and equations derived
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from his study, I was able to calculate and compare fecundities of R. luteiventris at the 

two sites. Finally, I used individual t-tests to determine if density and fecundity were 

significantly different between the sites.

Results

Observation reveals marked differences in the age structure between the two 

populations. The Forest Lake age structure (fig. 1) appears to be relatively static with 

almost equal representation for one through four year olds, with five year old frogs 

making up a small portion of the population. The mean age of frogs at Forest Lake is 

2.78 years (±SD=0.09). The Little Corral age structure (fig. 2), however, shows a 

preponderance of older frogs in the four- and five- year classes and very few young frogs 

in the one-, two-, and three- year old classes, with the mean age at 3.57 years (±SD=0.12).

This mean age is significantly different from the mean age at Forest Lake (t=-4.40,

P«0.001).

Frogs under 40 mm in length could not be accurately sexed. At Forest Lake, 113 

frogs could be sexed. Of these, 80 were males and 33 were females, corresponding to 

70.8% and 29.2%, respectively. At Little Corral Gulch, 49 frogs could be sexed. Of 

these, 36 were males and 17 were females, corresponding to 73.5% and 26.5%.

Skeletochronology was conducted for 86.4% of all frogs captured at Forest Lake and for

100% of the frogs captured at Little Corral Gulch. Females and males were estimated to

live up to 5 years, with females having a mean of 3.58 years and ±SD=0.14 and males

having a mean of 3.66 years and ±SD=0.06.

For all frogs, S VL was significantly correlated with the number of LAGs (Fig. 4).

For females, however, the coefficient was higher than for both males and juveniles (Table
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1). SVL/age correlation was not significantly different between sites (coefficient at 

FL=0.087±0.0026, LC=0.07±0.005). Furthermore, females were significantly larger than 

males (t=2.74, P<0.007). With regards to fecundity, the estimated number of potential 

eggs per female was not significantly different between Forest Lake and Little Corral (t=- 

0.84, P>0.1), although females at Little Corral had a slightly higher fecundity than 

females at Forest Lake (LC: x=2521 eggs/female, FL: x=2407 eggs/female).

The Schnabel method estimates the population of R. luteiventris at Forest Lake at 

524 frogs, with 95% confidence intervals from 385 to 772 frogs. Similarly, the estimate 

at Little Corral is 178 frogs, with 95% confidence intervals from 80 to 448 (Fig. 3). The 

corresponding densities of R. luteventris (no./hectare) are 55 frogs/hectare at Forest Lake 

and 40 frogs/hectare at Little Corral Gulch.

Discussion

The finding that the age structure of the Little Corral population is made up

primarily of older frogs indicates that there has been low recruitment and/or natality for

the past several years. When recruitment and natality fail to keep pace with mortality and

emigration, population decline and/or extinction may occur, and so the Little Corral

population appears to be at best an unstable population. This finding then raises the 

question then of what factors must be influencing the dynamics of this population to

induce such a trend. Shafer (1981) claims that there are four broad classes of factors

capable of affecting population dynamics: demographic, environmental, genetic 

uncertainties, and natural catastrophes. Furthermore, all of these factors increase in the

degree of their effects with decreasing population size, an important point to note in the

analysis of the Little Corral population. Determining which of these factors is at work in
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the Little Corral population is central to understanding the differences in age structure

between the two sites.

The finding that the sex ratios at both sites are similar suggests that comparable

selective factors are at work on both sexes. Furthermore, it is unlikely that demographics 

were influenced by fecundity given that the fecundity index was not significantly different 

between the sites. The positive age/size correlation in all frogs indicates that growth rates 

are similar between the sites, supporting the hypothesis that environmental conditions 

between the sites do not vary. While genetic effects may be a factor in determining 

demographics, examining these effects was outside the scope of this study and therefore 

will not be addressed. This leaves natural catastrophes and other demographic factors 

(e.g. survivorship, dispersal, and so forth) as a possible explanation for the unbalanced 

population at Little Corral.

While natural catastrophes are rare in this region, the last four years have

experienced lower-than-normal amounts of precipitation (annual mean of 25.98 cm 

compared to historical annual mean of 28.04 cm), which may have an effect on 

population dynamics, especially at small wetland areas like Little Corral. Lower than 

normal precipitation may inhibit dispersal patterns and therefore diminish recruitment and 

furthermore reduce the hydroperiod of wetland patches with detrimental effects on the

survival of tadpoles.

While reduced precipitation may be a factor at Little Corral, there are likely a

number of other factors to take into consideration, among them being patch size and

habitat connectivity. Hokit and Branch (in review) examined how patch size affects the

demographics of the Florida scrub lizard (Sceloporus woodi) and found that patch size
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was positively linked to recruitment and survivorship. Assuming similar effects for R. 

luteiventris, small patches like Little Corral likely have lower rates of recruitment and 

survivorship with regards to larger patches, such as Forest Lake, which may help explain 

the different age structures between the sites.

Habitat connectivity has also been shown to affect population dynamics. Fahrig 

and Merriam (1985) have established a model that predicts lower population growth rates 

and a higher likelihood of extinction for Peromyscus leucopus (the white-footed mouse) 

populations in isolated woodlots versus those in connected woodlots. Little Corral is 

remote and quite isolated in its location, suggesting that similar environmental forces may

be at work.

The influence of connectivity on dispersal is likely another major factor in 

determining the population dynamics at Little Corral. Boudjemadi et al. (1999) found 

that connection between patches modifies dispersal patterns of the common lizard 

(Lacerta vivipara), with unconnected patches having more dispersal periods and a higher

mortality of juvenile dispersers. While the study did not examine recruitment in

unconnected patches, it is probable that dispersers from other populations are less likely

to make it to such “unconnected” populations.

The fact that Little Corral is small, isolated, and relatively unconnected suggest 

that the population found there is characteristic of a sink population, which depends on 

recruitment from other populations to persist. The small patch size coupled with the

relatively long and unconnected dispersal corridor adversely affect the ability of the

population to persist, suggesting that maintaining a viable population at this site is

difficult, especially in low-water years. Forest Lake, on the other hand, is a large patch
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size with a relatively evenly distributed population and is probably characteristic of a 

source population which dispatches individuals to join other populations and colonize 

new habitat as it becomes available. Provided that no major disturbances occur at Forest 

Lake, it appears likely that the population will persist into the future. The Little Corral 

population, then, is of special concern and interest.

It is also likely that the lower-than-normal precipitation coupled with the effects

of the isolation and small size of Little Corral are contributing to the uneven age

distribution found there. The finding that the Little Corral population is likely unstable is 

indicative of the adverse effects of habitat fragmentation. As smaller and more isolated 

patches (like Little Corral) are created as a result of habitat destruction and division, it is 

likely that maintaining viable populations of R. luteiventris becomes more difficult 

because of inhibition of dispersal and subsequent lack of recruitment. These effects may 

be exacerbated in years of low moisture and precipitation. The results of this study

indicate that management of fragmented populations must take into account the effects of 

smaller patch size, isolation, and connectivity on population dynamics to better conserve

such populations.
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Fig. 2. Age structure of Rana luteiventris at Little Corrall Gulch (n=56).
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Sex or 
Group

Coefficient Std.
Error

t-stat P R

Females 10.96 2.68 15.16 <0.001 0.916

Males 5.224 2.00 18.85 <0.001 0.451

Juveniles 5.496 0.596 9.224 <0.001 0.552

Table 1. Regression test results of age vs. size correlation in Rana luteiventris.
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