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Abstract

Habitat characteristics greatly impact the distribution of amphibians. While Rana 

sylvatica has been extensively studied in Northeastern United States and Southeastern 

Canada, relatively little is known about the characteristics of its habitat in Alaska. Rana 

sylvatica is the northernmost amphibian in North America and the only one found in the 

study area. I studied the effects of habitat on reproductive activity of frogs near Wonder 

Lake in Denali National Park and Preserve, Alaska during the summer of 2004. R. 

sylvatica tadpoles were found in 98 of 219 randomly sampled wetland sites. A higher 

proportion of breeding activity was observed for ponds having these characteristics: 

intermediate surface area, minimum isolation, higher amounts of riparian woody 

vegetation, maximum water depth between l-2m, intermediate levels of emergent 

vegetation, and presence of alders. No correlation was observed between reproductive 

occupancy and elevation. These habitat associations may have consequences concerning

climate change because R. sylvatica distribution may change if current climate trends

continue. Future research will focus on expanding the study area, testing additional

habitat factors, and accounting for yearly variation in distribution patterns.
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Introduction

Landscape ecology is the study of how ecological processes are influenced by the 

spatial patterns of a landscape. The study of landscapes implies that analysis occurs at a 

larger scale than most previous studies in population and community ecology (Forman

1995) . Many factors should be addressed in a study of how landscape structure may 

influence population dynamics (Pickett and Cadenasso 1995). Landscape structure can 

be described as the physical layout and the relative abundance of habitat components

(Dunning et al. 1992) such as the size, distribution (isolation), and quality of different

types of habitat.

It has been suggested that patch size and isolation are reliable predictors of

species occupancy and that examining individual species is the ideal way to observe this

relationship (Hokit et al. 1999; Laan and Verboom 1990). Other factors can also be 

valuable in determining species occupancy across a landscape for instance, habitat quality 

can strongly influence the distribution of an organism (Wolf and Batzli 2004) regardless 

of the amount present and can be correlated to patch occupancy (Hokit et al. 1999).

Amphibians are a crucial component of many ecosystems and serve as important 

indicators of the impact of human activity on wetland habitat (Hecnar and M’Closkey

1996) and management decisions for amphibians are often based upon size of wetland 

patch and level of connectedness (Semlitsch and Bodie 1998). Laan and Verboom (1990) 

studied the effects of wetland pool size and isolation on amphibian communities and 

found that larger, less isolated pools had a higher probability of occupancy. Pearman 

(1993) found that increased pond area led to decreased survival of Bufo americanus and
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Rana clamitans. Smith (1983) found that tadpole populations were most likely to survive 

in intermediately sized wetlands.

Recent attention has been given to the decline of amphibians around the world 

(Blaustein and Wake 1990; Houlahan et al. 2000). The decline has been attributed to 

natural population fluctuations (Pechmann et al. 1991; Wake 1991), habitat fragmentation 

(Fisher and Shafer 1996; Robinson et al. 1992), species exploitation (Lannoo et al. 1994), 

introduced species (Vredenburg 2001) environmental contamination (Lips 1998) and 

climate change (Blaustein et al. 2001). Although all of these factors may interact to 

impact amphibian distributions, climate change may be particularly important in the more 

remote, higher latitudes. Global air temperatures are expected to increase 1 to 4.5° C 

over the next century with the highest temperature increase expected in the arctic 

(Maxwell 1992). Field experiments reveal changes in populations of arctic shrubs 

(Havstrom et al. 1993), and flowering plants (Wookey et al. 1993), and increased 

biomass of tundra plants (Chapin et al. 1995) due to changing climate in the arctic and

sub-arctic.

The wood frog (R. sylvatica) is the most widely distributed amphibian species in

North America, having been found as far north as 69 degrees latitude on the North Slope

of Alaska and as far south as northern Georgia; a range covering approximately four

million square miles (Martof and Humphries 1959) and including most of Alaska 

(Anderson 2004). Wood frogs rely on hibernating beneath leaf litter, rocks, logs, or moss

(Schmid 1982) and a freeze-control mechanism to survive sub-zero temperatures (Storey

and Storey 1999). During freezing temperatures, ice crystals form beneath the frog’s skin

and become interspersed among the body’s skeletal muscles while breathing, heart beat,
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and blood-flow cease (Storey and Storey 1999). Through highly elevated blood glucose 

levels and dehydration within cells, ice crystals form in extracellular fluids leaving cell 

membranes intact (Storey and Storey 1999). In Alaska, wood frogs emerge from 

hibernation in late April to early May (Kessel 1965) and lay their eggs within a few days 

of emergence. However, the date of emergence is highly reliant on weather (Kessel 

1965) and current climate changes may be shifting those dates. Development from egg 

mass to time of metamorphosis in Alaska is very rapid and ranges from 46 to 61 days to

account for the short period of suitable summer temperatures (Herreid and Kinney 1967).

It has been suggested that higher elevations are associated with a decrease in the

development time of wood frog tadpoles (Berven 1982). Wood frogs are terrestrial, 

except while breeding, and prefer leaf-litter and moist vegetation for hibernation (Licht

1991). Regosin et al. (2003) found that density of wood frogs and male-to-female sex

ratio increased as distance to breeding ponds decreased, suggesting that the amount of

suitable habitat influenced this correlation.

I examined characteristics of landscape structure that may affect population

dynamics and reproductive activity of the northern wood frog. No studies have described 

the distribution of the wood frog in Denali National Park and Preserve (Anderson 2004) 

and this distribution could shift as current climate trends continue. The wood frog is the 

only species of amphibian found within the study area. I studied the effects of habitat 

size, isolation, elevation, and habitat quality factors on the reproductive activity of the 

wood frogs in Denali National Park and Preserve, Alaska.

3



Methods

Study Area

This study was conducted in the Wonder Lake and Abba Benchmark areas of 

Denali National Park and Preserve. This area was chosen for its abundant wetlands,

variation in wetland characteristics, lack of distributional data for wood frogs (Anderson 

2004), and low human impact. The park road corridor, Wonder Lake Campground, 

Wonder Lake Ranger Station, and historic mining activity in the Kantishna area comprise 

most of the human impact in the region. The retreat of glaciers, especially the Muldrow 

Glacier toward the slopes of Mt. McKinley, created a majority of the kettle ponds that I 

surveyed for wood frog occupancy. Other wetlands were most likely a result of spring 

action from the permafrost layer and also activity of beavers (Castor canadensis). The 

area includes boreal forest, shrubby tundra, and dry tundra. The boreal forest consists 

mostly of white spruce (Picea glauca) and black spruce (Picea mariana) with lesser 

amounts of willow (Salix vars.), dwarf birch (Betula pumila), and green alder (Alnus 

crispa). Green alder, willow, and dwarf birch dominate the shrubby tundra while dry

tundra provides minimal habitat cover.

The large number of wetlands in the area did not allow for a complete survey of 

all wetland sites. The area was sampled by surveying all wetlands within 41 circular 

plots, each 1 km in diameter (Fig. 1). The center of each 1 km plot was determined by 

randomly selecting northing and easting coordinates from the universal transverse

mercator (UTM) grid coordinate system. A grid of 1000m increments ensured that plots 

did not overlap. Twenty-two plots were located within 5 km of the Wonder Lake
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Campground and 19 plots were within 2 km of the road corridor between Wonder Lake 

and Grassy Pass.

Site Data

Between June 5 and June 30 of 2004, each pond/wetland site was surveyed to 

determine the presence of wood frogs and to collect habitat data. Potential sites were 

defined as lentic water with a minimum depth of 5 cm. Sites were located using digitized 

USGS topographic maps and corresponding UTM coordinates. Some mapped sites were 

found to be dry (Fig. 2) and a few unmapped sites were discovered while traversing the 

plots. Six plots in the Wonder Lake area contained no mapped sites but were still 

traversed to check for unmapped sites. Twelve incidental sites located outside of the 

sampling plots were surveyed because of their easy access and ability to be resurveyed 

throughout the sampling period. Due to logistical problems, two sites were missed in one

of the sampling plots. In total, 219 sites were surveyed across the landscape and survey 

methods followed those described by Olson et al. (1997).

Amphibian Surveys

Each site was searched for wood frogs using visual encounter and dipnet methods.

Two observers visually searched the water margin and used bucket sweeps to

haphazardly sample the water column for wood frog larvae hidden in the emergent

vegetation. The presence and relative abundance of eggs, larvae, juveniles, and adults

were recorded as well as the total number of person minutes spent searching. Breeding

activity was noted by the presence of eggs and/or larvae. Tadpoles were categorized by 

size and the snout-to-vent (SVL) length of juveniles/adults was measured for captured 

specimens. All specimens were immediately released after measurements although a
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photographic voucher was taken at least once in each 1 km plot found to have sites 

occupied by wood frogs.

Habitat Surveys

Several habitat characteristics were measured at each site including: 1) surface 

area (m2), 2) elevation (m), 3) percentage of riparian zone with woody species, 4) 

maximum depth, 5) percentage of site with emergent vegetation and 6) the presence of

alders in the riparian zone. The percentage of riparian and emergent vegetation was

classified into 5 categories: 0, 1-25, 26-50, 51-75, and 76-100. A wetland with 100 

percent riparian woody vegetation was completely surrounded with woody species while

100% emergent vegetation meant no open water was present. Maximum depth was 

classified as either <lm, l-2m, or >2m. Elevation was measured from digitized USGS 

topographic maps. Surface area was estimated using a lazar rangefinder to measure the 

length and width (widest area perpendicular to the long axis) of a site and then

multiplying the two.

Isolation

A common proximity index (Gustafson and Parker 1992) was used to quantify the

isolation of each lentic site such that:

PXi = £Sk/Nk,

where Sk is the area of site k, Nk is the nearest-neighbor distance between site i and site k, 

and PXi is the proximity index for focal site i equal to the sum of the Sk/Nk ratios for all

sites within a threshold distance of the focal site. Previous studies estimate that the

threshold for wood frog maximum dispersal is 1 km (Berven and Grudzien 1990). 

Therefore, digitized USGS maps were used to measure the nearest-neighbor distance
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between each site and all other sites within 1 km. The areas of neighboring sites within 

the 1 km sampling plots were measured in the field as described above. However, some 

neighboring sites within 1 km of a focal site were outside of the 1 km sampling plots and 

were not visited in the field. For these sites, area estimates were measured on digitized

USGS maps.

Statistical Analysis

Surface area, isolation and elevation are continuous variables and were tested for

parametric assumptions. Some positive skewness and kurtosis were observed in the 

distribution of site surface areas therefore, values were natural log-transformed to provide

a normal distribution. Logistic regression was used to test for associations between wood

frog breeding activity (observed or not observed) and surface area, isolation, and

elevation. Due to lack of convergence, a probit (Bliss 1934) regression was performed on

the data for surface area versus breeding activity.

Associations between categorized estimates of maximum depth, the presence of

alders, the percentage of riparian woody species and emergent vegetation and breeding 

activity were tested using two-way frequency tables. Because some of the independent

variables appeared to be highly correlated, a post hoc analysis of variance (ANOVA) was 

performed to test for associations between surface area and maximum depth.

Results

The probit regression revealed a significant correlation (X = 6.6, p= 0.01) 

between surface area and breeding activity. Ponds of intermediate size had the highest 

proportion of observed reproduction (Fig. 3). Logistic regression revealed a significant 

association between isolation and reproductive activity (X2= 4.78, p= 0.029) suggesting
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that sites with higher proximity coefficients (less isolated sites) have a higher proportion 

of reproduction (Fig. 4). Alternatively, logistic regression suggested no significant 

association (X2= 2.3, p= 0.13) between elevation and breeding activity (Fig. 5).

Breeding activity was significantly associated with four categorical variables 

(Table 1). Breeding activity was positively associated with the percentage of the riparian

zone with woody species (Fig. 6) and with the presence of alders (Fig. 7). An

intermediate amount of emergent vegetation (Fig. 8) and maximum depth of 1-2 m (Fig.

9) was associated with higher reproductive activity.

ANOVA revealed a significant relationship between the maximum depth and

surface area of a site (F= 105.03, p= >0.001). The post-hoc Tukey honest significant

difference tests suggest a positive relationship between maximum depth and surface area

(for all three Tukey tests, p <0.001; Fig. 10).

Discussion

This study outlines a few landscape qualities that may affect the population 

dynamics of a wood frog population in Alaska. Surface area and isolation of wetlands 

along with habitat quality appear to influence breeding activity in this study. Breeding 

activity was more frequent at sites of intermediate size in less isolated sites. Elevation

appears not to affect breeding activity, at least within the range of elevations across the 

219 sites. Multiple habitat factors such as riparian vegetation, maximum depth, emergent 

vegetation, and alder presence appear to affect reproduction. These observed trends 

combine as spatial patterns that may affect the reproductive behavior of wood frogs.

These results are consistent with McAvoy (2003) who found an association 

between amphibian presence and both wetland surface area and hydroperiod. The size of
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wetlands can affect amphibian distribution patterns through competition, predation, or 

hydroperiod (Laan and Verboom 1990, Pearman 1993, and Smith 1983). The absence of 

other amphibian competitors in Denali National Park suggests that predation and 

hydroperiod might favor wood frog distribution towards wetlands with intermediate 

surface area. Smith (1983) suggested that small ponds did not have a sufficient 

hydroperiod for larvae to complete metamorphosis and large ponds were more attractive 

to predatory species. Semlitsch et al. (1996) found that short hyrodperiods (<100 days) 

resulted in reproductive failure while long hydroperiods (>200 days) yielded the highest 

reproductive productivity. He observed that small wetlands appear more likely to 

evaporate before metamorphosis has occurred. Large wetlands, however, have sufficient

hydroperiod so limitation may result from increased mortality. Predation may prevent

reproduction in larger wetlands due to avian and diving beetle populations (Herreid and

Kinney 1966). Wave action and fish presence may also increase mortality of breeding

populations in large wetlands (Hopey and Petranka 1994). Calef (1973) observed that

predation alone could eliminate tadpole populations.

The relationship between the dispersal ability of the organism and landscape

structure appear to limit the occupancy of more isolated patches (Hokit et al. 1999). The 

negative association between reproductive occupancy and isolation in this study suggests 

that wood frogs may occupy less isolated wetlands due to energy and temporal 

constraints. Small, isolated wetlands would require more dispersal time in an 

environment where length of suitable weather for reproduction could be a factor. 

Furthermore, juvenile wood frogs and not adults disperse across the landscape suggesting 

that more isolated patches are not frequently established (Berven and Grudzien 1990).
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Based on my observation, an intermediate surface area wetland with low isolation could 

provide the best habitat for wood frog reproduction. However, isolated wetlands may 

serve as security zones for dispersing amphibians (Semlitsch 1996) and wood frog 

juveniles have been documented to migrate as far as 2.5 km (Berven and Grudzien 1990).

Berven (1982) suggests that the rate of larval development increases from low to 

high elevation over a much larger elevation range than observed in this study. The lack 

of association between elevation and breeding activity suggests that wood frogs may not 

be limited by the range of elevations observed in this study area. Furthermore, there 

may be no elevation effect due to delayed breeding caused by snow accumulation. Com 

(2003) correlates snow accumulation to later occurrence of first reproduction. Some 

wetlands around Wonder Lake, regardless of elevation, hold snow for longer periods due

to lack of sun exposure.

Riparian woody vegetation and the presence of alder in the riparian zone affect 

wood frog breeding activity in this study area. The positive association between the 

percentage of riparian woody vegetation and breeding activity suggests that wood frogs 

breed in ponds with the most woody vegetation possible. Along this same trend, more 

reproduction is observed when green alder is present in the riparian zone. Adult wood 

frogs utilize and prefer leaf-bearing species for hibernation (Licht 1991). Crouch and 

Paton (2000) observed that wood frogs prefer to attach egg masses to submerged woody 

vegetation. Green alder has the largest and most prolific leaf of any of the woody species

present in the study area and could provide the most leaf-litter for hibernation. Dwarf 

birch, willow varieties, and green alder may provide adults protection from predation and

detritus material for hibernation.
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Breeding activity was more frequent at sites of intermediate depth. However, the 

maximum depth of a site was also positively associated with the surface area. Intuitively, 

the maximum depth of a wetland increases as surface area increases and thus, the effects 

of maximum depth may result from the same mechanisms that cause the effects of site 

size. The preference of sites of intermediate depth may also result from lower quality 

oviposition sites for wood frogs. Herreid and Kinney (1966) observed increased 

mortality when egg masses were laid in deeper water and attributed this to reduced 

oxygen, increased pressure, reduced temperature, and increased silt deposits on egg

masses.

As with site size and maximum depth, breeding activity was most frequently 

observed at sites with intermediate amounts of emergent vegetation. Wood frogs often 

utilize emergent vegetation in shallow water for oviposition sites and tadpoles use 

emergent vegetation for protection (Crouch and Paton 2000; Egan and Paton 2004). 

However, too much emergent vegetation may diminish nutrients and result in lower

temperature or may be associated with small sites that have a short hydroperiod.

The combination of wetland characteristics observed to affect wood frog

reproductive activity provides a species level indicator of the effects of changing 

landscape dynamics in arctic and sub-arctic zones. Future management of wetland 

resources in Alaska might consider these characteristics to ensure population stability of

wood frogs. For example, intermediate size, low isolation and abundant woody 

vegetation could be factors to consider in prioritizing wetland habitat preservation with

respect to wood frogs. Also, the current trends in global climate change could have a 

major impact on habitat characteristics affecting wood frog reproduction. A warming
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trend could lead to less snow accumulation and thus earlier wood frog reproduction (Com 

2003). Chapin et al. (1995) predict that increased arctic temperature will result in 

increased deciduous shrub biomass. Such trends could greatly affect the distribution of 

wood frogs by possibly increasing their current geographic range due to expanding 

woody vegetation cover or decreasing their range because of sites having shorter 

hydroperiods. Thus, the dynamics of wood frog distribution patterns may provide a 

valuable indicator for global climate change.
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Table 1. Chi-square results for categorical variables.
chi-square

Riparian Vegetation 39.08 
p= <0.001

Maximum Depth 6.39
p= 0.041

Emergent Vegetation 20.26 
p= <0.001

Alder presence 17.5
p= <0.001

17



Figure 1. Map of study area.
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Figure 2. Map of Wonder Lake study area.
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Figure 3. The number of sites with and without observed reproduction of R. sylvatica 
categorized by surface area.

□ Reproduction Observed

Figure 4. The number of sites with and without observed reproduction of R. sylvatica 
categorized by isolation index. Low isolation index indicates high isolation.
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□ Reproduction Observed 
■ No Reproduction Observed

Figure 5. The number of sites with and without observed reproduction of R. sylvatica 
categorized by elevation.

□ Reproduction Observed 

■ No Reproduction Observed

Figure 6. The number of sites with and without observed reproduction of R. sylvatica 
categorized by the percentage of riparian woody vegetation. The zero percent category 
(depicted by the star) had fewer than 10 sites and therefore, was eliminated from the chi 
square analysis.
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Alder

Figure 7. The number of sites with and without observed reproduction of R. sylvatica 
categorized by presence or absence of alder.

Figure 8. The number of sites with and without observed reproduction of R. sylvatica 
categorized by the percentage of emergent vegetation. The zero percent category 
(depicted by the star) had fewer than 10 sites and therefore, was eliminated from the chi 
square analysis.

22



Figure 9. The number of sites with and without observed reproduction of R. sylvatica 
categorized by maximum depth.
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Figure 10. Mean surface area of sites categorized by maximum depth.
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