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Abstract: 

   A global decline in amphibian population numbers has generated a large body of 

research focused on amphibian habitat selection and species diversity conservation. The 

purpose of this study was to analyze the significance of both local and landscape-scale 

variables on wood frog (Lithobates sylvaticus) pond habitat selection in the Shakwak 

Trench in Yukon, Canada. Presence or absence of wood frogs was used to determine pond 

occurrence values for 40 different ponds. Independent local variables were collected in the 

field and through the use of Geographic Information Systems (GIS). Landscape variables 

were derived with GIS and were analyzed under a 1000m buffer around the perimeter of 

the study ponds. Pond perimeter and dominant perimeter vegetation were significant local 

variables. Small ponds with a dominant sedge vegetation types seemed to be selected over 

larger ponds. Large lake area in the landscape buffers had a significant negative 

relationship for wood frog habitat selection. Significant variables in this study are similar to 

those in previous studies or can be linked to other important variables such as pond 

hydroperiod and total forested area. Results should be considered to act as preliminary 

findings in a much more comprehensive and complete future amphibian habitat selection 

study of the area.  
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Chapter 1: Introduction 

 A global decline in amphibian populations has occurred as a result of environmental 

stressors, sparking a large body of research on amphibian conservation (Herrmann et al., 

2005; Hopkins, 2007; Browne et al., 2009). Amphibians can act as an indicator of a 

region’s health, making them an excellent focal species for research (Hopkins, 2007). 

Classic studies of amphibian habitat selection have focused on the influence of local 

characteristics on species occurrence, such as species interactions, water chemistry and 

water depth (Horne and Dunson, 1995; Weyrauch and Grubb Jr., 2004). But over the past 

decade, research has begun to consider landscape-scale variables as a determining factor of 

habitat suitability, especially with the growth of landscape ecology (Marsh and Trenham, 

2001).  

Amphibian habitat selection studies at a landscape-scale have emphasized the idea 

of fragmented habitats caused by human landscape alteration (Van Buskirk, 2005; 

Eigenbrod, Hecnar and Fahrig, 2009). These studies have shown that amphibians are 

negatively impacted by human altered landscapes, affected by proximities or densities of 

roads, industrial sites, and urban areas. There has been little focus on the influence of 

natural landscape variables in less disturbed or highly forested areas (Herrmann et al., 

2005). Carrying out research in these regions could be considered part of a proactive 

conservation method, as changes to an amphibian population can be determined much 

earlier once a population baseline has been established. 

Canadians researchers have begun to investigate the influence of natural landscape 

characteristics on amphibian species within the boreal forest, specifically, the boreal plains 

of northern Alberta (Browne et al., 2009). Research has shown that abundance of wood 
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frogs (Lithobates sylvaticus) is linked to landscape variables, such as forest type and 

landform (Browne et al., 2009). This leads to the hypothesis that amphibian habitat 

selection may include variables on a much larger spatial. 

Habitat selection is embedded within the field of landscape ecology, or the study of 

relationships between ecological processes and the environment (Turner, Gardner, and 

O’Neil, 2001).  The study of landscape processes is challenging, as it can be very expensive 

and nearly impossible to complete extensive research that is consistent on both spatial and 

temporal scales. The use of Geographic Information Systems (GIS), when paired with field 

data, has proven to be useful in the study of habitat selection, especially when the scale of 

the project is large. Many improvements have occurred over recent decades with GIS 

technology and today, working with GIS data has allowed users to investigate multiple 

variables simultaneously (Erickson, McDonald, and Skinner, 1998). It is now possible to 

examine relationships between continuous (e.g. road density, distance values), discrete (e.g. 

presence/absence), and categorical variables in regards to abundance/occurrence data for 

target species.  

Although amphibian studies have become quite popular, little research is being 

carried out in northern Canada, which represents the geographic limit, or “extreme”, for 

many species (Slough and Mennell, 2006). In this context, the Ruby Ranges boreal forest 

ecoregion, covering 22737km2 of the Yukon Territory, provides an ideal area to carry out 

northern habitat selection research. Human disturbance has remained at a relative 

minimum, other than the linear features of the Alaska Highway, dirt roads, and abandoned 

pipelines. With little human presence on the landscape we should be able to attribute 

species occurrence to more natural variables (Herrmann et al., 2005). The area is also filled 
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with a variety of aquatic habitat types due partly to the region’s diverse physiography.  

Biologists associated with Parks Canada are currently working towards understanding the 

wood frog’s (Lithobates sylvaticus) distribution in Kluane National Park and Reserve by 

monitoring population abundance in several ponds in the park.  

The purpose of this study was to act as a pilot project beginning the process of 

determining the extent and relative importance of various local and landscape level 

variables for wood frog aquatic habitats in the Shakwak Valley of southwest Yukon. 

Although the sample size is not large (n=40), results can help with the selection of local and 

landscape variables in future habitat selection studies. Discovering the relative importance 

of variables associated with habitat selection will also create focus for future conservation 

if human development becomes more prominent on the landscape. Expansion of mining, 

and the proposed Alaska pipeline project, are two large-scale disturbances that may become 

a reality within the next 50 years (Yukon Government, 2011). Local variables that were 

measured are thought to have an impact on habitat selection as research has shown that they 

are significant in accounting for amphibian abundance (Egan and Paton, 2004; Skidds et al., 

2007). Landscape variables, such as pond density, stream density and large lake area, are 

also thought to influence amphibian occurrence, demonstrated by the frequent migration of 

wood frogs between breeding and natal ponds, and dispersal across the landscape to find 

new suitable habitat (Semlitsch, 2008). This thesis tested the hypothesis that both local and 

landscape variables play an important role in influencing the occupancy of ponds by wood 

frogs, and lays the foundation for a future full-scale study of wood frog habitat selection in 

the region.  
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Chapter 2: Literature Review 

Amphibians as Research Models 

Research on amphibians, specifically frogs, is widespread and has within the past 

two decades, begun to reveal a great deal of information to the scientific community about 

the health of rainforests, wetlands, and the planet (Hopkins, 2007). Many amphibians are 

used as indicator species, helping to determine the environmental conditions in a certain 

locale, as they are often very sensitive to environmental change. Changes in an indicator 

species population can be a result of changes to their habitat, as their occurrence, or 

abundance levels, positively or negatively reflects what is occurring within the ecosystem. 

Amphibians are highly sensitive to environmental change, both physiologically and 

spatially (Hopkins, 2007). Frogs carry out osmoregulation through their porous skin. 

Having a permeable layer separating their internal and external environment means that 

they will be one of the first organisms to respond to contaminants in the atmosphere or 

water. Most frogs also require both aquatic and terrestrial habitats throughout their annual 

cycle. This makes them especially vulnerable to population decline, as changes in one 

location may significantly reduce overall habitat availability (Hopkins, 2007).  

Semlitsch (2008) describes the dispersal and migration patterns of pond breeding 

biphasic amphibians (aquatic larvae, terrestrial adults). He states that dispersal is movement 

in a one-way direction away from breeding ponds and migration is the movement to-and-

from breeding sites (Semlitsch, 2008). During the breeding season (early spring), 

amphibians seem to be constantly on the move. Within adult populations, migration 

distances seem to remain within 1km of the breeding sites; however, dispersal distances are 

much larger. Some anuran species have been found to travel up to 10km away from 
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breeding ponds to establish new breeding populations (Herrmann et al., 2005). This adds to 

the idea that landscape-scale studies should be essential within amphibian habitat research. 

Requiring aquatic and terrestrial environments can increase vulnerability but it can also be 

considered an advantage. Amphibians gain from being able to disperse and migrate over 

both aquatic and terrestrial ecosystems, especially when resources in one terrestrial area 

become limited. Because there is a high potential for amphibian dispersion, they are also 

used in research as good examples of metapopulation models, where subpopulations 

exchange migrants; thus, increasing genetic diversity within the species (Marsh and 

Trenham, 2001).  

Amphibians are facing a looming extinction, which makes conservation research 

essential (Hopkins, 2007). The rate of amphibian extinction has been high since the 1980s 

and has continued to increase since then (Stuart et al., 2004). It seems as if amphibians are 

acting as an indicator of global health. The thought amongst scientists is that protecting 

amphibian habitat and diversity, there should also be benefits seen for other species with 

similar habitat requirements (Waldick, Freedman, and Wassersug, 1999). Initially there was 

much debate as to which variables were causing the rapid species decline. Many studies 

linked the decline to pollution, climate change, and most recently to disease, specifically 

chytridiomycosis from chytrid fungus (chytridiomycota), which has caused a large 

population decline in the southern hemisphere and is now moving northward (Collins and 

Storfer, 2003). But in the northern hemisphere scientists have come to a consensus that a 

major cause of population decline is a result of humans disturbing essential habitats. 

Habitat loss and fragmentation poses the greatest challenge to a great number of species 

worldwide. Habitat loss can be defined as an alteration to the landscape, in which the land 
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becomes unusable by the species in question and habitat fragmentation is described as 

discontinuities or irregularities within a given region, breaking apart larger habitat areas. 

Because of their sensitivity to environmental change and the looming threat of total 

extinction, amphibians became an important focus in conservation work. 

 

Influence of Humans 

 Early amphibian research (1980s and1990s) examined local habitat suitability and 

attempted to show that human activities were to blame for the rapid decline in amphibian 

populations (Horne and Dunson, 1995). During this time period, observations were made 

on observing the effects of local variables, such as water pH, hardness, and temperature. 

Acid rain was a major environmental issue and research also examined high levels of 

metals within the water table. Since amphibians breed during early spring they are 

susceptible to high levels of melt water, which often have low pH values associated to them 

(Gascon and Planas, 1985). Ponds are also small in water volume, so there is a high 

likelihood of water acidification (Gascon and Planas, 1985).  An ex-situ study carried out 

by Horne and Dunson (1995) examined the combined effects of metals and low pH values 

on larval wood frogs (Lithobates sylvaticus) and Jefferson salamanders (Ambystoma 

jeffersonianum). The study showed that water with low pH values also has high levels of 

metals, such as aluminum, copper, iron, and lead, there is a significant decrease in 

amphibian reproductive success.  

 Understanding human influence on amphibian’s local environment lead to research 

on how humans have influenced them regionally, through removing or fragmenting vital 

habitat (Hecnar and M’Closky, 1996). A great deal of research has been carried out within, 
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or in surrounding agricultural areas of, urban centers. The Geomatics and Landscape 

Ecology Lab of Carleton University, Ottawa, Ontario has been examining frog occurrence 

in the region by examining the relationship between the presence of roads, existing land 

cover, and the abundance of amphibians. Eigenbrod, Hecnar, and Fahrig (2009) completed 

a unique study where a road-effect zone was quantified for fourteen different anuran 

species outside of Ottawa, Ontario. Thirty-four ponds were visited during the breeding 

season over two years at a maximum distance of 3263m away from Highway 417, which is 

one of the major highways in the area. Local environmental variables (e.g. pH, emergent 

vegetation) were recorded, as well as amphibian abundance. Through the use of piecewise 

and linear regression Eigenbrod et al. (2009) were able to find a significant negative linear 

relationship between all anuran species abundance and proximity to the roadway. Species 

richness rapidly declined as distance between the highway and pond decreased, where the 

breaking point for many of the anuran species was a distance of less than 800m. Their 

results show that there is a significant road effect zone, or linear buffer area, 250 to 1000m 

from a high traffic roadway. Within my study I chose to replicate this idea of having a road-

effect zone as a determinate of species occupancy but at a lesser intensity, as the usage of 

the Alaska Highway in my study area is much less than the Ottawa section of the 417.  

 Another study done by Gagné and Fahrig (2007) examined the effects of humanized 

landscapes, specifically urban and agricultural, on anuran communities in comparison to 

forested areas. Standard visual and audio surveys were carried out at 29 permanent ponds 

over the course of two years, collecting local pond variables similar to the Eigenbrod et al. 

(2009) study. Results showed that as urbanization of the landscape increased, the total 

number of anuran species significantly decreased. Interestingly, some anuran species 
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showed no significant difference between selecting forested over agricultural areas. 

However, abundance values for wood frog (Lithobates sylvaticus) were greatest in forested 

areas and decreased significantly in agricultural and subsequent urban landscapes (Gagné 

and Fahrig, 2007). Local variables were also found not to be a significant predictor of wood 

frog occurrence, even though there have been many other studies that concluded otherwise 

(Gascon and Planas, 1986; Egan and Paton, 2004). They hypothesized that landscape 

features, such as road density, to have a greater influence on species’ presence because the 

scale of the difference was so large compared to the local variables (Gagné and Fahrig, 

2007). Because it is now known that roads and humanized landscapes play an influential 

role in determining wood frog habitat, I will be able to assume that my natural landscape 

variables will have a more important role in wood frog habitat selection because the study 

area, being the Shakwak trench of southwest Yukon, has seen little human development 

other than the linear road features across the landscape.  

 

The Use of Geographic Information Sciences 

 Within habitat selection research, the use of GIS has increased significantly as the 

strength of its functions improved. GIS analysis now allows for greater spatial and temporal 

scales to be studied without having to necessarily go out and collect the data. One of the 

major problems with habitat selection research today is that studies are time sensitive. 

Research must be completed within a certain time period even though this may not be an 

accurate time scale to represent what is actually occurring on the landscape. When 

accompanied by digitized aerial photography, GIS allows us to study changes through time. 

If other data layers already exist from government or previous research (i.e. digital 
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elevation models, regional hydrology, land cover classes, etc.), we can combine datasets to 

increase the statistical robustness of the project, depending on what is to be accomplished.  

 A case study of GIS significance in habitat selection models carried out by 

Erickson, McDonald, and Skinner (1998) estimated the probability of a moose choosing an 

overwintering area in a wildlife reserve in Alaska. Aerial photographs (30m x 30m pixels) 

were used to create a 22-category land classification map of the wildlife reserve. A moose 

survey was also completed a year prior to the study to determine where current individuals 

were located. Through the use of GIS, buffers were placed around individual moose 

location points, as they were assumed to be using the general area rather than the specific 

point. The 22 land class variables were analyzed within a binary logistic regression model 

to determine which variables could predict species occurrence. Results from this study 

showed that there was a high probability of moose being located in areas along the river 

where willow species were found (Erickson, McDonald, and Skinner, 1998). Willow 

species are a source of food for moose during the winter so the prediction made sense that 

areas with high willow abundance should see increased numbers of moose. The 

significance of this study is to show how accurate habitat selection predictions can be made 

through the use of GIS and what statistical approaches can be applied (i.e. Binary logistic 

regression), within a GIS habitat selection study. 

 Many other habitat selection studies simply use GIS as a platform to compile 

various sources of data and determine relationships (Skidds et al., 2007). Various forms of 

data can be entered into the system (point, linear, and polygonal) and distances, areas and 

perimeters values can be determined very rapidly. Relationships between ordinal, nominal 
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and scalar variables must be established in order to carry out habitat selection studies and 

GIS can do this both visually and numerically.  

 

Influence of Natural Landscape Variables 

 With so much focus on how human disturbance has altered amphibian populations, 

current research has been used to mitigate current problems in urban areas, or restore 

regions within protected sites. This has been very valuable for species in these areas, but 

because of this there has been a lack of research establishing current population numbers in 

places that may experience human disturbance in the next few decades. Within the study of 

habitat selection there has been a considerable amount of data collected on the influence of 

urban ponds and road networks affecting amphibians (Eigenbrod, Hecnar, and Fahrig, 

2009). There exists a research void on whether natural landscape variables, such as slope, 

forest density, and aquatic connectivity play a role in amphibian occurrence across a given 

region (Marsh and Trenham, 2001). Only recently, with the growth of landscape ecology 

has this research begun to take place. A study carried out by Van Buskirk (2005), examined 

the relationship between both local and landscape variables to amphibian occurrence in 

ponds of northern Switzerland. By using digital 1:25 000 topographic maps and field data 

from a seven-year survey of 83 ponds, both local and landscape covariates were formulated 

using the statistical principal component analysis (PCA). A PCA takes many potentially 

correlated variables and reduces them to a smaller number of uncorrelated variables, and is 

a method frequently used in habitat selection research. Results from this study showed that 

both local variables (presence of fish, pond permanence) and landscape variables (forest 

area) were statistically significant in determining all amphibian species density and 
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occurrence (Van Buskirk, 2005). This study shows that influence of landscape should not 

just be considered when studying metapopulations, but should be included in all habitat 

selection studies, recognizing that amphibians are positively influenced by an increase in 

forested areas.  

 Another study carried out by Herrmann et al. (2005) examined the effects of various 

landscape variables in a forest dominated landscape (New Hampshire), allowing for a 

greater understanding of their importance. Within this study, field methods were paired 

with the use of GIS and aerial photography to determine species assemblages and richness. 

The aerial photographs were used to create land cover classes (forested, non-forested), and 

then, though the use of GIS, various buffers with increasing distances based on previous 

amphibian dispersal studies, were created around each study site. The buffer distances were 

used as tools to quantify landscape variables in relation to the study wetlands. Results 

concluded that forest cover on a landscape significantly influenced wood frog occurrence 

(Herrmann et al., 2005). Wetlands with less than 60% forest in their proximity had 

extremely low presence values.  

This study, along with others, showed that wood frogs (Lithobates sylvaticus) are 

influenced by the hydrology of the region (Semlitsch, 2008). Wetland permanence played 

an important role in wood frog occurrence, where wetlands that seasonally desiccated were 

preferred. It has also been found that variables, such as distance to nearest river and pond 

density, are important; however, for the wood frog the extent of forested areas remains the 

most significant for the wood frog (Hecnar and M’Closkey, 1998). Because a 

comprehensive dataset of forest cover type is not available for southwest Yukon I chose to 
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focus on regional water variables, since they have shown to be significant in determining 

amphibian occurrence, just at a lesser extent to forest cover.  

 

Boreal Forest: Research Importance 

By quantifying the importance of natural landscape variables we can develop 

concrete explanations as to why we should conserve and protect certain areas (Browne et 

al., 2009). The Canadian boreal forest provides an excellent opportunity to carry out 

research on landscapes that are still highly forested, and also create land management and 

conservation plans before future development occurs.  

 Canada’s boreal forest ecoregion extends from Newfoundland to the Yukon 

Territory, encompassing approximately 1.4 billion acres or 58.5% of the country’s 

landscape (Anielski and Wilson, 2005). It is one of the largest lightly disturbed, or intact 

forests in the world and provides many essential ecosystem services such as carbon 

sequestration, atmospheric oxygenation, and flood control (Anielski and Wilson, 2005). A 

study done by the Canadian Boreal Initiative and the Pembina Institute (2005) attempted to 

quantify Canada’s boreal forest net market capitol. The study compared the total economic 

value of natural resource extraction, being timber harvesting, mineral, oil, and gas mining, 

and hydroelectric power minus the environmental and social costs (air pollution and 

government subsidies), to the natural ecosystem services that are carried out in the boreal 

forest. Results showed that in 2002, the net market value of extraction was 37.8 billion 

dollars, and the net market value of the ecosystem services was 93.2 billion dollars 

(Anielski and Wilson, 2005). We can therefore assume that, regardless of whether or not 
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development within the boreal forest is desirable, it does provide our country with many 

essential economic and environmental services.  

What is often undervalued is the extent of aquatic environments that exist within the 

Canadian boreal forest. A conservative estimate of from the PEW Environmental Group 

(2011) states that twenty-five percent of wetlands worldwide exist within the Canadian 

boreal forest, and that it contains more surface water than any other landscape of equal size. 

This no doubt, means that much essential habitat exists here for many species requiring 

aquatic environments. Wood frogs, impacted by human disturbance, rely on this forested, 

wetland habitat to ensure their continued high population numbers.  

 

Study Rationale 

The Boreal Cordillera, encompassing the Ruby Ranges, is an ecozone within the 

larger Canadian boreal forest and is found within the Yukon Territory. As previously 

stated, there is little human development within this region, but that is soon to be untrue as 

mining interests and natural gas pipeline proposals are expect to become active in the next 

few years (Danby et al. 2003). Currently, there are over 20 000 pending quartz mine claims 

in the southwest region of the territory alone, most of them being in removed areas away 

from the highway, further fragmenting the forest on the landscape (Yukon Government, 

2011). The Alaska Highway pipeline proposal, being a 2762km natural gas pipeline, is also 

being considered, routed underneath Kluane Lake and directly through the Ruby Ranges 

along the Alaska Highway (TransCanada, and ExxonMobile, 2012). The oil and natural gas 

company hopes to have construction begin in 2014 and be fully operational within five 

years (Figure 1). 
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The most northern range of the wood frog is within the surrounding area of the 

Shakwak valley, and a terrestrial disturbance at a magnitude this large could influence 

population numbers at this northern latitude through habitat fragmentation. It is essential 

that our knowledge of human impacts on amphibian species be used to study their current 

habitats before increased development occurs. This will allow for Canadian conservation 

authorities to make informed decisions on where development can and cannot take place. 

Since it is hypothesized that both local and landscape variables play a role in determining 

amphibian presence, and that they are considered an indicator species for their ecosystems 

health, I examined both types of variables and determined which had the greatest influence 

on species presence in this region. By doing this, future projects may be able to build on the 

Figure 1. Map of predicted path of Alaska Pipeline through the Yukon Territory 
(TransCanada, and ExxonMobile, 2012) 
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work that I have completed and make predictions as to where wood frogs may be found, 

validating results and increasing protected areas. 
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Chapter 3: Methods 

Study Area 

 This study was carried out in the Shakwak Valley in southwest Yukon, Canada. 

This longitudinal valley runs along a geological fault, known as the Denali Fault, dividing 

the St. Elias Mountain Range from the Ruby Range boreal forest (Smith, Meikle, and 

Roots, 2004). The Shakwak Valley landscape is very complex and is filled with many 

ponds and small lakes. The forty ponds selected for analysis in this study are located in 

three distinct areas in the southwest subregion of the Ruby Ranges, closer to the St. Elias 

Mountain Range (Figure 2). They are found as far south as Dezadeash Lake, in close 

proximity to Kluane National Park and Reserve, and as far north as Kluane Lake (60°20’-

61°10’N, 137°01-138°25’W). 
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Figure 2.  Elevation map of study area within the Denali Trench in Yukon, Canada.  
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Because research was carried out during my summer employment as a vegetation 

research assistant, sites were chosen based on their compatibility with Ashley Lowcock’s 

(Geography Masters student) research project criteria. Most ponds are connected to 

Ashley’s project or were in close proximity to her sites. They had to be visible on imagery 

contained in the Google Earth program and/or National Topographic Sheets (NTM) as well 

as in aerial photographs. Although it was not essential that open water was present, they 

must have saturated soils.  

Ponds varied in length of perimeter and area (largest pond < 60000m2) as well as 

surrounding vegetative species. Pond margins were typically dominated by sedge species 

(Carex sp.) but vegetation changed amongst locations. Other common vegetation species 

were horsetail (Equisetum sp.) and knotweed (Polygonum sp.). In terms of surrounding 

forest, white spruce (Picea glauca) is the most dominant species in the region, also birch 

(Betula sp.), willow (Salix glauca), and trembling aspen (Populus tremuloides) were 

present. 

 

Study Species 

Wood frogs (L. sylvaticus) are common throughout the region and are the only 

amphibian species present in the area (Slough and Mennell, 2006). The breeding period is a 

two-week window in late April-early May. The summer months are when wood frog 

juveniles, or metamorphs, become active and begin the terrestrial portion of their biphasic 

lifecycle. Populations are stable within Canada and the species can be found across boreal 

Canada. In the Yukon Territory, population numbers are relatively low as the species’ 
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northern range is approximately at the sixty-third parallel (Slough and Mennell, 2006), and 

its occurrence rapidly decreases continuing northward.  

 

Field Sampling 

A single visual survey was completed at each of the 40 ponds during a five-week 

period from July 1st to August 5th 2011. Time spent in the field was provided during an 

employment opportunity. Although the survey period did not correspond with the breeding 

and calling period of the amphibian species it did overlap with the time period when frog 

metamorphs become highly active (Slough and Mennell, 2006). Surveys were carried out 

by initially looking for frogs in the pond, or within the immediate vegetated edges of the 

ponds, and then slowly walking a straight line of travel around the entire pond perimeter, 

searching for frogs within one meter on each side (Browne et al., 2009). A full perimeter 

walk was attempted at most ponds (n=27); however, some ponds posed various challenges 

(ex. size, marshy, depth at pond edge), and only half the perimeter was covered. Doubling 

the frog count of the ponds that only half the perimeter was covered standardized 

abundance values. Still, abundance values remained relatively low, and I instead chose to 

focus on presence/absence values, as research often accompanies occupancy values to 

abundance data (Ficetola and De Bernardi, 2004). 

All fieldwork was carried out between the hours of 9h00 and 16h00 and could only 

be completed during cooperative weather. Although species abundance can fluctuate with 

temperature, no abnormal temperature fluctuations occurred during the sampling period, 

meaning that ponds were surveyed under a temperature range of 13-20°C. Therefore, 

atmospheric temperature and weather are assumed to have little significance during this 
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short period and were not included as landscape variables in subsequent analysis. Browne 

et al. (2009) also chose not to analyze temperature change as an independent variable 

because their recorded temperatures ranged from 13-19°C. This was analyzed and 

determined not to be a significant temperature variation range to influence wood frogs. 

 

Independent Variables Collection 

Local Variables 

During the field season I collected three major local environmental variables at each 

pond (Table 1). Justification for their inclusion can be seen in Appendix A. 

 

 

I made sure to take note the dominant vegetation around the perimeter of the pond 

and whether the pond exhibited the presence of open water. Area and perimeter of each 

pond was calculated using ESRI ArcGIS from map sheets contained in the National 

Topographic Data Base (NTDB).   

 

 

 

Independent Variables Mean (Range) 

LOCAL  

Pond Perimeter (m) 308.8 (57-1118) 
 

Presence of open water 0.75 (0-absent 1-present) 
 

Dominant vegetation A= Sedge, B=Horsetail, C=Sedge Mix, 
D=Non-sedge mix, E= Unknown/Other 

Table	  1.	  List	  of	  local	  independent	  variables	  and	  their	  mean	  values.	  
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Landscape Variables 

All landscape variables were generated within a GIS (ESRI, Arc10). The water 

body vector data layer from the NTDB was used to examine the landscape variables within 

a 1000m buffer from the perimeter of each pond (Table 2). 

 

This distance was selected based on previous research on amphibian dispersion and 

terrestrial use, which indicated a yearly dispersal of 264m up to 2530m (Marsh and 

Trenham, 2001, Semlitsch and Bodie, 2003). Because many of my sites were less than 

1000m apart from each other I could not use a distance larger than 1000m without 

significantly increasing the amount of spatial autocorrelation that existed within the data set 

Independent Variables Mean (Range) 

LANDSCAPE  

Number of water bodies 4.9 (1-10) 
 

Total water bodies area (m2) 70292.9 (1713-260064) 
 

Area of Lake Shoreline (m2) 333746.5 (0-1949292) 
 

Total wetland area (m2) 113957.6 (0-928432) 
 

Total river length (m) 1531.1 (0-5348) 
 

Dirt roads (m2) 177367.9 (0-577140) 

Highway (m2) 15209162.5 (0-42893700) 
 

Area affected by Spruce bark 
beetle (m2) 

1957428.2 (25118-3787745) 
 

Topographic complexity 19.1 (0.92-86.53) 
 

Distance to nearest pond (m) 400.4 (26-2724) 
 

Table	  2.	  List	  of	  landscape	  independent	  variables	  and	  their	  mean	  values.	  
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(Figure 3). To determine the extent of spatial autocorrelation between overlapping buffers I 

used the UTM northings and easting coordinates as factors in Pearson’ correlation analysis 

with abundance values of wood frogs (Browne et al., 2009). No significant correlation was 

seen between frog abundance, northing, and easting values within each of the three regions 

(P > 0.05 for all). This means that although spatial autocorrelation likely exists between 

buffers, where they are situated directionally on the landscape does not significantly 

correlate with wood frog abundance.  
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Figure	  3.	  Example	  of	  independent	  landscape	  variables	  at	  pond	  CBR04	  in	  
1000m	  buffer.	  Buffer	  area=3720300m2,	  number	  of	  water	  bodies=8,	  total	  
area	  of	  water	  bodies=138400m2,	  Kluane	  Lake	  area=1322818m2,	  total	  river	  
length=1814m,	  dirt	  road	  area	  with	  50m	  buffer=229562m2,	  landscape	  
complexity=24.71,	  distance	  to	  nearest	  pond=26m.	  
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Within each buffer I analyzed the amount of hydrologic features (streams and water  

bodies) as well as their total lengths or areas (water bodies, wetlands) using NTDB within 

ArcGIS (Table 2). If ponds were found on both sides of the perimeter of the landscape 

buffer, the entire water body was considered for analysis because it is likely that a wood 

frog would use the entire pond rather than just the portion within the landscape buffer. 

There were five major lakes in the region with areas greater than 1km2. Large lakes were 

treated independently and were not included in the water body density calculation. During 

GIS analysis large lakes would significantly increase the total water body area variable 

influencing results. Only the area within the landscape buffer was used for large lake water 

bodies, because if not similar values would be produced for ponds in close proximity to the 

same lakes. Total area was also calculated for intensity-weighted road buffers, where area 

of the Alaska Highway was multiplied by a value of 100 to create a significant difference 

between highway and dirt road values. This is because of the large difference between the 

usage of dirt roads and the highway. Influence of spruce bark beetle (Dendroctonus 

rufipennis) on wood frog occurrence was analyzed by calculating the area of its overall 

extent from the years of 1994-2007 (provided by from Yukon Geomatics and Parks 

Canada). A distance function was carried out on each pond to determine the Euclidean 

distance to the nearest pond. A 30m Digital Elevation Model (DEM) was used to obtained 

an index of topographic complexity by calculating the standard deviation of elevation 

pixels within the buffered landscape.  
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Data Analysis 

Statistical Package for the Social Sciences (SPSS) was used to conduct all analyses 

on both local and landscape data separately. The first step was to perform a correlation 

analysis between all variables. Because I was unsure as to whether or not there would be a 

linear relationship between most of my variables, I chose to use the Pearson correlation 

analysis and accepted all values that had correlation coefficients values under 0.7  (|r|<0.7). 

A correlation value less than 0.7 has been used in other studies to remove obvious 

correlations (Ficetola and De Bernardi, 2004). Because my sample size and list of variables 

were limited, I chose a simple binary correlation analysis, which removes obvious 

correlations between variables. 

The second step was to use binary logistic regression on each variable to determine 

their influence on wood frog occurrence (1-present, 0-absent). Logistic regression has been 

used in many habitat selection studies and has shown to produce adequate results when 

examining large-scale variables (Compton, Rhymer and McCullough, 2002). Logistic 

regression is also very useful in this case as it does not require any normality between 

variables and can analyze scale and categorical data at the same time, unlike many 

discriminant analyses (Compton, Rhymer and McCullough, 2002). Univariate analysis was 

followed by a multivariate stepwise logistic regression, separating local variables from 

landscape variables. Following a similar statistical analysis to Ficetola and De Bernardi 

(2004), I used the likelihood ratio to determine whether or not the addition of another 

variable would reduce the log-likelihood value of the model. Variables significantly 

reducing the value from the null-hypothesis model could be considered to explain wood 

frog habitat selection.   
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Chapter 4: Results 

 Over the five-week fieldwork period a total of 26 ponds visited had presence of 

wood frogs (L. sylvaticus), 16 ponds were absent of frogs. Sixty percent of all ponds 

surveyed were found to have frogs, this is also known as the by-chance accuracy rate. Any 

increase to this prediction value grater than 25% was found to be significant.  

 

Local and Landscape Variable Correlation 

 When performing the Pearson correlation analysis on local variables, it was found 

that pond perimeter was positively correlated with pond area and pond area to perimeter 

ratio (r = 0.92-.98, p < .001). The presence of open water and dominant pond vegetation 

both had correlation coefficients less than |r| = 0.7 when related to pond perimeter, pond 

area, and to each other; therefore, both were determined to be uncorrelated. Out of all local 

variables presence of open water, dominant pond perimeter vegetation, and pond perimeter 

were selected for further analysis.  

When examining landscape variables, total number of water bodies within the 

landscape buffer was positively correlated to the sum of all the water bodies’ perimeters 

(r=0.78, p = 0.001). The total perimeter was also significantly correlated to the sum of all 

water bodies’ area. Because of its high correlation to other variables, total perimeter was 

removed from further analysis.  Interestingly, total water body area and number of water 

bodies had a correlation coefficient less than r = 0.7; therefore, both total water bodies’ area 

and number of water bodies were included for further analysis. Other landscape variables 

that showed correlation coefficients above r = 0.7 were presence of lake shoreline to the 

total area of the lake water body within the 1km buffer (r = 0.89, p = 0.001), and the total 
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number of rivers to the sum of river length in meters (r = 0.95, p = .00). One out of each of 

the variables that were correlated was chosen for further binary logistic regression analysis. 

The decision to use area of large lake water body and total river length were based on what 

could influence wood frogs more directly. Variables that were not correlated, or had values 

below r = 0.7, were included for further binary logistic regression analysis.  

 

Univariate Analysis of all Variables  

 A binary logistic regression analysis was performed on each variable to examine 

their relative significance in determining wood frog presence or absence (Table 3).  

The local variables of dominant pond vegetation and pond perimeter were found to 

be statistically significant in the binary logistic model (p <0 .05) (Figure 4).  

 

 

Independent Variables Nagelkerke R2 B X2 Sig. Odds 
Ratio 

Accuracy 
Prediction 

LOCAL             
Pond Perimeter 0.173 -0.004 4.235 0.04 0.996 75 
Presence of open water 0.078 1.253 2.068 0.15 3.5 60 
Dominant vegetation 0.848 -0.723 9.121 .003 .483 77.5 
LANDSCAPE       
Number of water bodies 0.004 -0.47 0.114 0.736 0.954 60 
Total water bodies area 0.008 0 0.225 0.635 1 57.5 
Area of Lake Shoreline 0.345 0 7.185 0.007 1 77.5 
Total wetland area 0.167 0 3.278 0.07 1 57.5 
Total river length 0.049 0 1.364 0.243 1 60 
Dirt road intensity 0.083 0 2.33 0.127 1 50 
Highway intensity 0.014 0 0.396 0.529 1 60 
Spruce bark beetle 0.041 0 1.218 0.27 1 60 
Landscape complexity 0.05 -0.18 1.436 0.231 0.982 62.5 
Distance to nearest pond 0.063 0.001 1.314 0.252 1.001 65 
 

Table 3. Variables under a binary logistic regression model. Variables that are 
significant to the model are bolded. 
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When adding variables to the by-chance presence/absence logistic equation the 

probability of making an accurate prediction of wood frog occurrence rose from 60% to 

77.5% for dominant vegetation and 75% for pond perimeter. For a variable to be considered 

valuable in the logistic model prediction accuracy should increase from the by-chance 

percentage by 25% (1.25 x .6 = .75). Therefore, we can consider both dominant vegetation 

and pond perimeter as significant variables for wood frog occurrence. The presence of open 

water was not a significant contributor to the model (p = 0.15). 

Within the set of landscape variables, only the total area of large lake water bodies 

was found to be a significant predictor to the logistic model (p = 0.007) (Figure 5). The 

probability of making an accurate prediction rose to 77.5% from the by-chance accuracy 

value. Wood frogs were only present at four ponds that had the large lake area within their 

1000m buffer and 20 ponds had wood frogs present when no lake area was within the 

buffer. All other landscape variables were found not to be significant to the logistic model, 

although the total wetland area within the 1km buffer was nearly significant (p = 0.07). 
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Figure 4. Graph showing predicted likelihood of L. sylvaticus with pond perimeter 
and dominant vegetation 
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Multivariate Binary Analysis of Variables  

A forward stepwise method for binary logistic regression was selected to determine 

whether any variables would reduce the log likelihood (-2LL) value and increased 

prediction accuracy. The method produced similar results to the univariate analysis, where 

dominant pond vegetation was found to be the most significant of the three local variables. 

Pond perimeter was added in the second step to significantly reduce the -2LL value (p 

=0.02). Results showed smaller ponds with dominant sedge vegetation had a higher 

probability of wood frogs presence (Figure 6). 
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Figure 5. Out of the 24 ponds found with frogs there was a higher presence value when 
large lake bodies were not within the landscape buffer. Only four landscapes with frogs also 
had large lake area present. 
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Larger ponds with no sedge vegetation around the perimeter are unlikely to have 

wood frogs. Presence of open water was not included in the model, as it did not decrease 

the -2LL value.  Within the first step of the landscape variable analysis, the total area of the 

lake water body was found to be the most significant. Distance to the nearest pond was 

found to reduce the -2LL value; however, this increase in accuracy was not significant 

(Table 4). 

 

 

 

Figure 6. Multivariate analysis showing predicted likelihood of wood frog (L. 
sylvaticus) occurrence to pond perimeter for each dominant perimeter vegetation type. 
Sedge vegetation had highest probability of having wood frogs present where non-
sedge mix vegetation and other had the lowest probability. 
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Accuracy predictions for both local and landscape analyses increased from the by-

chance prediction of 77.5% to 80% (Table 5). The number of false absence values 

decreased in both local and landscape variables but there was only a significant change in 

the local variables, where both false absences and accurate predictions changed. Therefore, 

the change in accuracy prediction was significant for local variables but not landscape.   

 

 

 

 

 

 

 

 

 

 

 Landscape variables reducing the 
-2LL value B S.E. X2 Sig. Odds Ratio 
Step 1a TOTLAKEAA .000 .000 7.185 .007 1.000 

Constant 1.114 .421 6.992 .008 3.048 
Step 2b DISTNEARPOND .001 .001 2.487 .115 1.001 

TOTLAKEAA .000 .000 6.408 .011 1.000 
Constant .616 .509 1.462 .227 1.851 

	  

Table 4. Forward stepwise logistic regression on landscape variables using the log likelihood 
method. Total lake area initially reduced the -2LL value the most. The addition of distance to 
nearest pond reduced the -2LL value but change to the accuracy prediction was not significant. 
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(a) Local Variables 
 
Observed 

Predicted 
WOODFROGPRES Percentage 

Correct (%) absent present 
Step 1: 
DOMPONDVEG 

WOODFROGPRES absent 9 7 56.3 
present 2 22 91.7 

Overall Percentage     77.5 
Step 2: 
DOMPONDVEG 
PONDPERIM 

WOODFROGPRES absent 11 5 68.8 
present 3 21 87.5 

Overall Percentage     80.0 

(b) Landscape Variables  
 
Observed 

Predicted 
WOODFROGPRES Percentage 

Correct (%) absent present 
Step 1: 
TOTLAKEAREA 

WOODFROGPRES absent 8 8 50.0 
present 1 23 95.8 

Overall Percentage     77.5 
Step 2: 
TOTLAKEAREA 
DISTNEARPOND 

WOODFROGPRES absent 8 8 50.0 
present 0 24 100.0 

Overall Percentage     80.0 

Table 5. Prediction accuracy tables for both (a) local and (b) landscape forward stepwise 
logistic regression. In the local variable analysis there was a change in all predicted 
values during the second step, making the addition of the second variable significant. In 
the landscape analysis true absence and false positive values remained the same in the 
second step, the addition of the second variable was determined not significant. 
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Chapter 5: Discussion 

Derived Habitat Relationships 

Local environmental variables 

Findings support my hypothesis that both local and landscape-scale variables play 

an important role in wood frog (Lithobates sylvaticus) habitat selection. Local variables 

seemed to play a more significant part in habitat requirements, as both dominant pond 

vegetation and pond perimeter were important variables. Other studies show that local 

habitat quality was a primary influence on wood frog occurrence (Weyrauch and Grubb Jr., 

2004; Herrmann et al., 2005). 

Dominant pond perimeter vegetation and length of pond perimeter could be 

considered indicators of other local variables that have been found to be significant in wood 

frog habitat research. Results show that smaller ponds with non-woody sedge vegetation 

around pond perimeter were selected over larger ponds with woody species or no 

vegetation at all. The size of the pond paired with the type of vegetation around the pond 

edge could be considered indicators of the length of time that the pond remains covered in 

water, known as hydroperiod or pond permanence. Rowe and Dunson (1995) showed that 

temporary, or ephemeral ponds are more often selected by wood frogs due to the decreased 

risk of predation from aquatic species. 

The length of time that surface water remains present greatly influences the growth 

of various vegetation types (Skidds et al., 2007). Egan and Paton (2004), examined the 

relationship between hydroperiod, vegetation, and wood frog abundance in an area of 

western Rhode Island. Results of the study showed that larger ponds had an increased 

hydroperiod and that the amount of woody and non-woody vegetation was significantly 
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correlated to the length of time ponds were free of surface water (Egan and Paton, 2004). 

Ponds that had a very long hydroperiod, or retained surface water year round, had the least 

amount of emergent vegetation. The abundance of wood frog egg masses was found to be 

the greatest in ponds with a large amount of vegetation. The thought here is that 

hydroperiod influences vegetation, which allows for a more complex pond perimeter. This 

is considered a microhabitat for juvenile wood frogs.  A more complex microhabitat will 

create a greater amount of places for egg masses to be attached, and future safe zones for 

juveniles (Egan and Paton, 2004; Skidds et al., 2007).  

Sedge-like vegetation can vary in abundance as well as height, whereas horsetail 

(Equisetum sp.) and knotweed (Polygonum sp.) species are either uniform in height and/or 

density. It is theorized that sedge may provide a greater level of complexity to the vegetated 

perimeter rather than horsetail and other mixed vegetation groups, making it the most ideal 

breeding area for wood frogs. This research supports the theory where we found that a 

dominant sedge vegetation around the perimeter of a pond resulted in a higher probability 

in finding wood frogs. Another idea is that pond size, hydroperiod, and vegetation could 

also have complex correlations to water chemistry variables, such as temperature, pH, and 

dissolved carbon (Podrabsky, Hrbek, and Hand, 1998). Ponds that seasonally desiccate 

could see a significant change in water chemistry. As evaporation increases throughout the 

summer viability of wood frog reproduction could be significantly influenced. More 

research needs to be done to determine whether or not this hypothesis is valid.  

Presence of open water was not found to be a significant local variable in 

determining wood frog habitat. This result is likely influenced by the fact that we cannot 

determine whether a pond seasonally desiccates or if open water remains throughout the 
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summer from a single visit. This variable should not be considered for future studies unless 

multiple visits are made during the season, to verify whether or not open water remains 

throughout the season.  

 

Landscape variables 

Contrary to my hypothesis, water variables such as total stream length and pond 

density were not found to be significant; however, total area of large lakes was found to be 

a significant predictor in both univariate and forward stepwise multivariate regression. 

Distance to nearest pond was not a significant variable but when added to the forward 

stepwise analysis it did reduce the log likelihood value and increase the accuracy prediction 

(77.5% to 80%). This change, however, was not significant, as only false negatives were 

minimized, not false positives (Table 5). Aquatic landscape variables were therefore found 

to not be a significant predictor. Distance to nearest pond, pond density and stream length 

have been found to be important in other studies when examining amphibian ability to 

disperse across the landscape, but has not been as significant as other terrestrial landscape 

variables (Rothermel and Semlitsch, 2002). There has been little published work on the 

effects of lake area on amphibian habitat. Total lake area could be considered a predictor 

for total available terrestrial habitat. As the amount of lake area increases within the 

landscape buffer, there is a decrease in the total available terrestrial habitat.  

Wood frogs spend a large period of their lifecycle in a terrestrial habitat; therefore, 

recent landscape-scale habitat selection research has examined the influence of forested 

areas on the species. A study carried out by Browne et al. (2009), examined what local and 

landscape features influenced amphibian abundance in the Boreal Plains of northern 
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Alberta, Canada. Results showed that wood frogs were positively associated with closed 

deciduous forest cover and mixed coniferous/deciduous forests (Browne et al., 2009). Other 

research is in agreement that forested areas are significant to wood frog abundance 

(Waldick, Freedman and Wassersug, 1999; Gibbs, Whiteleather, and Schueler, 2005). 

The total amount of forested areas within a given distance of the aquatic breeding 

area is also an important variable for the wood frog. Herrmann et al. (2005), found that in 

the northwestern US, an area of 60ha or greater within a 1000m buffer was sufficient 

enough to allow for high amphibian richness and abundance values. Similar positive 

relationships between amount of forest cover and amphibian abundance have been found in 

other places like southwestern Ontario (Hecnar and M’Closkey, 1998), northern Italy 

(Ficetola and De Bernardi, 2004), and Rhode Island (Skidds et al., 2007). 

Large lake area, along with other landscape variables, such as dirt roads and the 

Alaska Highway, represent areas that wood frogs cannot use during their entire lifecycle. 

These variables reduce the amount of forested habitat at the landscape scale, which is 

necessary for wood frogs. When examining landscape buffers with large lake area’s 

present, we find a sizeable amount of the buffer area being covered by un-forested features 

(up to 56% being covered by the sum of roads and lake area). Forests in this region remain 

abundant but perhaps because wood frogs are at their northern limit, the total terrestrial area 

required to support large abundance values increases, wood frogs may therefore be 

selecting ponds that have a higher percentage of forested areas around potential breeding 

sites. This hypothesis however, requires further research to determine its validity. The study 

inadvertently examined the total amount of available terrestrial habitat through analyzing 

unavailable or unsuitable habitat.  
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 Landscape variables associated with human disturbance, such as dirt roads and the 

Alaska Highway, were not found to be a significant predictor of wood frog occurrence, 

even when ponds were in close proximity to those features (Closest distance =26m, p≥0 .1). 

There could be multiple reasons for this outcome, the first being that the roads in the study 

area have a reduced level of traffic compared to other studies in more urbanized landscapes. 

Studies in southern Ontario found the average traffic volume on Highway 417 was 

approximately 18 300 vehicles per day (Eigenbrod, Hecnar, and Fahrig, 2008). The Alaska 

Highway has a traffic volume much less than that of the 417. It is possible that less traffic 

volume results in no significant relationship between road variables and amphibian 

occurrence. Other reasons as to why roads did not play an important factor could be due to 

other variables that accompany road traffic, such as noise disturbance, which is much less 

severe on the Alaska Highway than on Highway 417. Eigenbrod, Hecnar, and Fahrig 

(2008) found that wood frogs had a significant negative relationship to noise generated 

from the road during the breeding period. A decreased traffic volume will produce less 

auditory disturbance for wood frogs during the breeding period.  

 

Assessment of Methods and Results 

 Landscape-scale habitat selection studies are very difficult to carry out because of 

the complexity of questions being asked (Eigenbrod, Hecnar, and Fahrig, 2011). Many 

habitat selection projects experience compounded problems, which magnifies the errors 

within their results. For this study, time spent carrying out fieldwork was much shorter than 

traditional amphibian habitat selection studies due to my summer employment, which 

influences the interpretation of my results. Decisions that were made on how to carry out 
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the project were completed during a short time period directly before the field data was 

collected; however, I was later very fortunate to be able to have the opportunity to carry out 

an undergraduate thesis during this time and I would not have had the opportunity to 

complete a project otherwise. ArcGIS interpretation and statistical analysis were performed 

throughout the semester and were completed to the best of my ability. The following 

discussion examines the inherent weaknesses in my approach but also outlines areas where 

this study can be improved for a more comprehensive and complete habitat selection study.  

 

(1) Time of year 

 Amphibian habitat selection studies are often carried out during the breeding season 

and during the metamorph emergence period in June-July. This is especially true for wood 

frogs, since most of their lifecycle is carried out in a terrestrial habitat. In the Yukon 

Territory, breeding occurs when ponds become ice-free, late April-early May, and lasts for 

only two weeks (Slough and Mennell, 2006). Adults spend the rest of the year dispersing 

across the landscape (Semlitsch, 2008). Metamorphs become active during the mid-summer 

months, which is why frogs were found at ponds during the fieldwork period; however, this 

alone can not be considered a determination of essential aquatic breeding habitat, as 

metamorphs have been known to disperse over 1000m away from their natal pond during 

this period of time (Berven and Grudzein, 1990).  

Carrying out amphibian research during the breeding season not only increases the 

probability of correctly labeling essential aquatic habitat, it also makes amphibian 

surveying much easier. Visual surveys can be paired with audio surveys (call monitoring), 

which provide accurate readings on species occurrence as well as abundance (Shirose et al., 
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1997). In North America, audio surveys are highly standardized by the North American 

Amphibian Monitoring Program (NAAMP), which makes interoperability of abundance 

values much easier to accept. Shirose et al. (1997) tested the accuracy of the NAAMP 

model in determining anuran abundance. Results from the extensive field study showed that 

a three to five minute call survey half an hour after sundown, was sufficient for an expert 

surveyor to determine 96% of all species present, and 93% for a novice. Results from 

Shirose et al. (1997) also showed that a positive linear relationship existed between the 

amount of calls and the size of the population (Shirose et al., 1997). Therefore, completing 

visual and audio surveys during breeding and active metamorph periods would allow for 

greater accuracy within the dependent presence/absence and abundance variables. 

 

(2) Single pond visit 

 One major bias within my study is the lack of adequate abundance data and 

the sole reliance on presence/absence data. Eigenbrod, Hecnar and Fahrig (2011), examined 

various types of habitat selection study designs and found that thirty-four unsuccessful 

visits were needed to assume, with a 95% confidence rate, that the species in question is 

absent from a landscape. This means that with reduced number of site visits, there is a high 

likelihood that there is an increased number of false absences within the statistical analysis. 

Based on the methods of many other habitat selection studies it is beneficial to visit a study 

site more than once for predicting essential aquatic habitat. A single visit does not allow a 

researcher to gain a full understanding of what is occurring at the site in terms of its local 

independent variables and whether the anuran species is actually present. Even if multiple 

visits were made to a site within one field season we would not be able to say with certainty 
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that the species is absent due to yearly spatial variation (Eigenbrod, Hecnar, and Fahrig, 

2011). There are too many unknowns associated with a single visit; therefore, in theory the 

more years and opportunities to visit a site, or collect data, the more accurate the results 

should be. Many amphibian habitat selection studies have used a time period of two years, 

or two field seasons, where ponds are visited up to 10 times within that each field period. 

Data from previous studies can also increase the temporal scale; resulting in a much more 

robust relationship between landscape variables and amphibian occurrence (Skidds et al., 

2007). Because research on amphibian habitat selection remains limited in the Yukon 

Territory, it could be beneficial to compile future data with frog monitoring that is currently 

being conducted in the Kluane National Park and Reserve, increasing the temporal scale of 

the project.  

 

(3) Additional local variables 

 My study has shown that local variables play an important role in amphibian 

selection of aquatic breeding sites. Because of the limitations associated with my field 

season I was only able to collect a limited number of variables, retrieved through visual 

surveys and GIS map layers. Although it is important to collect pond data, such as water 

pH, temperature, and dissolved oxygen, it seems that a greater focus should be placed on 

examining the complexity of the pond perimeter. Vegetation variables such as submerged 

aquatic vegetation, woody debris, and emergent vegetation density should be quantified to 

determine whether or not different vegetation species offer a greater amount of 

microhabitat complexity (Browne et al., 2009). Because wood frogs spend a large portion 

of their lifecycle in the terrestrial environment, it may be worthwhile to also examine local 
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forest variables around the pond. Forest cover, slope surrounding pond, and forest 

proximity to pond edge could offer insight on how important the terrestrial environment is 

during the short breeding period.  

 

(4) Spatial autocorrelation 

 Within landscape-scale habitat selection research spatial autocorrelation has been 

found to be one of the major pitfalls in any study design (Eigenbrod, Hecnar, and Fahrig, 

2011). Overlapping landscapes within the study area can alter relationships between the 

independent and dependent variables, either negatively or positively, resulting in a less 

accurate model outcome of your total study area. A reduction in variable independence can 

result in significant relationships between variables, even though in reality, no relationship 

should exist. Eigenbrod, Hecnar, and Fahrig (2011), found that overlapping landscapes 

decreased the strength of the positive relationship between forest cover and wood frog 

abundance.  In this study there was a high degree of landscape overlap. In my study there 

was no correlation between location on the landscape and occurrence of wood frogs even 

though overlap still existed, many buffer areas still had similar values for aquatic variables, 

such as pond density, river length, and total lake area. High spatial autocorrelation results in 

a less representative description of the independent variables on the landscape. My results 

must be therefore treated with caution. Overlapping landscapes within a study could 

significantly impact conservation initiatives so it is imperative that derived relationships 

between independent and dependent variables have the lease amount of error. 
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(5) Lacking diversity in landscape variables 

 Another major issue found in landscape-scale habitat selection research is using a 

limited number of independent landscape predictor variables, which are thought to have an 

influence on species occurrence (Eigenbrod, Hecnar, and Fahrig, 2011). As previously 

outlined, forested areas are highly significant for wood frog habitat. Because forested areas 

were not included in the analysis we should consider this study to be incomplete, as there is 

a high probability that total forested area on a landscape is significant for the wood frog. 

But from examining total lake area within the landscapes, it seems as though a relationship 

exists, although weak, between available terrestrial habitat and wood frog occurrence; 

therefore, in later studies, more focus should be placed on collecting a wide range of data, 

including forest cover and aquatic habitats.  

 

(6) Statistical analysis limitations 

 The limited number of study sites (n=40), independent variables, and single pond 

visit limited the statistical robustness of this study. Within this type of study it is essential 

to ensure that there is minimal correlation between independent variables. Correlation 

between variables can change the significance of the relationship held between the 

independent and dependent variables. To limit correlation between variables, a large 

sample size should be used and then put through some form of analysis, either a PCA or 

model selection analysis, such as the Akaike Information Criterion analysis (AIC). This 

reduces potentially correlated variables to a smaller subset of uncorrelated variables (Van 

Buskirk, 2005). Because my sample size was small a PCA would produce variables with a 
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high degree of error, which is why I chose to carry out a simple correlation analysis rather 

than a model selection analysis. 

Although current research does use binary logistic regression for determining 

species presence, it is often paired with different indicators of the dependent variable, such 

as abundance data, which cannot be analyzed through a binary regression (Compton, 

Rhymer, and McCullough, 2002). Because there is a high probability of having false 

absence values within a small data set, many scientists argue that using only 

presence/absence data has a high degree of error and can be unrepresentative of what is 

actually occurring in the field (Pearce and Ferrier, 2000). To reduce error associated with 

presence/absence data Hirzel et al. (2002), used Hutchinson’s concept of the Ecological 

Niche Factor Analysis (ENFA), which is a multivariate approach, comparing distribution of 

focal species to a set of independent variables that describe the study area. The goal of the 

ENFA is to develop a statistical analysis that could be used when absence and abundance 

data are unavailable (Hirzel et al., 2002). The ENFA does require multiple visits to each 

site, which is why I was unable to use this type of analysis, but the debate continues as to 

whether this method should be selected over generalized linear models (GLM), which use 

abundance values rather than presence/absence data (Brotons et al., 2004, Basille et al., 

2008).  

Ultimately there are many different ways to analyze habitat selection data, each 

method has associated advantages and disadvantages. So long as the selected approach is in 

line with other studies the decision can be justified, but it is important to carry out both 

presence/absence as well as abundance analyses, as one might be lacking in statistical 

significance and the other might prove more useful.  
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Future Research Opportunity 

 Taking all potential errors into account a landscape-scale habitat selection research 

guideline can be developed to ensure that future studies will have the least amount of 

accumulated errors and bias. The first step is study site selection, making sure that there is 

no landscape overlap or that there is a minimum distance between all sites, effectively 

reducing the degree of spatial autocorrelation. Future wood frog studies in the Kluane 

region should examine landscape level variables such as forest cover, but should also 

examine the degree of microhabitat complexity around the pond perimeter. Ponds should 

therefore be selected if they are relatively uniform in size and shape as well as viewable on 

aerial photography and the Google Earth program. In terms of field seasons, multiple visits 

must be carried out over the course of two or more years depending on the available 

timeline for the project. During the breeding and metamorph activation period, both 

abundance and occurrence values should be recorded for wood frogs through visual and 

auditory surveys. More in depth analysis should take at the local scale; vegetation type, 

complexity, water pH, and conductivity should be included in the analysis. At a landscape 

scale, a land cover class map must be developed prior to the study to distinguish between 

forested, wetland, aquatic, and humanized landscapes. Gaining access to wood frog 

monitoring records from the Kluane National Park and Reserve could help in selecting 

sites, also adding a temporal aspect to the study. GIS analysis should be paired with aerial 

photography interpretation to ensure that vector datasets for aquatic variables are spatially 

accurate. These study characteristics should allow for greater landscape analysis to occur. 

By following these important rules an overall decrease in accumulated error and increase in 

significance of the results is observed, giving more power to conclusions made. 
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Chapter 6: Summary 

 This research study was carried out to determine whether local and/or landscape 

variables influenced aquatic habitat selection for wood frogs (Lithobates sylvaticus) in the 

Shakwak Valley in southwestern Yukon, Canada. No amphibian habitat selection research 

is being conducted in this area of the country. This is why the project should be considered 

a pilot project for future studies that would be more complete and comprehensive. Although 

field data was collected on a much shorter time scale than desired, results from this study 

were similar to previous habitat selection research on the species.  

Results supported the initial hypothesis that both local and landscape-scale variables 

were significant in predicting wood frog pond habitat. Pond perimeter and dominant pond 

perimeter vegetation were significant at the local scale, while area of large lake water 

bodies was found to be significant at the landscape scale of analysis. Pond perimeter and 

dominant perimeter vegetation could be considered indicators of pond hydroperiod. Wood 

frogs have been found to prefer seasonally desiccating ponds, as there is a decreased 

probability of aquatic predators, increased food availability for metamorphs, and potentially 

a higher level of microhabitat complexity for juvenile protection purposes. It is believed 

that the amount of large lake area is an indicator of how much forested habitat is not 

available for the wood frog, which is necessary for a large portion of their annual lifecycle. 

Methodological concerns are recognized within this study and are managed by providing 

alternatives for future studies. 

 Human development in the region will likely intensify in the coming years due to 

increased opportunities for northern oil and gas extraction and mining. Because the 

Shakwak valley represents an area in close proximity to the wood frogs most northern 
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range, it is imperative that research is carried out to determine the local and landscape 

variables that influence the selection of breeding habitats for the species. This study has 

provided the initial steps for future habitat conservation work. Continuing with this 

research could potentially produce results that show accurate predictions of where essential 

aquatic habitats are located, where they could be located, and how much forested area is 

needed around breeding ponds to sustain population numbers.  
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Appendix A. Rationale for selection of local and landscape variables 

Local Variables Rationale for Variable 
Selection 

Used for Analysis? 

Pond Perimeter Larger perimeter increases 
amphibian habitat 

Yes 

Pond Area Larger area may increase 
presence of aquatic predators 

No- High correlation 
coefficient to pond 
perimeter 

Perimeter:Area Ratio Relationship between 
perimeter and area 

No-High correlation 
coefficient to pond 
perimeter 

Presence or Absence of 
Open Water 

Preference to ephemeral 
ponds rather than perennial 
ponds 

Yes 

Dominant Perimeter 
Vegetation 
(A=Sedge, B=Horsetail, 
C=Sedge-mix, 
D=Nonsedge-mix, E=other) 

Provide various levels of 
microhabitat complexity for 
the wood frog juveniles 
(metamorphs) 

Yes 

Landscape Variables 
(1000m buffer radius) 

  

Total Buffer Area Larger landscape provides 
more area for species 

No-High correlation 
coefficient 

Total area of forest 
influenced by Spruce Bark 
Beetle (Dendroctonus 
rufipennis) infestation.  

Could have an impact their 
forested habitat availability, 
especially as a measure of 
forest density. 

Yes 

Topography Complexity 
(Digital Elevation Map) 

Could influence species 
ability to migrate through 
landscape. A high complexity 
could show dispersal 
limitations  

Yes 

Total area of ponds, Density 
of Ponds, total Length of 
Steam network, wetland 
area, distance to nearest 
pond 

Could influence species 
ability to migrate between 
ponds, increasing abundance 
in region 

Yes 

Total Perimeter of all water 
bodies in landscape 

Provide a large amount of 
pond edge habitat 

No – High correlation 
coefficient to total pond 
area and number of 
ponds 

Number of Rivers on 
landscape 

Allows for easier dispersal 
across the landscape 

No-High correlation 
coefficient to length of 
rivers 
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Area of large lake water 
bodies (>1km2) 

Indicator of unavailable 
habitat for the wood frog. 
Lakes do not seasonally 
desiccate therefore unable to 
be used as breeding sites, and 
limit forested area of 
landscape. 

Yes 

Presence of large lake water 
bodies 

Presence or absence indicator 
of unavailable habitat for the 
wood frog. Lakes do not 
seasonally desiccate therefore 
unable to be used as breeding 
sites, and limit forested area 
of landscape. 

No- High correlation 
coefficient with large 
lake area. 

% Human Landscape 
Alteration (ie, dirt roads, 
highways) 

Increased human disturbance 
results in decreased habitat 
availability/connectivity. 
Higher degree of forest 
fragmentation with more 
roads 

Yes 

 

 

 

 


