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This thesis is an investigation of the factors influencing the decisions made by 

juveniles during the three phases of dispersal: departure from the natal area, search and 

settlement. I used literature data on gregarious and solitary territorial mammals to test 

whether changes in mortality risk during dispersal and density influenced the probability 

of leaving the natal area. In gregarious mammals, dispersal probability remained constant 

with changes in mortality risk and increased with density. These results suggested that 

increased reproductive success might compensate for high disperser mortality when 

group membership in the natal area exceeded optimal group sizes among gregarious 

species. In solitary mammals, the decision to leave the natal area appeared to depend on 

the fitness costs to dispersal. Few juveniles dispersed when the mortality risk during 

dispersal was high and when conspecific density was high and competition for territorial 

sites outside the natal area, presumably, intense. Next, I examined the effect of mortality 

risk on search and settlement in the solitary, territorial American marten (Martes 

americana). I compared dispersal between a landscape composed of young, regenerating 

forests, hypothesized to represent suboptimal marten habitat, and an uncut landscape 
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composed of mature, old-growth forests. Juveniles from the regenerating landscape 

dispersed shorter distances and travelled more slowly than juveniles from the uncut 

landscape. A more detailed analysis revealed that the accumulation of mortality risk with 

increasing dispersal distance was two times higher in the regenerating versus uncut 

landscape. Differences in body condition, supported by previous studies of hunting 

efficiency, suggested that juveniles from the regenerating landscape were less capable of 

coping with the energetic demands of dispersal compared to juveniles from the uncut 

landscape. Neither dispersal cost, nor adult despotism appeared to influence patterns of 

juvenile settlement. Most juveniles settled 1 km from their capture location and 

occupied home ranges of similar quality to adults. The proportional increase in home 

range size with body mass suggested that juvenile settled in areas to satisfy their 

energetic requirements. This is the first study to quantify the effect of mortality risk on 

natal dispersal behaviour among territorial solitary mammals and, in particular, juvenile 

marten.   
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Prologue 

 

Natal dispersal is a widespread biological phenomenon, referring specifically to 

the movement of juveniles from their place of birth to where they reproduce or would 

have reproduced had they survived (Greenwood 1980). For some species of plants and 

aquatic invertebrates, dispersal may be a passive process assisted by wind or water. In 

other taxa, such as birds and mammals, dispersal is often viewed as an active decision-

making process, whereby juveniles make decisions based on the fitness payoffs to 

alternative options or behaviours (Johnson and Gaines 1990; Stamps 2001; Kokko and 

Ekman 2002). From an evolutionary perspective, these decisions should culminate in 

juveniles settling in habitats with the conditions that maximize lifetime reproductive 

success. However, dispersal is often a costly endeavour. Movement not only requires 

energy, but juveniles dispersing through unfamiliar habitats may experience difficulties 

finding food and shelter from predators (Larsen and Boutin 1994; Naef-Daenzer et al. 

2001; Barbraud et al. 2003), as well as aggression from conspecifics (Holekamp 1984; 

1986). Accordingly, where a juvenile eventually settles will likely depend on the 

environmental and demographic conditions that shape its experience. 

Dispersal has been divided into three phases to understand the decisions faced by 

juveniles and potential factors influencing those decisions (Stamps 2001; Bowler and 

Benton 2005). The first phase deals with whether juveniles should leave their natal area. 

This decision is most often posed in terms of the trade-offs between the potential fitness 

benefits associated with remaining in a familiar area, with presumably enough resources 

for successful reproduction, and the fitness costs associated with increased kin 

competition and inbreeding (reviewed by Johnson and Gaines 1990). The second phase 
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of dispersal deals with how juveniles should search for suitable areas for settlement once 

the decision to leave has been made. Juveniles must decide on how to sample habitat 

patches to acquire information about resource quality and availability, and how fast and 

how far to disperse across the landscape in search of suitable areas for settlement. The 

fitness payoff during the search phase may depend on the configuration of habitats and 

the mortality risks due to starvation and depredation associated with moving through 

unfamiliar areas (Zollner and Lima 1999, 2005; Heinz and Strand 2006; Stamps et al. 

2005). The third and final phase of dispersal deals with settlement (Stamps 2001; Stamps 

et al. 2005). Successful settlement is thought to depend on a juvenileôs ability to compete 

with other dispersers, and established residents (Stamps 2001). The literature on potential 

factors shaping the different phases is much more extensive than that presented above. 

The examples serve to illustrate how different factors may shape the outcome of the 

decision processes involved in dispersal.  

 Viewing dispersal in terms of a decision tree has led to a proliferation of 

theoretical  and appropriate technology to follow individuals from their place of origin to 

the location of settlement (Dieckmann et al. 1999). Consequently, the vast majority of 

empirical studies on natal dispersal still remain descriptive in nature.   

 I sought to fill the empirical gap in the dispersal literature by testing different 

hypotheses about the mechanisms governing each phase of dispersal: departure, search, 

and settlement. My research focused on dispersal in mammals, particularly the American 

marten (Martes americana), although my findings are interpreted in the broader context 

of dispersal theory. My findings are presented in four chapters, followed by a general 

summary.  
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Chapter 1 focused on the factors influencing the fitness trade-off between staying 

in the natal area (philopatry) versus leaving (dispersal). The relative payoffs between 

philopatry and dispersal are thought to be density dependent (Johnson and Gaines 1990). 

However, the form or shape of density dependence has been hypothesized to vary with an 

animalôs social system (Waser and Jones 1983; Emlen 1994; Kokko and Ekman 2002). 

The fitness benefits of cooperation should shift the relative payoffs in favour of 

philopatry in gregarious species and vice versa in solitary species where individuals 

defend resources for exclusive use. The latter hypothesis has not been tested. I used data 

from the published literature to test whether gregarious and solitary mammals exhibited 

different patterns of dispersal (proportion of juveniles dispersing) with changes in relative 

mortality risk of dispersal versus philopatry, and different patterns of density dependence 

(proportion dispersing versus density) in hopes of explaining some of the reported 

variation in the dispersal literature (reviewed by Gaines and McClenaghan 1980; Lambin 

et al. 2001).  

 The remaining chapters of my thesis focused on juvenile dispersal in the 

American marten (Martes americana). Several aspects of their biology make the marten a 

good species for testing hypotheses about dispersal. The marten is solitary and territorial. 

The defence of exclusive areas will likely pre-empt philopatry under most circumstances 

such that most juveniles will have no choice but to disperse, unless a parent has died. 

Marten are limited in their ability to accumulate fat reserves (Brown and Lasiewski 1972; 

Buskirk and Harlow 1989) and commercially harvested for their fur, suggesting that 

juveniles may be susceptible to the energetic cost of dispersal and experience substantial 

risk of mortality due to commercial harvesting. Finally, marten are hypothesized to be 
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indicators of old-growth forests, and are likely to be sensitive to differences in the 

distribution of forested habitats of different ages (Watt et al. 1996). I compared marten 

dispersal in two boreal landscapes of Northwestern Ontario: an uncut landscape 

dominated by old-growth, mature forests and a younger, regenerating landscape that had 

been logged and replanted 20-60 years ago (Thompson et al. 2007).  

In Chapter 2, I hypothesized that juvenile marten would respond to variation in 

habitat configuration and mortality risk (Thompson 1994; Andruskiw et al. 2008) in the 

regenerating and uncut landscape by adopting different movement strategies to maximize 

fitness. I tested this hypothesis by comparing four metrics characterizing movement: 

dispersal distances, rates of movement, turn angles and net displacement, between 

dispersers from the respective landscapes.  

 In Chapter 3, I further explored the fitness consequences of different movement 

strategies by focusing on how dispersal distance varied with mortality risk. The 

probability of dying while in transit is thought to be one of the most influential factors 

affecting dispersal distance (Murray 1967; Rousset and Gandon 2002). First, I tested 

whether juveniles from the regenerating landscape were in poorer condition and less 

capable of coping with the energetic demands of dispersal than juveniles from the uncut 

landscape. I then compared differences in dispersal distance and survival between the 

respective landscapes. In particular, I tested and evaluated the factors that best described 

variation in the accumulation of mortality risk with increasing dispersal distance between 

the two landscapes. I also explored the impact of commercial harvesting on disperser 

survival. 
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Finally, in Chapter 4, I examined factors influencing juvenile settlement. Home 

range size is predicted to scale proportionally to body mass when settlement is a function 

of energetic requirements (Harestad and Bunnell 1979; Lindstedt et al. 1986; Johnson et 

al. 2000). This relationship has been reported to explain age-related differences in home 

range size across mammalian species (Harestad and Bunnell 1979). Some researchers 

have suggested, however, that juveniles may occupy larger areas than predicted by the 

home range-body mass relationship (Lindstedt et al. 1986) when adult despotism forces 

juveniles into suboptimal habitats (Fretwell and Lucas 1969). Juveniles may also settle in 

larger home ranges to compensate for the accumulation of energetic cost during dispersal 

(Harestad and Bunnell 1979; Lindstedt et al. 1986; Stamps et al. 2005). I tested the 

effects of the cost of dispersal and adult despotism on marten home range size by 

evaluating a series of competing models incorporating information about age, body mass 

and the quality of habitats within marten home ranges. In the absence of dispersal cost or 

adult despotism, I predicted that both adult and juvenile home ranges would scale 

proportionally to body mass. 
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Chapter 1: Mortality risk and density dependent patterns of natal dispersal in 

mammals 

 

Abstract 

I used literature data to test whether solitary and gregarious territorial mammals exhibited 

differences in the probability of dispersal with changes in the relative mortality risk 

during dispersal (compared to philopatry), as well as differences in the probability of 

dispersal with changes in density. As predicted by several models, the probability of 

dispersal decreased with increasing mortality risk during dispersal among solitary 

mammals. Solitary mammals also exhibited negative density dependent dispersal. In 

gregarious species, the probability of dispersal remained constant with increasing 

mortality risk, suggesting that a high reproductive success may compensate for a high 

mortality risk during dispersal. This could explain why gregarious mammals exhibited 

positive density dependent dispersal. Dispersers may benefit from increased reproductive 

success when group membership in the natal area exceeds optimal group sizes. Future 

studies testing for changes in dispersal probability with variations in the relative 

reproductive success between dispersers and philopatric animals would help evaluate the 

plausibility of this hypothesis. This study is the first to demonstrate that the effect of 

mortality risk on dispersal probability and the sign of density dependence of juvenile 

dispersal vary with an animalôs social system. 

 

Keywords:  Evolutionary Stable (ES) dispersal strategies, juvenile dispersal, mortality 

risk, density dependence, social systems, meta-analysis. 
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Introduction  

The study of why juvenile animals leave their natal areas to establish breeding 

residence elsewhere has focused primarily on Evolutionary Stable (ES) dispersal 

strategies (Johnson and Gaines 1990; Dieckmann et al. 1999). ES dispersal strategies 

usually maximize individual fitness. Hence, the probability of dispersal should be low 

when the fitness payoffs to philopatry exceed the fitness payoffs to dispersal, and vice 

versa (Johnson and Gaines 1990; Kokko and Lundberg 2001; Kokko and Ekman 2002). 

Dispersal strategies are also often predicted to vary with competitor density, although the 

predicted patterns of density dependence depend on assumptions about the fitness 

tradeoffs associated with the alternative tactics (McPeek and Holt 1992; Kokko and 

Lundberg 2001; Kokko and Ekman 2002).  

Despite nearly 3 decades of research, ecologists are rarely able to predict 

variations in the probability of dispersal with changing conditions (Johnson and Gaines 

1990; Dieckmann et al. 1999). Reviews for birds and mammals have shown that both the 

fitness payoffs (Johnson and Gaines 1990; Bélichon et al. 1996) and the sign of density 

dependence (Gaines and McClenaghan 1980; Lambin et al. 2001) vary tremendously 

among species. Although this variation likely reflects interspecific differences in the 

mechanisms mediating dispersal strategies, the mechanisms involved have yet to be 

identified (Lambin et al. 2001). Identifying the source of variation in juvenile dispersal 

patterns among species could help identify the causal mechanisms.  

Several authors have suggested that differences in environmental conditions could 

produce different patterns in dispersal strategies between gregarious (group living) and 

solitary animals (Waser and Jones 1983; Emlen 1994; Lawson and Perrin 2007). This 
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idea stems from the notion that habitat saturation is most likely the evolutionary 

precursor to cooperation and group living (Emlen 1994). Dispersal models developed 

explicitly for gregarious species often assume that opportunities for dispersal are limited 

by intense competition for vacant sites (Kokko and Lundberg 2001; Kokko and Ekman 

2002), so many juveniles stay at home. Increased competition within the natal area will 

likely depress parental and juvenile fitness at large group sizes. Increasing costs to 

philopatry should, accordingly, increase the probability of juvenile dispersal (Kokko and 

Lundberg 2001; Kokko and Ekman 2002). In contrast, other dispersal models emphasize 

the fitness gains of dispersal (Johnson and Gaines 1990). The latter models might better 

describe dispersal among solitary animals that defend areas for exclusive use. By 

definition, solitary species should be reluctant to share resources with offspring beyond 

the age of independence. Hence, dispersal should generally be favoured over philopatry, 

except if disperser survival is unlikely (Johnson and Gaines 1990). Models emphasising 

the costs of dispersal predict a decrease in the proportion of juveniles dispersing with 

increasing mortality risk during dispersal (Johnson and Gaines 1990). 

This study tested whether the probability of dispersal decreased as a function of 

increasing mortality risk in gregarious and solitary animals. Increased mortality during 

dispersal should shift the survival benefit in favour of philopatry for both social systems. 

I also tested the effect of density on dispersal probability. Increase competition for 

breeding sites outside the natal area may increase the costs of dispersal. I, therefore, 

predicted a decrease in dispersal probability with increasing density in solitary mammals. 

In contrast, I expected dispersal probabilities to increase with density in gregarious 

animals due to increased costs to philopatry at large group sizes (Stamps 2001; Kokko 
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and Ekman 2002). I conducted my analyses using data from the published literature. I 

restricted my analyses to territorial mammals because studies on natal dispersal are 

generally biased towards mammals (Johnson and Gaines 1990; Bélichon et al. 1996) and 

because territoriality facilitates calculations of the proportion of juveniles dispersing.  

 

Methods 

I searched the published literature for relevant data on natal dispersal in territorial 

mammals, including references from major reviews (Gaines and McClenaghan 1980; 

Waser and Jones 1983; Johnson and Gaines 1990). I modified Greenwoodôs (1980) 

definition of natal dispersal to accommodate the data presented in literature, defining 

natal dispersal as the permanent movement (excluding exploratory forays) of juveniles 

outside an adult female territory. Juveniles were defined as sexual immature individuals. I 

collected data on the proportion of juveniles dispersing, overall competitor densities 

(adults and juveniles combined), and/or the survival of philopatric and dispersing 

juveniles. Although some papers provided estimates of the all the aforementioned 

variables, others had to be calculated from raw data. Each species was categorized as 

solitary (having resources for exclusive use) or gregarious (with extensive adult home 

range overlap and/or cooperation among adults) based on the information provided in the 

literature. Although more than 310 studies had dispersal data, stringent criteria for 

inclusion in the analyses (see below) reduced this number to less than 100 studies 

(Appendix A). 

Most mammalian studies reported differential survival between dispersing and 

philopatric offspring (~ 90% of studies). I used ln(odds ratio) as my measure of relative 
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mortality risk during dispersal (Hedges et al. 1999; Lipsey and Wilson 2001). Odd ratios 

(OR) were calculated as: 

OR= 
dp

pd

SD

SD
 

with D referring to the number of juveniles that died and S to the number of juveniles that 

survived, and the subscripts d and p to dispersal and philopatry, respectively (following 

Lipsey and Wilson 2001). Positive ln(OR) values indicate higher relative mortality risk 

during dispersal than philopatry, negative values indicate lower relative mortality risk 

during dispersal than philopatry, whereas zero ln(OR) values indicate similar mortality 

risk between the two tactics. Small sample sizes prevented me from examining changes 

in the proportion of juveniles dispersing with changes in mortality risk within species 

(see Table 1). Instead, I combined ln(OR) values for all species (N = 18 values from 12 

mammalian species) to test for differences between solitary and gregarious mammals. I 

refer to ln(OR) values as the relative mortality risk during dispersal. I tested for changes 

in the probability of dispersal with increasing mortality risk during dispersal between 

solitary and gregarious mammals using General Linear Mixed Effect model with species 

as a random variable. Ln-transformed body mass estimates were included in the mixed 

effect model to control for the possible confounding effects of life history traits (Kokko 

and Lundberg 2001).  

I tested the effect of density on the probability of dispersal using meta-analysis 

(Lipsey and Wilson 2001). I used the regression slope of the proportion of juveniles 

dispersing versus the natural logarithm of density to quantify effect sizes for density 
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dependence for individual species. Density effect sizes were calculated for species with 

three or more density estimates (see Appendix B).  

All  density effect sizes were weighted by the inverse of their variance (Lipsey and 

Wilson 2001). I tested whether effect sizes estimated the same population mean using a 

homogeneity test (Cochranôs Q Chi-squared approximation; Lipsey and Wilson 2001). 

Provided effect sizes were heterogeneous, I then used a random effects meta-regression 

model to test for differences in effect sizes between gregarious and solitary species 

(Lipsey and Wilson 2001), after controlling for differences in body mass.  

 

Results 

The probability of dispersal vs. relative mortality risk during dispersal 

There was no effect of body mass on the probability of dispersal (P = 0.82). Nor 

did the effect of body mass vary between solitary and gregarious mammals (P = 0.56). 

Thus, I removed body mass from the mortality risk analysis.  

Solitary and gregarious mammals showed different responses to increased 

mortality risk during dispersal (F = 36.46, P < 0.01; Fig. 1). Among solitary mammals, 

the probability of dispersal decreased as the relative mortality risk during dispersal 

increased ( SE= -0.10 0.01; Fig. 1). In contrast, there was no significant effect of 

increased mortality risk during dispersal on the proportion of juveniles dispersing among 

gregarious mammals ( SE= 0.02 0.02; Fig. 1). The intraspecific relationship 

between dispersal probability and the relative mortality risk was negative for the three 

solitary species with multiple risk measures and positive for the two gregarious species 
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(Table 1). Thus, the differences between the social systems were apparent both within 

and across mammalian species. On average, 46% of juveniles dispersed in solitary 

species compared to 42% in gregarious species (P = 0.08). 

 

Density dependent effect sizes 

The effect of density on the proportion of juveniles dispersing was heterogeneous 

among the 18 mammalian species (Q = 93.69, df = 17, P < 0.01). Overall, the strength of 

density dependence varied with body mass (SE= 2.25 0.90) such that large solitary 

mammals exhibited weaker negative density dependence (0) and large gregarious 

mammals exhibited stronger positive density dependence (>0) than their respective 

smaller-massed counterparts (Fig. 2a). There was no interaction between body mass and 

social system (P = 0.13; Fig. 2a). 

Solitary and gregarious mammals exhibited opposite signs of density dependent 

dispersal (z = 5.52, P < 0.01). The proportion of juveniles dispersing decreased with 

increasing density among solitary mammals (X [95% confidence intervals] = -5.33 [-

9.38 to -1.28]). Conversely, the proportion of juveniles dispersing increased with 

increasing density among gregarious mammals (X  = 13.24 [10.99 to 15.62]; Fig. 2b).   

 

Discussion 

My results indicate that solitary and gregarious mammals differ in their response 

to the relative risk of mortality during dispersal. Johnson and Gaines (1990) indicated that 

most dispersal models predicted a decrease in the probability of dispersal with increasing 

mortality risk, and that dispersal probabilities should remain high despite high risk. The 
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results for the solitary mammals are consistent with these predictions. The probability of 

dispersal decreased with increasing mortality risk during dispersal. About 30% of 

juveniles still dispersed when the relative risk to dispersers was seven times greater than 

the risk to philopatric juveniles. There was no detectable relationship with mortality risk 

in gregarious species, suggesting that factors other than dispersal costs affect dispersal 

strategies among gregarious mammals. Bélichon et al. (1996) reported that dispersers in 

some species of birds and mammals showed compensation between survival and 

reproductive success. The increase in dispersal probability at high densities in gregarious 

species is consistent with the hypothesis that reproductive benefits might outweigh 

survival costs in saturated habitats (Stamps 2001; Kokko and Ekman 2002).  

Solitary and gregarious species differed in their sign of density dependent 

dispersal. In general, the proportion of juveniles dispersing decreased with increasing 

conspecific density in solitary mammals. Increased competition via a reduction in the 

number of breeding sites or an increase in the number of competitors per site could make 

dispersal more costly in high-density populations for solitary species. In contrast, the 

proportion of juveniles dispersing increased with increasing conspecific density among 

gregarious mammals. This may be indicative of a reduced reproductive success in large 

groups. Several studies report decreased reproductive success of cooperative breeders 

when group membership exceeds optimal group sizes (Pusey and Packer 1987; McGuire 

et al. 2002). Alternatively, high densities may increase the length of breeding queues, 

decreasing the probability of future reproduction for philopatric juveniles (Kokko and 

Ekman 2002).  
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Building on the notion that dispersal should maximize individual fitness, McPeek 

and Holt (1992) examined dispersal strategies in light of Ideal Free Distribution theory 

(also Holt and Barfield 2001). Specifically, they modelled dispersal as a conditional 

strategy dependent on habitat type, defining habitat types in terms of carrying capacity 

(McPeek and Holt 1992). McPeek and Holtôs (1992) model predicts negative density 

dependent dispersal across habitats varying in carrying capacities when crowding within 

all habitats results in low fitness at high densities. Small increases in the number of 

philopatric juveniles are more likely to push small populations close to their carrying 

capacity (zero fitness gains) compared to populations living in habitats with higher 

carrying capacity, causing more juveniles to disperse from habitats with low conspecific 

densities and vice versa. The negative density dependence observed in solitary mammals 

is consistent with these predictions (McPeek and Holt 1992; Holt and Barfield 2001). 

Although not explicitly examined by McPeek and Holt (1992), changing the fitness 

payoffs among gregarious mammals to accommodate Allee effects (Pusey and Packer 

1987; McGuire et al. 2002), where the presence of conspecifics is beneficial at low 

densities but detrimental at high densities, could potentially result in positive density 

dependence (Stamps 2001). More juveniles should disperse from high-density habitats if 

Allee effects lead to higher fitness gains in habitats with low densities/carrying capacities 

compared to habitats with high densities/carrying capacities. Kokko and Ekman (2002) 

reached a similar conclusion, suggesting that populations varying mainly in the survival 

or reproduction of dispersers should show negative density dependent dispersal, and 

those varying mainly in the survival and reproduction of philopatric individuals should 

show positive density dependent dispersal. 
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Body mass influenced the strength of density dependence during dispersal. One 

potential factor confounding the body mass results is a potential bias for large-bodied 

mammals to be tracked via radio-telemetry resulting in more precise estimates of 

dispersal compared to those obtained for small-bodied animals using mark-recapture 

techniques. Such a systematic bias could potentially explain why both solitary and 

gregarious mammals showed a positive relationship with respect to variation in density 

dependent dispersal (Fig. 2a). However, an examination of the standard errors for the 

density effect sizes in Table 1 suggest that estimates for heavy animals (>10 kg) were 

equally variable as those for light mammals for both social systems.  

There are sound biological reasons for thinking that patterns of dispersal might 

vary with body mass. A long lifespan in large mammals may increase the cost of 

dispersal via increased competition for breeding sites in solitary species (Kokko and 

Lundberg 2001; Kokko and Ekman 2002). Similarly, a long lifespan may increase the 

cost of philopatry by reducing the probability of future reproduction (Pusey and Packer 

1987; McGuire et al. 2002; Kokko and Ekman 2002). These examples illustrate the 

importance of incorporating potential differences in life history traits, or surrogates like 

body mass, when examining interspecific variations in dispersal (Kokko and Ekman 

2002).   

In summary, this is the first study to indicate that both the responses to relative 

mortality risk during dispersal and the sign of density dependent dispersal differ between 

solitary and gregarious mammals. In solitary mammals, the patterns of mortality risk 

suggested that dispersal strategies were, in part, regulated by dispersal costs. Fewer 

juveniles dispersed when the probability of disperser mortality was higher than it would 
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have been if juveniles were philopatric. The decrease in dispersal probability with 

increasing density suggested that the cost of dispersal might be greatest in high-density 

populations. In gregarious species, juveniles dispersed at high densities despite potential 

increases in competition for breeding sites outside the natal (habitat saturation). I 

hypothesized that these differences between density-dependent responses stem from 

intrinsically different constraints in reproductive success between of solitary and 

gregarious species. Future work examining variations in dispersal probability with 

changes in relative reproductive success between dispersers and philopatric animals 

would help evaluate the plausibility of this hypothesis. The intriguing differences 

between solitary and gregarious mammals suggest that the social system provides an 

important factor for predicting patterns of dispersal.  
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Table 1. Mammalian species considered in the analyses organized by social system (G = 

gregarious; S = solitary) and in descending order of body mass. The sign of intraspecific 

changes in dispersal probability versus the relative mortality risk during dispersal and the 

sample sizes for density effect sizes are shown in brackets. 

 

Species 
Body mass 

(kg) 

Social 

system 

Effect sizes 
Mortality risk 

[ln(OR) SE] 
Density (  SE) 

Wolf 

(Canis lupus) 

 

38.20 G
1-2 

1.20  1.17  3.55 13.29 (6) 

African wild dog 

(Lycaon pictus) 

 

22.50 G3   8.65  64.04 (3) 

Lion 

(Panthero leo) 

 

15.75 G
4 -0.08 1.05 

-2.25 0.80 
(+) 18.82 1.84 (3) 

Coyote 

(Canis latrans) 

 

13.50 G
5-6 -2.79 0.79 

1.48 1.18 
(+) 15.68  5.53 (5) 

Yellow-bellied marmot 

(Marmota flaviventris) 

 

3.35 G
7-8 

-2.04 1.41   

Black-tailed prairie dog 

(Cynomus ludovicianus) 

 

0.91 G
9 

2.86 1.47  29.61  69.05 (3) 

California ground 

squirrel 

(Spermophilus beecheyi) 

 

0.65 G
10-11 

  9.01 2.05 (3) 

Columbian ground 

squirrel 

(Spermophilus 

columbianus) 

 

0.38 

 

 

 

G
12 

 

 

 

 

 

 

 

 

 

 

 

44.38 36.61 (3) 

 

 

 

Beldingôs ground 

squirrel 

(Spermophilus beldingi) 

 

0.35 G
10,13 

  -32.96 33.14 (4) 

Prairie vole  

(Microtus ochrogaster) 

 

0.03 G
15 

2.99 2.04  5.97  3.36 (6) 

Root vole 

(Miroctus oeconomus) 

 

0.02 G
16 

  13.46  5.55 (5) 
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Black bear 

(Ursus americanus) 

 

104.45 S
17 1.01 1.11 

0.41 1.01 
(-) -5.09 13.89 (3) 

Red fox 

(Vulpes vulpes) 

 

4.90  S
18 

-1.65 0.79  -6.00  4.42 (17) 

Brushtail possum 

(Trichosurus vulpecula) 

 

3.00 S
18-19

   -7.55 3.91 (6) 

Kit fox 

(Vulpes macrotis) 

 

2.25 S
20 

2.65 0.96  -3.08  5.12 (3) 

Red squirrel  

(Tamiasciurius 

hudsonicus) 

 

0.2 S
18 

-2.24 2.28  4.13  13.79 (8) 

Banner-tailed kangaroo 

rat 

(Dipodomys spectabilis) 

 

0.12 S
10 0.73 1.07 

-2.21 1.59 
(-)  

Townsendôs vole 

(Microtus townsendii) 

 

0.05 S
21 

  20.36  8.74 (6) 

Meadow vole 

(Microtus 

pennsylvanicus) 

 

0.04 S
10,22 

2.70 1.91 

1.83 2.15 

2.68 2.10 

(-) -13.13  6.53 (6) 

White footed mouse 

(Peromyscus leucopus) 
0.02 S

23 
  -8.78 5.59 (9) 

References used to determine social systems (Appendix A): 
1
Ballard et al. (1987); 

2
Peterson and Page 

(1988); 
3
Girman et al. (1997);

 4
Pusey and Packer (1987);

 5
Geese et al. (1988); 

6
Gese et al. (1989); 

7
Barash 

(1974); 
8
Armitage (1991);

 9
 Garrett and Franklin (1988);

 10 
Sutherland et al. (2000); 

11
Dobson (1979); 

12 

Murie and Harris (1984); 
13

Holekamp (1986);
 14

McGuire and Gertz (1995); 
16

Andreassen and Ims (1998); 
17

Rogers (1986); 
18 

Waser and Jones (1983); 
19

Clout and Efford (1984); 
20

Spiegel et al. (1996); 
21

Krebs et al 

(1978); 
22

Boonstra & Krebs (1983); 
23

Grau (1982).
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Figure 1. The probability of dispersal versus the relative risk of mortality during 

dispersal for solitary (ǒ) and gregarious (ƺ) mammals. Solid and dashed lines denote 

relationship for the two social systems, respectively. 
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Figure 2. Effect sizes quantifying the relationship between the proportion of juveniles 

dispersing and density for solitary (ǒ) and gregarious (ƺ) mammals. a) Variation in the 

strength of density dependence versus ln(body mass). Solid and dashed lines denote 

relationship for solitary and gregarious mammals, respectively. b) Variation in sign of 

density dependence between solitary (S) and gregarious (G) species. 
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Chapter 2: Landscape effects on dispersal movements of juvenile American marten 

 

Abstract 

I hypothesized that variation in habitat distribution and mortality risk between two boreal 

landscapes of Northwestern Ontario would result in different movement strategies among 

dispersing juvenile marten. Old-growth forests ( 71 yrs. old) dominated the uncut 

landscape, whereas younger forests that were logged and partly replanted some 20-60 

years ago dominated the regenerating landscape. Juveniles from the regenerating 

landscape dispersed shorter distances and travelled more slowly than juveniles from the 

uncut landscape. Reduced hunting efficiency in young forests may increase the energetic 

cost of dispersal, forcing juveniles from the regenerating landscape to stop and feed while 

in transit. The distributions of turn angles and temporal patterns in net displacement 

revealed a strong bias for direction reversals in both landscapes. Such movement could be 

indicative of systematic search strategies where juveniles return to familiar areas to 

minimize the mortality risk during dispersal, although more detailed analyses are 

necessary to differentiate this hypothesis from plausible alternatives. Overall, my results 

suggest that marten movement strategies differed between the regenerating and uncut 

landscapes, but that the differences were subtler than expected based on the movement 

li terature. This study represents one of the most extensive examinations of juvenile 

movement. Although dispersal studies are often limited by small sample sizes, my results 

illustrate how incorporating a wide range of movement metrics may allow for stronger 

inferences about causal mechanisms.  

Keywords: natal dispersal distances, movement rates, turn angles, net displacement, 

energetic cost, settlement 
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Introduction  
 

Natal dispersal is a widespread biological phenomenon where juveniles leave 

their place of birth in search of a new location to reproduce (Greenwood 1980). Although 

habitat selection theories state that animals should settle in habitats rich in resources to 

maximize reproductive success (Fretwell and Lucas 1969; Stamps 2001), a disperserôs 

knowledge of the quality of habitats available for settlement is limited to the types of 

habitats encountered while in transit (Luttbeg 2002; Stamps et al. 2005). More often than 

not, dispersal distances exceed the range of habitats for which juveniles may have 

acquired knowledge during exploratory forays prior to dispersal (Stuart-Smith and Boutin 

1995). Thus, decisions about where to settle and reproduce are likely contingent on how 

juveniles disperse across landscapes (Luttbeg 2002; Stamps et al. 2005). 

 Theoretical models simulating the movement of juveniles across landscapes have 

traditionally treated dispersal as a completely random process with animals moving some 

distance before randomly choosing a new direction and repeating the process (Turchin 

1998). However, completely random movement results in redundant behaviour with 

juveniles re-visiting habitat patches. Several researchers have noted that such redundant 

movement may be maladaptive particularly in landscapes comprised of large expanses of 

unsuitable habitat (Zollner and Lima 1999, 2005; Heinz and Strand 2006). Indeed, 

individual-based simulation models indicate that juveniles using completely random 

movement are often less successful at locating and settling in suitable patches of habitat 

than juveniles adopting alternative strategies involving more linear or systematic 

movements across landscapes (Zollner and Lima 1999, 2005; Conradt et al. 2003; Heinz 

and Strand 2006). Which of the alternative strategies maximizes disperser success 
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depends on the distribution of habitats across the landscape and the mortality risk of 

moving through different habitats (Zollner and Lima 1999, 2005; Conradt et al. 2003; 

Heinz and Strand 2006). Nevertheless, animals are predicted to move more linearly 

across landscapes with large patches of unsuitable habitat compared to landscapes 

comprised primarily of suitable habitat to reduce the risk of mortality (Zollner and Lima 

1999; Heinz and Strands 2006). With a few notable exceptions (Conradt et al. 2000, 

2001; Schtickzelle and Baguette 2003; Haughland and Larsen 2004; Selonen and Hanski 

2004), difficulties in following transient animals have hindered the empirical 

quantification of the movement of dispersing juveniles and comparisons of dispersal 

across different landscapes (reviewed by Zollner and Lima 1999, 2005).   

I characterized and compared the movement of juvenile marten (Martes 

americana) dispersing across two boreal landscapes of Northwestern Ontario. The uncut 

landscape was fairly homogenous in nature, dominated primarily by old conifer forests of 

71 years (Thompson et al. 2007). The second landscape was younger having been 

logged and partly replanted 20-60 years ago. The distribution of habitat patches in the 

regenerating landscape was more heterogeneous compared to the uncut landscape. 

Marten residing in young forests experience higher mortality (Thompson 1994) and 

reduced hunting efficiency (Andruskiw et al. 2008) compared to their old-growth 

counterparts. I hypothesized that juveniles attempting to maximize their fitness would 

respond to variation in the distribution of habitat patches and potential mortality risk by 

adopting different movement strategies in the regenerating versus uncut landscape. More 

specifically, I predicted that juveniles would move more linearly and disperse shorter 

distances in the regenerating versus uncut landscape to reduce the risk of mortality during 
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dispersal. I quantified and compared four metrics characterizing dispersal in the 

respective landscapes: dispersal distances, movement rates, turn angles and temporal 

patterns of net displacement. These metrics can quantify directional persistence and the 

linearity of movement (Turchin 1988; Zollner and Lima 1999; Heinz and Strand 2006). 

The combination of these metrics can strengthen inferences about causal mechanisms 

influencing juvenile search strategies, particularly when data are limited.  

 

Methods  

The study was conducted in two landscapes of the boreal forest near the town of 

Ear Falls, ON, Canada (50Ü38ôN, 93Ü13ô W). The uncut landscape (~ 2200 km
2
) 

comprised mainly of forest stands aged 71 years with recent timber clear-cutting. 

Homogenous patches of old, conifer forests dominated the uncut landscape (Table 1). 

The regenerating landscape (~1900 km
2
) was selectively logged or clearcut 20-60 years 

ago (Thompson et al. 2007). The regenerating landscape was more heterogeneous in 

nature, dominated by forest patches of black spruce (Picea mariana), jack pine (Pinus 

banksiana), balsam poplar (Populus balsamifera), trembling aspen (P. tremuloides) and 

white birch (Betula papyrifera)(Thompson et al. 2007). 

Juvenile marten were live-trapped in both landscapes from August 2001 to 

November 2005. Animals were sedated with a ketamine-xylazine mixture. Their sex, 

body length (cm) and mass (g) were recorded, and the first lower premolar was extracted 

for cementum aging (Archibald and Jessup 1984). I defined juvenile marten as animals 

1 yr old and adults as >1 yr old, using the 1
st
 of May to designate juvenile transition to 

adulthood (Smith and Schaefer 2002). Young marten are born in March-April and mature 
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sexually, at the earliest, in their second summer of life (>1 yr old; Thompson and Colgan 

1987). Marten were fitted with 30 g radio-collars prior to their release. Radio-collared 

animals were monitored via ground and/or aerial telemetry until December 2005.  

I defined dispersers as juveniles that moved a distance greater than the diameter 

of an adult female territory. I used 95% fixed kernels with cross validation (Kernohan et 

al. 2001) to estimate average adult territory size in each landscape, and assumed 

territories were circular to calculate territory diameter (Table 2; Chapter 4). I also 

inspected juvenile movement data for post-dispersal settlement because area-restricted 

movement within a territory would bias my results. Settled juveniles were defined as 

individuals whose movement were restricted to the diameter of an adult territory from the 

same sex class and landscape (Table 2) for more than a month. I omitted settlement data 

from the movement analyses and restricted my analyses to juveniles with 4 locations. 

Forty-three juvenile marten from the regenerating landscape and 45 juveniles from the 

uncut landscape met this criterion for inclusion (N = 88 dispersing juveniles). 

I characterized juvenile dispersal in the respective landscapes by estimating 

dispersal distances and movement rates. I calculated the Euclidian (straight-line) distance 

between a disperserôs capture location and where it died or was first located as an adult. I 

also calculated the distance between successive telemetry locations and defined total 

distance moved by a juvenile as the sum of the successive distances. Next, I calculated 

the ratio of Euclidian distance to total distance moved, predicting a ratio of ~1 if juvenile 

movement across the uncut and regenerating landscapes was linear. Finally, I divided 

total distance moved by the number of days a disperser was monitored to estimate daily 

movement rates.  
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Differences in Euclidian distances, total dispersal distances, their ratio and 

movement rates between the landscapes were analyzed using separate ANCOVA models. 

All aforementioned variables were ln-transformed to meet the parametric assumptions of 

the test. I included sex as an independent variable in the analyses to control for potential 

differences between juvenile males and females (Greenwood 1980; Dobson 1982). 

Patterns of dispersal are generally male biased in polygynous/promiscuous mammals like 

marten (Greenwood 1980; Dobson 1982). I also controlled for the number of days a 

disperser was monitored by including the latter as a covariate in the analyses.  

I tested whether juvenile dispersal was completely random and for differences 

between the landscapes in two ways. First, I calculated turn angle angles between 

successive moves for each disperser to assess changes in directional persistence (Turchin 

1998). Positive angles indicate right-turns and negative angles indicate left-turns. Angles 

close to 0º indicate forward movement, whereas angles closer to 180º indicate movement 

in the reverse direction. Completely random movement should produce a uniform 

distribution of turn angles (Turchin 1998). I used the Rayleigh test (Batschelet 1981) to 

assess whether turn angles were uniformly distributed. I combined the turn angles for all 

individuals and tested for differences between the landscapes using Kolmogorov-

Smirnov test. Second, I quantified patterns of net displacement (distance moved from 

point of capture) over time for dispersers in each landscape. Random movement should 

result in a gradual linear increase in net displacement over time (Turchin 1998). Patterns 

of net displacement were analyzed using Generalized Additive Mixed Model (GAMM; 

Wood 2006). I fit a variety of different smoothing functions to accommodate anything 

from linear to more tortuous movement (parameters: 1 to 10, respectively). Akaikeôs 
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information criterion (AIC; Burnham and Anderson 2002) was used to evaluate which 

relationship best described patterns of net displacement over time. I also evaluated model 

performance vis-à-vis different smoothing functions describing patterns of net 

displacement with month of capture. I forced all model intercepts through zero. I used a 

power transformation on the net displacement data (regenerating = y
0.21

; uncut = y
0.16

), 

allowed the variance in net displacement to vary as a function of time, and controlled for 

autocorrelation at the first time lag to improve model fit. All GAMM models included 

sex as a fixed effect (see above) and individual as a random effect. Data for the two 

landscapes were analyzed separately. Only the results for the most parsimonious model(s) 

are presented. Raw data on individual trajectories, turn angles and net displacements are 

plotted in Appendix C. 

 

Results 

General 

Fifteen juvenile marten were live-trapped in their natal areas in the regenerating 

(N = 4 juveniles) and uncut (N = 11 juveniles) landscapes prior to the onset of dispersal. 

All of these juveniles had left their natal areas by the beginning of September (range in 

initiation of dispersal: August 11 to September 16). Irregular sampling of juvenile 

locations prevented me from testing for temporal differences in the initiation of dispersal 

between the landscapes. Similarly, small sample sizes prevented me from testing 

hypotheses about the effect of natal habitat on dispersal (Stamps 2001; Stamps et al. 



 

33 

 

2005). All other juveniles were captured after the onset of dispersal with no information 

about natal habitats.  

Most juveniles were captured by the end of October (80% vs. 64% in the 

regenerating and uncut landscapes, respectively), about 1 month after the onset of 

dispersal (see above). The cumulative distribution of juveniles captured between July and 

March was similar in both landscapes (Kolmogorov-Smirnov test: P = 0.73). However, a 

larger proportion of juveniles were monitored for shorter time intervals in the 

regenerating versus the uncut landscape (z = 1.48, P = 0.03; Fig. 1). On average, 

dispersing juveniles from the regenerating landscape were monitored for 82 days and for 

103 days in the uncut landscape. I used the post-dispersal settlement data to investigate 

whether the timing of juvenile settlement contributed, at least in part, to the observed 

variation in monitoring times between the landscapes. About 30% (13/43) of the 

dispersers monitored from the regenerating landscape settled prior to their first birthday 

compared to 33% (15/45) in the uncut landscape. Of these juveniles, nearly 50% had 

settled by December in the regenerating landscape compared to only 13% in the uncut 

forest. Despite a tendency for earlier settlement in the regenerating versus uncut 

landscape, there was no significant difference in the cumulative distribution of settlement 

times between the landscapes (P = 0.77).  

 

Movement 

Juvenile dispersers from the regenerating landscape moved, on average, half as 

far as those from the uncut landscape. Euclidian distances in the regenerating landscape 

averaged 3.2 km (95% confidence intervals [2.2 to 4.6] km) compared to 5.9 km (95% 
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confidence intervals [3.6 to 9.7] km) in the uncut landscape (ANCOVA: F = 3.07, P = 

0.08). Neither sex (P = 0.88), nor the number of days monitored (P = 0.79) had any 

detectable effect on Euclidian distances. Similarly, juveniles from the regenerating 

landscape dispersed a mean total distance of 16.1 km  (95% confidence intervals [12.9 to 

20.0] km) compared to 28.1 km (95% confidence intervals [21.9 to 36.0] km) for 

juveniles from the uncut landscape (F = 8.24, P < 0.01). There was no detectable effect of 

sex on total dispersal distances (P = 0.39). However, the total distance dispersed 

increased with the length of time juveniles were monitored (SE = 0.0032 0.0015). 

Ratios of Euclidian distance versus total distance dispersed did not differ between 

the landscapes (P = 0.75), indicating that the discrepancy between the two metrics of 

dispersal distance was similar in the regenerating and uncut landscapes. Euclidian 

distances represented, on average, about 20% of the total distance moved (ratio [95% 

confidence intervals] = 0.20 [0.15 to 0.25]). The latter estimate is likely conservative 

given that my calculations of total distance surely underestimate the actual distance 

dispersed by juveniles. 

  Overall, juveniles from both landscapes moved less than 1 km/day (Fig. 2a). 

However, juveniles from the regenerating landscape moved at a slower rate than those in 

the uncut landscape (F = 6.54, P = 0.01; Fig 2a), after controlling for sex (P = 0.63) and 

the number of days monitored (P < 0.01). Daily movement rates averaged 0.2 km/day in 

the regenerating landscape compared to 0.4 km/day in the uncut. Overall, movement rates 

decreased the longer that dispersers were monitored (Fig. 2b).  

 The distribution of turn angles for dispersing juveniles was non-uniform in the 

regenerating (X
2
 = 124.7, df = 86, P < 0.01) and uncut landscapes (X

2
 = 121.1, df = 90, P 
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< 0.01; Appendix C). The distribution of turn angles in the regenerating landscape was 

similar to that in the uncut landscape (P = 0.72). Juveniles from both landscapes showed 

a bias for reversing direction (Fig. 3).   

 The most parsimonious models describing patterns of net displacement over time 

in the regenerating and uncut landscapes included 8 smoothing parameters. Patterns of 

net displacement were similar in the regenerating and uncut landscapes with juveniles 

initially moving between 3-5 km away from their location of capture (Fig. 4). Juveniles 

reversed direction after about a month, however, and moved about 1 km back towards 

their location of capture before moving away again (Fig. 4). Overall, there was no 

detectable difference between juvenile females and males in net displacement in either 

landscape. However, average values of net displacement were slighter greater for juvenile 

females (mean net displacement [95% confidence intervals] = 3.8 [2.5 to 5.3] km) than 

males (mean net displacement = 2.0 [1.3 to 3.0] km) in the regenerating landscape. The 

opposite was true for the uncut landscape where the average net displacement of juvenile 

males (mean net displacement = 4.8 [2.7 to 7.5] km) exceeded that of females (mean net 

displacement  = 2.6 [1.2 to 5.1] km).   

Month of capture had a significant effect on net displacement in the regenerating 

landscape (P = 0.02) with net displacement being greater among juveniles caught in early 

fall compared to those caught later. In contrast, net displacement initially increased, until 

about December, and then decreased with month of capture in the uncut landscape (P < 

0.01).   
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Discussion 

The movement of dispersing juveniles varied between landscapes. Juveniles from 

the regenerating landscape spent less time dispersing, dispersed shorter distances and 

travelled at a slower rate than individuals from the uncut landscape. Although juveniles 

from the regenerating landscape appeared to settle earlier than those from the uncut 

landscape, the differences in timing of settlement were not significantly different between 

the landscapes. The latter suggests that some other factor(s), like increased mortality risk, 

contributed to the shorter dispersal times in the regenerating landscape (Rousset and 

Gandon 2002; Stamps et al. 2005). The lack of structural complexity in young forests 

increases the energetic cost (Andruskiw et al. 2008) and, conceivably, the vulnerability of 

dispersers to predation (Thompson 1994). This may force juveniles from the regenerating 

landscape to spend more time foraging or being vigilant. Theoretical models of dispersal 

suggest that juveniles should move quickly through environments where the risk of 

predation is high (Gardner and Gustafson 2004; Zollner and Lima 2005). Slowing down 

to forage increases a disperserôs success at locating suitable patches for settlement, 

however, if juveniles have limited energy reserves and predation risk is relatively low 

(Gardner and Gustafson 2004; Zollner and Lima 2005). This suggests that energetic cost 

may influence movement rates (Zollner and Lima 2005; Stamps et al. 2005) and dispersal 

distances (Gardner and Gustafson 2004) among juvenile marten.  

Several theoretical models predict more linear search in environments comprised 

of large patches of unsuitable habitat compared to environments dominated primarily by 

suitable patches of habitat (Zollner and Lima 1999; Heinz and Strand 2006). Haughland 

and Larsenôs (2004) results support this prediction. Juvenile red squirrels (Tamiasciurus 
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hudsonicus) originating from mature forests restricted their search to nearby areas, 

whereas those originating from younger and more open forests tended to search further 

before settling (Haughland and Larsen 2004). In contrast, the turn angle distributions and 

patterns of net displacement of marten were comparable in both landscapes, and 

suggested a strong bias for direction reversal. The prediction that dispersers should move 

more linearly in high-risk environments may depend on the assumptions about the 

distribution of habitat patches (Heinz and Strand 2006). Selonen and Hanski (2004) 

reported no difference in directional persistence between juvenile flying squirrels 

(Pteromys volans) dispersing across young versus old forests. Like this study, variations 

in landscape configuration in Selonen and Hanskiôs (2004) study may have been too 

subtle to warrant differences in turn angles in old versus young forests, at least in terms 

of the broad forest age categories defined here (Gardner and Gustafson 2004).  

Several researchers (Zollner and Lima 1999; Heinz and Strand 2006; Bengtsson et 

al. 2004) have proposed that certain forms of bias in correlated random walks (non-

uniformly distributed turn angles) could produce the looping behaviour of systematic 

search strategies found in some insects, whereby individuals periodically return to 

familiar areas (Conradt et al. 2000, 2001, 2003). Although some juvenile marten 

appeared to engage in looping behaviour, an equal number did not (Appendix C). 

Individual variation in movement trajectories could reflect temporal differences in 

sampling. Alternatively, the variation could reflect differences in the habitat types that 

juveniles encountered while dispersing. Some juveniles may reverse direction when 

impassable barriers, such as lakes (Phillips et al. 1972) or clear-cuts (Schtickzelle and 

Baguette 2003) are encountered, or to avoid less preferred habitats (Nams and Bourgeois 



 

38 

 

2004). The variation could also reflect the coexistence of several strategies (Heinz and 

Strand 2006). Although the implications for the observed bias in turn angles and patterns 

of net displacement to the search strategies employed by juvenile marten remain unclear 

at the moment, my results indicated that dispersal movement in juvenile marten is not 

completely random or linear.  

There are a number of tools available for testing hypotheses about animal 

movement, and much debate over which is most appropriate (Turchin 1988; Nams and 

Bourgeois 2004; Benhamou 2006). A common practice in the movement literature is to 

compare observed squared net displacement patterns over time to those predicted for a 

correlated random walk model using Monte Carlo simulations. Such tests often produce 

large confidence intervals for predicted movement patterns when directional bias is not 

common to all individuals, resulting in increased probability of type I errors (Benhamou 

2006). Benhamou (2006) suggested working backwards in time from an individualôs last 

location to determine the magnitude and variation in directional bias among dispersers. 

This backwards pattern analysis may provide a more powerful test for determining 

differences in directional persistence between the landscapes, and help quantify 

individual variation in search strategies.  

 In summary, I found differences in the duration of dispersal, dispersal distances 

and movement rates between juvenile marten from the regenerating and uncut 

landscapes. Although these differences could be due to different configurations of 

patches between the landscapes, the results more likely reflect energetic constraints 

associated with dispersal between the landscapes. Juveniles may have to slow down or 

stop to forage in younger forests where reduced structural complexity hinders marten 
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hunting efficiency compared to that in old forests (Andruskiw et al. 2008). The 

plausibility of the energetic constraints hypothesis could be tested in future work by 

examining the relationship between juvenile energy reserves (or some surrogate like body 

condition) and mortality risk during dispersal. Juvenile marten tended to reverse direction 

when dispersing in both landscapes. Although the ecological implications of such 

reversals remains unclear, it does indicate that juvenile movement in marten was not 

completely random or linear. This study is one of the most extensive empirical 

investigations of search strategies employed by dispersing juveniles. Studies on dispersal 

are often limited by the difficulties associated with following transient animals. My 

results illustrate how incorporating a variety of different movement metrics may allow for 

stronger inferences about causal mechanisms and generate testable hypotheses for future 

work.   
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Table 1. Classification and availability of the ten different habitats found in both landscapes.  

Habitat  Description 
Proportion ( SE)

À
  

Regenerating  Uncut  

Old conifer  

 

Old deciduous  

 

Old mixedwood  

 

Old black spruce 

lowland  

 

Young conifer  

 

Young 

deciduous  

 

Young 

mixedwood  

 

Young black 

spruce lowland  

 

Regenerating 

forests  

 

Wetlands 

71 year old forests with  > 70% cover of coniferous trees  

 

71 year old forests with < 30% cover of coniferous trees 

 

71 year old forests between 30-70% (inclusive) cover of coniferous trees 

 

71 year old forests old of virtually pure black spruce forests growing on 

organic soils with poor drainage and growing conditions 

 

forests between 21-70 years old with  > 70% cover of coniferous trees 

 

forests between 21-70 years old with  < 30% cover of coniferous trees 

 

 

forests between 21-70 years old with 30-70% (inclusive) cover of coniferous 

trees 

 

forests between 21-70 years old of virtually pure black spruce forests growing 

on organic soils with poor drainage and growing conditions 

 

all forests 20 years old (recent clear-cuts, inclusive) 

 

 

marsh and riparian areas dominated by speckled alder (Alnus rugosa) 

0.19 0.06 

 

0.01 0.01 

 

0.06 0.05 

 

0.02 0.01 

 

 

0.16 0.04 

 

0.07 0.02 

 

 

0.19 0.05 

 

 

<0.01 0.09 

 

 

0.20 0.05 

 

 

0.09 0.01 

0.42 0.15 

 

0.01 0.03 

 

0.11 0.06 

 

0.04 0.05 

 

 

0.12 0.06 

 

0.01 0.02 

 

 

0.05 0.05 

 

 

<0.01 0.08 

 

 

0.19 0.17 

 

 

0.06 0.03 
À
averaged over the 5-year study
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Table 2. 95% kernel estimates of adult territory sizes in the respective landscapes. I assumed circular territories to calculate territory 

diameter. Sample sizes shown in brackets. 

 

Landscape 
Sex 

X  Territory size (km
2
)  Territory diameter (km)  

Regenerating landscape 

 

Uncut landscape 

Female 

Males 

Female 

Male 

2.88 1.31 (21) 

6.6 1.78 (16) 

3.44 1.58 (26) 

7.76 2.31 (21) 

1.92 

2.90 

2.09 

3.14 
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Figure 1. Differences in the number of days juveniles were monitored while dispersing 

across the regenerating (open) and uncut (shaded) landscapes.    
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Figure 2. a) Mean SE movement rates in the regenerating and uncut landscape. b) 

Movement rates versus the number of days juveniles were monitored in the regenerating 

(open) and uncut (shaded) landscapes. 
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Figure 3. Frequency distribution of turn angles for juveniles from the regenerating (open) 

and uncut (shaded) landscapes. The dashed line indicates the predictions for a uniform 

distribution of turn angles. 
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Figure 4. Left column, predicted net displacement (SE) versus time for juvenile a) 

females and b) males from the uncut landscape, and c) females and d) males from the 

regenerating landscape showing a tendency to move back towards their initial capture 

location after about 30 days. Patterns of net displacement tended to stabilize after 90 

days, thus the data were omitted. Right column, raw data for sexes from the respective 

landscapes.
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Chapter 3: Survival in relation to natal dispersal distances in the American marten  

 

Abstract 

I compared patterns of dispersal in the territorial American marten (Martes americana) 

between a younger, regenerating forest landscape and an uncut landscape dominated by 

mature, old growth forest to assess if variation in mortality risk during dispersal 

influenced dispersal distances. Juveniles travelled shorter distances in the regenerating 

landscape compared to the uncut landscape. Restricting the analysis to juveniles that 

survived to adulthood yielded similar results, suggesting that the short dispersal distances 

in the regenerating landscape were not a consequence of dispersers dying prematurely in 

transit. Variation in mortality with increasing distance indicated that long distance 

dispersers were less likely to survive than short distance dispersers. The overall increase 

in mortality, however, was two times greater in the regenerating versus uncut landscape. 

Although commercial fur harvesting contributed to the increased mortality with distance, 

the magnitude of this effect of was similar between landscapes, suggesting an additional 

factor was responsible for the landscape-based difference in dispersal risk. Differences in 

body condition, supported by other studies of hunting efficiency, suggested that juveniles 

from the regenerating landscape were less able to cope with the energetic demands of 

dispersal compared to juveniles from older forests. This study was among the first to test 

explicitly whether mortality risk increases with dispersal distance. Future work 

quantifying the relationship between mortality risk and distance may identify the 

environmental and demographic conditions influencing dispersal success. 

Keywords: mature versus harvested forests; dispersal distance; survival; Cox proportional 

hazard model; commercial trapping; refuges  
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Introduction   

The movement of juveniles across landscapes (natal dispersal, sensu Greenwood 

1980) is a key factor influencing population demography. The shape of the distribution of 

natal dispersal distances can determine rates of population spread and recruitment, with a 

strong impact on population persistence. Accordingly, a large body of literature has been 

dedicated to describing the distribution of dispersal distances. Our ability to explain 

variation in dispersal distances across species under changing conditions is still limited 

because the fitness costs of dispersal remain largely unknown (Johnson and Gaines 1990; 

Dieckmann et al. 1999; Bowler and Benton 2005).  

Most studies report that the distribution of natal dispersal distances is leptokurtic 

with relatively few juveniles moving long distances compared to those moving short 

distances (Wiens 2001; Rousset and Gandon 2002). Many researchers have suggested 

that the fat tails of dispersal distributions could be a consequence of increased fitness 

costs incurred while in transit (Murray 1967; Waser 1985; Rousset and Gandon 2002; 

Stamps 2001). More specifically, the increased time and energy investment, as well as an 

increased risk of predation, are thought to reduce the probability of survival among long 

distance dispersers. Accordingly, most juveniles should settle close to the natal area to 

reduce the risk of dying while in transit (Murray 1967; Waser 1985; Rousset and Gandon 

2002). A corollary of this logic is that dispersers should move shorter distances when 

mortality risks are elevated.   

Few empirical studies have explicitly tested whether mortality risk is related to 

dispersal distance with mixed results (Jones 1988; Harris and Trewhella 1988; Yoder et 

al. 2004; Pöysä and Paasivaara 2006). Harris and Trewhella (1988) reported a decrease in 
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mean age of death with increasing dispersal distance among juvenile foxes (Vulpes 

vulpes). However, they found that dispersal distances were similar in areas near an urban 

centre and those farther away despite differences in mortality rates (Harris and Trewhella 

1988), suggesting that juvenile foxes are incapable of assessing variation in risk. In 

contrast, variation in dispersal distance among juvenile kangaroo rats (Dipodomys 

spectabilis) was associated with changes in overall mortality risk (Jones 1988). Jones 

(1988) reported that the average dispersal distance was shorter in years of high 

population densities when mortality risk during dispersal increased with increasing 

dispersal compared to years of low densities when mortality risk was lower. Interestingly, 

the patterns were more pronounced among females than males (Jones 1988), suggesting 

that the sexes may respond differently to variation in dispersal risk. Differences in these 

studies indicates a clear need for more empirical work testing whether variation in 

mortality risk with increasing dispersal distance.    

I compared patterns of dispersal in the territorial American marten (Martes 

americana) between two boreal landscapes in northern Ontario, Canada, to assess the 

impact of the probability of survival on dispersal distances. Previous work has shown that 

marten hunting efficiency is low in young, regenerating forests (Andruskiw et al. 2008). 

I, therefore, predicted that increased energetic costs in a young, regenerating landscape 

comprised of 20-60 year old forest stands (Andruskiw et al. 2008; Chapter 2) should 

result in shorter dispersal distances compared to an uncut landscape dominated by more 

mature forest. The ability of juveniles to cope with the energetic demands of dispersal 

was assessed by testing for differences in body condition between the respective 

landscapes. I compared the distribution of dispersal distances between the regenerating 
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and uncut landscapes and also tested for differences between the sexes. I developed a 

series of Cox proportional hazard models to test whether mortality risk increased with 

dispersal distance and what factors might influence variation in mortality risk with 

increasing distance between the regenerating and uncut landscapes.  

 

Methods 

The study was conducted in two landscapes of the boreal forest near the town of 

Ear Falls, ON, Canada (50Ü38ôN, 93Ü13ô W). The uncut landscape was composed of 

forest stands of 71 years with some recent timber clear-cutting (Thompson et al. 2007). 

The regenerating landscape was younger having been selectively logged or clearcut 20-

60 years ago (Thompson et al. 2007).  

Commercial fur-trappers in both landscapes were contacted at the onset of the 

study. A number of individuals agreed not to harvest marten within core areas of the 

study site during 2001 through to the end of the trapping season in winter 2004. The size 

and number of the refuge areas differed between the landscapes. There was one large 

refuge measuring about 590 km
2
 in the uncut landscape and two smaller refuges in the 

younger, regenerating landscape measuring 260 km
2
 in total.  

Juveniles were live-trapped in both landscapes from August 2001 to November 

2005. Over 80% (950/1181) of the live-traps were located within refuge areas to 

minimize the effects of commercial trapping on the sample of marten. Methods for 

capturing, sedating and aging animals are described in Chapter 2. No information about 

natal habitats was available for the majority of juveniles because they were live-trapped 

at least one month after the onset of dispersal (Chapter 2). Radio-collared animals were 
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monitored via ground and/or aerial telemetry until December 2005. Commercial fur-

trappers from both landscapes provided additional information about the fate of radio-

collared animals, including the time and location of death, until February 2006. 

 

Body condition 

I used an individualôs mass adjusted for body length (body condition) to test 

whether juveniles from the regenerating and uncut landscapes differed in their ability to 

cope with the energetic demands of dispersal. Mass and length measurements were 

available for 194 juveniles (regenerating landscape: N = 94; uncut landscape: N = 100). I 

tested for differences in body condition between juvenile marten using ANCOVA 

(García-Berthou 2001) with body mass as a dependent variable, body length as a 

covariate, and sex and landscape as independent variables. Mass and length 

measurements were ln-transformed to meet the parametric assumptions of the test. 

 

Dispersal Distances 

I quantified natal dispersal distances as the straight-line distance between a 

juvenileôs first capture location and where it died or was first located as an adult. A total 

of 111 dispersal distances were calculated for juvenile marten from the uncut landscape 

(48 females, 63 males) and for 92 juveniles from the regenerating landscape (48 females, 

44 males).  

I compared observed distributions of natal dispersal distances between the 

landscapes using a Chi-square test with bin sizes of 5 km. Long distance dispersers were 

grouped into a final bin (>40 km) to ensure that no more than 20% of bins had an 
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expected frequency of <5. I compared the observed chi-square values obtained from the 

marten data to null distributions (of Chi-square values) generated using bootstrapping 

techniques (Manly 1991). I created the null distribution by re-sampling (with 

replacement) data from the uncut landscape 1000 times because mature, old growth 

forests are hypothesized to represent optimal marten habitat (Watt et al. 1996). I ran the 

bootstrapping analysis twice, once with all juveniles and then again with juveniles known 

to have survived to adulthood. The latter allowed me to assess if short dispersal distances 

were a consequence of juveniles dying in transit before completing the process of 

dispersal. I used a similar procedure for the comparison between sexes within each 

landscape, using the data from juvenile males to generate a null distribution.  

 

Survival 

I used Cox proportional hazard models to quantify the variation in mortaltiy with 

dispersal distance (Murray 2006). Cox proportional hazard models evaluate the 

instantaneous risk of mortality at a given distance (d), conditional on survival to that 

distance (xi), as:  

)...exp()()( 221101 ippii xxxdhdh  

with ho denoting the baseline hazard rate, p  the effect of the covariates included in the 

model on ho (after Murray 2006).  

I developed a series of models evaluating the relative effects of landscape, body 

condition, and/or sex on the hazards associated with dispersal distance (see Table 1). 

Several studies have implicated body condition as an important predictor of dispersal 
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distance. Although I expected mortality risk to increase with dispersal distance in both 

landscapes due to the accumulation of energetic cost and fur-trapping, I predicted that 

reduced hunting efficiency in the regenerating landscape (Andruskiw et al. 2008) would 

increase the overall risk for dispersers compared to those in the uncut landscape. Some 

studies report that heavier juveniles are more mobile (Holekamp 1984, 1986) and survive 

better than lighter counterparts (Barbraud et al. 2003), suggesting that enhanced body 

condition may attenuate mortality risk among long distance dispersers. Other studies 

suggest that the superior competitive ability of heavier juveniles may force juveniles in 

poorer condition to disperse farther in search of vacant sites for settlement (Gaines and 

McClenaghan 1980), potentially exacerbating the mortality risks of long distance 

dispersal. Accordingly, I included body condition as a potential covariate influencing the 

cumulative mortality risk with increasing distance within each landscape, and a landscape 

by body condition interaction to accommodate the possibility that the effect of body 

condition might vary between the landscapes. I used the residuals from the ANCOVA 

(see above) as my index of body condition within each landscape. I also included sex as a 

covariate because the energetic constraints of reproduction in promiscuous/polygynous 

mammals (Greenwood 1980; Dobson 1982) could make females more susceptible to the 

energetic costs of dispersal. A sex by landscape interaction was included to accommodate 

potential differences in risk between the sexes in the regenerating versus uncut landscape 

(Jones 1988; Chapter 2).  

I developed twelve models incorporating different combinations of these latter 

variables (Table 1). I evaluated the ability of the models to predict changes in mortality 

risk with increasing dispersal distances using Akaikeôs information criterion (Burnham 
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and Anderson 2002). Models were corrected for small sample sizes and overdispersion 

(QAICc; Burnham and Anderson 2002). The resultant Akaike weights were used to 

identify the most parsimonious model among those examined (Burnham and Anderson 

2002). A total of 143 juveniles were included in the Cox proportional hazard models, 54 

of which were censored (survival not known). The effect of each covariate is presented as 

the hazard ratio (exp[ ] ). For dichotomous variables, such as landscape, the hazard ratio 

can be interpreted as the ratio of risk for dispersers from the regenerating landscape (1) 

relative to that from the uncut landscape (0), controlling for other covariates in the model.   

I could not include refuge area as a covariate in the Cox proportional hazard 

models to test the potential impact of commercial harvesting on the mortality risks of 

dispersers because most of the data collected on dispersal came from juveniles collared 

within refuge areas. Movement of juveniles outside refuge areas was biased towards long 

distances. However, increased road access created by logging in the regenerating 

landscape could potentially make dispersers more vulnerable to commercial fur 

harvesting compared to the uncut landscape. To assess the potential impact of 

commercial fur harvesting on disperser survival, I used an individualôs first and last 

telemetry locations to create a dichotomous variable (hereafter refuge) indicating whether 

dispersers moved beyond the boundary of the refuge. I then used a logistic regression to 

test for overall differences in survival between juveniles remaining within and dispersing 

outside refuge areas in both landscapes. A sex by landscape interaction was included the 

latter analysis.  

 



 

 57 

Results 

Body condition 

Juvenile captures were staggered across months from July to March. I tested for 

temporal effects on body condition, and potential biases in my data set by including 

month of capture as a random variable in the body condition analysis. Although juveniles 

captured in late winter were lighter than those caught in early fall (P = 0.03), the effect of 

month of capture did not vary between the landscapes (P = 0.25). I, accordingly, removed 

month of capture from the analysis. 

Juvenile body mass increased with body length (SE= 0.20 0.09; Fig.2). Sex 

accounted for most of the variation in body condition (F = 104.87, P < 0.01) with 

juvenile males weighing, on average, about 200 g more than juvenile females after 

adjusting for body length (Fig. 1). The effect of sex on body condition did not vary 

between the landscapes (P = 0.61). However, juveniles from the regenerating landscape 

were in worse condition than those from the uncut landscape (F = 4.34, P = 0.04; Fig. 1). 

Juveniles from the regenerating landscape weighed, on average, 25 g less than their 

counterparts from the uncut landscape with similar body lengths. 

 

Natal dispersal distances 

The majority of juveniles were captured after the onset of dispersal in late August, 

early September (Chapter 2). I tested for the effect of month of capture on dispersal 

distance using an ANOVA with month of capture as a random variable and landscapes as 

an independent variable. Dispersal distances were ln-transformed to normalize the data 
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and I added 0.01 to all values to eliminate zeros. Overall, dispersal distance did not vary 

with month of capture (P = 0.32), nor was the lack of effect influenced by landscape (P = 

0.33).  

Dispersal distributions differed between the landscapes (X
2
 = 15.50, P = 0.02). 

Most juveniles remained within 5 km of their capture site, regardless of landscape. 

Dispersers in the regenerating landscape moved shorter distances than in the uncut 

landscape (Fig. 2). Juveniles from the regenerating landscape dispersed 8 km 

( 2882 ), on average, compared to 16 km ( 11042 ) from the uncut landscape. The 

maximum dispersal distance in the regenerating landscape (96 km) was less than that in 

the uncut landscape (214 km). Restricting the analysis to juveniles that survived the 

transition to adulthood yielded similar results (X
2
 = 12.87, P < 0.01). Dispersers from the 

regenerating landscape that survived to adulthood moved 4 km ( 222 ) on average 

with a maximum dispersal distance of 15 km, whereas those from the uncut landscape 

moved an average of 7 km ( 972 ), with one juvenile travelling up to 48 km from its 

capture location. 

 I did not detect significant differences between the sexes in either the regenerating 

(X
2
 = 3.38, P = 0.20) or uncut (X

2
 = 5.31, P = 0.30) landscape. Juvenile females from the 

regenerating landscape moved 6 km on average (2012 ; max. distance = 96 km) 

compared to 6 km ( 2052 ; max. distance = 91 km) for males. In the uncut landscape, 

females moved an average of 4 km ( 4.9322 ; max. distance = 181 km) compared to 

18 km ( 12442 ; max. distance = 214 km) for males. 

 

Survival 
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One model clearly outpreformed the others with the weight of evidence favouring 

it by almost 100 % (Table 1). The most parsimonious model among the twelve candidate 

models included landscape as the sole covariate influencing patterns of mortality risk 

with increasing dispersal distance (Table 1). There was, however, substantial unexplained 

variation even in the best model.  

Overall, 38% (54/143) of all juvenile marten survived to 1 year old. As 

predicted, mortality risk increased with increasing dispersal distance (Fig. 3). The hazard 

ratio indicated that the mortality risk of dispersal was about 2 times greater in the 

regenerating versus uncut landscape (exp[] = 2.30; 95% confidence limits [1.49 to 

3.56]). Indeed, only 25% (17/67) of the dispersers from the regenerating landscape 

successfully survived to adulthood compared to 49% (37/76) in the uncut landscape. The 

landscape hazard ratio remained unchanged when the analysis was restricted to juveniles 

dispersing within refuges (exp[] = 2.30).  

The results from the logistic regression indicated that the odds of surviving to 

adulthood increased about 5 fold for dispersers remaining within refuges compared to 

those dispersing beyond the refuge boundaries (exp[] = 4.91; 95% confidence limits 

[1.97 to 12.21]). The effect of refuge areas on survival did not vary between the 

landscapes (exp[ ] = 0.50; 95% confidence limits [-0.12 to 2.01]). This result suggests 

that the two small refuges in the regenerating landscape were as effective as the large 

refuge in the uncut landscape at protecting juvenile dispersers from commercial fur 

harvesting.  
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Overall, commercial harvesting of marten accounted for 60% (57/95) of all 

juvenile fatalities and did not vary between landscapes (P = 0.56). Fewer females were 

commercially trapped than males. Eleven of 23 (48%) females were commercially 

harvested in the regenerating landscape compared to 21 of 28 (75%) males. Similarly, 

44% (7/16) of females were commercially harvested in the uncut landscape compared to 

64% (18/28) of males. 

  

Discussion 

My results suggested that dispersal is costly in terms of juvenile survival. Overall, 

juveniles from the younger, regenerating landscape dispersed shorter distances and 

experienced lower survival than juveniles from the uncut landscape. The landscape 

differences in dispersal distance were similar when I restricted the analyses to juveniles 

that survived to adulthood, suggesting that the short dispersal distances in the 

regenerating landscape were not due solely to the premature death of juveniles in transit. 

High adult mortality (Thompson 1994), in combination with low adult densities (J. 

Fryxell, I. Thompson and J. Baker, unpublished data) could create more territorial 

vacancies in the regenerating versus uncut landscape, potentially explaining the shorter 

dispersal distances in young forests. Several researchers have suggested that juveniles 

may minimize the mortality risk associated with dispersal by using a simple, fixed 

behavioural rule to settle in the first vacant site (Murray 1967; Waser 1985). More 

complex Bayesian models suggest that comparative rules where juveniles choose the best 

site among those sampled offer higher fitness payoffs than fixed rules (Luttbeg 2002). 

Thus, the landscape differences in dispersal distances may be a consequence of juveniles 



 

 61 

adaptively adjusting site sampling relative to mortality risk in transit (Rousset and 

Gandon 2002; Stamps 2006). At this stage, I cannot differentiate between these alternate 

hypotheses, but suggest that future modelling that incorporates the movement results 

from Chapter 2 and information on population demography might resolve the issue.  

Although the mortality risk associated with dispersal is often hypothesized to 

increase with dispersal distance (Rousset and Gandon 2002; Stamps et al. 2005), only a 

few studies have quantified variation in survival with increasing dispersal distance. Two 

avian studies suggest that juvenile survival is invariant with dispersal distance (Yoder et 

al. 2004), perhaps because flight reduces dispersal time and consequently exposure to the 

mortality risk associated with transience (Pöysä and Paasivaara 2006). Bélichon et al. 

(1996) reported that dispersal affects avian fecundity rather than survival, suggesting that 

avian dispersers may be more susceptible to deferred dispersal costs, defined as the 

adverse effects of search on post-settlement fitness (Stamps et al. 2005). In contrast, at 

least two other mammalian studies have reported increased mortality among long 

distance dispersers (Harris and Trewhella 1988; Jones 1988).  

Similar to Harris and Trewhellaôs (1988) results, the commercial harvesting of 

marten contributed to increases in mortality risk with dispersal distance given that 

information on the majority of long distance dispersers came from commercial trappers in 

the study area. The landscape difference in mortality risk, however, remained unchanged 

when the hazard analysis was restricted to juveniles dispersing within refuges. Instead, 

the body condition results suggest that the poorer condition of juveniles in the 

regenerating landscapes may have hindered the ability of dispersers to cope with the 

energetic demands of dispersal, thereby reducing juvenile survival compared to the uncut 
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landscape (Naef-Daenzer et al. 2001; Barbraud et al. 2003; Andruskiw et al. 2008; 

Chapter 2). Individual variation in body condition, however, did little to improve the 

explanatory power of Cox proportional hazard models predicting variation in mortality 

risk with increasing distance, after the effect of landscape was taken into account. 

Commercial fur harvesting of marten accounted for over half of all juvenile 

mortality. This is somewhat surprising given the refuges in core areas of both the 

regenerating and uncut landscape. The agreement with commercial trappers did not 

preclude the harvesting of other species, and some bycatch of juvenile marten did occur 

in the refuges. Nevertheless, the refuges were effective in reducing disperser mortality. 

The odds of survival were four times higher for juveniles dispersing within the refuge 

than those that ventured outside the refuge. My results corroborate previous findings 

suggesting that commercial trapping can have a profound effect on juvenile recruitment 

in marten (Hodgman et al. 1994). Two small refuge areas in the regenerating landscape 

were equally effective at reducing juvenile mortality as one large area in the uncut 

landscape, presumably because dispersal distances were shorter in young forest.     

In summary, I found that juveniles from young, regenerating forests dispersed 

shorter distances and suffered higher mortality risk with increasing distance compare to 

juveniles from older forests. Reduced hunting success (Andruskiw et al. 2008) and poor 

body condition likely contributed to the reduced disperser survival in the regenerating 

landscape. Although the presence of refuge areas reduced the commercial harvesting of 

juvenile marten for fur, commercial harvesting still accounted for 60% of juvenile 

mortalities. Too few studies have tested whether mortality risk increases with dispersal 

distance to determine if this is a common biological phenomenon. Future work 
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quantifying the relationship between mortality risk and distance would help identify the 

environmental and demographic conditions influencing dispersal success. 
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Table 1. Models, predicted model outcomes and relative rankings using Akaikeôs Information Criterion of the twelve Cox 

proportional hazard models developed to explain variation in mortality risk with increasing dispersal distance among juvenile marten.  

All models were corrected for small sample sizes and overdispersion (QAIC c). The landscape model (1) is the most parsimonious 

model in the set.   

 

Model Predicted model outcome R
2 

QAIC c 

1 

 

2 

 

3 

 

4 

 

 

 

5 

 

 

6 

 

7 

 

 

 

8 

 

9 

 

10 

Landscape 

 

Sex 

 

Landscape, Sex 

 

Landscape, Sex,  

LandscapeSex 

 

 

Body condition (BC) 

 

 

Landscape, BC  

 

Landscape, BC,  

Landscape BC 

 

 

Sex, BC  

 

Landscape, Sex, BC 

 

Landscape, Sex, 

higher mortality risk in regenerating landscape
1
 

 

higher mortality risk in females than males
2
 

 

variation in mortality risk between landscapes and sexes 
1,2

 

 

landscape and sex influence variation in mortality risk
1,2

, however males in the 

regenerating landscape experience greater risk than male in uncut landscape 

(reduces sex differences in risk; Chapter 2)
3
  

 

heavier juveniles disperser farther, attenuating mortality risk with increasing 

dispersal distance
4 

 

landscape and BC influence variation in mortality l risk 
1,4

 

 

landscape and BC influence variation in mortality risk however heavier juveniles 

outcompete lighter juveniles for nearby vacant sites in regenerating landscape, 

exacerbating increase in mortality risk with distance
5 

 

sex and BC influence variation in mortality risk
2,4

 

 

variation in mortality risk between landscapes and sexes and with BC
1,2,4 

 

landscape, sex and BC influence variation in mortality risk, but the effect of sex 

0.11 
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0.13 
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11 

Landscape  Sex, BC 

Landscape, Sex, BC  

Landscape  BC 

 

varies between landscapes
1,2,3,4 

landscape, sex and BC influence variation in mortality risk, but the effect of BC 

varies between landscapes
1,2,4,5

 

 

0.15 

 

93.4 

12 Landscape, Sex,  

Landscape  Sex, BC,  

Landscape  BC 

landscape, sex and BC influence variation in mortality risk, with both the effect of 

sex and BC varying between landscapes
1,2,3,4,5

 

0.16 

 

118.4 
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Figure 1. Ln(body mass) versus ln(body length) of juvenile females (circles) and males 

(squares) from the regenerating (open) and uncut landscapes (shaded). The dashed and 

solid lines depict the relationships for the regenerating and uncut landscapes, 

respectively. Random numbers were added to length measurements to reduce overlap 

among data points. 
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Figure 2.  Distribution of natal dispersal distances for the regenerating (open) and uncut 

(shaded) landscapes.    
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Figure 3. Estimated changes in the cumulative hazards for juveniles from the 

regenerating landscape (dashed line) and uncut landscape (solid line) dispersing less than 

45 km.  
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Chapter 4: The effect of energetic requirement on juvenile settlement 

 

Abstract 

I tested whether juvenile space use patterns were influenced primarily by energetic 

requirements, the cost of dispersal, or adult despotism by comparing the relationship 

between home range size and body mass in juvenile and adult marten. The comparison 

was conducted using data from two boreal forest landscapes in Northwestern Ontario. My 

results suggested that energetic requirements alone influenced patterns of juvenile 

settlement. There was very little evidence supporting the hypothesis that the 

accumulation of dispersal cost might result in disproportionately large juvenile home 

ranges relative to their body mass and at least half of the juveniles settled 1 km away 

from their capture location. Nor did adult despotism appear to force juveniles into 

suboptimal habitats, perhaps because the landscapes were unsaturated. There is 

conflicting evidence about the effect of the cost of dispersal and adult despotism on 

juvenile settlement in the literature. Future studies quantifying the effects of both 

variables on age-related differences in body mass are necessary to identify the conditions 

under which either might have an effect on juvenile space use patterns. 

 

Keywords: home range size; body mass; adult despotism; energetic cost of dispersal; 

boreal forest 
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Introduction  

Juvenile settlement represents the final stage of natal dispersal (Stamps 2001; 

Bowler and Benton 2005). Juvenile settlement dictates, at least in part, dispersal distance: 

how far juveniles disperse depends on the availability of suitable habitats for settlement. 

Moreover, finding and securing locations with the resources necessary for survival and 

reproduction determines juvenile fitness. Although studies on natal dispersal have begun 

to reveal some of the factors that influence natal dispersal distance (Haughland and 

Larsen 2004; Zimmermann et al. 2005; Chapter 3), little is known about the mechanisms 

responsible for juvenile settlement (Stamps 2001).  

Several researchers have hypothesized that home range size (HR) should scale to 

body mass (BM) if animals settle in areas to meet their energetic requirements (McNab 

1963; Harestad and Bunnell 1979; Lindstedt et al. 1986). The relationship is predicted to 

follow: HR = a(BM)
b
, where a represents baseline metabolic needs and b represents the 

scaling exponent describing how energetic needs change with body mass (McNab 1963; 

Harestad and Bunnell 1979; Lindstedt et al. 1986). Although there has been some debate 

over the predicted value of b (Harestad and Bunnell 1979; Lindstedt et al. 1986; Haskell 

et al. 2002; Jetz et al. 2006), the results of most interspecific comparisons indicate that 

b 1 (Harestad and Bunnell 1979; Lindstedt et al. 1986; Haskell et al. 2002; Jetz et al. 

2006).  

Harestad and Bunnell (1979) found that the scaling relationship explained age-

related differences in home range size among mammals. Lighter juveniles, on average, 

had smaller home ranges than heavier adults, suggesting that body mass alone might 

explain age-related differences in space use within species (Harestad and Bunnell 1979). 
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Several researchers, however, have hypothesized that behavioural and social phenomena 

may alter the body mass relationship between juveniles and adults (Harestad and Bunnell 

1979; Lindstedt et al. 1986; Relyea et al. 2000). Juveniles may settle in large home ranges 

to compensate for the accumulation of energetic costs during dispersal (Harestad and 

Bunnell 1979; Lindstedt et al. 1986; Chapter 3). Alternatively, juveniles may have to 

range over larger areas to meet their energy needs because adult despotism forces 

juveniles into suboptimal habitats (Fretwell and Lucas 1969; Lindstedt et al. 1986). 

Although many studies report that young animals occupy poorer quality habitats than 

adults (Buskirk et al. 1989; Halama and Dueser 1994; Pärt 2001), few have 

simultaneously quantified home range size in a manner that would enable evaluation of 

the degree of support for energetic cost versus adult despotism hypothesis (Kokko and 

Ekman 2002; Ridley et al. 2004; Stamps et al. 2005). 

I evaluated the potential factors influencing juvenile settlement and space use by 

comparing home range sizes between adult and juvenile marten (Martes americana). The 

scaling of home range size to body mass among non-social mustelids species (including 

marten) is consistent with that reported in other scaling studies: HR = 2.26(BM)
1.3

 

(Johnson et al. 2000). Studies report increased marten home range size with decreased 

prey availability, a result consistent with the hypothesis that energetic needs determine 

marten settlement patterns (Thompson and Colgan 1987, 1990, 1994). Both results 

suggest that the home range-body mass relationship is an appropriate null model for 

marten. Evidence indicating that dispersal is costly for juvenile marten (Chapter 2 and 3) 

suggests that juvenile marten may have larger home range than adults after controlling 

for body mass. The adult despotism hypothesis may also be valid for marten, given 
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reports indicating age-related differences in dominance (Erlinge 1977; Herzog 2003) and 

habitat use (Buskirk et al. 1989). Most of the variation in home range size should be 

explained by variations in habitat quality if adult despotism forces juveniles into 

suboptimal habitats. I tested the effects of the cost of dispersal and adult despotism on 

marten home range size by evaluating a series of competing models incorporating 

information about age, body mass and the quality of habitats within marten home ranges. 

In the absence of dispersal cost or adult despotism, I predicted that both adult and 

juvenile home ranges would scale proportionally to body mass.  

 

Methods 

The study was conducted in two boreal forest landscapes near the town of Ear 

Falls, ON, Canada (50Ü38ôN, 93Ü13ô W). An uncut landscape (~ 2200 km
2
) comprised 

mainly of stands aged 71 years with some recent timber clear-cutting. The regenerating 

landscape (~1900 km
2
) was selectively logged or clearcut 20-60 years ago (Thompson et 

al. 2007). Marten were live-trapped in both landscapes from August 2001 to November 

2004. Methods for sedating and aging marten are presented in Chapter 2. I defined 

juvenile marten as 1 yr old and adults as >1 yr old (Smith and Schaefer 2002). 

Individuals were fitted with ca. 30 g radio-collars prior to their release.  

Radio-collared animals were located irregularly on a daily to weekly basis using 

ground and/or aerial telemetry. Locations were plotted on digital maps delineating 

different forest habitats based on age and tree species composition (Thompson et al. 

2007; Chapter 2). Home ranges were defined as the area used by an animal in a given 

year (from May to April in the following year). Water bodies were excluded from home 
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range estimates because marten are terrestrial. I used 95% local convex hull methods (k-

LoCoh) to estimate home range size (Getz and Wilmers 2004; Getz et al. 2007). The k-

LoCoh method constructs a series of minimum convex polygons (local hulls) based on 

the k-1 nearest neighbours of each telemetry location, where k approximates the square 

root of the locations for a given animal (Getz and Wilmers 2004). The local hulls 

essentially represent non-parametric kernels whose union produce an animalôs utilization 

density (Getz and Wilmers 2004; Getz et al. 2007). This method is less sensitive to 

outliers than parametric kernel estimates because it makes no assumptions about the 

underlying distribution of data (Getz and Wilmers 2004; Getz et al. 2007). Estimates of 

home range size were restricted to animals with 15 locations.  

I developed 4 models differentiating among the three hypotheses concerning 

juvenile settlement (Table 1). I predicted a proportional increase in home range size with 

body mass (b 1) in the absence of dispersal cost and adult despotism. This hypothesis is 

represented by energetic requirements model (Table 1). I included age (adult vs. juvenile) 

as a variable in the body mass model to test the effects of dispersal cost on juvenile 

settlement. I predicted that juveniles would have larger home ranges than adults of 

similar mass if the accumulation of dispersal costs influenced juvenile settlement (model 

2). I expected the accumulation of dispersal costs to influence the intercept rather than the 

slope of the juvenile body mass relationship because results from Chapter 3 suggest that 

dispersal cost does not vary with body mass within the respective landscapes. I 

incorporated information about home range quality into the body mass and age model to 

test the adult despotism hypothesis (models 3 and 4). Several studies show that prey 

densities and marten hunting efficiency are reduced in young versus old forest 
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(Thompson and Colgan 1987, 1990, 1994; Andruskiw et al. 2008). Thus, I used the 

proportion of forests <71 years old within each home range as my metric of suboptimal 

habitat. I expected larger juvenile home ranges to be associated with a higher proportion 

of young forest compared to adult home ranges if adult despotism forced juveniles into 

suboptimal habitats (model 3). I included a second adult despotism model (model 4) that 

just incorporated information about home range quality to ensure that the results for 

model 3 were not an artefact of an increased penalty due to additional parameters 

(Burnham and Anderson 2002). Both despotism models require an additional analysis 

confirming that larger juvenile home ranges are associated with a higher proportion of 

young forests. 

All models were analyzed using General Linear Mixed Models because several 

marten had sufficient data to estimate multiple home ranges across years. I included year 

as a random variable to control for fluctuations in small mammal abundance during the 

four-year study (J. Fryxell, I. Thompson and J. Baker, unpublished data). Data for the 

uncut and regenerating landscapes were analyzed separately to control for differences in 

habitat availability (Chapter 2) and body mass (Chapter 3). Home ranges and body mass 

were ln-transformed to meet the parametric assumptions of the test. I used an arcsin-

square root transformation on the proportion of young forest within marten home ranges. 

I restricted my analyses to individuals with body mass estimates. Fifty-one home range 

estimates from 38 marten in the uncut landscapes and 40 estimates from 23 marten from 

the regenerating landscape met my criteria for inclusion in the analyses.  

I evaluated the ability of the four models (Table 1) to predict variation in home 

range size using Akaikeôs information criterion corrected for small sample sizes (AICc; 
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Burnham and Anderson 2002). The resultant Akaike weights were used to identify the 

most parsimonious model among those examined (Burnham and Anderson 2002). 

  

Results 

Home range size was unrelated to the number of telemetry locations per marten 

from either the uncut (GLMM: SE= -0.003 0.007; locations: SEX  = 27.8 1.7 

locations/animal) or regenerating landscape (SE= 0.007 0.009; locations: SEX  

= 27.3 1.8 locations/animal), suggesting that estimates were not biased by variation in 

the number of locations among animals.  

In the uncut landscape, the most parsimonious was the energetic requirements 

model (Table 2). As predicted, marten home ranges increased proportionally with 

increasing body mass (Fig. 1). The evidence ratio favoured the body mass model over the 

dispersal cost model by almost four to one in the uncut landscape, indicating little support 

for the dispersal cost hypothesis (model 2 in Table 2; Burnham and Anderson 2002). 

There was virtually no support for the two models representing the adult despotism 

hypothesis (models 3 and 4 in Table 2). 

Juvenile and adult home range sizes were similar in the uncut landscape because, 

presumably, of the extensive overlap in body mass estimates between the age classes 

(Fig. 1). Juvenile home ranges averaged 2.8 km
2
 (95% confidence intervals = 1.7 to 4.0 

km
2
) compared to 3.3 km

2
 for adults (95% confidence intervals = 2.5 to 4.1 km

2
). 

Contrary to the adult despotism hypothesis, juveniles appeared to have less suboptimal 

habitats within their home ranges compared to adults. Young forests made up about 8% 

of juvenile home ranges (95% confidence intervals = 3 to 14% of young forests) 
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compared to 19% of adult home ranges (95% confidence intervals = 13 to 24 % of young 

forests) in the uncut forest.  

In the regenerating landscape, the weight of evidence favoured the model with 

body mass as the sole predictor of marten home range size, but suggested some support 

for the dispersal cost hypothesis (Table 2). Adult home ranges increased with body mass 

(Fig. 2). Light juveniles, however, appeared to have similar home ranges sizes to heavy 

juveniles (Fig. 2). I incorporated a body mass by age interaction into the dispersal cost 

model and tested whether it improved the modelôs performance. The recalculated Akaike 

weight indicated that there was only a 9% chance that the dispersal cost model with the 

body mass by age interaction term was the best model in the set. The additional model 

had no effect on the relative rankings of the energetic requirements and dispersal cost 

models. 

There was no difference between juvenile and adult home ranges in the 

regenerating landscape. Juvenile home ranges were, on average, 2.8 km
2
 (95% 

confidence intervals = 1.9 to 3.9 km
2
), whereas adult home ranges were 2.1 km

2
 (95% 

confidence intervals = 1.6 to 2.6 km
2
). The proportion of young forests within marten 

home ranges explained very little of the variation in home range size (Table 2). Young 

forests made up about 77 % of juvenile home ranges (95% confidence intervals = 71 to 

84% of young forests) compared to 84% of adult home ranges (95% confidence intervals 

= 79 to 88 % of young forests). 

I calculated the distance from the point of capture to the centre of a juvenileôs 

home range to estimate the accumulation of energetic costs during dispersal in each 

landscape. In the uncut landscape, the median dispersal distance for juveniles with home 
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range estimates was 1.0 km (range: 0.1 to 2.7 km). In the regenerating landscape, the 

median dispersal distance was about 0.9 km (range: 0.3 to 15.1 km).  

Seven juveniles survived to adulthood and had sufficient data to estimate their 

adult home ranges (N  15 locations). There was no detectable change in territory size 

with age among these juveniles (Wilcoxon signed ranked test: P = 0.48). Four juveniles 

decreased their home ranges as adults (average decrease = -0.8 km
2
; range: -0.2 to -1.7 

km
2
). The remaining three juveniles expanded their home ranges as adults (average 

increase = 1.9 km
2
; range: 0.1 to 4.4 km

2
). The age-related changes in home range size 

were positively correlated to changes in body mass (Spearmanôs correlation: r = 0.89, N 

= 7, P = 0.01; Fig. 3). 

 

Discussion 

Energetic requirements alone appeared to govern patterns of juvenile settlement in 

my study. The model evaluation results were reasonably unambiguous for the uncut 

landscape, where the weight of evidence favoured the energetic requirements model by 

74%. The AICc weight for the same model was lower for the regenerating landscape at 

60% and model selection uncertainty was higher. The conclusion that it was the most 

parsimonious among the set developed, however, appeared robust to additional post-hoc 

analyses (see below). Overall, the slopes of the home range-body mass relationship 

observed in this study were quantitatively consistent with reports from interspecific 

comparisons (Harestad and Bunnell 1979; Lindstedt et al. 1986; Johnson et al. 2000).   

There was little evidence to support the dispersal costs hypothesis. Half of the 

juveniles settled 1 km from capture locations. This distance is short compared to that 
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observed, on average, in either landscape (Chapter 3) and may underestimate the 

accumulation of energetic costs during transience. Data collection may have been biased 

towards short distance dispersers because these juveniles were easier to track in the field 

and less likely to get fur-trapped. Measurements of energetic costs for long distance 

dispersers may be difficult to obtain, however, because few long distance dispersers 

survive, at least in mammals (Jones 1988; Harris and Trewhella 1988; Chapter 3). In fact, 

the latter could indicate that the cost of dispersal manifest itself before settlement in 

mammals, although more studies quantifying the effect of dispersal cost on juvenile 

settlement are needed to evaluate the plausibility of this hypothesis. 

The age-related differences in marten home range size and quality were also 

inconsistent with the adult despotism hypothesis. Variations in habitat quality have 

generally been reported to explain a large proportion of the variance in home range size 

within species (Ferguson et al. 1999; Relyea et al. 2000). My metric of habitat quality 

may have been too coarse to capture subtler variations in quality among stands differing 

in both age and tree species composition (Thompson et al. 2007). The relative 

performance of the adult despotism models, however, was not improved by using the 

dominant stand type within marten home ranges based on species composition and age 

(Table 1 in Chapter 2) in either landscape (new model weights < 0.15). Buskirk et al. 

(1989) reported differences in rest site selection between adult and juvenile marten, 

suggesting that age-related differences in habitat selection might occur at a finer scale 

than a forest stand. Alternatively, the 4-year study may have been insufficient to allow 

marten populations to recover from the effects of commercial fur harvesting (Chapter 3). 
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The lack of habitat saturation may have reduced competition among adult and juvenile 

marten and enabled juveniles to settle close to where they were born.  

The three hypotheses developed to explain variations in home range size among 

dispersing marten represent an over-simplification of the complex relationships posited in 

the dispersal and habitat selection literature. In the Seychelles warbler (Acrocephalus 

sechellensis), increased cost of territorial defence allowed juvenile males to settle in the 

interstitial areas between adults despite intense competition for space (Komdeur and 

Edelaar 2001; Ridley et al. 2004). Interstitial settlement is not restricted to avian species. 

A large number of mammalian studies anecdotally report that juveniles occupy marginal 

areas between adults (Peterson 1977; Smith 1987; Vagen et al. 2001). Interstitial 

settlement may not only grant juveniles access to high quality habitats, but also allow 

juveniles to reduce the cost of dispersal by moving short distances or improving 

reproductive success (Kokko and Ekman 2002). Under such circumstances, juvenile 

home ranges may be smaller than predicted by the home range-body mass relationship 

and associated with high quality habitats. The cost of dispersal may also influence 

disperser habitat selectivity. Disperser may settle in poor quality habitats to minimize 

dispersal cost (Ward 1987; Stamps et al. 2005). In high quality environments, however, 

the accumulation of energetic costs during dispersal may increase habitat selectivity 

among dispersers (Stamps et al. 2005). These examples serve to illustrate the need for 

more quantitative tests of the factors influencing juvenile patterns of space use.    

In summary, my results were most consistent with the hypothesis that marten 

juvenile settlement is governed solely by energetic requirements related to body mass. I 

found little evidence that dispersal cost or adult despotism influenced home range size 
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because, perhaps, of survival constraints imposed by commercial fur harvesting. 

Theoretical and empirical evidence suggest that a larger number of factors could 

potentially influence juvenile settlement and space use (Harestad and Bunnell 1979; 

Lindstedt et al. 1986; Komdeur and Edelaar 2001; Stamps et al. 2005). Future studies 

using the body mass relationship as a null for testing alternative hypotheses may be 

useful in resolving the conflicting evidence about the relative impact of dispersal cost and 

adult despotism on juvenile settlement and space use patterns.  
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Table 1. Hypotheses, predictions and model representations explaining variations in home range size (HR) between adult and juvenile 

marten.  

 

Hypothesis Prediction Model representation  

Energetic 

requirements (alone) 

 

Dispersal costs 

 

 

Adult despotism 

Proportional increase in home range size with body mass (b 

1) 

 

Juveniles have larger home ranges than adults of similar 

mass  

 

Juveniles have larger home ranges than adults because 

juveniles occupy home ranges with a larger proportion of 

low quality habitats  

 

 

1 

 

 

2 

 

 

3 

 

 

4 

HR= body mass  

  

 

HR = body mass + age  

 

 

HR = body mass + age + %young 

forest
À
 

 

HR = %young forest
À
 

 

Àadditional analyses necessary to confirm that juveniles occupy home ranges with a high % of young forests 
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Table 2. Relative Akaike weights, R
2
 values and parameter estimates for the four models developed to explain variations in home 

range size between adult and juvenile marten. All models were corrected for small sample sizes. The energetic requirements model (1) 

with body mass as the sole predictor of home range size is the most parsimonious model in the set for both landscapes.   

 

Landscape Models Model 

weights 

R
2 

Parameter estimates )( SE  

uncut 1 

 

2 

 

 

3 

 

 

 

4 

HR = body mass 

 

HR = body mass + age 

 

 

HR = body mass + age + young forest  

 

 

 

HR = young forest 

 

0.74 

 

0.20 

 

 

0.05 

 

 

 

<0.01 

0.11 

 

0.12 

 

 

0.15 

 

 

 

<0.01 

body mass  

 

body mass 

age  

 

body mass 

age 

young forest 

 

young forest 

 

1.32  0.38 

 

1.91  0.39 

0.03 0.18 

 

1.29  0.40 

0.06  0.19 

0.18  0.44 

 

0.23  0.45 

regenerating 1 

 

2 

 

 

3 

 

 

 

4 

HR = body mass 

 

HR = body mass + age 

 

 

HR = body mass + age+ young forest 

 

 

 

HR = young forest  

 

0.60 

 

0.30 

 

 

0.10 

 

 

 

0.04 

0.14 

 

0.18 

 

 

0.19 

 

 

 

0.02 

body mass  

 

body mass 

age 

 

body mass 

age 

young forest 

 

young forest 

1.12 0.45 

 

1.06 0.44 

0.31  0.23 

 

1.05  0.44 

0.31  0.23 

-0.16  0.74 

 

-0.63  0.77 
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Figure 1. The predicted relationship between ln(home range) and ln(mass) for juvenile 

(open) and adult (shaded) marten from the uncut landscape, after controlling for yearly 

variation among individuals during the 4-year study. 
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Figure 2. The predicted relationship between ln(home range) and ln(mass) for juvenile 

(open) and adult (shaded) marten from the regenerating landscape, after controlling for 

yearly variation among individuals during the 4-year study. 
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Figure 3. Changes in home range size (HR) versus changes body mass (BM) for 

juveniles that survived as adults in the uncut (open) and regenerating (shaded) 

landscapes.  
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Epilogue 

 

My objective was to explore ecological constraints and consequences of different 

phases of dispersal: departure from the natal area, search and settlement. Although the 

dispersal literature is rich in theory on the mechanisms that might influence each phase of 

dispersal (Bowler and Benton 2005; Zollner and Lima 2005; Stamps et al. 2005), my 

results suggest that factors influencing the probability of disperser survival play an 

important role in shaping most aspects of natal disperser behaviour, at least among 

territorial solitary mammals and, in particular, juvenile marten (Martes americana).   

 Several dispersal reviews have identified an animalôs social system as a key factor 

influencing the decision to leave the natal area (Sutherland et al. 2000; Lawson and 

Perrin 2007). However, none have provided quantitative evidence showing how an 

animalôs social system influences the relative fitness payoffs to dispersal. In Chapter 1, I 

provide the ñmissing linkò by showing that solitary and gregarious mammals exhibit 

different dispersal probabilities with changes in the relative risk of mortality during 

dispersal. The results for solitary mammals were consistent with the hypothesis that 

mortality risk regulates dispersal strategies: dispersal probability decreased as the relative 

risk of mortality during dispersal increased. Decreased dispersal probability at high 

population densities among solitary mammals suggested that increased competition 

reduced the fitness payoffs to dispersers, implicating density as a key factor influencing 

disperser survival (McPeek and Holt 1992; Kokko and Ekman 2002). Results were 

different for gregarious mammals. There was no detectable effect of mortality risk during 

dispersal on dispersal probability among gregarious mammals. In gregarious species, 

dispersal probability increased with increasing density. Decreases in reproductive success 
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in the natal area when group membership exceeds optimal group sizes may make 

philopatry unprofitable at high densities (Stamps 2001; Kokko and Ekman 2002). Future 

studies testing for changes in dispersal probability with variations in the relative 

reproductive success of dispersers and philopatric animals would help evaluate the 

plausibility of this hypothesis.  

I shifted focus in Chapters 2, 3, 4 to compare patterns of dispersal in juvenile 

marten in two boreal landscapes of Northwestern Ontario: an uncut landscape dominated 

by old-growth mature forest, and a younger, regenerating landscape dominated by 20-60 

year old forests. My results extended those presented in Chapter 1 by implicating the 

probability of survival as an important factor influencing decisions during search in 

solitary, territorial marten.   

In Chapter 2, I hypothesized that differences in distribution of forest habitats and 

increased mortality risk in young forests (starvation and predation; Thompson 1994; 

Andruskiw et al. 2008) would result in different dispersal patterns among juveniles from 

the regenerating and uncut landscapes. Juveniles from the regenerating landscape 

dispersed shorter distances and travelled more slowly than juveniles from the uncut 

landscape. The landscapes differences in movement were most consistent with the notion 

that juveniles in young forests were less efficient at foraging en route than animals in old 

forest landscapes (Zollner and Lima 2005; Stamps et al. 2005; Andruskiw et al. 2008). 

Juveniles from both landscapes showed a strong bias for reversal directions. Future 

analyses quantifying individual variation in directional persistence may help determine 

whether the bias is a consequence of systematic search strategies. 
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The above energetic cost hypothesis was further explored in Chapter 3. 

Specifically, I assessed the ability of juveniles to cope with the energetic demands of 

dispersal by testing for differences in body condition, survival and dispersal distances 

between landscapes. Consistent with the energetic cost hypothesis, I found that the poor 

body condition of juveniles from the regenerating landscape was associated with reduced 

survival and shorter dispersal distance. In particular, I showed that juveniles from the 

regenerating landscape suffered from higher mortality risk with increasing dispersal 

distances than juveniles from the uncut landscape. Studies quantifying the accumulation 

of mortality risk with dispersal distance are rare in the dispersal literature (Jones 1988; 

Harris and Trewhella 1988; Yoder et al. 2004; Pöysä and Paasivaara 2006), presumably 

because data on the fate of dispersers are difficult to acquire. Nevertheless, such data are 

necessary for proper testing of the efficacy of dispersal models at predicting dispersal 

distances (Murray 1967; Waser 1985; Rousset and Gandon 2002; Stamps et al. 2005), 

colonisation rates and species persistence across landscapes.   

Finally, in Chapter 4, I showed that home ranges scaled in proportion to body mass for 

both juvenile and adult marten. The latter result suggests that juvenile settlement in 

marten is largely determined by energetic requirements. Neither adult despotism nor 

dispersal costs appeared to have an effect on juvenile home ranges. Juvenile home ranges 

were of similar quality to adult home ranges, suggesting that adult despotism did not 

force juveniles into suboptimal habitats. Nor did the accumulation of energetic costs 

appear to influence home range size (Stamps et al. 2005). This result is seemingly 

inconsistent with the conclusions drawn in Chapter 2 and 3, but may have been a 

consequence of a bias towards short distance dispersers in the data set. Future tests of the 
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relationship between home range size and body mass are needed to identify the 

conditions under which dispersal cost and adult despotism influence juvenile settlement.   

Although the results presented in this thesis suggest that patterns of dispersal in territorial 

solitary mammals like marten are shaped by mortality risk during transience (Johnson 

and Gaines 1990), it is unclear whether juveniles respond to the cost by settling in the 

first territorial vacancy (Murray 1967; Waser 1985) or adaptively respond to variations in 

costs by modifying, for example, the number of sites sampled before settling (Luttbeg 

2002; Stamps et al. 2005). My reading of the dispersal literature suggests that little 

empirical evidence exists allowing for the differentiation between these alternative 

hypotheses. Although modelling may be required to resolve this issue for marten, I think 

that future studies involving the experimental removals and/or additions would be 

extremely useful. Such manipulative experiments would have to design protocols that 

allowed for low territorial vacancies in environments with high dispersal cost and/or high 

territorial vacancies in low cost environments to avoid confounding the effects of high 

dispersal cost with high territorial vacancies, or vice versa.  
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Appendix B. Raw data used to calculate effect sizes describing the relationship between the proportion of juveniles dispersing (y-

axis) and density (x-axis) for a) gregarious and b) solitary mammals. 
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Appendix C. Individual trajectories (left column), turn angle distributions (middle column) and patterns of squared net displacement 

(right column) for all juveniles. Juveniles identified by collar frequency and tattoo. 

 


