Chapter 10

ZOOGEOGRAPHY, SPACING PATTERNS, AND
DISPERSAL IN FISHERS:

Insights Gained from Combining Field and Genetic Data

Keith Aubry, Samantha Wisely, Catherine Raley, and Steven Buskirk

Abstract:  We demonstrate how research questions generated from radiotelemetry studies of
fishers (Martes pennanti) can be further elucidated by combining field and ge-
netic data. We genotyped a sample of 20 fishers at 9 polymorphic microsatellite
loci and used these data to calculate observed and expected heterozygosity, esti-
mate coefficients of relatedness, and exclude potential parent-offspring combina-
tions. Previous research indicated that the population of fishers occurring in the
southern Cascade Range in Oregon is reintroduced. Due to the presence of poten-
tially strong ecological and anthropogenic barriers between that population and
fishers occurring in the northern Siskiyou Mountains of Oregon, we hypothesized
that they are geographically isolated from each other. Analyses of microsatellite
genotypes supported this hypothesis by providing empirical evidence that genetic
introgression of fishers from the northern Siskiyou Mountains into the southern
Cascade Range has not occurred. Results from our field study indicated that male
fishers may exhibit either of 2 distinct behavioral strategies during the breeding
season. For 3 successive breeding seasons, 2 adult males in our study area re-
mained resident on their non-breeding home ranges, whereas 1 or 2 other males
(onedied after year 1) abandoned their non-breeding home ranges and encroached
on the home ranges of resident males. To determine which strategy resulted in
greater reproductive success, we used field and genetic data to exclude potential
parent-offspring relationships between these 4 males and 7 juveniles. In contrast
to resident males, encroaching males could not have fathered any of the juveniles.
These results suggest that maintaining intrasexual territoriality during the breed-
ing season may provide a reproductive advantage to male fishers. Our research
also provides the first empirical evidence of male-biased juvenile dispersal and
female philopatry in fishers. In accordance with predictions from genetic theory,
our analyses showed that adult femal es had significantly higher relatedness values
than adult males, and that there were many more potential first-order relationships
among adult females than among adult males. As these examples demonstrate,
including genetic information in data analysis can substantially improve the heu-
ristic value of field studies and enable researchers to study additional aspects of
population biology.

201



202 Martens and Fishers (Martes) in Human-altered Environments

1. INTRODUCTION

Researchers generally infer social structure and spacing patterns of mam-
mals from behavioral observations, mark-recapture data, or radiotelemetry lo-
cations. Obtaining such datain the field is challenging, and resulting datasets
often suffer from small sample sizes or lack of data for 1 or more study ani-
mals. Logistical constraints on the geographic extent of most radiotelemetry
studies may prevent long-distance movements or dispersal events from being
detected, and such movements can aso be confused with transmitter failure.
Furthermore, unsuccessful copulations, cuckoldry, or multipaternity litterscan
beimpossibleto detect with traditional research approaches, and familial rela
tionships can be inferred incorrectly when adults who are not the biological
parents are behaviorally or spatially associated with young (Avise 1994).

Recent developments in genetic techniques (Parker et a. 1998) and the
widespread application of genetic data to wildlife conservation (Haig 1998)
have led many field biologists, including those studying fishers (Martes
pennanti) and American martens (M. americana), to routinely collect tissue
samples from their study animals for potential use in genetic studies. Several
researchers have measured genetic variation in fisher and marten populations
(Mitton and Raphael 1990; Carr and Hicks 1997; McGowan et al. 1999; Will-
iams et al. 1999, 2000; Kyle et a. 2000, 2001; Drew et al. 2003; Kyle and
Strobeck 2003), but the use of genetic information to augment field studies of
wild populations of fishers or martens has not been reported. Here, we demon-
strate how genetic information can be used to test research hypotheses gener-
ated from field dataand published literature, and provideinsightsinto the biol-
ogy of fishers both within and among populations that could not be obtained
by analyses of field data alone.

1.1 The Study Population

From 1995 to 2001, we (KA and CR) conducted aradiotelemetry study of
fishers on the west slope of the Cascade Range in southern Oregon (Fig. 10.1;
Aubry and Raley 2002). Based on trapping resultsin our study areaand exten-
sive survey efforts by resource management agenciesin Oregon using remote
cameras and trackplate boxes (Aubry and Lewis 2003, K. Aubry, unpublished
data), we concluded that the geographic distribution of our study population
was restricted primarily to the shaded area shown in Fig. 10.1. Fisher popula-
tions in the Pacific states are unharvested; commercial trapping of fishers has
been prohibited in Oregon and California since 1937 and 1946, respectively.
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Figure 10.1. Distribution of fishersin southwestern Oregon and northwestern California. Open
circlesindicate capture sites of the 18 fishersfrom our study population in the southern Cascade
Range in Oregon; the shaded polygon is the 100% minimum convex polygon (MCP) for all
radio-marked animalsin our study. Open triangles are the localities where 2 adult male fishers
were trapped incidentally in the northern Siskiyou Mountains in Oregon. Solid circles are
localities where fishers were detected during track-plate and remote-camera surveys in
northwestern California (Zielinski et al. 1995) and in southwestern Oregon (Aubry and Lewis
2003, K. Aubry, unpublished data). Interstate Highway 5 is shown as a heavy banded line and
county boundaries are shown as thin solid lines.
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Several attempts have been made to reintroduce fishers to Oregon; be-
tween 1961 and 1981, 41 fishers were transocated to various locations in or
adjacent to our study area (Kebbe 1961, Aubry and Lewis 2003). There is ho
evidence that fishers have been translocated into California. Extant popula-
tions of fishersin northwestern California (Fig. 10.1) are believed to be de-
scended entirely from indigenous animals, which are significantly smaller in
size (based on condylobasal length) than fishersfrom western and central Canada
(Hagmeier 1959, Zielinski et al. 1995, Aubry and Lewis 2003). Based on his-
torical records, and differences in body weights and mitochondrial DNA
hapl oty pes between fishersin southern Oregon and northern California, Aubry
and Lewis (2003) concluded that the extant population of fishersin the south-
ern Cascade Range in Oregon wasreintroduced to that area by a series of trans-
locations from British Columbia and Minnesota in the late 1970s and early
1980s.

1.2 Research Hypotheses

1.2.1 Zoogeography

Habitat conditions in the area between our study population and fishersin
the northern Siskiyou Mountains in Oregon (Fig. 10.1) are generally unsuit-
able for fishers. This area contains an interstate highway corridor (1-5), urban
and agricultural development in and around the city of Medford, and extensive
areas of open grassland and oak savannah in the interior Rogue River valley
(Franklin and Dyrness 1973). We hypothesized that these ecological and an-
thropogenic barriers have resulted in the geographic isolation of our study popu-
lation from fishers southwest of the I-5 corridor (Fig. 10.1). If so, then the 2
fishers we sampled from the northern Siskiyou Mountains of Oregon do not
belong to the southern Cascade Range gene pool and will differ genetically
from fishersin our study population.

1.2.2 Spacing Patterns

Fishers are polygynous and intrasexually territorial; home-range overlap
is minimal within sexes, but extensive between sexes (Powell 1993). Mae
home ranges are larger than those of females; the large home ranges of males
provide them with primary access to receptive females during the breeding
season, whereas the smaller home ranges of females provide them with pri-
mary access to sufficient resources to survive and successfully raise kits
(Leonard 1986; Powell 1993, 1994). Leonard (1986) hypothesized that male
fishers could maximizetheir reproductive success by adopting either of 2 strat-
egiesduring the breeding season: continuing to defend their non-breeding home
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range against other males and mating with as many resident females within
their home range as possible (here referred to as “resident” males), or aban-
doning their territories and trying to mate with as many females as possible
(here referred to as “encroaching” males). Based on field observations of ex-
tensive movements by adult males during the breeding season, L eonard (1986)
predicted that the second strategy was more likely the typical breeding strat-
egy for male fishers. Movements by adult males outside their home ranges
during the breeding season have al so been reported by other researchers (Buck
1982, Arthur et al. 1989), and are generally assumed to result in increased
reproductive success.

Field observations revealed that adult males in our study population ex-
hibited both of these breeding strategies (Fig. 10.2). We captured one adult
male (05) within the home range of another male (02) during 3 successive
breeding seasons (1996-1998); during thistime, male 05 occupied anon-breed-
ing home range about 30 km SE of the home range of male 02. Another male
(06) also made a breeding-season movement into 02's home rangein 1996, but
died before the next breeding season. Both resident males (02 and 07) ex-
tended the boundaries of their home ranges dlightly during the breeding sea-
son, but maintained stable and apparently exclusive home ranges throughout
the year; neither made breeding-season movements similar to those exhibited
by the encroaching males (05 and 06). Both resident males had home ranges
that overlapped those of females, but we do not know if females were present
within the non-breeding home ranges of the encroaching males. If Leonard’s
(1986) hypothesisis correct, then the reproductive success of the 2 encroach-
ing males will be greater than that of the 2 resident males.

123 Dispersal

Polygyny and intrasexual territoriality are associated with an imbalancein
parental investment between the sexes; male fishers do not contribute to rais-
ing young, whereas femal es make a substantial investment by gestating alitter
of 2-5 kits, nursing them to weaning, and feeding them until they areindepen-
dent (Powell 1993, 1994). Competition for mates is therefore much stronger
among mal e fishers than among females. Accordingly, aterritorial malewould
be expected to allow juvenile females to establish home ranges within or near
his home range, but would not be expected to allow juvenile males to do so.
Juvenile males must therefore disperse relatively far from their natal areas to
find unoccupied home ranges, whereas femal es can remain close to their natal
areas, where the risks associated with dispersal are low and where resource
availability is known to be sufficient for survival and reproduction (Green-
wood 1980, Dobson 1982). Thus, as in other polygynous and intrasexually
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Figure 10.2. Breeding-season movements for 4 adult male fishers in the southern Cascade
Range in Oregon. Thick solid lines indicate the home ranges of males 05 and 06 during the
non-breeding season (NBRS = May-Jan), and the direction and distance of breeding-season
(BRS = Feb-Apr) movements. Medium solid lines indicate NBRS home ranges for males 02
and 07; dashed lines indicate movements during BRS that extended beyond the NBRS home
ranges. Thin dashed lines indicate home ranges of adult female fishers within the study area.
Home range boundariesfor adult males are 100% M CPs encompassing the following telemetry
locations: male 02: n, .. = 104 (1995-1999), n .. = 51 (1996-2000); male 05: n =24

NBRS
(1996-1997); male 06: n___ = 18 (1996-1997); male 07: n_, .. = 150 (1996-1999), n___ = 48
(1997-1999).
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territorial species, we hypothesized that juvenile dispersal in fishersis male-
biased, resulting in greater philopatry among females.

Theminimum dispersal distances (sensuArthur et al. 1993) we documented
for 1 juvenile male and 1 juvenile female in our study population were consis-
tent with these predictions. The female dispersed a relatively short distance
(16.9 km) from her capture site and remai ned within our core study area, whereas
the mal e dispersed amuch greater distance (55.3 km), and settled well beyond
the boundaries of our core study area (Fig. 10.3). Genetic theory predicts that
for species with a polygynous mating system and female philopatry, adult fe-
malesin agiven areawill be more closely related to one another than are adult
males (Chesser 1991). Thisis because female offspring are more likely to dis-
perse short distances and establish home ranges near their close relatives,
whereas mal e offspring are more likely to disperse long distances and establish
home rangesin different geographic areasthan their close relatives. If our study
population was socially structured due to male-biased juvenile dispersal and
femal e philopatry, then adult females will have higher mean relatedness than
adult males, and there will be morefirst-order (i.e., parent-offspring) relation-
ships among adult femal es than among adult males.

2. METHODS

21 Molecular Markers

We obtained genotypic data on our study animals by measuring variation
in microsatellite DNA extracted from ear or muscle tissue that we collected
from 5 adult and 2 juvenile (<1 yr old) males, and 6 adult and 3 juvenile fe-
malesin the southern Cascade Rangein Oregon. Weal so collected tissue samples
from 1 maleand 1 female kit of known maternity that we found dead in anatal
den. In addition, we obtained tissue samples from 2 adult male fishers that
were trapped incidentally about 70 km SW of our study area in the Siskiyou
Mountains of southwestern Oregon (Fig. 10.1).

Microsatellite DNA loci are repeated sequences of 2-5 nucleotides that
occur in non-coding regions of nuclear DNA and have high mutation rates
compared to mitochondrial DNA or genesthat code for allozymes (McDonald
and Potts 1997). With information on the unique genetic sequences comple-
mentary to the regions that flank a microsatellite locus (primers), researchers
can use the polymerase chain reaction (PCR) to produce billions of copies of
thetarget locus. Because fragments of different length (alleles) travel at differ-
ent ratesin an electrophoretic gel, unique alleles can be identified within and
among individuals at each locus, providing a measure of genetic variation.
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Figure 10.3. Dispersal of 2 juvenile fishers in the southern Cascade Range in Oregon.Thick
solid lines (male) and thick dashed lines (female) show the direction and distance of dispersal,
and post-dispersal homeranges. Thin solid lines (males) and thin dashed lines (femal es) indicate
home ranges for adult fishers within the study area. Boundaries of post-dispersal home ranges
are 100% M CPs encompassing the following telemetry locations: male 13, n = 16 (Jun-Dec
1999); female 04, n= 117 (Apr 1996-Jun 2000). Solid circlesand open triangles are as described

in Fig. 10.1.
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Microsatellite markersare useful for studying genetic differentiation over rela-
tively short time frames both within and among popul ations (Avise 1994); thus,
they are particularly appropriate for investigating the genetic affinities of ra-
dio-marked study animals.

2.2 Microsatellite Genotyping

We (SW and SB) used microsatellite DNA to describe the molecular ge-
netic characteristics of fishers from southwestern Oregon. No microsatellite
primers have been developed specifically for fishers, but primers developed
for other carnivore species have been shown to amplify across species and
genera (O’ Connell et al. 1996). Consequently, we screened our sampl e of fish-
ers for polymorphic loci using 19 primers developed for American marten,
American mink (Mustela vison), ermine (M. erminea), American badger
(Taxidea taxus), and black bear (Ursus americanus; Table 10.1).

We extracted DNA from 20 pg of ear plug or muscle tissue with 700 ul of
lysis buffer that contained 20 pl of 1M DTT, 20 ul of 20 pg/ul proteinase K,
and 10 pl of 10 pg/ul RNase. We agitated each samplein 55°C water for 40 hr;
midway through the incubation, we added 10 pl of DTT, 10 ul of proteinasek,
and 5 pl of RNase. We extracted DNA from the solution using 5 M ammonium
acetate. To precipitate DNA from solution, we used a 70% ethanol wash. We
resuspended DNA in a1 X Tris EDTA solution and stored all samples at
-20°C. Weran each reaction with anegative control to identify spuriousresults
due to contamination. We used ear and muscle samples from the same indi-
vidual as a positive control to verify that they produced similar results across
loci. We resolved individual profiles electrophoretically with polyacrylamide
gelsusing a LI-COR Model 4200 IR? Series DNA Sequencer (LI-COR Inc.,
Lincoln, NE). Resulting digital images characterized the size (number of nucle-
otide base-pairs) of alleles, and whether individual s were homozygous or het-
erozygous at each locus.

2.3 Genetic Analyses

231 Zoogeography

We used an assignment test (Paetkau et al. 1995) to determine whether the
2 fishersfrom the northern Siskiyou M ountains bel onged to the southern Cas-
cade Range gene pool. This test calculates the probability of an individual’s
genotype occurring in the population from which it was sampled and the prob-
ability of the genotype occurring in the other sampled population. We calcu-
lated probabilities with the software program GeneClass 1.0 (Cornuet et al.
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1999) using a maximum-likelihood approach based on a Bayesian estimation
of genotype frequenciesto assign individuals to a population. We believe that
our sample of 18 fishersfrom the southern Cascade Range represented alarge
proportion of the animals present in that population during our field study
(Fig. 10.1); however, our sample of 2 fishersfrom the northern Siskiyou Moun-
tains was clearly not a representative sample from that population. Accord-
ingly, we only drew inferences from thisanalysis regarding the likelihood that
the 2 Siskiyou fishers belonged to the Cascade Range gene pool and, conse-
guently, whether or not they were to be included in subsequent genetic analy-
Ses.

We then tested for departures from Hardy-Weinberg (H-W) equilibriumin
our resulting dataset. Departures from H-W equilibrium indicate an excess or
deficit of heterozygosity in a population, and provide information on the po-
tential influence of migration, genetic drift, or non-random mating on our analy-
ses. In addition, many statistical analyses used in genetic studies are based on
the assumption that populations are in H-W equilibrium. We tested for such
departures by comparing observed (H ) and expected heterozygosity (H ) with
aH-W exact test of P using the software program Arlequin 2.0 (Excoffier et al.
1996-2002). We adjusted for experiment-wise Type 1 error using a sequential
Bonferroni adjustment (initial & = 0.05, Rice 1989).

2.3.2 Spacing Patterns

To test the hypothesis that the 2 encroaching males had greater reproduc-
tive success than the 2 resident males, we used field and genotypic data to
determine which of these adult males could be excluded as apotential father of
the 7 juvenileswe sampled during our field study. Dueto delayed implantation
of blastocystsin fishers, 11-12 months el apse between mating and parturition
(Mead 1994); thus, we first excluded males as potential fathers if they had
been dead > 1 year prior to the birth of each offspring. We then excluded males
as potential fathersif they did not share at least 1 allele at each locus with the
offspring in question.

233 Digpersal

To test the hypothesis of female philopatry in fishers, we calculated ge-
netic relatedness (R) among the entire sampl e of adult animals and within each
sex. A positive Rvalueindicatesthat agiven group of animalsare more closely
related to one another than would be expected by random mating; anegative R
value indicates the opposite. We estimated R and generated 95% confidence
interval saround each estimate using ajackknife procedurein the software pro-
gram Relatedness 5.0 (Queller and Goodnight 1989). To further investigate
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this hypothesis, we used genotypes to exclude potential first-order relation-
ships among adult animals.

3. RESULTS
3.1  Zoogeography

Nine of the 19 microsatellite loci we screened produced clear polymor-
phisms, with an average of 3.0 + 0.3 (+ SE) aleles per polymorphic locus
(Table 10.1). At 2 loci (Mvi 39 and Mvis 002), both fishers from the northern
Siskiyou Mountainswere homozygousfor allel esthat were not detected among
fishersfrom the southern Cascade Range; at athird locus (Mer 041), they were
homozygous for an allele that was rare among Cascade fishers (Table 10.2).
Because of these strong genotypic differences, the assignment test resulted in
probabilities <0.0001 that either fisher from the Siskiyou Mountains was a
member of the southern Cascade Range gene pool. Consequently, all subse-
guent genetic analyses were conducted only on the sample of 18 fishers from

Table 10.1. Microsatellite loci screened for polymorphisms using DNA from fishers in
southwestern Oregon. Allele lengths are expressed in numbers of base pairs.

Species for

which primers No. of Allele
Locus were developed aleles length Source
G1A Ursus americanus 1 173 Paetkau et al. (1995)
Ma1l Martes americana 5 218-226 Davis and Strobeck (1998)
Ma 14 1 219
Ma19 3 221-225
Mer 030 Mustela erminea 1 278 Fleming et al. (1999)
Mer 041 4 175-181
Mer 082 1 130
Mer 095 1 178
Mvi 39 Mustela vison 3 142-152 O'Connell et a. (1996)
Mvi 87 2 103-105
Mvi 111 1 112
Mvi 114 2 104-106
Mvi 219 1 265
Mvis 002 Mustela vison 3 220-228 Fleming et al. (1999)
Mvis 020 2 216-222
Mvis 022 1 302
Mvis 027 1 207
Mvis 072 3 291-297
Tt4 Taxidea taxus 1 182 Davis and Strobeck (1998)
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Table 10.2. Occurrence of microsatellite genotypes at selected loci in fishersfrom the southern
Cascade Range and northern Siskiyou Mountains of Oregon.

Microsatellite loci

Geographic location Mer 0412 Mvi 39?2 Mvis 002°

Southern Cascade Range 175177 142-144 220-220
177177 144144 220-228
177-179 228-228
177-181

Northern Siskiyou Mountains 181-181 152-152 224-224

an = 17 for the southern Cascade Range, n = 2 for the northern Siskiyou Mountains.
bn = 18 for the southern Cascade Range, n = 2 for the northern Siskiyou Mountains.

our study population in the southern Cascade Range. We found 1 locus (Mvis
020) to have a heterozygote deficiency; after accounting for experiment-wise
error, however, all loci were in Hardy-Weinberg equilibrium (Table 10.3).

3.2  Spacing Patterns

Parent-offspring exclusions for the 2 encroaching males, the 2 resident
males, and the 7 juveniles we sampled during our field study included 5 by
date and 19 by genotype (Table 10.4). Based on this analysis, neither of the
encroaching males could havefathered any of thesejuveniles, whereas 1 of the
resident males (02) was a potential father for 4 of the 7 juveniles.

Table 10.3. Observed heterozygosity (H ), expected heterozygosity (H ), and the exact
probability for the test of Hardy-Weinberg equilibrium (HWE P) for 9 polymorphic
loci among 18 fishers from the southern Cascade Range in Oregon.

Locus n? H, H, HWE P
Mal 16 0.59 0.74 0.39
Mal9 18 0.67 0.56 0.48
Mer 041 17 0.59 0.52 1.00
Mvi 39 17 0.23 0.27 1.00
Mvi 87 18 0.39 0.51 0.37
Mvi 114 15 0.41 0.40 1.00
Mvis 002 18 0.28 0.29 1.00
Mvis 020 18 0.11 0.34 0.04
Mvis 072 18 0.55 0.54 0.34

aSampl e sizes vary among loci because some DNA samples failed to amplify.
"We adjusted for experiment-wise Type 1 error using a sequential Bonferroni
adjustment (initial & = 0.05).
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Table 10.4. Inferred paternity of juvenile fishers among 2 resident (02, 07) and 2
encroaching (05, 06) malesfrom our study popul ation in the southern Cascade Range
in Oregon. For each juvenile, we excluded adult males as potential fathers by date if
they died > 1 year prior to that juvenile’s birth date, and by genotype if they did not
share at least 1 allele at each locus with that juvenile.

Potential fathers Potential fathers
Offspring excluded by date excluded by genotype Potential fathers

04 none 02, 05, 06, 07 none
10 none 02, 05, 06, 07 none
12 06 02, 05, 07 none
13 06 05, 07 02
14 06 05, 07 02
16 06 05, 07 02
17 06 05, 07 02
3.3 Dispersal

Mean relatedness (R) among all adult fishers in our sample was —0.05 +
0.11; mean R among males and females was —0.29 + 0.15 and 0.19 £ 0.30,
respectively. For Rvalues, variance was represented by 95% confidence inter-
vals; thelack of overlap between intervalsfor malesand femalesindicated that
adult females were significantly more related to each other than were adult
males (Zar 1984). Separate genotypic comparisons among adult malesand adult
females showed that there were no possible first-order relationships among
any of the 5 adult malefishersin our sample; in contrast, each of 6 females had
at least 2 potentia first-order relationships with another adult female (Table
10.5).

4. DISCUSSION
4.1  Zoogeography

The population of fisherswe studied in the southern Oregon Cascade Range
was reintroduced to that area approximately 25 years ago (Aubry and Lewis
2003). Since that time, there would have been numerous opportunities for ju-
veniledispersal s or long-distance movements by adultsfrom the Siskiyou Moun-
tains into our study area (Fig. 10.1). Dispersals by juvenile fishers >50 km
have been reported by several researchers (L eonard 1980, York 1996, this study),
demonstrating that the southern Oregon Cascades are within the dispersal range
of fishersin the northern Siskiyou Mountains (Figs. 10.1, 10.3). However, the
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Table 10.5. Potential first-order (parent-offspring) relationships among
consexualsfor 11 adult fishersfrom the southern Cascade Rangein Oregon.
We excluded potential first-order relationshipsif they did not share at least
1 alele at each locus.

Adult fishers Potential first-order relationships
Females
01 03, 08, 18
03 01, 08, 11, 18
08 01,03, 11, 18
09 11, 18
11 03, 08, 09, 18
18 01, 03, 08, 09, 11
Males
02 none
05 none
06 none
07 none
15 none

large genotypic differences we found between fishersin our study population
and those in the northern Siskiyou M ountains support our hypothesis that eco-
logical or anthropogenic barriers in the intervening area have resulted in the
geographic isolation of reintroduced fishersin the southern Cascade Rangein
Oregon. Thus, it appears that expanses of unsuitable habitat as narrow as 50
km might impede genetic exchange between fisher populations.

Our findings are consistent with recent genetic studies across Canada and
in the northeastern U.S. which suggested that fishers may have relatively poor
dispersal capabilities (Kyle et a. 2000, 2001; Kyle and Strobeck 2003). These
studies revealed that fishers exhibited much more genetic structure than mar-
tens; i.e., thereisless gene flow among fisher populations than among marten
populations. These findings were unexpected because fishers are assumed to
have better dispersal capabilities than martens due to their larger body size,
which should result in less genetic structure among fisher populations. Kyle et
al. (2001) speculated that this difference may be due to fisher populations be-
ing exposed to stronger anthropogenic influences (e.g., human development,
transportation corridors, and habitat fragmentation) than marten popul ations.
This hypothesis cannot be evaluated with field data, however, because infor-
mation on juvenile dispersal is extremely limited for both fishers (Arthur et al.
1993, York 1996, this study) and American martens (Phillips 1994, Bull and
Heater 2001, Fecske and Jenks 2002). This dearth of information underscores
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Caughley’s (1977) assertion that dispersal isthe most challenging of all popu-
lation processesto study in thefield. Based on results of this study, we suggest
that dispersal characteristics can be el ucidated most effectively through acom-
bination of field and genetic studies.

Recent genetic analyses of fishers from the region depicted in Fig. 10.1
indicated that fishersin the Siskiyou M ountains of Oregon represent the north-
ern limit of the California gene pool. Ancillary to a phylogeographic study of
fisher populationsin the Pacific states (Wisely et al. 2004), an assignment test
was used to evaluate the genetic affinities of 21 fishersfrom the southern Cas-
cade Range in Oregon (including 16/18 analyzed in this study), the 2 fishers
we genotyped from the northern Siskiyou Mountainsin Oregon, and 23 addi-
tional animals from northwestern California. Both fishers from the Siskiyou
Mountainsin Oregon were assigned to the population in northwestern Califor-
nia(S. Wisely, unpublished data). These results, combined with alack of strong
ecological or anthropogenic barriers between these areas (Franklin and Dyrness
1973), indicate that fishers occurring southwest of 1-5 in Oregon (Fig. 10.1)
represent the only extant populations of indigenous fishersin Oregon.

4.2  Spacing Patterns

Contrary to Leonard’s (1986) hypothesisthat the typical breeding strategy
for male fishersis to abandon their non-breeding home ranges and search for
receptive females, our field observations indicated that adult males may ex-
hibit either “resident” or “encroaching” behavioral strategies during the breed-
ing season. Furthermore, our genetic results suggest that Sandell’s (1986) find-
ings for stoats (Mustela erminea), in which dominant, roaming males secured
al of the mating opportunities, does not apply to fishers. Although several
males encroached on the home range of a resident male whose home range
encompassed those of several females (Fig. 10.2), these encroachments appear
not to have resulted in successful matings (Table 10.4). Oursisthefirst study
to explore the relationship between spacing patterns of malefishers or martens
during the breeding season and subsequent reproductive success. However,
resultsreported for martensin Maine appear to be consistent with our observa
tions(Katnik et al. 1994). All of the 14 adult male martens that were monitored
with radiotelemetry remained resident on their non-breeding home ranges dur-
ing the breeding season. At least 11 of these males occupied home ranges that
overlapped those of 1 or more femalesand 7 had ranges that overlapped with 2
or more, suggesting that males may have remained in established territories
during the breeding season to maximize their reproductive potential (Katnik et
al. 1994).
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Our observations are consistent with Sandell’s (1989) theory that territori-
ality in male solitary carnivores (including fishers) during the breeding season
is flexible and influenced primarily by the availability of receptive females.
Sandell (1989) predicted that the distribution of femaleswill determinewhether
or not males maintain exclusive home ranges throughout the year, or adopt a
roaming strategy during the breeding season. He reasoned that when females
aredensely and evenly distributed, amalewill secure more matings by staying
and mating with the females in his home range; in all other situations, amale
will secure more matings by searching for receptive femal es beyond the bound-
aries of his home range.

The 2 males in our study population whose non-breeding home ranges
overlapped those of 1 or more femal es maintained their home ranges through-
out the year. We specul ate that the 2 males who adopted an encroaching strat-
egy during the breeding season did so because they were unable to establish a
home range that encompassed 1 or more resident females. Although other re-
searchers have reported similar roaming behavior by adult mal e fishers during
the breeding season (Buck 1982, Leonard 1986, Arthur et al. 1989), they did
not determine whether roaming behavior wastypical of adult malesin the popu-
lations they studied, nor if it resulted in successful matings. Additional re-
search involving both field and genetic studies will be needed to further eluci-
date the causal mechanisms of these behavioral strategies.

4.3 Dispersal

Published information providing empirical support for the theory of male-
biased juvenile dispersal and female philopatry in fishersisextremely limited.
Heterozygote deficiencies found by Williams et al. (2000) in all 8 of thefisher
populations they sampled from the north-central and northeastern portions of
its range indicated the presence of fine-scale genetic structuring within popu-
lations. They speculated that such structuring may reflect gene correlations
that have accrued over time due to male-biased juvenile dispersal and female
philopatry.

Two studies have investigated juvenile dispersal in wild fishers, yet nei-
ther supported these predictions. In aheavily trapped popul ation in south-cen-
tral Maine, Arthur et al. (1993) measured straight-line distances from the sites
where 13 fishers were captured as juveniles to the nearest locations in their
adult home ranges, and found no significant difference between males (n = 8,
mean = 10.8, range = 4.1-19.5 km) and females (n = 5, mean = 11.3, range =
5.0-18.9 km). Similarly, York (1996) found no significant difference in male
and female dispersal distances among fishersin apopulation in central Massa-
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chusettswith lower trapping mortality and higher population density (males: n
= 10, mean = 25, range = 10-60 km; females: n = 19, mean = 37, range = 12—
107 km). However, in our study of an untrapped fisher population, the 2 juve-
nile dispersalswe documented in the field, the significantly higher relatedness
of adult females compared to adult males, and the strong disparity in potential
first-order rel ationships among adult femal es compared to adult males provide
empirical evidence of male-biased juvenile dispersal and female philopatry in
fishers. Assevera authorshave argued (Arthur et al. 1993, Powell 1994), trap-
ping mortality is likely to disrupt many aspects of fisher population ecology,
including spacing patterns and dispersal processes. We suspect that similarities
in male and female juvenile dispersal distancesin both Maine and Massachu-
setts were related to trapping mortality.

5. CONCLUSIONS

Combining information on the distribution, spatial organization, and move-
ments of fishers obtained in the field with genotypic data enabled us to gain
important new insights about the zoogeography and popul ation ecol ogy of fish-
ersin the Pacific Northwest. These insights have potentially important impli-
cations for the conservation of fisher populations in the Pacific states, and for
refining our current understanding of adult spacing patterns and juvenile dis-
persal in fishers. We have provided evidence that genetic introgression of fish-
ers from the northern Siskiyou Mountains to the southern Cascade Range in
Oregon has not occurred, suggesting that these popul ations are geographically
isolated. These results bear directly on guestions regarding connectivity and
gene flow among extant fisher populations in the Pacific states. We have also
provided the first empirical evidence that behaviora strategies of malefishers
during the breeding season are flexible and appear to be influenced primarily
by the density and distribution of receptive females, and that juvenile dispersal
in fishersis male-biased, resulting in greater philopatry among females.

Genetic analyses can substantially improvethe interpretive val ue of radio-
telemetry dataand, ultimately, the usefulness and applicability of wildlifefield
studies. To maximize the heuristic value of radiotelemetry studies, which in-
volve significant investments of time and money, we urge researchers to con-
sider incorporating genetic data into their field studies. As shown here, such
data can be obtained through collaborative research efforts, which have the
added benefit of bringing several disciplinestogether during the analytical and
interpretive phases of the research process; alternatively, anumber of commer-
cial laboratories now provide genotyping services at relatively low cost.
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