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ABSTRACT
APPLICATIONS OF GENETIC METHODS IN FURBEARER MANAGEMENT AND
ECOLOGY: CASE STUDIES OF FISHERS, AMERICAN MARTENS AND
BOBCATS
By

Bronwyn Waller Williams

Furbearer species are an important component of managed wildlife in the
Midwestern United States. However, the species’ solitary and elusive habits have made
collection of ecological and demographic information upon which management decisions
are made difficult. The objective of this research was to provide additional
methodologies that managers can employ to gather ecological and demographic data on
furbearers. Molecular methods were used to estimate levels of spatial genetic structure
for martens and fishers that developed from reintroductions to Michigan and Wisconsin,
data were used to develop methods to monitor population abundance of martens and
fishers, and to determine sources and direction of error in bobcat harvest records.
Molecular methods were very useful for describing spatial genetic structure that could be
tied to reintroduction events. In addition, aspects of marten and fisher ecology were
identified that help explain current spatial genetic structure. Simultaneous estimates of
population abundance were determined for martens and fishers. Error was identified in
harvest location reporting and sex identification of bobcats. Genetics was proven to be a

useful application in furbearer management and ecology.
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CHAPTER 1: GENERAL INTRODUCTION AND OVERVIEW

History of furbearers in the Midwest

Furbearers have played an important role in the history of the Midwestern United
States. As white settlers traveled westward in the early 19" century, fur was a resource
that could be traded for gold and goods. Furbearers such as bobcats (Lynx rufus),
American martens (Martes americana), and fishers (Martes pennanti) were abundant in
the heavily forested areas of the Upper Midwest. However, unchecked harvest of these
species and deforestation led to sharp declines in abundance and distribution (Hubert
1982). Local extirpations were documented as early as the mid-1800s. Fur traders
responded by shifting emphasis towards remaining furbearer species. At the same time,
the influx of settlers to the Midwest increased rapidly. Harvest rates for many species
remained high through the turn of the 20™ century for economic reasons as well as for
sport. As a result, furbearer populations steadily declined into the early 1900s (Hubert

1982).

Furbearer management in Michigan

Furbearer “management” in the Midwest began as a way to protect early white
settlers from the “wild beasts” of the forest. As farming became more prevalent, there
was a need to protect livestock from predatory animals. Bounties were often offered for
those species considered most threatening to human interests, including bobcats. The
bounty system in Michigan continued until 1965, with the exception of coyotes (Canis
latrans), which were bountied until 1980 (Baker 1983). Concern over the issue of bounty

payments and a recognized need for better understanding of the role predators play in the
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ecosystem initiated research of wildlife populations (Hubert 1982). The bounty system
had proven ineffective at either increasing game species or reducing losses to livestock
farmers through control of predator populations (Hubert 1982).

In 1909, the Michigan Legislature created the Public Domain Commission to
manage the state’s natural resources. In 1921, the Commission was replaced by the
Department of Conservation. State lands and tax-reverted properties became initial sites
of resource management and protection. With protection, mature forests regenerated and
populations of several wildlife species began to increase (Earle et al. 2001).
Unfortunately, by the time these protective measures had taken effect, certain furbearers,
including American martens and fishers, were considered extinct in Michigan.

Currently, the goal of the Michigan Department of Natural Resources (MDNR) is
to maintain healthy wildlife populations that provide Michigan residents with a diversity
of recreational opportunities (MDNR Vision and Mission). Conservation and
management of viable populations necessitates an understanding of the physical habitat
and specific environmental parameters affecting population abundance and distribution.
Unfortunately, predicting population status and viability is frequently complicated by life
histories and habits of individual species. Often little is known of contemporary or
historical demographic characteristics such as breeding population size or the potential
for dispersal. Mandatory registration of bobcats, fishers and martens allows the MDNR
to collect data including date and location of harvest, sex, harvest method, and age. In
addition, relative harvest effort can be calculated using surveys of furtakers who received
mandatory bobcat or marten tags. The accurate estimation of population size and aspects

of species movements related to land-use and habitat is critical to the maintenance of
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populations of Michigan’s furbearing animals. Presently, much information on
distribution, recruitment, demography, and abundance of furbearers is based on annual
track count surveys and inferences from annual trapper and hunter harvest data. While
population distribution and trend information are important for the management of
specific furbearers, cost-effective means for determining furbearer population size are

needed for regional management (Douglas and Strickland 1987).

Study objectives

This study focused on the American marten, fisher, and bobcat, three furbearer
species currently harvested in Michigan. Specific objectives were to: 1) develop
spatially explicit baseline data for each species for use in state wildlife forensic cases; 2)
investigate management implications due to biases in sex and location reported for
harvested animals; 3) relate spatial genetic structure of martens and fishers in Michigan
and Wisconsin to reintroduction history as a means of evaluation of the success of
relocation efforts, and; 4) develop and evaluate population census techniques that can be
used for multiple co-distributed species.

Objective 1: Molecular markers have become increasingly important in wildlife
forensics (Randi 2003). In Michigan, bobcats were of concern to MDNR Law
Enforcement Division because different harvest regulations were enforced in different
locations. A goal of this research component was to use allele frequency data from
bobcats obtained from the Upper and Lower Peninsulas of Michigan to determine
whether individuals can be assigned to either region with sufficient accuracy to be used in

law enforcement.
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Objective 2: Misrepresentation of sex and location of trapped and hunted
individuals can have negative implications for management. Several indices used for
tracking stability of furbearer populations rely on harvest-based demographic
information. Biases in harvest data can affect projections of future population
abundance. The objective of this project component was to use genetic sexing markers to
identify sources of error in the collection of demographic data through harvest and
determine effects of sexing error on the magnitude and direction of trends in population
abundance.

Objective 3. Few attempts have been made to evaluate success of reintroductions
of fishers and martens in Michigan. It is not known if population increases were realized
through successful reproduction from few or many of the initial translocated adults of
either species. Genetic methods and statistical tools can provide resolution to speed and
direction of dispersal following introductions and to any factors in the landscape that
could be correlated with introduction success or failure and rate of dispersal. Knowledge
gained will aid in the design of future restoration efforts. An objective of this research
component was to use allele frequency data to determine if current genetic structure of
fishers and martens in the Upper Peninsula of Michigan and in Wisconsin was a direct
result of reintroduction events, and examine spatial genetic structure within the
reintroduced populations of the Upper Peninsula of Michigan to gain additional insight
into important aspects of the species’ ecology.

Objective 4: Marten, fisher, and bobcat populations in the Upper Peninsula of
Michigan are currently monitored using track count indices, harvest data, and survey

information (e.g., Cooley et al. 2000, Cooley et al. 2001, Earle 2002, Frawley 2002).
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While winter track counts on standard transects show promise as a population index for
furbearers, the ability to detect even relatively large changes in population size (e.g.,
25%) requires excessively large sample sizes to achieve sufficient statistical power
(Deifenbach et al. 1994). Furthermore, trends in annual harvest reflect changes in
population levels only if funding (fur prices) and trapping pressure are relatively constant
(Rolley 1987). The development of mark-recapture population estimators based upon
genetic tagging would provide the MDNR with an additional tool to use in managing
furbearer populations. A population estimate would allow the MDNR to more precisely
set and justify trapping and hunting season regulations and to monitor population trends
in response to changes in land use, environmental variation, or rates of harvest. The
objective of this project component was to develop a non-invasive method to collect
genetic data that can be used simultaneously estimate population abundance of martens

and fishers.

Thesis organization

This thesis is organized into seven chapters, each dealing with specific
management issues concerning furbearing species. Chapter two is a historical overview
of fisher and marten in Michigan and Wisconsin, detailing the decline and eventual
extirpation, reintroduction, and harvest decisions unique to each species. Much of the
information in this chapter has been compiled from inter-office communications and
unpublished materials from the various agencies involved in reintroductions and
management of these species. Chapter three covers spatial genetic structure following

marten reintroductions in Michigan and Wisconsin. Individuals collected from putative
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source populations are compared to genetically distinct clusters in the two states found in
the proximity of the reintroduction sites. In addition, patterns of individual movements
were identified within each cluster, allowing inference of dispersal patterns and potential
barriers to dispersal. Chapter four describes current spatial genetic structure of fishers in
Michigan and Wisconsin resulting from human-mediated relocations (reintroductions,
translocations), natural dispersal, and genetic drift. As a forest generalist, the agile fisher
has colonized much of Wisconsin and the Upper Peninsula of Michigan following a
limited number of relocation events. In contrast, the marten is considered an old-growth
habitat specialist, and dispersal from reintroduction sites may have been limited.
Although martens are trapped in the Upper Peninsula of Michigan, the marten remains a
State endangered species in Wisconsin.

Following reestablishment of an extirpated or severely depleted population, it
might be necessary to monitor population size and trends to prevent future decline.
Chapter five describes a non-invasive technique developed to estimate abundance for two
co-distributed species (marten and fisher) in the Upper Peninsula of Michigan.
Population estimation models were constructed to account for various biases, including
the use of genetic information from harvested individuals.

Harvest surveys provide an important source of data and are often used as an
index of population trends. Chapter six describes how biases introduced in harvest
summaries through mis-assignment of location and sex mis-identification can affect
estimates of population trends based on harvest data. Chapter seven summarizes the

conclusions based on information described throughout these research projects.
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CHAPTER 2: A HISTORICAL PERSPECTIVE ON THE REINTRODUCTION
OF THE FISHER AND THE AMERICAN MARTEN IN MICHIGAN AND
WISCONSIN
Introduction

The 19" and early 20™ centuries brought about extensive degradation of old
growth forest in the Midwest as European settlement pressed into wilderness lands.
Unchecked harvest of furbearer species, including the American marten (Martes
americana) and the fisher (Martes pennanti), in addition to widespread logging and
repeated fires, led to severe declines in population numbers of these species (Hubert
1982). American martens and fishers were extirpated from much of their southern range,
including Michigan and Wisconsin (Hagmeier 1956). Following multiple reintroduction
and translocation events in the Midwest, both species have recovered numerically to

varying degrees and in terms of distribution (e.g., Kohn 2002, Cooley et al. 2001).

History of the fisher in Michigan and Wisconsin
Historical background and extirpation

The fisher is found exclusively in North America. The historic range of the fisher
paralleled the distribution of northern coniferous forest from the Atlantic to the Pacific
coasts. The species was found south along the Cascade and Sierra-Nevada Mountains,
into the Northern Rocky Mountains, the southern Great Lakes states, and the mountains
of Tennessee and Virginia (Brander and Books 1973). The northern limit of the fisher’s
distribution was approximately 10° south of the American marten, most likely due to
differing habitat requirements (Figure 2.1; Hagmeier 1956, Gibilisco 1994). Snow depth

may also limit the range of the larger, heavier fisher (Raine 1983, Aubry and Houston
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Figure 2.1. Approximation of historic and recent distribution of fishers in North

America. Adapted from Hagmeier (1956), Gibilisco (1994), and unpublished MDNR and
Wisconsin Department of Natural Resources reports.
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1992, Krohn et al. 1994, Krohn et al. 1997).

Extensive logging and multiple fires throughout the 19™ and early 20™ centuries
fragmented fisher populations in the Midwest. In addition, high fisher pelt prices
increased harvest pressure. In the early 1900s, the pelt of a prime female fisher could
cost $150 in pre-war dollars (Cook and Hamilton 1957). The result of economic pressure
on fisher populations was further compounded by the ease by which individuals were
trapped.

A severe decline of the fisher across the southern portion of its range was
documented through harvest records. During the 1917-18 trapping season in Wisconsin,
559 fishers were taken (Brander and Books 1973). Three years later, in 1920-21, only
three fishers were trapped (Brander and Books 1973). Similarly, in California 102 fishers
were recorded taken in 1920; two fishers were trapped in 1931 (Brander and Books
1973). The fisher trapping season was closed in 1922 in Wisconsin, 1924 in Michigan,
1929 in Minnesota, 1935 in New Hampshire, 1936 in New York and Wyoming, 1937 in
Maine and Oregon, and 1946 in California (Brander and Books 1973).

For some of these states, the trapping ban came too late to prevent extirpation of
the fisher. In Michigan, where the fisher had formerly been found as far south as Gratiot,
Ingham, Washtenaw, Wayne, and Wexford Counties, the last recorded sighting was in
1936, in Marquette County, Upper Peninsula (Hagmeier 1956). Fishers reportedly
occurred throughout the entire state of Wisconsin, but the last known sighting was in
1932 (Hagmeier 1956, Petersen et al. 1977).

The timing of the trapping ban allowed the fisher population to recover in other

states. By the mid-1930s, the fisher had been nearly trapped to extinction in New York.
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A closed season from 1936 to 1949, in addition to recovery of habitat, was sufficient to
promote a population increase (Bradle 1957, Irvine et al. 1964). By 1949, the number of
fishers was sufficient to allow a limited trapping season. In 1957, the bag limit was
increased to three fishers per year (Bradle 1957). From 1976 to 1979, 43 fishers (19
males and 24 females) were relocated from the Adirondacks to the more southern Catskill
Mountains in New York. Northeastern Minnesota retained a remnant fisher population
following protection to the species in 1928. Population growth allowed translocation of
15 animals to the northwestern portion of the state (Itasca State Park) in 1968 (Berg
1982). A trapping season was initiated in 1977-78, with a bag limit of three fishers per

person (Berg 1982).

The fisher and the porcupine

The decline and eventual extirpation of the fisher from much of its southern range
was followed by an apparent increase in the number of porcupines (Erethizon dorsatum)
in those areas. In the Ottawa National Forest, Upper Peninsula, Michigan, porcupine
densities were estimated to be as high as 60 animals per 1.6 km? by the late 1950s
(Brander and Brooks 1973). A total of 1,799 porcupines were shot on the Ottawa
National Forest in 1961. Road hunts that same year yielded an average of one porcupine
shot every 2.9 km (Irvine 1961). Porcupines have been associated with timber loss due to
their feeding habits. A study performed in 1948-49 on the Argonne Experimental Forest,
Wisconsin showed that hardwood-hemlock forests would sustain serious damage with 64
or more porcupines per 1.6 km?. An intensive porcupine harvest undertaken during this

study resulted in 96 porcupines killed per 1.6 km? (Irvine and Brander 1971). There was

11
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major concern in the 1950s that unchecked population growth of porcupines was
resulting in substantial timber losses (Olson 1966).

Fishers are efficient predators of porcupines (Schoonmaker 1938, Earle 1978).
Reports of increasing fisher populations in the Adirondack Mountains of New York and
in northeast Minnesota paralleled reports of declining porcupine populations. This
interrelationship was mostly speculation, as no studies had been undertaken to determine
if the fisher alone is a major factor in the decline of the porcupine (Irvine and Brander
1971). However, indication that fishers could control the species creating apparent
economic turmoil in the timber industry sparked interest in restocking the mustelid to

Michigan and Wisconsin (USFS interoffice communication 1959, Olson 1966).

Reintroduction of the fisher in the Midwest

In 1955 the USFS first proposed reintroducing the fisher as a biological control of
porcupines. An aesthetic rationale was concurrently proposed by former Wisconsin
Conservation Commissioner A.W. Schorger, who was interested in restoring extirpated
wildlife species to the State. As a result, Dr. Antoon de Vos of the Ontario Department
of Lands and Forests, known for his work with American martens and fishers in Canada,
was invited to assess the quality of the habitat in northern Wisconsin for the possibility of
future reintroduction of the fisher (Olson 1966).

By the 1950s, the price of fisher pelts had dropped to $5 - $15, making trapping
economically unfeasible for many trappers, especially given restricted bag limits (Cook
and Hamilton 1957). The main reason for the drop in price was a shift in women’s fur
fashions to spotted cats. The fashion industry had initially created much of the high

demand for fishers (Brander and Books 1973). Due to low pelt prices, illegal trapping of
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fishers was not expected to be a limiting factor in the success of a restocking program
implemented at that time.

Shortly following announcement of a “favorable” assessment by Dr. de Vos, the
Wisconsin Conservation Department began negotiations with New York to acquire
fishers for reintroduction (Irvine et al. 1964). The steady population growth of the fisher
in the Adirondack Mountains of New York presented the opportunity for the New York
Conservation Department to trade fishers for bobwhite quail from Wisconsin (Bradle
1957, Irvine et al. 1964). During the winter of 1955-56 seven fishers from the southern
fringe of the Adirondack Mountains were shipped to Wisconsin. These animals were
released in the Argonne District of the Nicolet National Forest, Wisconsin, on 16,187
hectares set aside as a special fisher management area (Bradle 1957, Irvine et al. 1964).
Seven additional fishers in three separate shipments from New York were released in the
same area during the winter of 1956-1957 (Bradle 1957). A final four animals from New
York were released in the fisher management area in 1958. The total released from 1956
to 1958 was 18, including 6 males and 12 females (Table 2.1, Figure 2.2; Petersen et al.
1977).

The fisher management area on the Nicolet National Forest in the Pine River
watershed consists mainly of dense hardwoods and large coniferous swamps (Bradle
1957, Irvine et al. 1964). Following the reintroduction of the first fishers, the
management area was closed to dry-set trapping because fishers are often incidentally
caught in baited traps set to target fox and coyotes (Olson 1966). Wet-set trapping for

otter and beaver was still permitted (Petersen et al. 1977). In 1962, the fisher

13
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management area on the Nicolet National Forest was enlarged to 48,562 hectares. All
bounty payments in Wisconsin were discontinued to discourage incidental taking of
dispersing fishers in dry-set traps (Olson 1966).

Following initiation of fisher restocking in Wisconsin, the USFS became active in
the program by arranging with the Minnesota Department of Conservation live-trapping
of fisher from the Superior National Forest. These animals would continue the
reintroduction onto the Nicolet National Forest as well as stock individuals in the Ottawa
National Forest, Michigan, immediately to the north of the Wisconsin border (Irvine et al.
1964). In 1958, three fishers trapped on the Superior National Forest were released onto
the Nicolet National Forest fisher management area. In 1959, a further nine individuals
were released in the same area. Those 12 fishers included nine males and three females.
In 1962, 26 fishers (17 males, 9 females) from the Superior National Forest were released
in the Nicolet National Forest. The final release on the Nicolet National Forest was in
1963, when four males were liberated. From 1956 to 1963, a total of 60 fishers (36
males, 24 females) were released on the fisher management area in the Nicolet National
Forest, Wisconsin (Table 2.1, Figure 2.2; Petersen et al. 1977).

In 1961, 31 fishers (23 males and 8 females) trapped in the Superior National
Forest were released on the Ottawa National Forest, Michigan. In January and February
of 1962 an additional 16 fishers (11 males and 5 females) were released north of Kenton,
Michigan at Tomlin Hill (T48N, R37W, Section 20). This area is approximately 29
kilometers north of the 1961 relea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>