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Black-footed Ferret Recovery Program and in the wildlife conservation community as a whole.
They will be deeply missed, but their legacy will endure.

vii






Section I. Background

The first paper of this section illustrates relationships between this symposium and the
Black-footed Ferret Recovery Program, placing it in the context of other such symposia and
workshops, the objectives of the recovery plan, and noteworthy events in the recent history of
black-footed ferret conservation. The second paper describes the Black-footed Ferret Recov-
ery Program. Its authors present their treatise as a personal commentary based on their own
experiences. Their perspectives were formed during work with the rediscovered population of
ferrets at Meeteetse, Wyo., and leadership of the captive breeding program that followed (Tom
Thorne), and as a result of guiding the overall recovery program as the U.S. Fish and Wild-
life Service’s Black-footed Ferret Recovery Program Coordinator (presently Mike Lockhart;
formerly Pete Gober).






The Symposium in Context
By Dean E. Biggins'

The black-footed ferret (Mustela nigripes) is a member
of the weasel family (Mustelidae) and is closely related to the
Siberian polecat (M. eversmannii) of Asian steppes and the
European polecat (M. putorius). Compared to its relatives,
the black-footed ferret is an extreme specialist, depending on
the prairie dogs (Cynomys spp.) of North American grass-
lands for food and using prairie dog burrows for shelter. The
black-footed ferret’s close association with prairie dogs was an
important factor in its decline. Prairie dogs were regarded as
an agricultural pest as human settlement progressed westward,
and they became important hosts for plague as that disease
colonized eastward from its sources of introduction on the
west coast. Prairie dog numbers were dramatically reduced
by poisoning, cropland conversions, and plague during the
first half of the 20th century, and black-footed ferret popula-
tions declined precipitously. The black-footed ferret was
included on the first lists of endangered species, and its status
was precarious by the time the Endangered Species Act of

Studies of free-ranging
ferrets in Wyoming

Studies of free-ranging First captive

Second captive

1973 was passed. Its rebound from a low point of 10 known
individuals in spring of 1985 (Biggins and others, 2006) is
impressive, but the species is not yet “recovered” in either the
biological or legal sense (for further details, see Lockhart and
others, this volume).

Conservation activities to assist black-footed ferrets have
extended through the past five decades. Included in those
activities were three previous workshops and a symposium
organized to facilitate interchange of ideas and information.
The contents of their published proceedings illustrate changes
in emphasis regarding issues important to black-footed ferret
recovery. Placing these meetings in a chronological context
of major events in ferret conservation (fig. 1) helps to explain
motives for convening them and content of the papers, and
provides context for the current volume.

The first workshop on black-footed ferrets and prairie
dogs (Linder and Hillman, 1973) focused primarily on the
rangewide status of the ferret and its prairie dog habitat, with
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Figure 1. Timeline relating recent symposia and workshops to noteworthy events and periods in
black-footed ferret (Mustela nigripes) research and recovery.

'U.S. Geological Survey, Fort Collins Science Center, 2150 Centre Ave.,
Bldg. C, Fort Collins, CO 80526.
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a single paper summarizing new information on the biology
of the ferret. Despite 10 years of research on the black-footed
ferret in South Dakota (fig. 1), Ray Erickson concluded that it
remained “one of the least well known of all of the endangered
mammals of the United States” (Erickson, 1973, p. 156).
Rumors began circulating in the late 1970s that the black-
footed ferret was extinct, but these contentions were short-
lived because of the discovery of a population of ferrets near
Meeteetse, Wyo., in 1981 (Biggins and others, 2006).

The second workshop on black-footed ferrets (Anderson
and Inkley, 1985) occurred near the end of a rather brief
period of intensive research on the Meeteetse population
of ferrets and after the first attempt to captive breed South
Dakota ferrets at the U.S. Fish and Wildlife Service’s (now
U.S. Geological Survey’s) Patuxent Wildlife Research Center
in Maryland (fig. 1). A single paper in that workshop was
devoted to captive breeding, summarizing the failed Patuxent
attempt but prophetically predicting success if the venture
were to be repeated with ferrets from the Meeteetse population
(Carpenter, 1985). The proceedings had a wide variety of other
papers on the status of prairie dogs and ferrets, institutional
and procedural issues, searches for more ferrets, and research
needs. Six papers summarized original field research, much
of which was conducted on the Meeteetse population. By
summer of 1985, 10 months after the workshop, plague caused
extensive declines in the Meeteetse prairie dog population,
canine distemper was discovered in the ferrets, and the ferret
population plummeted. These events caused an abrupt end to
field research on ferrets and forced the beginning of the second
captive breeding program following emergency rescue of the
remaining animals. Carpenter’s (1985, p. 12.11) admonition
(presumably motivated in part by his Patuxent experience) to
avoid the “tendency to initiate propagation programs as a last
resort, when few animals are available for captive breeding”
could not be heeded. Research at Meeteetse also served as the
primary motivation for publication of a second collection of
black-footed ferret papers the following year as number 8 of
the Great Basin Naturalist Memoirs (Wood, 1986), although
that volume was not the result of a symposium or workshop.

The third workshop, held in 1986, was conceived primar-
ily in response to information needs for the newly developing
second effort to maintain and produce black-footed ferrets in
captivity (fig. 1). It blended developing theories in conserva-
tion biology with existing biological information on ferrets
and polecats. This workshop resulted in a book (Seal and
others, 1989) with chapters covering systematics, population
biology, reproduction, captive propagation, and conservation.

The fourth meeting was a symposium convened in the
summer of 1989. Although the captive breeding program had
a tenuous beginning (Biggins and others, 2006; Lockhart and
others, this volume), evidence predicting ultimate success had
emerged by 1988, and thoughts were turning toward planning
for reintroduction. Reports in the proceedings (Oldemeyer
and others, 1993) focused primarily on habitat for reintroduc-
tion of ferrets. Plague received increased recognition as an

ominous threat to ferret habitat, with several papers dedicated
to discussion of that disease.

The symposium culminating in the papers presented
herein was held on January 28-29, 2004, in Fort Collins, Colo.
It had been more than 10 years since the previous symposium,
and much new information on the biology of the black-footed
ferret had been accumulated. Many of the papers published
here resulted from information collected as captive breed-
ing became more efficient and as black-footed ferrets were
released back into native habitats (fig. 1). The symposium
was organized into sections based on the principal topics in
the stepdown outline of the Black-footed Ferret Recovery
Plan (U.S. Fish and Wildlife Service, 1988). The relationship
between the recovery plan and the papers of this symposium
illustrates that work is following a somewhat orderly progres-
sion guided by principal topics in the recovery plan. A brief
description of that relationship introduces each section of this
volume.

This volume and the five that preceded it, including
proceedings from the three workshops and the symposium,
plus the Great Basin Naturalist volume (Wood, 1986), cover
a broad spectrum of work on prairie dogs and black-footed
ferrets. Although these volumes certainly are not exhaustive in
their coverage of ferret and prairie dog research and conserva-
tion activities, they collectively provide a solid foundation for
future conservationists working with ferrets and chronicle a
long-term recovery program for one of North America’s most
endangered vertebrates.
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A Historical Perspective on Recovery of the Black-
footed Ferret and the Biological and Political Challenges

Affecting Its Future

By J. Michael Lockhart," E. Tom Thorne,? and Donald R. (Pete) Gober®

Abstract

This paper is a personal commentary by the authors on
the background and historical development of the Black-
footed Ferret Recovery Program. The black-footed ferret
(Mustela nigripes) was recognized as imminently endangered
in the original Endangered Species Act and has a recovery
history accentuated with near catastrophes and remarkable
successes. In this paper, we examine the species’ near demise,
wild black-footed ferret populations, captive breeding efforts,
and attempts to restore ferret populations into native habitats.
We provide our personal perspectives on many lessons learned
during these program stages, the social and political factors
affecting species recovery, past and present biological obsta-
cles, and insights relevant to the future of the species.

Keywords: black-footed ferret, captive breeding, endan-
gered species, Mustela nigripes, recovery, reintroduction

Introduction

Rather than a technical presentation of data or a literature
review, this paper is a personal commentary on historical
aspects of the Black-footed Ferret Recovery Program. We
offer our recollections and observations only as reflections
of our own experiences. We acknowledge that many people
contributed to black-footed ferret (Mustela nigripes) conserva-
tion over this period and that others may view program events
and our conclusions differently; however, we submit that our
unique positions of program responsibility over the years
provide broad perspectives that others not directly involved in
day-to-day ferret recovery, or involved in limited areas, may
not have gained.

Collectively, as representatives of lead agencies responsi-
ble for ferret recovery, we have been directly involved in ferret

'U.S. Fish and Wildlife Service, National Black-footed Ferret Conservation
Center, P.O. Box 190, Wellington, CO 80549.

Deceased; Wyoming Game and Fish Department, 709 University Ave.,
Laramie, WY 82072.

3U.S. Fish and Wildlife Service, 420 S. Garfield Ave., Suite 400, Pierre, SD
57501.

conservation matters on a daily basis from 1981 to the present.
The Wyoming Game and Fish Department (WGFD) was a
primary participant in ferret recovery both in the field and

in captive breeding from 1981 to 1996 and remains active in
reintroduction and program planning activities today. The U.S.
Fish and Wildlife Service (FWS) has been involved with ferret
conservation since before the species was originally listed

as endangered in 1967. Moreover, FWS has been directly
involved with captive breeding since 1996 and has coordinated
all other recovery activities since that time. In addition, FWS
has investigated the likely effects of habitat loss on ferrets

as a result of the decline of its principal prey—prairie dogs
(Cynomys spp.).

In this paper, we discuss ferret conservation activities
related to wild population management, captive breeding,
and reintroduction into the wild. In particular, we address the
significant biological, political, and social issues that affected
species recovery. We focus only on the major highs and
lows of ferret recovery as we view them; we defer the many
important details to other participants in this symposium.
Additionally, we characterize our observations of various
efforts as successes, failures, or lessons learned. Finally, we
provide recommendations linked to these conclusions that
may contribute to future recovery of ferrets and perhaps other
endangered species.

The opinions and recommendations presented in this
paper are those of the authors and do not represent official
positions of either the FWS or the WGFD. We also wish to
acknowledge the extraordinary dedication, hard work, and
contributions accomplished by the many State, Federal, tribal,
700, and conservation organization partners on behalf of
black-footed ferret recovery. Overall program success is the
result of enormous efforts by these many program cooperators.

Management of Free-ranging Populations

Ferrets received little attention until the species was listed
as endangered in 1967, one of several species to be designated
under the first version of the Endangered Species Act (ESA).
Early accounts, from Audubon’s description of the type



specimen in the 19th century to anecdotes from rodent control
personnel in the mid-20th century, largely treated the species
as a novelty. Its secretive and nocturnal lifestyle in remote
parts of western North America assured relative anonymity.
Conversely, the ferret’s principal prey received much more
attention: prairie dogs were regarded as vermin, competitors
with the agriculture industry, and impediments to western
settlement. Accordingly, prairie dog populations were targeted
for destruction, and decades of eradication efforts significantly
impacted populations of prairie dogs and ferrets, the prairie
dog’s most highly specialized obligate predator.

Five species of prairie dogs occur in North America.
Three of these species cover most of the collective prairie dog
(and ferret) historical range: the black-tailed prairie dog (C.
ludovicianus), the white-tailed prairie dog (C. leucurus), and
the Gunnison’s prairie dog (C. gunnisoni). No documented
occurrence of ferrets has been linked to either the Utah prairie
dog (C. parvidens) or the Mexican prairie dog (C. mexicanus).
These two species have ranges that are relatively small and
disjunct from those of the other three prairie dog species.
Black-tailed prairie dogs occurred over the largest expanse of
land (approximately 160 million ha), from southern Canada
to northern Mexico between the 98th meridian and the Rocky
Mountains. White-tailed prairie dogs and Gunnison’s prairie
dogs occurred over approximately 80 million ha to the west
of the range of the black-tailed prairie dog. Perhaps 10-20
percent of the range of all of these prairie dog species was
physically occupied before western settlement. The actual
location of prairie dogs varied with topography, soils, rainfall,
fire, bison (Bison bison) activity, and other factors. Regardless
of the dynamics of these important and variable biological and
ecological phenomena, it is obvious that ferrets had an enor-
mous habitat base, and many thousands undoubtedly existed
across the landscape.

Ferret populations declined over millions of hectares of
occupied prairie dog habitat for three principal reasons. First,
a major conversion of native prairie to cropland began late in
the 19th century, continued steadily through the Dust Bowl
years of the 1930s, and to a lesser extent continues today.
Approximately one-third of black-tailed prairie dog potential
habitat was rendered useless for prairie dogs by cropland
conversion. In comparison, far less of the available habitat of
white-tailed and Gunnison’s prairie dogs was physically lost
to land conversion because, outside of riparian corridors and
proximate irrigated lands, much of the habitat occupied by
these species is not suitable for crops.

Second, poisoning of prairie dogs as a means of reducing
competition with domestic livestock for forage accelerated
with agricultural policies in the United States around the time
of World War I. Significant Federal funds became available for
poisoning programs across the West from approximately 1918
to 1971, after which the use of many of these chemical roden-
ticides was banned. Tens of millions of hectares of occupied
prairie dog habitat were eliminated during this period. Many
poisoned prairie dog complexes have never recovered to levels
that could support ferret populations.
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Third, the exotic disease sylvatic plague, foreign to
the evolutionary history of prairie dogs, was inadvertently
introduced into North America around 1900. The impact of
this disease on prairie dogs and ferrets has been significant.
Plague has been documented over all of the ranges of the three
principal prairie dog species, except for approximately the
eastern third of the black-tailed prairie dog range.

Biologically, the prairie dog ecosystem was devastated
by factors described above, and the consequences to ferret
populations were even greater. Politically, failure to consider
the ramifications of these impacts also resulted in diminished
populations of many other species and in several cases led to
later consideration of further regulatory protection, such as
listings under the ESA. Socially, the domination of farming
and ranching activities on most lands in the American West
has more severely impacted some species than others. The
nadir of occupied prairie dog habitat probably occurred around
1971, when certain toxicants were banned for prairie dog
poisoning. Many poisoned prairie dog populations apparently
have increased severalfold since that time but remain low rela-
tive to historical numbers. Nevertheless, the limited recovery
of some prairie dog populations is important in the context of
potential ferret recovery and long-range management.

Ferret occurrence undoubtedly mirrored fluctuations in
prairie dog populations. Steadily declining numbers of cred-
ible ferret sightings occurred during the 1950s and 1960s. The
last population of a few dozen animals was thought to have
been located in Mellette County, S. Dak., in 1964 (fig. 1). This
population was studied through 1974, and a few animals were
captured for a captive breeding trial (see below).

Biologically, the initial field studies of wild ferrets in
South Dakota provided a starting point for later reintroduction
efforts—a small success; however, this population continued
to decline in the face of reduced and progressively frag-
mented habitat. The political will to conserve this individual
population through regulatory action did not exist in the era
preceding passage of the ESA. This lack of action represented
a notable conservation failure inasmuch as, however diffi-
cult the challenges of recovering wild populations in native
habitat may be, those challenges pale in comparison to the
trauma, demands, and resources required for last-ditch captive
breeding and reintroduction efforts. Such invasive, intensive
recovery programs add many other management dimensions
and require more adaptive and risky decisions.

Socially, at the national level, the American public was
just becoming aware of the demise of a number of species
but had not reacted sufficiently to spur government action to
conserve even this last ferret population. At the local level,
“business as usual” ranching practices continued to pursue
complete eradication of prairie dogs because of their real
and perceived competition with domestic livestock. There
was little recognition of the ecological importance of prairie
dogs and there were no incentive-based initiatives available to
conserve this important resource. The lack of understanding
and will to maintain viable prairie dog habitats for associated
species was a marked failure.
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Reintroduction sites

O Black-footed ferret
A Red wolf

B California condor

Historical ranges

Prairie dog/black-footed ferret
== == Red wolf

== California condor

Figure 1. Location of black-footed ferret (Mustela nigripes) reintroduction sites overlaid on the collective ranges of three major prairie
dog (Cynomys) species that are considered their obligate prey. Numbers represent the chronological sequence of ferret reintroduc-
tions. Also shown are locations of California condor (Gymnogyps californianus) and red wolf (Canis rufus) reintroduction sites in relation

to their historical ranges.

Are we any more prepared today to deal with such a
crisis in a nonregulatory manner? Are means to settle such
diametrically opposed concerns readily available if similar
circumstances occur again? Unfortunately, we believe the
answer to these questions is “no” and reflects another substan-
tial failure in the ability of divergent interest groups, State and
Federal agencies, and tribes to find reasonable compromises
needed to preserve sensitive species and biological diversity.
The inability to find a single ferret in Mellette County, S. Dak.,
after 1974 was widely regarded at that time as the final demise
of the species and must be viewed as a catastrophic conserva-
tion failure.

Despite unconfirmed reports, many biologists thought
that ferrets were extinct until a ranch dog killed a wild ferret
near Meeteetse, Wyo., in 1981. This event ushered in a long

recovery process that was widely heralded as a remarkable
second chance to conserve a species thought to be lost forever.
Intensive attention was focused on this population of over 100
animals (20—40 adults). Considerable field data were acquired
from 1981 to 1986 until epidemics of sylvatic plague and
canine distemper took a heavy toll on both prairie dogs and
ferrets. In hopes of salvaging the species, all remaining wild
ferrets were removed from the Meeteetse population between
1985 and 1987 to initiate a captive breeding program.

It must also be acknowledged that underlying social
support for endangered species conservation was just begin-
ning to emerge in the 1960s and 1970s. Accordingly, no
clear decisionmaking responsibilities were established for
ferret recovery during this period, leading to later disputes
and second guessing among involved entities. As a means of



soliciting advice from experts and interested parties and to
help prescribe management direction, WGFD established a
Black-footed Ferret Advisory Team (BFAT) in 1982. Consid-
erable acrimony existed within the recovery program during
the 1980s and early 1990s, and, although it is never clear when
criticism ceases to be constructive, we believe that more asser-
tive and effective leadership by FWS during this period might
have helped reduce conflict. We address this issue further in
our Summary and Recommendations section.

Despite nearly two decades of extensive and intensive
searches, and apart from occasional, unsubstantiated reports,
no wild ferrets outside of reintroduction areas have been
detected following capture of the last Meeteetse ferret in 1987.
Further, we do not believe, given the passage of time and the
expansion of plague in western environs, that any undiscov-
ered ferret populations of wild origin exist anywhere in North
America today.

With reduced size and quality of prairie dog complexes
across most of North America and the presence of plague in
many western States, the sustainability of reintroduced ferret
populations has also been suspect until very recently. We
believe that a wild, self-sustaining ferret population now exists
at Conata Basin, S. Dak., and perhaps on Cheyenne River
Sioux tribal lands in South Dakota and at Shirley Basin, Wyo.
The ability to crop a harvestable surplus of ferret kits from
Conata Basin for translocation to other reintroduction areas is
a recovery program benchmark of exceptional importance. The
Conata Basin ferret population likely represents the largest
and most sustainable population that has existed since species
listing in 1967, and perhaps for decades before.

Management of wild populations of ferrets (table 1) can
be divided into three phases. In comparing these three phases,
phase 1, from the mid-1960s to the mid-1970s in Mellette
County, S. Dak., ended in disappointment and was greeted
largely with resignation. Management efforts during that
period were low in intensity and had few available resources.
Phase 2, from 1981 to 1987 at Meeteetse, Wyo., was a
catastrophe and was largely viewed as a second chance that
nearly slipped away. Biological studies at Meeteetse enjoyed
considerable resources and were much more intensive, but the
existing recovery plan provided little realistic management
guidance. Agencies responsible for ferret recovery at that
time often disagreed on research and management needs, and
required action was sometimes slow to develop. Phase 3, from
about the year 2000 and into the future, has a much broader
base of support, including a sustainable captive population and
multiple reintroduction sites, yet presents new challenges such
as habitat improvement needs, genetic management concerns,
demographic supplementation in response to adverse stochas-
tic events, diminishing financial resources, and so on. In short,
the challenges of continued success now require anticipation
of, and responses to, yet unidentified limitations in ferret
recovery. Only time will tell whether program collaborators
and resources will be adequate to address future uncertain-
ties, but the organizational structure and depth of the recovery
program partnership is a successful achievement in its own
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right and will perhaps ensure more effective responses to any
forthcoming environmental or social obstacles.

Captive Breeding

A notable advance in black-footed ferret conservation
was the capture in 1971 of six animals from the Mellette
County, S. Dak., population for a landmark captive breeding
trial. This action was deemed essential because, during the
preceding 6 years of field studies in South Dakota, no other
black-footed ferret population was discovered nor was any
other population known to exist within the ferret’s historical
range. The 1972 captive breeding attempt was conducted at
FWS’s (now U.S. Geological Survey’s) Patuxent Wildlife
Research Center (Patuxent), where management preparations
for captive breeding had begun in 1968 with breeding tests of
surrogate species (domestic ferrets, Mustela putorius furo, and
later Siberian polecats, Mustela eversmannii ). Three addi-
tional South Dakota animals were captured and transported to
Patuxent for captive breeding in 1972-73.

Efforts to breed black-footed ferrets at Patuxent were
crippled from the outset by vaccine-induced canine distem-
per. Scientists at Patuxent were aware of the susceptibility of
domestic ferrets to canine distemper and tested an attenuated
distemper vaccine on domestic ferrets to determine safety and
efficacy. Although the vaccine was proven safe in domestic
ferrets, it induced fatal distemper in four of six vaccinated
black-footed ferrets, demonstrating extreme susceptibility to
this common viral disease.

Although only nine black-footed ferrets were available
for breeding at Patuxent, four of which were lost to vaccine-
induced canine distemper, the effort was modestly successful.
Two litters of five kits each were born in successive years
to a single female. Unfortunately, no kit survived more than
a couple of days. The remaining captive ferrets eventually
died, and, unfortunately, the breeding research program using
surrogate animals was abandoned.

The Patuxent experience demonstrated that black-footed
ferrets could be bred in captivity and that captive breeding
might be successful if sufficient animals and resources were
available. This experience also provided valuable lessons
regarding diseases and endangered species recovery. Testing
an attenuated vaccine on a surrogate species proved not to be
the fail-safe procedure for ensuring vaccine safety for a highly
susceptible, highly endangered species. Infectious diseases and
their impacts on small populations became obligatory consid-
erations for future recovery of ferrets and other endangered
species.

Early ferret recovery efforts at Meeteetse were marred
by poor planning, inadequate resources, conflict, controversy,
and crisis. Events subsequent to discovery of the Meeteetse
population have been, and will continue to be, used as both
good and bad examples of endangered species management.
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Table 1. Key events in recovery of the black-footed ferret (Mustela nigripes).

Year Wild populations Captive populations Reintroduced populations

1964 Small wild population found in South

Dakota
1972 First captive breeding trials at
Patuxent Wildlife Research Center,
Laurel, Md.

1974 South Dakota population extirpated

1979 Last captive from South Dakota

dies; species presumed extinct

1981 Last known free-ranging population

discovered near Meeteetse, Wyo.
1986 First captive breeding effort using
Wyoming stock

1987 Last live ferret removed from Meeteetse; First successful reproduction and

population extirpated weaning in captivity

1989 First of several additional captive

breeding facilities established

1991 First reintroduction: Shirley Basin,
Wyo.

1994 Second and third reintroductions:
Conata Basin/Badlands, S. Dak.,
and southern Phillips County,
Mont.

1996 Fourth reintroduction: Aubrey
Valley, Ariz.

1997 Fifth reintroduction: Fort Belknap,
Mont.

1999 Captive population objective Sixth reintroduction: Colorado/

established in Species Survival Utah border
Plan® reached; captive population
considered stable
2000 First reintroduced population with Seventh reintroduction: Cheyenne
harvestable surplus of kits for River Sioux tribal lands, South
translocation to other sites Dakota

2001 Eighth reintroduction: Janos,
Chihuahua, Mexico

2002 Wild ferrets exceed captive ferrets in

number

2003 Ninth reintroduction: Rosebud

Sioux tribal lands, South Dakota




Black-footed ferret recovery efforts in the 1980s and early
1990s were highly scrutinized and frequently criticized,

often by individuals uninformed about recovery events
and/or Federal and State laws regarding endangered species
management. Although some reviewers and participants were
well-intentioned and constructive, others ignored difficult
problems and overlooked lessons learned in earlier ferret
recovery efforts and other endangered species programs.

The Black-footed Ferret Recovery Plan of 1978 was
written at a time when ferrets were thought to be extinct, and it
provided little or no effective guidance for management of the
Meeteetse population. In March 1982, WGFD quickly formed
the aforementioned BFAT. This multiagency and private
sector committee provided advice and guidance to WGFD in
determining management direction for the Meeteetse popula-
tion. Black-footed ferret numbers at Meeteetse increased
from discovery in 1981 through 1984, when the population
comprised approximately 40 adults and 90 juveniles. Based
on this somewhat robust population and because no other wild
population had been found (despite increased interest and
improved search techniques), WGFD and FWS jointly decided
in May 1985 to capture a small number of black-footed ferrets
the following fall to begin a modest captive breeding trial. The
WGFD’s Sybille Wildlife Research and Conservation Educa-
tion Center (Sybille) near Wheatland, Wyo., was selected as
temporary quarters for captured ferrets. Ultimately, knowledge
gained from Patuxent was used to develop technology and
facilities at Sybille to support a long-term captive breeding
program that would eventually provide animals for reintroduc-
tion and protect the species from extinction in the event of an
unexpected catastrophe at Meeteetse.

The decision to initiate a captive breeding program did
not come easily or without conflict. It took optimism gener-
ated by the high number of black-footed ferrets documented in
the fall of 1984 and assurances that funding would be supplied
by FWS in 1986 or 1987 for WGFD to commiit to captive
breeding. Although captive breeding was started less than 4
years after discovery of the Meeteetse population, in hindsight
it should have been started earlier. The delay is understand-
able, however, and can be largely attributed to uncertainties in
the availability of funding and suitable facilities and to the fear
of animal loss and breeding failure. Lessons learned through
this process were twofold: captive breeding of critically endan-
gered species should be initiated early, and adequate advance
planning and committed funding for personnel and facilities
are essential. These lessons are not unique to the black-footed
ferret program and were applicable to other endangered
species, including the red wolf (Canis rufus) and California
condor (Gymnogyps californianus).

The importance of these lessons became evident in the
summer of 1985, even before the first attempts to capture
ferrets for breeding. In June 1985, sylvatic plague was identi-
fied in Meeteetse prairie dog colonies. Sylvatic plague usually
causes extensive die-offs in affected prairie dogs. In an attempt
to halt the disease episode (by killing flea vectors of plague),
FWS and WGFD conducted a massive plague-control program
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and dusted approximately 80,000 prairie dog burrows with
the insecticide carbaryl. Nevertheless, the epizootic reduced
Meeteetse prairie dog colonies by about 20 percent in the first
year. Although the susceptibility of prairie dogs to sylvatic
plague was well known, at that time black-footed ferrets were
thought not to be susceptible. Siberian polecats, domestic
ferrets, and other mustelids and carnivores are largely immune
to sylvatic plague. Several years later, it was discovered that
black-footed ferrets are actually exceptionally sensitive to
plague. Black-footed ferret numbers at Meeteetse declined
sharply over the summer of 1985, and only 58 animals were
documented by August.

In September and October 1985, six ferrets were captured
for captive breeding trials and moved into temporary quarters
at Sybille. These captures led to discovery of another cause
of the decline of ferret numbers at Meeteetse. One of the last
two animals trapped died from canine distemper, an illness
undoubtedly contracted before capture. Based on the experi-
ence at Patuxent with vaccine-induced canine distemper and
the highly contagious nature of this disease, it was predicted
that the remaining black-footed ferrets originally transferred
to Sybille would succumb to the disease, which proved true.
It was also predicted that most, if not all, animals in the
free-ranging population at Meeteetse would be lost. Although
extensive precautions had been taken to prevent introduction
of diseases from outside sources, no precautions were taken
to guard against known ferret diseases within the free-ranging
colony. Another lesson learned.

At that point, management of the free-ranging black-
footed ferret population and the fledgling captive breeding
program were thrown into crisis. Given the reduced numbers
of ferrets, it was unlikely that simultaneous efforts to maintain
a wild population and start a captive breeding program would
succeed; given the presence of disease, it was questionable
whether a wild population could realistically be preserved.
The WGFD, an agency accustomed to managing free-ranging
wildlife, quickly, but with difficulty, decided to begin a second
capture effort to obtain founders for captive breeding. This
action was taken with recognition that it would likely lead to
extirpation of the wild population. Interestingly, opposition
to this second capture effort came primarily from individuals
who disagreed with human interference and felt that black-
footed ferrets should be allowed to go extinct.

In October and November 1985, six more ferrets were
captured and placed in strict isolation quarters at the Univer-
sity of Wyoming until it was certain that all were free of
canine distemper. Capture efforts were halted in late fall in the
hope that any free-ranging black-footed ferrets remaining at
Meeteetse would breed in the wild. Also during this period,
WGFD invited the Conservation Breeding Specialist Group
(CBSQG) of the Species Survival Commission of the Inter-
national Union for the Conservation of Nature and Natural
Resources to provide expert advice on developing a captive
breeding program.

Captive ferrets did not breed during the 1986 season,
probably because of male immaturity and stresses associated
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with capture and a captive environment. Recovery partners
experienced especially difficult times in 1985 and 1986. The
responsible agencies received pointed and outspoken criticism;
accusations ranged from allegations of mismanagement to
intentional exposure of ferrets to canine distemper. Conflicting
recommendations were received, including capturing all free-
ranging black-footed ferrets immediately, removing captive
animals from WGFD’s care and terminating its role, curbing
all further management intervention in the fate of the wild
population, and so on. In spite of stresses, alliances between
WGFD, FWS, and other recovery partners began to solidify.
Five free-ranging black-footed ferrets survived the
canine distemper epizootic at Meeteetse, and two females
subsequently produced litters in the spring of 1986. According
to a contingency plan prepared by WGFD with assistance of
CBSG and approved by FWS, the WGFD decided in August
1986 to capture all remaining animals. The last of 12 known
wild black-footed ferrets was trapped in February 1987, and
all captured ferrets were taken to a newly completed captive
breeding facility at Sybille. The free-ranging black-footed
ferret population at Meeteetse was thus extirpated, and the
remaining captive individuals became one of the most endan-
gered mammals in the world, as well as the last hope for the
species. Survival and future recovery of the black-footed ferret
now depended on development of an effective captive breeding
program, which at that time had no proven track record.
Events from October 1981 through early 1987 occurred
rapidly and developed in the absence of a current or applicable
recovery plan, but critical decisions were still necessary.
Perhaps issues faced by WGFD, FWS, BFAT, and CBSG
could have been better anticipated and addressed, including
analysis and consideration of probabilities of extinction of the
small Meeteetse black-footed ferret population; when and how
to best initiate captive breeding efforts; how to fund captive
breeding; potential responses to epizootics of canine distemper
and sylvatic plague; when and how to remove the last free-
ranging animals to prevent extinction; appropriate responses
to discovery of another wild ferret population; and advance
identification and preparation of suitable reintroduction sites.
By spring of 1987, with funding assistance from FWS,
the captive black-footed ferret colony was moved into perma-
nent facilities at Sybille. With the assistance of CBSG and the
University of Wyoming, WGFD improved captive husbandry
protocols, began a genetic management plan, and began inten-
sively monitoring black-footed ferret reproductive cycles and
pairing events. Captive breeding techniques were developed
with the intent of minimizing stress and injury and maximiz-
ing longevity, productivity, and genetic contribution of founder
animals without promoting domestication. Two litters were
born, and seven kits were weaned in 1987. Production of these
kits was exceptionally significant, not because of the number
of kits weaned or their genetic makeup but because it was
finally demonstrated that black-footed ferrets could be bred
and reared successfully in captivity.
The CBSG, WGFD, and FWS held a workshop on black-
footed ferret conservation biology in 1986. A captive breeding

program plan (A Strategic Plan for the Management of Black-
footed Ferrets in Wyoming), with time-specific objectives, was
written in 1987. This plan recognized that few animals were
available for captive breeding and that many were related. It
called for maintaining approximately 90 percent of the original
genetic heterozygosity of founder ferrets over a relatively short
period of 50 years. This would be accomplished by establish-
ing a captive population of 500 animals with a stable age and
sex distribution, which would provide an effective population
of about 250 ferrets and approximately 200 breeding-age
animals. During the early stages of the program, increasing the
population had priority over managing genetics. Subsequently,
ferret pairings were planned to maximize retention of founder
alleles.

Another objective of the strategic plan was to raise
enough animals to establish a second geographically removed
population to protect the species from catastrophic loss. The
two-facility objective was reached in 1988 when a few ferrets
were moved from Sybille to the Henry Doorly Zoo, Omaha,
Nebr., and the National Zoological Park’s Conservation &
Research Center, Front Royal, Va. Demographic and genetic
data were maintained in a detailed studbook. Separate captive
populations were genetically managed and bred as a single
population. The strategic plan also called for initial ferret
reintroductions to begin in 1991, provided that the captive
population reached 500 animals with 200 breeding-age adults.

A revised Black-footed Ferret Recovery Plan was
completed by FWS in 1988. It included most of the goals of
the Wyoming strategic plan and called for ensuring immedi-
ate survival of black-footed ferrets by increasing the captive
population to 200 breeding adults by 1991. Additionally, it
included a downlisting goal of establishing a prebreeding
population of 1,500 free-ranging, breeding-age ferrets in 10 or
more populations, as widely distributed as possible over the
historical range, by the year 2010.

Over the next few years, additional captive populations
were established at the Cheyenne Mountain Zoo, Colorado
Springs, Colo.; the Louisville Zoo, Louisville, Ky.; the
Metropolitan Toronto Zoo, Toronto, Ontario, Canada; and the
Phoenix Zoo, Phoenix, Ariz. The contribution of these zoos
to ferret recovery was enormous. They received no monetary
support from WGFD or FWS and initially were not allowed to
use ferrets for exhibit. Another requirement was that partici-
pating zoos be accredited by the American Zoo and Aquarium
Association (AZA), which had established a program to
develop Species Survival Plans® to facilitate captive breeding
of endangered and declining species. With growing involve-
ment of AZA zoos and maturation of the captive breeding
program in 1989, the technical advisory role previously filled
by CBSG was vested in AZA through an established Black-
footed Ferret Species Survival Plan (SSP) and associated
Management Group of facility specialists.

The partnership between the AZA’s SSP, WGFD, and
FWS was, and remains, successful, and black-footed ferret
recovery has benefited greatly from this relationship. Partici-
pants in the Black-footed Ferret SSP Management Group



included representatives from involved zoos, WGFD, and
FWS, as well as numerous outside advisors who provided
extensive expertise in husbandry, veterinary care, disease,
reproductive management, population management, and genet-
ics. The commitment of the SSP Management Group, CBSG,
and their many advisors was rewarded in 1991 when captive-
bred black-footed ferrets were first reintroduced into the wild
at Shirley Basin in central Wyoming.

With expansion of the reintroduction phase of black-
footed ferret recovery to sites outside Wyoming, and with
dwindling financial resources within WGFD, management
responsibility for the Sybille captive breeding facility shifted
to FWS in 1996. The breeding facility is now part of the
National Black-footed Ferret Conservation Center and has
moved to a new site in northern Colorado. The new facility
became operational in the fall of 2005.

A review of the Black-footed Ferret Recovery Program,
with particular attention to captive breeding elements, was
undertaken by AZA in 1995, and a similar analysis and update
was accomplished by CBSG in 2003. These critical reviews
of the history, progress, and operations of captive breeding
projects have been instrumental in evaluating problems and
providing important input into the direction and management
of captive breeding.

Beginning in 1997, an effort was undertaken to increase
overall captive production and kit quality for reintroduction
purposes. Ferrets excess to the SSP were used to develop
limited field breeding projects in association with reintroduc-
tion efforts in Arizona, Colorado, and Montana. A separate
field breeding facility (no accompanying reintroduction
effort) was constructed near Raton, N. Mex., by the Turner
Endangered Species Fund. Although many of the basic SSP
husbandry and breeding procedures were employed, these
projects were initially designed to test more hands-off breed-
ing strategies in outdoor pens with well-developed prairie dog
burrow systems. Breeding success at these facilities has been
mixed and has varied substantially between sites. In addition,
the expense of operating pen breeding facilities has often been
greater than anticipated and, as a consequence, has affected
other elements of reintroduction projects. The objective of
increasing production and potentially improving the survival
of released ferrets, however, remains a guiding principle of the
recovery program and has been a recurring recommendation in
all formal program reviews. Additional evaluation and refine-
ments of pen breeding capabilities warrant further attention.

Although the black-footed ferret captive breeding
program will continue to evolve, it has been a great success:
the first animals were captured for captive breeding 4 years
after discovery of the Meeteetse population; the program
survived the sylvatic plague and canine distemper crisis of
1985 and extirpation of the species in the wild by 1987; and
the first experimental reintroduction occurred just 6 years
after the first animals were captured to initiate captive breed-
ing. The captive breeding program has produced and weaned
over 4,800 ferrets (through 2003) and has supported several
reintroduction efforts across the former range of the species.

A Historical Perspective on Recovery 13

In addition, the program has provided animals for essential
disease and vaccine research, for survival enhancement, and
for educational exhibit. For the foreseeable future, black-
footed ferret recovery hinges on the continued success and
management of the captive population by involved agency and
Z0O0 partners.

Reintroduction

With increasing success in black-footed ferret captive
breeding efforts in the late 1980s, recovery program partners
focused greater attention on restoring wild ferret populations.
Initial interest was directed at reestablishing a ferret popula-
tion at the site of their last wild origin near Meeteetse, Wyo.,
but sylvatic plague substantially reduced overall habitat qual-
ity on the Meeteetse prairie dog complex, thus rendering the
site unsuitable for ferrets. Today, prairie dog populations in the
Meeteetse area are still depressed, which highlights a serious
obstacle to ferret recovery. In the absence of effective plague
intervention and management capabilities, many affected prai-
rie dog colonies may never regain historical population levels
and may never support viable ferret populations. This issue is
discussed at greater length below.

The primary goal of the black-footed ferret recovery
program is to reestablish a sufficient number of viable, wild
ferret populations in order to downlist and recover the species,
remove it from ESA protections, and terminate the expensive
captive breeding program now necessary to support species
survival and recovery efforts. Between 1991 and 2003, 12
discrete reintroduction projects were initiated at nine rein-
troduction areas in six western States (Arizona, Colorado,
Montana, South Dakota, Utah, and Wyoming) and at one
site in northern Chihuahua, Mexico (fig. 1). The history and
results of these specific reintroduction efforts are addressed
elsewhere and will not be detailed here. Instead, we highlight
overall direction, research, monitoring efforts, ferret survival,
and success in general terms and from our personal views and
recommended direction.

As of 2003, over 1,800 ferrets had been reintroduced
into the wild. Success of these efforts, in terms of establish-
ing self-sustaining populations, has been mixed and affected
most significantly by habitat suitability (which, in turn, is most
affected in recent years by the presence of sylvatic plague
throughout most of the historical ranges of prairie dog species
and ferrets). Only in South Dakota do large, relatively contigu-
ous, and plague-free prairie dog complexes remain, and the
greatest reintroduction success to date has been at the Conata
Basin site (Buffalo Gap National Grasslands) in south-central
South Dakota. Conata Basin experienced exponential growth
in the wild ferret population following only 3 years of reintro-
duction and a total release of 165 captive animals. Ferrets at
Conata Basin may have spread through most of the available
habitat and are possibly approaching population saturation
levels, having produced a relatively consistent 60 to 70 litters
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annually over the past 3 years. Conata Basin is the only site to
have reached a success level that allows translocation of wild-
born kits to other reintroduction sites, and kits from Conata
Basin have been used to support reintroductions in Colorado
and at two other sites in South Dakota. Similar successes are
expected at two more recent South Dakota reintroduction
sites that also support relatively large, plague-free prairie dog
complexes (Cheyenne River Sioux and Rosebud Sioux tribal
lands). In contrast, plague has been documented either in or
around five of the other reintroduction areas outside of South
Dakota.

To date, there have been six reintroduction projects in
black-tailed prairie dog habitat (Montana, Mexico, and South
Dakota), two in white-tailed prairie dog complexes (central
Wyoming and an area straddling the Colorado/Utah border),
and one in Gunnison’s prairie dog habitat (northwestern
Arizona). Differences in prairie dog colony size, density, and
life history (e.g., hibernation) exist both between and within
species (over the extent of each species’ range) and undoubt-
edly influence site quality and success of ferret reestablish-
ment. For the most part, black-tailed prairie dogs currently
occupy definable “towns” of varying size (but historically
included enormous colonies), exist at greater densities, and
typically do not undergo extended torpor. On the other hand,
Gunnison’s and white-tailed prairie dogs are more scattered
and less dense over areas they occupy and hibernate for
extended periods.

Other regional factors such as geography, vegetation,
annual precipitation, and drought also affect site suitability
and reintroduction potential. Land ownership patterns, land
use, access, and vehicle use constraints further affect imple-
mentation and monitoring efficacy of reintroduction projects.
As a consequence of such dynamics, the recovery program has
experienced both outstanding and rapid reintroduction success,
as well as projects that have struggled to maintain even mini-
mal populations. Still, no reintroduction project is regarded as
a failure, and all have provided vital experience and informa-
tion to help foster ongoing and future recovery efforts across
the ferret’s historical range. Moreover, given the severe limita-
tions in available reintroduction sites in North America today,
it would be imprudent to give up on any reintroduction area
that has the necessary land base and potential for improved
habitat conditions and ferret recovery.

Only ferrets considered excess to the captive population
have been used to support reintroduction projects. The captive,
SSP population is regarded as the essential foundation of the
species today. And with the exception of ferret releases in
Mexico, all reintroductions have been accomplished under
a special provision of the ESA (section 10(j)) that provides
for designation of reintroduced populations as “nonessential,
experimental.” Ferrets released into nonessential, experimen-
tal population areas (as established via Federal rulemaking
and ESA consultation procedures) are no longer classified or
managed as endangered but are given protection and manage-
ment flexibility similar to that provided for “candidate”

species (candidates for listing under ESA but not yet listed).
This relaxed management flexibility was necessary to gain
the support of State governments and private landowners for
releases of an endangered species into areas with fragmented
ownership patterns of public and private lands.

The section 10(j) nonessential, experimental provisions
facilitated ferret reintroduction trials; it is unlikely that most
projects would have been successfully implemented without
10(j) or a similar mechanism to reduce the perceived conse-
quences of potential expansion of endangered ferrets onto
private lands. The nonessential, experimental designation has
other limitations that impede ferret recovery, however, and
a review of the utility of 10(j) and reexamination of other
options to tailor reintroductions to site-specific situations are
warranted. More discussion is provided below.

With the recovery program becoming more focused on
reestablishing wild ferret populations in the early to mid-
1990s, other forms of partner acrimony began to surface.
Disputes over “soft” versus “hard” release techniques, ferret
preconditioning and predator avoidance training, predator
control, use of radio telemetry to document survival, how
and where to prioritize excess ferrets for release, State versus
Federal authorities, and other research issues, some of which
first began to surface during the Meeteetse era, seemed to
deepen divisions among some participants.

Despite individual and agency conflicts and occasional
setbacks, a committed partnership of biologists and admin-
istrators set aside differences (or, perhaps more accurately,
worked around them) to focus attention on biological and
social impediments to ferret recovery. As a consequence,
reintroduction efforts continued to gather momentum between
1991 and 2003, and a wealth of information was gathered over
that period about how to effectively reestablish ferret popula-
tions and respond to obstacles.

Also, the recovery program experienced a somewhat
unexpected and positive turnaround in the status of two
reintroductions over the past several years. Reintroductions at
Shirley Basin, Wyo., were suspended in 1994 because of an
extensive plague outbreak. Subsequent monitoring suggested
that the small remaining ferret population was likely to be
lost by the end of the 1990s; however, starting in 2002, the
Shirley Basin population exhibited its own exponential growth
and appears to be rapidly developing into a self-sustaining
population. Prairie dog populations in Shirley Basin are also
rebounding. Likewise, wild ferret production at Aubrey Valley
in northwestern Arizona has recently increased following
years of reintroduction attempts, probably as a result of spring
ferret releases (releases designed to place ferrets in the wild
when they can best exploit prairie dogs emerging from hiber-
nation and young pups).

Perhaps one of the most significant findings from the
early reintroduction development stages was recognition of the
importance of preconditioning captive ferrets prior to release
in the wild and an associated partner commitment to expand
preconditioning capacity by constructing a number of outdoor



facilities at or near reintroduction sites in Arizona, Colorado,
Montana, New Mexico, and South Dakota. In simplest terms,
preconditioning is the exposure of captive-produced ferrets to
a more natural outdoor environment with relatively large pens,
prairie dog burrow systems, and live prairie dog prey. In these
pens, cage-reared ferrets become accustomed to the security
and life needs of prairie dog colonies; essentially, they learn
to behave like wild ferrets. As addressed above, outdoor pen
facilities in Arizona, Colorado, Montana, and New Mexico
were also used to conduct experimental breeding trials to
increase the number of animals available for reintroduction.

Certainly, much has been learned about reintroducing
ferrets. Still, many pressing uncertainties remain, particularly
those dealing with management of ferrets in plague-affected
environs, and additional research and reintroduction trials
are warranted. And perhaps one of the best ways to speed
recovery is to “cast a wide net” by placing ferrets in as many
potential sites as possible and letting ferrets ultimately reveal
what constitutes favorable habitat and management conditions.

As noted above, in 1995 the AZA was contracted by
FWS to conduct a comprehensive review of the ferret recovery
program. In this review, the AZA examined the status and
success of captive breeding and reintroductions, as well as
the administration and general decisionmaking procedures of
the program. Much of the information was gathered through
a series of partner workshops. A final report to FWS in 1996
included many valuable and specific recommendations on the
biological and administrative needs of the recovery program.
With waning funding in WGFD and expanding recovery
efforts beyond the State of Wyoming, in 1996 FWS assumed
primary responsibility for operation of the Sybille breeding
facility and management of captive and field recovery activi-
ties. Following guidance provided in the AZA report and as
set forth in ESA, FWS also established the Black-footed Ferret
Recovery Implementation Team (BFFRIT) in 1996 and invited
participation of agencies, organizations, and tribes directly
involved in ferret recovery activities.

The BFFRIT replaced the original BFAT and subsequent
Interstate Coordinating Committee as the vehicle for main-
taining partner coordination and input into recovery program
direction. The BFFRIT is composed of 26 cooperating State
and Federal wildlife and land management agencies, tribes,
700s, conservation organizations, and the National University
of Mexico. The BFFRIT charter established the Executive
Committee (administrators of agencies/organizations who
address recovery program policy and funding issues), the
Conservation Subcommittee (composed of technical experts to
deal with field reintroduction and research elements), and the
Education Outreach Subcommittee (to expand public aware-
ness of the recovery program and help pursue outside funding
opportunities). The SSP Management Group, established
originally by the AZA in 1991 and made up principally of zoo
representatives, also effectively serves as a technical subcom-
mittee to the BFFRIT and provides input and expertise on
management of captive breeding programs.
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Although FWS retains ultimate authority, the BFFRIT
provides essential input and recommendations on all matters
related to ferret recovery and has effectively guided program
direction since its inception. To establish more balanced and
objective procedures for allocating ferrets for reintroduc-
tion and research purposes, FWS (through the BFFRIT) also
developed an annual ferret allocation and project evalua-
tion process in 1996. This allocation process sets priorities
for ferret distribution based on the biological suitability of
proposed release sites, overall project and/or research merit,
and potential recovery program benefits. Allocation proposals,
which provide details on habitat attributes of project areas,
disease and predator presence and management capabilities,
project/research design and implementation capabilities, and
so on, are submitted to FWS by mid-March each year. The
proposals are then distributed to BFFRIT members for review.

The FWS awards a preliminary ferret allocation in late
May via a report that fully discloses (albeit anonymously)
comments and recommendations provided by BFFRIT
members and a justification of FWS findings. The number of
ferrets identified in the preliminary allocation is determined
from an expected production level based on a 5-year aver-
age recruitment rate from the number and age distribution of
female ferrets presently in the SSP-managed population. For
now, and into the foreseeable future, first priority for ferrets
goes to SSP facilities to maintain the genetic representation
and viability of the essential captive population. Final alloca-
tion decisions are made in late summer and depend on the
actual production achieved by SSP facilities and field breeding
projects, as well as on resolution of any permitting or other
project implementation deficiencies (e.g., funding, partnership
commitments).

The current organizational structure of the Black-footed
Ferret Recovery Program has had the benefit of time, conflict,
and critical analysis to evolve. Fortunately, ferrets have
persisted during periods of unforeseen crises and human
mistakes. The BFFRIT is a product of important lessons
learned over the history of the ferret program, and we
believe it offers a good example of an effective strategy for
management of large, complex, endangered species recovery
programs. Instead of a typical, more academically based
and smaller recovery team, a recovery implementation team
provides a transparent decision process and equal voice to a
large number of involved agencies, tribes, and organizations.
Although FWS retains ultimate authority and responsibili-
ties as specified in the ESA, the BFFRIT is relied on to help
make informed program decisions, help resolve partner
disagreements and other program conflicts, and generally keep
recovery efforts moving in a positive direction. We regard
such continued partner participation as essential to successful
recovery of the black-footed ferret.

Finally, the most pressing limitation to ferret recovery
is availability of suitable habitat to restore and support wild
populations. Although program partners have always under-
stood that habitat availability is key to recovery, other program
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imperatives between 1985 and 1997 (i.e., development of
captive breeding and reintroduction capabilities) some-

what diluted focus on habitat issues. In 1998, the BFFRIT
Conservation Subcommittee was tasked to identify and priori-
tize the top 10 sites that could support ferret reintroduction
across North America, as well as secondary areas that could
possibly be developed into additional reintroduction sites.

In 1988, only 10 years earlier, an internal FWS document
suggested that as many as 38 suitable ferret reintroduction
areas existed in the United States. That document was based
solely on suggestions from program partners and did not
attempt to accurately assess current prairie dog popula-

tions, complex size and quality, the status of plague, or other
practical biological and political factors (e.g., land ownership
patterns) necessary to determine reintroduction potential.

With more detailed surveys of BFFRIT partners, the
1998 assessment of site potential indicated that only nine sites
could immediately support ferret reintroductions across North
America. Five of these sites were already engaged in reintro-
duction projects, and three more were activated between 1998
and 2003. Since 1998, a few other potential release areas have
been identified, but it is clear that prairie dog habitat through-
out the historical range of the ferret has been so severely
degraded that ferret recovery is not feasible without restoration
of large, healthy prairie dog complexes.

What constitutes a suitable prairie dog complex for
ferrets is a question still under scrutiny by program partners
and is a pertinent issue to be addressed in an upcoming and
long overdue revision of the Black-footed Ferret Recovery
Plan. In examining the results of reintroduction efforts to date,
the only relatively large, self-sustaining, wild population of
ferrets (ca. 250—400 animals) is at Conata Basin, a site that
contains some 6,070 ha of closely distributed and relatively
dense black-tailed prairie dog colonies—prairie dog colonies
that are also free of sylvatic plague and are managed to
preserve high prairie dog habitat values. Although prairie dogs
of all three species are well dispersed throughout their former
ranges, prairie dog complexes are very small and highly
fragmented compared to historical conditions. There are very
few places within North America that approximate the quality
of habitat for ferret recovery exhibited at Conata Basin.

The revised Black-footed Ferret Recovery Plan
(published by FWS in 1988) sets forth a downlisting objective
by the year 2010 of 1,500 adult (breeding) ferrets, established
in no less than 10 separate populations across the historical
range of the ferret, with at least 30 individuals in each popula-
tion. Although a prebreeding census of 1,500 adult ferrets
may be attainable with continued recovery success in the few
large prairie dog complexes that exist, there appear to be only
four or five sites today that have the potential to support viable
ferret populations, the majority of which will likely be in
plague-free complexes in South Dakota.

Future recovery of the black-footed ferret hinges on our
ability to successfully reintroduce and reestablish relatively
large, healthy populations in the wild. Unlike two other
endangered, high-profile carnivores of the West, the gray

wolf (Canis lupus) and grizzly bear (Ursus arctos), the entire
breadth of habitat within the ferret’s historical range has been
materially impacted: there are few large expanses of Federal
public land with sufficient prairie dog habitat to support black-
footed ferret populations at the present time. Furthermore,
although the amount of land potentially available for habitat
restoration across the historical range of the ferret far exceeds
potential capabilities for two other critically endangered
species, the California condor and red wolf (fig. 1), there

are significant social and political impediments to restoring
and managing large blocks of grasslands for prairie dogs and
ferrets. Prairie dogs are still largely regarded as vermin by
private landowners and agricultural interests, and only small,
relatively fragmented complexes are typically tolerated, if at
all.

And so, ironically, we appear to be at yet another
important crossroad for this species. Having brought the ferret
back from the brink of extinction, having invested enormous
national resources to right an ecological wrong, and having
developed the necessary capabilities and expertise to actu-
ally recover this species, the future of the ferret hangs on our
social and political will to set aside and develop sufficient
habitats that could be managed for prairie dogs, ferrets, and
other sensitive prairie wildlife species. Ferret recovery efforts
have come full circle, and it will be an enormous challenge to
overcome a prevailing attitude of “not in my backyard” when
so few suitable, welcoming backyards are presently available.

Summary and Recommendations

Given the status of the ferret in 1987, when only 18 live
animals remained, we submit that ferret recovery has been one
of the most successful endangered species programs to occur
anywhere, at any time. Table 2 compares several recovery
parameters for three well-known North American species
that were listed as endangered in 1967. The black-footed
ferret, California condor, and red wolf are notable “grandfa-
thered species” that have always been included in the various
versions of ESA. Each became further imperiled after listing,
and each was subsequently removed from the wild for captive
breeding and eventual reintroduction. Figure 1 indicates the
historical range of these species and the sites where reintro-
duction has occurred. Clearly, the “recovery glass” is poten-
tially “half full” for the ferret compared to species that mature
less quickly, have fewer young, and whose range and essential
habitats have been even more drastically altered.

The lessons taught by ferrets, condors, and red wolves
should be carefully heeded. Reducing any species to such
critically low population levels that captive breeding becomes
the only possible recovery strategy is a poor way to ensure
persistence, much less recovery. Extinction risks are elevated,
recovery becomes more expensive, and bringing species into
captivity may remove assurances that adequate habitats will be
available for later reintroduction.
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Table 2. Comparisons of some recovery parameters for three North American endangered species removed from the wild, propagated

in captivity, and reintroduced into their historical ranges, 1967—-2003.

Black-footed ferret California condor Red wolf

(Mustela nigripes) (Gymnogyps californianus) (Canis lupus)
Year species listed 1967 1967 1967
Year extinct in wild 1987 1987 1980
Number removed from wild 18 27 17
Initial number used in breeding 7 14 14
Number propagated in captivity to date 4,800+ 283 727
Number held in captivity, breeding ~400 130 300
Year reintroduction began 1991 1992 1987
Number reintroduced to date ~1,800 ~167 ~120
Number of attempted reintroduction sites 9 7 2
Number weaned or fledged in wild ~1,200 1 289
Number in wild ~600 ~80 ~100
Reintroduction sites, likely viable 3 1
Reintroduction sites, not viable 2 1
Reintroduction sites, unknown viability 4 0

The ferret recovery program has experienced a number
of successes, failures, and hard-learned lessons over the years.
It is important to continually characterize progress so the
direction and speed of recovery can be adjusted accordingly.
Overall, we believe that the ferret recovery program will prob-
ably continue to be successful, despite many near disasters and
remaining obstacles. Ferret recovery efforts may be compared
internally by contrasting results of different activities over
time. Comparisons of the progress and success of other endan-
gered species recovery efforts may also provide perspective
that will aid ferret recovery.

To date, we believe that (1) black-footed ferret captive
breeding has been highly successful, (2) ferret reintroductions
have achieved a low to moderate degree of success, and (3)
wild population management has experienced a low degree of
success. Marked improvements and efficiencies have occurred
in all of these areas over the last decade, however.

The most notable success of captive breeding has been
the creation of a mutually supportive network of staff and
facilities that successfully raise animals in a protected envi-
ronment to ensure species survival and provide animals for
reestablishment of wild populations. Problems that have
occurred in this recovery component have been straightfor-
wardly addressed. One nagging limitation that may or may not
be possible to fully overcome in a captive environment is the
relatively low whelping success in females (as compared with
wild whelping rates). The most important lesson learned over
the course of the ferret program, however, is that biological
breakthroughs in complex recovery efforts can only be real-
ized via the successful involvement of many diverse partners.

Ferret captive breeding may become more efficient as
limitations are identified and addressed, but this recovery

component is mature, with over 15 years of accumulated expe-
rience. Most attainable internal refinements may already have
been achieved. If increased numbers of animals are required
for reintroduction, it may be most practical simply to increase
the number or size of facilities. Captive breeding of ferrets is a
tightly controlled process with few extraneous factors affecting
its continued success or failure. Extended captivity may reveal
future biological constraints (e.g., inbreeding suppression), but
most political and social obstacles to captive breeding appear
to have been adequately addressed.

At present, the knowledge and resources needed for
continued success of the captive breeding program appear to
be in place. Nevertheless, we recommend that continued and
rededicated attention to partner coordination and involvement
be nurtured through the SSP Management Group and BFFRIT.
Although this recommendation may appear gratuitous given
present successes, renewed emphasis is essential to address a
crucial, laborious, and continuing program element whose fail-
ure would undercut all other recovery activities. A recurring
error of many recovery efforts is to gradually pay less atten-
tion to successful foundation components when new limiting
factors are identified.

Likewise, progress in reintroducing ferrets and establish-
ing viable, wild populations requires continued nurturing of
program cooperators and development of new partnerships
with other States across the ferret’s historical range. The most
notable success of the reintroduction component has been the
relatively rapid involvement of the few suitable sites for active
releases, but few large, high-quality prairie dog complexes
remain, and future recovery depends on both short-term
and long-term habitat restoration. In concert with renewed
efforts to identify and enhance potential recovery habitat, new
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reintroduction trials and continuing research to refine vaccines
and develop other possible disease management capabilities
are also essential.

The most notable accomplishment of wild population
management has been the apparent sustainability of at least
one reintroduced population. The ferret population at Conata
Basin, S. Dak., is believed resilient enough to withstand
harvest of surplus animals for translocation to other rein-
troduction sites. This is a remarkable accomplishment and
indicates a population likely more stable than any other extant
population during the last half century.

The review of the Black-footed Ferret Recovery Program
by CBSG in June 2003 and the subsequent report issued by
CBSG in January 2004 provided many practical recommen-
dations to further ferret recovery and addressed issues and
program needs related to captive breeding, reintroduction,
disease, and habitat. Many of our views and recommendations
echo information contained in the CBSG report; however,
given the current status of the recovery program, after almost
20 years of captive “life support” for the ferret, and the pros-
pect of a difficult recovery future (given habitat limitations),
perhaps other, more fundamental questions need to be asked
and other key recovery priorities more fully pursued.

To realistically fulfill our recovery mission, how do
we secure greater commitments for financial resources,
private land incentives, and public land-use reforms neces-
sary to set aside, develop, and sustain sufficient habitats
across the historical range of the ferret?

Given the presence of plague in the environment and
the timetable likely necessary to restore suitable prairie dog
complexes, a foundation of available sites needs to be identi-
fied and attendant implementation strategies and schedules
prescribed in a timely manner. It may take 10-20 years of
intensive management to enhance complexes of prairie dog
habitat to the point that they can support healthy ferret popula-
tions; planning and commitments must start soon. Federal
public lands (national grasslands, Bureau of Land Manage-
ment property, national wildlife refuges, national parks and
monuments, and military lands) should bear a disproportionate
amount of habitat development. Responsibilities under section
7(a)(1) of the ESA (a provision requiring all Federal agencies
to fully promote and support endangered species recovery)
should be reinforced at the national level, both with funding
and refocused priority, to establish and manage large prairie
dog complexes wherever possible. Partnerships with tribes and
private land owners must be pursued to secure recovery areas
over those portions of the ferret’s historical range where public
lands are largely absent. Cooperative efforts with Canada and
Mexico should continue in order to develop recovery sites
at the northern and southern extents of the ferret’s historical
range.

How can administrative procedures be improved to
more effectively and rapidly develop suitable black-footed

ferret reintroduction areas and secure long-range
management assurances necessary to perpetuate viable,
wild populations?

All ferret reintroductions in the United States have been
accomplished under ESA section 10(j) provisions, which relax
many of the strict prohibitions of the ESA. Section 10(j) has
been an important management tool and was necessary for
initial ferret reintroduction efforts. Nevertheless, 10(j) also has
limitations and liabilities. Despite successful development of
ferret reintroduction projects over most of the best remaining
habitats in the United States since 1991, the administrative
processes required to establish 10(j) experimental population
sites typically require 2 years to complete and considerable
investments of staff and funding. It is not a provision that
allows rapid response to new opportunities. More importantly,
10(j) is somewhat one-sided in effect and does not provide
long-range assurances of support by affected parties. It can
hinder implementation of program changes in response to
identified needs and has been used by involved agencies to
justify positions of social and political expediency rather than
to fulfill conservation obligations. Other than reducing politi-
cal opposition to initial reintroduction efforts, 10(j) has done
little to assure reestablishment of ferrets.

Still, we do not advocate stronger regulations or
constraints to guide ferret recovery; indeed, we suggest the
opposite. The time to be most careful and restrictive with
species like the ferret, condor, and red wolf is when they are
declining, so as to keep them from slipping into such a precari-
ous abyss in the first place. A process is needed through which
responsible agencies are given sufficient resources and broader
latitude to quickly develop site-specific strategies that define
the boundaries of proposed recovery areas, prescribe the scope
of agreements, and, like 10(j), hold no private parties account-
able for uses or development of their property that might result
in inadvertent losses of endangered ferrets. The ferret program
needs to become even more proactive and not shy away from
potential risks of individual project failure and animal losses.
Again, we need to cast a wide net while reducing the fear of
repercussions and impacts to private property that accompany
efforts to recover endangered species.

How can resources allocated to endangered species
recovery at the national level be better prioritized and
distributed to address biological imperatives?

The manner in which endangered species program priori-
ties are established and funded warrants review. Although we
certainly support other programs and efforts to recover endan-
gered species, overall national priorities should be biologi-
cally based and focused on those species in greatest peril and
for which habitat protection would have the greatest overall
ecological benefit. Black-footed ferret recovery has achieved
some remarkable successes despite a history of inadequate
funding. Increased funding could have substantially acceler-
ated species recovery, focused greater attention on critical



program elements such as habitat conservation and restoration
and expanded partnerships, and perhaps would have helped
avoid some of the pitfalls encountered.

Enormous resources have been poured into recovery
efforts for the gray wolf and grizzly bear in the Rocky
Mountain region with great success and public benefits, but
these species enjoy stable habitats over significant portions of
their historical ranges—habitats that support large, nonthreat-
ened populations to the north. The black-footed ferret has no
comparable safety net of extant population reservoirs. More-
over, the grassland/steppe ecosystem upon which the ferret
depends is imminently more threatened, and its loss would
have far-reaching consequences to a host of other native plant
and wildlife species.

We recognize that these questions and suggestions
address larger issues of regulation, policy, and current manage-
ment direction and practices for numerous State and Federal
agencies. We also understand that there are no easy fixes and
that change may be slow in coming. Still, what better example
of a species recovery program could be used as a springboard
to critically review functional elements of ESA, interagency
coordination and management needs, partnership capabili-
ties, and administrative processes needed to secure greater
habitat stability and foster species recovery? These questions
and issues are in need of more focused scrutiny and attention
by FWS, partner agencies, organizations, and tribes of the
BFFRIT and other endangered species programs.
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Section ll. Managing Captive Populations

When the Black-footed Ferret Recovery Plan of 1988 was written, captive breeding was
still considered to be a risky venture (similar to opinions voiced during the creation of the origi-
nal 1978 recovery plan). An effort to produce black-footed ferrets in captivity failed after the
1978 plan was written. Much of the more recent plan was devoted to captive breeding, which is
now largely a success story, although research and operational improvements continue.






An Adaptive Management Approach for Black-footed

Ferrets in Captivity

By Paul E. Marinari' and Julie S. Kreeger'

Abstract

Management of black-footed ferrets (Mustela nigripes)
in captivity has historically utilized a flexible, adaptive
approach as additional information about the species is
obtained. Increased survivorship at reintroduction sites within
the ferret’s historical range has further allowed innovative
approaches to animal husbandry. Ferret recovery has benefited

from changes in breeding schemes, nutrition, and vaccinations.

Production of kits increased when animals were paired during
daytime hours and allowed to remain together for 3 consecu-
tive days. The Toronto Zoo Small Carnivore Diet was found
to be a well-balanced, cost-effective, nutritious food for ferret
maintenance and reproduction. PureVax® Ferret Distemper
Vaccine provided protective titers under a variety of manage-
ment scenarios. Changing program needs and flexibility in
animal management are assessed yearly in order to balance
maintenance of genetic diversity with maximum productivity.

Keywords: adaptive management, black-footed ferret,
breeding, captive, Mustela nigripes, nutrition, reproduction,
vaccination

Introduction

Captive management of endangered species requires an
adaptive approach, incorporating new information relevant to
changing program goals while ensuring quality animal care.
Additionally, a system of checks and balances is needed to
ensure that changes in management do not adversely affect
either animal health or the primary goals of captive breed-
ing—productivity and maintenance of genetic diversity. The
fate of the black-footed ferret (Mustela nigripes) was placed in
the hands of captive breeding efforts in the late 1980s when a
decline of the last known wild population was identified. The
decline of this population, located near Meeteetse, Wyo., led
to the capture of 18 individuals of the species and was the start

'U.S. Fish and Wildlife Service, National Black-footed Ferret Conservation
Center, P.O. Box 190, Wellington, CO 80549.

of a complex, multipartner recovery effort, which is conducted
under the auspices of the American Zoo and Aquarium
Association’s Species Survival Plan® (SSP) program and is
guided by the Black-footed Ferret Recovery Plan (U.S. Fish
and Wildlife Service, 1988) and a manual of husbandry tech-
niques (Lyster and others, 2002).

One of the primary goals identified in the Black-footed
Ferret Recovery Plan (U.S. Fish and Wildlife Service, 1988)
involves development and maintenance of a large, stable,
and genetically managed captive breeding population, which
has been further defined as a core breeding population of
240 adults (90 males, 150 females) located in six geographi-
cally separated facilities. Facilities currently housing captive
breeding populations include the U.S. Fish and Wildlife
Service’s (FWS) National Black-footed Ferret Conservation
Center (Center) in Wellington, Colo., (originally managed by
the Wyoming Game and Fish Department and later the FWS
at Wheatland, Wyo.), the Smithsonian National Zoological
Park’s Conservation & Research Center (Virginia), the Louis-
ville Zoo (Kentucky), the Cheyenne Mountain Zoo (Colo-
rado), the Toronto Zoo (Ontario, Canada), and the Phoenix
Z00 (Arizona).

At the outset of the captive breeding program, all facili-
ties tried to follow identical animal husbandry and manage-
ment protocols based on the initial success of the Wyoming
Game and Fish Department’s (WGFD) program. Since 1987,
this has led to the production of over 5,100 black-footed
ferret kits through natural breeding and assisted reproductive
technology. During this time, much has been learned about
ferret behavior, reproductive technology, nutrition, and other
factors associated with animal husbandry and captive colony
maintenance. The ability to experiment with different manage-
ment schemes in the ferret program has been key to these
achievements. In the mid-1990s, the FWS assumed operational
oversight of the largest ferret colony, which is located at the
Center. The Center houses approximately 55 percent of the
world’s captive black-footed ferrets and serves as the hub
for all ferret-related activities. Given the large population of
ferrets housed there, the Center is an ideal place to implement
a flexible and adaptive approach in all areas of black-footed
ferret captive management. Additionally, the Center staff
works both independently and in collaboration with research-
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ers to investigate questions concerning reproduction, nutrition,
disease, and genetics as they relate to captive breeding.

Many changes have been incorporated into the captive
breeding program based on studies addressing factors that
affect the number of kits produced and weaned (defined as kits
surviving to 90 days of age). This paper reviews three areas of
management that have been addressed through studies at the
Center: breeding strategies, nutrition, and vaccination against
disease.

Breeding Strategies

A primary goal of the SSP is to optimize genetic manage-
ment of the captive population (Ballou, 1984; Russell and
others, 1994; Miller and others, 1996) by maintaining 80
percent of the genetic diversity present in the founder popu-
lation for the next 25 years. Since only 7 of the original 18
animals successfully reproduced, genetic diversity has been
limited from the outset. Males and females are paired utilizing
the mean kinship and inbreeding coefficient strategy (Ballou
and Oakleaf, 1989). This strategy identifies several potential
males for each female in the SSP breeding population. Efforts
to equalize founder representation are succeeding (Wisely,
2001), indicating that the mean kinship and inbreeding coef-
ficient strategy is an appropriate tool for managing the captive
population.

Prior to 1996, all ferrets at the Center, as well as those
at other captive breeding facilities, were paired by using
procedures developed by the WGFD. This involved pairing
of animals at night with a high degree of human intervention.
Staff at the Louisville Zoo tried a different, less intensive
approach to male and female pairings that resulted in very
successful kit production. In 1996, Center staff decided to
conduct a more extensive study comparing the Wyoming and
Louisville methods.

In 1996, the entire ferret colony at the Center was kept
under strict quarantine procedures during the breeding season.
Access to the animals was limited to immediate staff. Addi-
tionally, before coming in contact with any ferrets, all employ-
ees showered and changed into clothes that remained onsite.
Vehicle traffic near the main breeding building was restricted
to emergency use in order to minimize possible disturbance to
the ferrets.

Black-footed ferret females were divided between the two
breeding schemes being investigated (n = 36, Wyoming; n =
29, Louisville). Only females aged 1-3 years were included
in the study, as these age classes form the core of the captive
breeding population. All females were housed in the main
breeding building and were treated similarly up to the moment
of pairing with their chosen male. Each animal was maintained
on a strict diet, known as 60/40, which consisted of a mixture
of ground rabbit, commercial mink chow, and various addi-
tives, formulated by staff of the WGFD prior to 1996. During

the breeding season, rendered lard was added to the 60/40 diet
of expectant females only. Two months prior to the breeding
season, each ferret was weighed and assigned a target weight
that was determined by technicians using visual cues of overall
body condition. Amount of food provided to the animals

was altered based on weight over a 2-month period. As the
breeding season progressed, weekly vulvar measurements
were performed and recorded. Vaginal cytology and vulva size
were used to monitor reproductive readiness in both groups
(Williams and others, 1992). In the Louisville method, males
were brought to the females’ cages and were not given access
to the upper nest box at night. Additionally, once a positive
sperm check was obtained, the pair was left together for 3
consecutive days and nights. In the Wyoming method, females
were brought to the males’ cages, confined to the cage surface
(1.2 x 1.2 m), which contained a breeding box, and separated
from the males during daylight hours.

Peterson (1996) summarized findings of this study for
the FWS’s 1996 annual progress report. Fecundity, defined
as the proportion of bred females that whelped, was higher
with the Louisville method (55 percent versus 36 percent).
The average litter size per female bred with the Louisville
method was 2.65 + 2.31 (mean + SE), which was significantly
different from the average litter size for the Wyoming breed-
ing method (1.46 + 1.82; one-way ANOVA, P = 0.05). The
average number of kits weaned per whelping female with the
Louisville method was 3.13 + 1.93, which was significantly
different from results of the Wyoming method (1.54 + 1.56;
one-way ANOVA, P =0.02).

The higher whelping rate and greater number of kits
produced with the Louisville method indicated that this
management scheme would be beneficial to overall program
goals—maintenance of genetic diversity and production of as
many kits as possible. Greater kit production with the Louis-
ville method could be a result of several factors, including
less stress because of minimal human interactions while males
and females were paired and more time for the animals to
copulate, as black-footed ferrets are induced ovulators. Pairs
were observed copulating multiple times throughout the day,
perhaps providing greater stimuli for ovulation to occur. There
is also a cost savings associated with the Louisville method,
as additional staff are no longer necessary to monitor pairs
at night. Daytime ferret keepers balance activities related to
ferret breeding with husbandry chores. The Louisville method
has now become standard operating procedure at all captive
breeding institutions. At the Center, further refinements have
occurred during the past several years to make pairings more
efficient. Testicular and vulvar measurements have been
discontinued in favor of electroejaculation and vaginal cytol-
ogy to determine male and female reproductive readiness.
Video monitoring has also been discontinued. Sperm checks
are now performed opportunistically, and staining (Dip Quick;
Jorgensen Laboratories, Inc., Loveland, Colo.) is used to
determine the success of pairings.



Nutrition

Black-footed ferrets rely predominantly on prairie
dogs (Cynomys spp.) for food in the wild (Campbell, 1987).
Logistically, it would be extremely difficult to feed all ferrets
maintained in the captive breeding program a diet of 100
percent prairie dogs, so alternative diets have been inves-
tigated. Initially, captive ferrets were fed a mink chow and
rabbit-based diet (the aforementioned 60/40 diet) that included
a variety of additives thought to be important for maintain-
ing a healthy breeding population based on information from
domestic ferret (Mustela putorius furo) and mink (M. vison)
captive breeding programs. As additional captive breeding
facilities were incorporated into the program, feeding strategy
guidelines and protocols were relaxed. Several nutritionists
were concerned that the 60/40 diet had excessive polyunsatu-
rated fatty acids. Oyarzun and others (1994) analyzed and
evaluated common diets used throughout the captive breeding
program in the mid-1990s and determined that the 60/40 diet
used at the Metro Toronto Zoo (now the Toronto Zoo) greatly
exceeded dietary recommendations established for mink as
well as nutrient levels reported in the natural diet of black-
footed ferrets (Dierenfeld and McGuire, 1989). Oyarzun and
others (1994) stated that, even though mineral levels were not
high enough to cause acute toxicosis, feeding of higher than
recommended levels over an extended period of time might
have adverse effects (Lyster and others, 2002). Nutritionists at
the Toronto Zoo continued to alter the diet composition so that
it more closely fit accepted dietary requirements. This research
led to formulation of the horse-based Toronto Zoo Small
Carnivore Diet produced by Milliken Meat Products, Ltd.,
Scarborough, Ontario, Canada.

In 2000, a study was conducted at the Center to compare
the two diets (60/40 and Toronto Zoo Small Carnivore) used
in the captive breeding program. The primary objective of the
study was to examine the effect of the diets on reproductive
output. As sample sizes were small (four females and four
males in each group), we were looking only for obvious and
detrimental deviations from results achieved with the standard
60/40 diet. Larger sample sizes would have provided greater
statistical power; however, using additional females in the
study might also have reduced our ability to maintain genetic
diversity and produce kits for reintroduction. Supplemental
vitamin K, believed to decrease the frequency of intra-
abdominal hemorrhage (blue-belly) in kits, was provided to
bred and nursing females at the same dose and time period for
both groups. A less labor-intensive strategy to raise kits was
used on all litters at the Center. This strategy not only reduced
handling time but also decreased the amount of supplemental
diet offered to individual kits. Weights of adults were only
monitored during preliminary stages of the study to determine
adequate serving sizes and guard against large fluctuations
in weight. For females, the number of kits born and those
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surviving to 50 days of age were examined. Fifty days of age
was chosen as a cutoff point for the study because all kits are
fed identical diets beginning at that age. The response variable
for males was number of sperm per milliliter in ejaculate.

A key advantage to the Toronto Zoo Small Carnivore Diet
is that it is made under strict quality control (Canadian Food
Inspection Agency). The prepackaged diet was found to be
very convenient to use, less labor intensive, and more sanitary
than the 60/40 diet produced in-house. The majority of ferrets
readily accepted the diet and seemed to prefer it at first feed-
ing. Overall, there was no difference between the two diets in
the number of kits born per female (3.5) or the number of kits
per female surviving to 50 days of age (3.25). Sperm produc-
tion appeared to be lower in males fed the Toronto Zoo Small
Carnivore Diet, but concentrations were above acceptable
limits (250 x 10° sperm/mL). Staff at the Center also noticed
that kits readily ate the Toronto Zoo Small Carnivore Diet at
early stages of development.

Based on these feeding trials in 2000, the Toronto Zoo
Small Carnivore Diet was determined to be effective and
convenient for use at the Center and replaced the 60/40 diet;
however, in 2003 the United States banned import of all meat
products from Canada as a result of mad cow disease (bovine
spongiform encephalopathy). Accordingly, we investigated
alternative diets, including the Dallas Crown Carnivore Diet
(Dallas Crown, Inc., Kaufman, Tex.). Earlier feeding trials
at the Phoenix Zoo found this diet to be suitable for ferret
maintenance and production. The SSP Nutrition Advisory
Group also endorsed the diet as an acceptable alternative if
the Toronto Zoo Small Carnivore Diet was unavailable. In
keeping with our efforts to improve management in the captive
breeding program, in 2004 we also evaluated the effect of
the Toronto and Dallas Crown diets on sperm production and
compared the results to those from black-footed ferrets fed a
more natural diet of prairie dogs. There were no significant
differences in the response variable among any of the three
diets. The Toronto Zoo Small Carnivore Diet is generally
preferred by ferret caretakers because of its more even consis-
tency, which makes it easier to feed to ferrets.

Vaccination

Transport of black-footed ferrets across State and inter-
national borders may require rabies vaccination, depending
on individual State or country regulations. If required, black-
footed ferrets over 3 months of age are vaccinated with Imrab®
3 (Merial, Inc., Athens, Ga.). This vaccine is approved for use
in domestic ferrets and recommended for yearly revaccina-
tion. It is also recommended that ferrets in outdoor pens be
vaccinated in areas where rabies is endemic. Rabies vaccina-
tion must be by or under the direct supervision of a licensed
veterinarian.
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Prevention of canine distemper in captive black-footed
ferrets has been an important management consideration since
the inception of the captive breeding program. Captive ferrets
have succumbed to both natural (Williams and others, 1988)
and vaccine-induced canine distemper virus (CDV) infections
(Carpenter and others, 1976). The search for a safe and
effective canine distemper vaccine for use in captive and free-
ranging black-footed ferret populations has been a priority for
ferret recovery (Wimsatt and others, this volume).

Historically, ferrets in the captive breeding program were
vaccinated against CDV with an inactivated virus plus adju-
vant. The vaccine was prepared yearly by Dr. M.J.G. Appel
of Cornell University. Adjuvant was prepared separately. This
vaccine was used until 2002, but no data on duration of immu-
nity and protection against CDV were collected. The recent
availability of a commercial, monovalent, canary pox-vectored
vaccine for use in domestic ferrets, Pure Vax® Ferret Distemper
Vaccine (Merial, Inc., Athens, Ga.), provided a new possibility
for vaccination of captive black-footed ferrets. The vaccine
had been tested in the Siberian polecat (Mustela eversman-
nii), a species closely related to the black-footed ferret, with
promising results (Wimsatt and others, 2003).

Since management of young black-footed ferrets varies
according to their ultimate fate (i.e., release to the wild or
captive breeding), we examined several different paradigms
of vaccination and the resultant serum neutralization titers.
Vaccine used in these studies was a generous donation from
Merial. The Wyoming State Veterinary Laboratory in Laramie
performed serum neutralization titers.

Three groups of young of the year black-footed ferrets
were used. Group 1 consisted of 13 ferrets from multiple
litters. These animals were vaccinated intramuscularly with
PureVax Ferret Distemper Vaccine. Vaccinations were admin-
istered in the right thigh at approximately 60, 74, and 88 days
of age. Blood for titers was drawn from the external jugular
vein of anesthetized ferrets every 2 weeks, coinciding with
vaccinations to minimize handling of young animals. Final
blood samples were drawn 2 weeks after the last vaccination.
Group 2 included 12 ferrets subjected to vaccination and blood
sampling protocols identical to those for group 1, except the
PureVax vaccine was given subcutaneously. Group 3 consisted
of nine animals subjected to a protocol chosen to approximate
the preconditioning of young ferrets for release to the wild.
Young preconditioned ferrets are placed in outdoor pens at an
early age and often not recaptured for months. Ferrets in this
group were vaccinated subcutaneously at 60 days of age and
again at 120 days of age. Blood samples were taken at initial
vaccination and at 74, 120, and 134 days.

Serum neutralization titers of >1:128 are considered
protective (E. Williams, oral commun., 1999). Prior to
vaccination, all groups had median titers of <1:8. All ferrets
developed protective titers of >1:128 following the second
vaccination. Subsequent vaccinations resulted in increased
titers. Ten of the ferrets that received intramuscular injections
of PureVax were tested 1 year postvaccination, and eight (80
percent) had protective titers.

Results of these studies indicate that black-footed ferrets
vaccinated with a minimum of two doses of PureVax Ferret
Distemper Vaccine developed protective titers. Three doses of
vaccine resulted in increased titers and provided 80 percent
of vaccinated ferrets with protective titers up to 1 year later.
Based on these results, captive breeding facilities are now
encouraged to administer a minimum of two canine distemper
vaccinations in young ferrets, beginning at the age of 60 days.

Conclusions

It is apparent that black-footed ferret captive breeding
facilities benefit from a flexible management approach. The
ability of the program to use adaptive techniques in all areas
of ferret management is inextricably linked to the success of
reintroduction activities. A stable captive breeding population
and an increased number of reintroduction sites have allowed
facilities to be more creative in their management decisions.
Changes in the program are acceptable only if they do not
have a detrimental effect in terms of overall production of
animals. Production of kits has been consistent over time, and
weaning success continues to improve. Many other changes
have been made throughout the history of captive manage-
ment, including the use of ALPHA-dri™ bedding material
(Shepherd Specialty Papers, Watertown, Tenn.), elimination
of additional vitamin K supplement, and less labor-intensive
dietary management of kits. We will continue to assess our
methods on an annual basis and adapt our management in
order to provide a stable source of animals to meet the ever-
changing needs of the black-footed ferret recovery program.
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Use of Reproductive Technology for Black-footed Ferret

Recovery
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Abstract

Assisted reproductive techniques such as artificial insemi-
nation (Al), in vitro fertilization, and sperm cryopreservation
have been postulated to be “high-tech” strategies for saving
endangered species from extinction; however, there has been
limited application of assisted breeding in wildlife manage-
ment. This report illustrates how reproductive technology has
been utilized in an integrated conservation program to save the
endangered black-footed ferret (Mustela nigripes). Considered
extinct until a remnant population was discovered in Wyoming
in 1981, the last remaining 18 black-footed ferrets were
captured to establish a captive breeding program. In 1988,
the U.S. Fish and Wildlife Service developed a Black-footed
Ferret Recovery Plan, which emphasized species preservation
through natural breeding, development of assisted reproductive
technology, and establishment of multiple reintroduction sites,
among others. A multi-institutional propagation program has
been highly successful. Approximately 250 animals currently
reside in six breeding facilities, and >500 black-footed ferrets
survive in the wild from reintroduced animals. Methods for
semen collection, Al, and sperm cryopreservation were devel-
oped first in domesticated ferrets (Mustela putorius furo) and
the closely related Siberian polecat (Mustela eversmannii) and
now are used routinely in black-footed ferret management to
(1) assess sperm status prior to natural breeding; (2) circum-
vent cases of sexual incompatibility; (3) enhance reproduction
in nonbreeding individuals to retain existing genetic diversity;
(4) increase founder representation; (5) establish a genome
resource bank to preserve valuable germ plasm; and (6)
produce additional offspring for reintroduction. To date, 128
black-footed ferret kits have been produced by Al using fresh
or frozen semen. The black-footed ferret represents a model
for reproductive biotechniques contributing to a multidisci-
plinary species recovery and reintroduction program.
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Introduction

The value of reproductive technologies to ex situ and
in situ wildlife management in helping conserve genetic and
biological diversity has been considered for years. Assisted
reproductive technologies such as artificial insemination (Al),
in vitro fertilization (IVF), embryo transfer, and gamete/
embryo cryopreservation offer many advantages for managing
small populations, largely by ensuring that all genetically valu-
able animals reproduce (Ballou, 1984; Howard, 1993, 1999;
Wildt and Roth, 1997; Wildt and others, 1997). The potential
of assisted reproduction could be enhanced further by devel-
oping genome resource banks (repositories of cryopreserved
sperm, eggs, and embryos), thus preserving valuable genetic
material for future generations. The combined use of assisted
breeding and germ plasm banks also has potential for infusing
genetic material from wild-born individuals into genetically
stagnant ex situ populations or even for exchanging genetic
material between isolated wild populations (Holt and others,
1996; Wildt and others, 1997).

Despite these advantages, assisted reproduction has not
been used consistently in practical wildlife management and
conservation, largely for one reason. Until recently, no wildlife
species had been sufficiently studied that its reproductive
biology was so comprehensively understood that assisted
breeding could become routine. It commonly is assumed
that reproductive knowledge and techniques established for
laboratory rodents, domestic farm species, and even humans
are readily adaptable to propagating or overcoming infertility
in wild animals (Wildt and others, 2001a,b). This is a misper-
ception because all species have naturally evolved, unique,
species-specific reproductive mechanisms, most of which have
not yet been elucidated. Without such specific information, no
assisted breeding technique can ever become routine.

There still is a need to demonstrate how such repro-
ductive strategies can be used pragmatically. In this paper,
we demonstrate how management and conservation of an
endangered carnivore, the black-footed ferret (Mustela
nigripes), have benefited from the application of the reproduc-



tive sciences, including assisted breeding. We assert that the
lessons learned from (1) working in partnership with wild-
life managers and ex situ breeding institutions, (2) taking a
systematic basic and multidisciplinary research approach, and
(3) integrating knowledge have helped to recover and reintro-
duce this endangered species into nature.

Black-footed Ferret Recovery

Between the fall of 1985 and spring of 1987, the
Wyoming Game and Fish Department, in cooperation with the
U.S. Fish and Wildlife Service, captured the last 18 free-rang-
ing black-footed ferrets from Meeteetse, Wyo., a location
known to have sylvatic plague and canine distemper (Forrest
and others, 1988; Williams and others, 1988; Thorne and
Oakleaf, 1991). In the spring of 1987, captive breeding was
successful, and two litters of black-footed ferret kits were
born. Given the species’ critical status, a recovery plan for
ex situ propagation and reintroduction was a high priority. A
workshop was held in 1986, facilitated by the Conservation
Breeding Specialist Group (CBSG) of the Species Survival
Commission of the World Conservation Union (International
Union for the Conservation of Nature and Natural Resources).
Widespread stakeholder participation was emphasized, and
the workshop was attended by representatives from State and
Federal wildlife and land management agencies as well as
experts in mustelids, small population biology, reproduction,
nutrition, veterinary medicine, and genetics. Using workshop
information (Seal and others, 1989), the U.S. Fish and Wildlife
Service developed an official Black-footed Ferret Recovery
Plan in 1988 (U.S. Fish and Wildlife Service, 1988) that
emphasized species preservation through research, a multi-
institutional ex situ propagation program, and establishment of
multiple reintroduction sites. The goal of the ex situ breeding
program was to maintain ~240 ferrets (90 males, 150 females)
in captivity but in multiple institutions to avoid a catastrophe
that might affect any single facility. The aim of the eventual
reintroduction program was to establish a total of 1,500 ferrets
in at least 10 self-sustaining, free-ranging populations by the
year 2010. The wild populations, scattered geographically
within the ferret’s former range, each were to be composed of
at least 30 breeding adults.

Throughout discussions of the ex situ and (eventually)
in situ metapopulation structure, the role of sound scientific
research, including the potential of reproductive technolo-
gies, was always recognized. Managers were especially keen
to determine whether such techniques could be useful for
evaluating fertility and for developing Al with fresh or cryo-
preserved spermatozoa, all for the purpose of supporting ex
situ breeding and especially avoiding further losses in genetic
diversity. One early concept was to establish a black-footed
ferret genome resource bank, a frozen repository of spermato-
zoa from the most genetically valuable males, especially those
that failed to reproduce by natural breeding.
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Ex Situ Natural Breeding

Intensive management by the Wyoming Game and Fish
Department resulted in production of offspring in 1987 and
all subsequent years, which allowed dividing the ex situ
population into six subcolonies at zoological institutions in
North America. The U.S. Fish and Wildlife Service assumed
the responsibility of managing the Wyoming breeding facil-
ity in 1996 and renamed it the National Black-footed Ferret
Conservation Center. Since 1987, the multi-institutional ex situ
breeding program has produced >5,100 ferrets (Marinari and
Kreeger, this volume) while generating extensive knowledge
on ferret biology.

For the past decade, the cooperative effort among the
breeding facilities has been guided by the Black-footed Ferret
Species Survival Plan® (SSP), a population management strat-
egy of the American Zoo and Aquarium Association designed
to maintain a self-sustaining ex situ population while provid-
ing animals for reintroduction. Breeding recommendations
also are provided in an attempt to equalize genetic representa-
tion of the few original wild-born founders. SSP managers
determine specific pairs for breeding on the basis of a mean
kinship value, a measure of how related an individual is to the
remaining population (Ballou and Lacy, 1995; Wisely, this
volume). Demographic data, including reproductive lifespan,
fecundity, age distribution, and sex ratio, are considered in
predicting population stability and growth rate over time.
Currently, there are ~250 black-footed ferrets maintained in
the SSP program at six locations.

Reintroduction

The ability to produce ferrets in captivity allowed
reintroduction to begin in 1991, initially into the Shirley Basin
of southeastern Wyoming (Miller and others, 1993; Biggins
and others, 1997). A few animals survived over winter, and
additional ferrets were released at the same site in subsequent
years. In 1995, reintroduction efforts were suspended in
Wyoming because of a sylvatic plague outbreak and the loss of
vital prairie dog (Cynomys spp.) colonies on which the ferrets
depend for food and shelter. Subsequent ferret reintroduc-
tion sites were established in Conata Basin in South Dakota
(Badlands National Park and Buffalo Gap National Grassland
in 1994) and Montana (Charles M. Russell National Wildlife
Refuge in 1994; Fort Belknap Indian Reservation in 1996).
Arizona became the fourth State in the reintroduction program
in 1996 with ferret releases in Aubrey Valley. Utah was added
as the fifth State in 1999 when ferrets were released in Coyote
Basin near the Colorado border. In the fall of 2000, the Chey-
enne River tribal lands in South Dakota received ferrets. After
extensive planning, a site near Janos, Chihuahua, Mexico,
received releases in 2001. Successful reproduction and
offspring produced in the wild from released ferrets have been
documented at all release sites. Survival of released ferrets has
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improved because of preconditioning, the exposure of ferrets
to large outdoor pens with prairie dog burrow systems and
live prey prior to reintroduction. Although success varies, the
highest survival has occurred at Conata Basin (South Dakota),
with >70 percent of captive-born kits and >90 percent of
identified wild-born kits surviving over winter and through
spring (T. Livieri, oral commun., 2005). As of fall 2005, the
wild population was ~500 black-footed ferrets (T. Livieri, oral
commun., 2005).

Development of Reproductive
Technologies in Animal Models

Potential benefits of reproductive technologies were
recognized from the onset of the recovery program. The
recovery plan of 1988 (U.S. Fish and Wildlife Service, 1988),
the original and official guide for species rescue, encouraged
development of methods for reproductive assessment and
assisted breeding. It was realized that Al with fresh or frozen
spermatozoa could help retain genetic diversity by ensuring
reproduction in every valuable individual that failed to breed
naturally. Additionally, a genome resource bank containing
cryopreserved spermatozoa could preserve extant genes for
the future, as well as assist in the genetic management of this
small population.

The National Zoological Park’s Conservation & Research
Center was invited to take a lead role in studying ferret
reproductive biology as well as to participate in the ex situ
breeding program. We began our reproductive investigations
by using the domestic ferret (Mustela putorius furo) and the
closely related Siberian polecat (Mustela eversmannii) as
animal models, first to understand general ferret biology and
then to use that knowledge for developing assisted breeding
(Wildt and others, 1986). Molecular analyses revealed that
the domestic ferret, the Siberian polecat, and the black-footed
ferret are taxonomically related (O’Brien and others, 1989).
All of these species are seasonal breeders with reproductive
activity stimulated by long-day photoperiod (Hillman and
Carpenter, 1983; Miller and others, 1988; Mead and others,
1990; Miller and Anderson, 1990; Carvalho and others,
1991). Testis size gradually increases beginning in January
or February, peaks from March through June and then gradu-
ally declines (Neal and others, 1977). The female’s breeding
season is monoestrus and restricted to the months of March to
June, and is characterized by changes in vaginal cytology and
an increase in vulvar size. Finally, these species are classi-
fied as induced ovulators, with ovulation occurring ~30 hours
after a single copulation or an injection of human chorionic
gonadotrophin (hCG) or luteinizing hormone (LH) (Mead and
others, 1988).

Extensive studies were conducted on domestic ferrets
to develop a reliable approach for collecting, processing, and
analyzing fresh or cryopreserved spermatozoa (Curry and

others, 1989; Wildt and others, 1989; Howard and others,
1991; Van der Horst and others, 1991). More than 300 elec-
troejaculates from nine males were collected to address the (1)
effect of temporal spermatogenesis patterns on sperm viability;
(2) comparative effectiveness of vaginal versus uterine insemi-
nation via an atraumatic laparoscopic approach; (3) influence
of sperm number, dilution medium, and time of hCG adminis-
tration on pregnancy success, gestation interval, and number of
offspring produced; and (4) influence of cryodiluent, freezing
method, and thawing temperature on the biological compe-
tence of frozen-thawed ferret spermatozoa (Wildt and others,
1989; Howard and others, 1991; Howard, 1999). Such basic
studies were crucial to developing reliable assisted breeding
techniques. An effective electroejaculation protocol was devel-
oped in the domestic ferret to consistently collect high-qual-
ity spermatozoa from anesthetized males (table 1). Vaginal
insemination was determined to be ineffective for producing
offspring; none of 10 females became pregnant after sperma-
tozoa were deposited intravaginally (Wildt and others, 1989).
In contrast, transabdominal-intrauterine sperm deposition via
laparoscopy resulted in high pregnancy success. Seventeen of
24 ferrets (70.8 percent) inseminated in this fashion became
pregnant and delivered live young (Wildt and others, 1989). In
addition, embryo transfer was developed in the domestic ferret
to nonsurgically transfer preimplantation embryos (Wildt

and Goodrowe, 1989; Kidder and others, 1999). Comparative
assessments of 12 cryopreservation methods determined that

a combination of an egg-yolk/lactose cryodiluent, the pellet
freezing method, and a 37°C thawing temperature was effec-
tive for freeze-thawing ferret sperm and recovering maximal
motility and acrosomal integrity. When this cryomethod was

Table 1. Mean (+ SE) ejaculate traits, sperm morphology, and
acrosomal integrity in the domestic ferret (Mustela putorius
furo), Siberian polecat (M. eversmannii), and black-footed
ferret (M. nigripes).

Domestic Siberian Black-footed
ferret polecat ferret

(n=4males)® (n=8males)® (n=97 males)’
Sperm 80.7 = 1.0¢ 80.6 = 2.9¢ 512+ 1.8
motility (%)
Sperm
progression 3320.1 3.0+02 25+0.1
(0-5;
5 = best)
Normal 673+ 1.3 74.5 +2.6° 21.0 + 1.5¢
sperm (%)
Normal
intact acro- 92.4 +0.5¢ 96.8 = 1.0¢ 67.2 +2.8¢
some (%)

“Data based on 52 ejaculates from four males (Howard and others, 1991).

"Data based on one ejaculate per male (Howard and others, 1996; J.
Howard, unpub. data, 1996).

“‘Within rows, values with different superscripts are different (P < 0.05).



used, 7 of 10 females (70.0 percent) inseminated in utero with
frozen-thawed ferret spermatozoa became pregnant (Howard
and others, 1991). Overall, reproductive efficiency was high
(70.6 percent) after laparoscopic intrauterine Al with fresh or
frozen semen (table 2).

The strategy developed for the domestic ferret was
subsequently applied to the Siberian polecat and finally to
the black-footed ferret. Although sperm motility traits were
similar among the three species, there were significantly fewer
structurally normal spermatozoa in the black-footed ferret
compared to the domestic ferret and polecat (table 1; Howard
and others, 1991, 1996). After cryopreservation and thawing,
sperm motility and membrane integrity also were less in the
black-footed ferret compared to the other species (Howard
and others, 1991, 1996). These differences in sperm viability
were assumed to be related to the restricted founder base and
reduced genetic variation in the black-footed ferret. Neverthe-
less, the laparoscopic intrauterine Al technique, developed
in the domestic ferret, proved effective in its close relatives.
Eight of 10 (80.0 percent) Siberian polecats inseminated with
fresh or cryopreserved semen became pregnant (table 2), and
this high rate provided the confidence to apply the procedure
to the rarer black-footed ferret. Four of six (66.7 percent)
black-footed ferrets inseminated with fresh or frozen-thawed
semen became pregnant and delivered live young (table 2)
(Howard and others, 1996; Howard, 1999).

Table 2. Comparison of laparoscopic intrauterine artificial
insemination with fresh or frozen-thawed spermatozoa in
closely related ferret species. Data from Wildt and others
(1989), Howard and others (1991, 1996), and Howard (1999).

Domestic Siberian Black-footed
ferret polecat ferret
(Mustela (Mustela (Mustela
putorius furo)  eversmannii) nigripes)
Number
of females 34 10 6
inseminated
Number of
pregnant 24 8 4
females
Pregnancy rate 70.6 80.0 66.7
(%)
Number of kits 116 4 9
born
Mean (+ SE)
number of 48+0.8 52+1.0 23+0.6
kits/litter

Assisted Breeding to Enhance Repro-
duction in Black-footed Ferrets

It soon was realized that the reintroduction goal (1,500
breeding ferrets in 10 free-ranging populations by the year
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2010) was not achievable at the current rate of propagation

in the ex situ natural breeding program. Early experiences
revealed that some animals consistently failed to reproduce.
Analysis of breeding records indicated that most females
(>90 percent) demonstrated a spring estrus on the basis of
vaginal cytology changes (markedly increased numbers

of superficial, cornified squamous epithelial cells; fig. 1)
(Williams and others, 1992; Brown, 1997); however, there was
a high incidence (~40 percent) of pseudopregnancy wherein
matings were observed (via video camera) and ovulation

was confirmed (by an abrupt decrease in superficial corni-
fied cells), but no pregnancy occurred (Williams and others,
1991). Fecal oestradiol and progestogen metabolite profiles in
pregnant versus pseudopregnant females were similar (fig. 1;
Brown, 1997), suggesting that endocrine dysfunction was not
contributing to the problem.

A 100 —
Az e Pregnant
a= T a  Pseudopregnant

£ 75

2

8

© 504

©

‘£

)

3 25

3 -

P
A/i a
0 T T T T T
-28 14 0 14 28 42 56

B

=)

D

£

S

kel

8

8

(@]

C

c

k)

=

0

c

@

=

L

7]

Q

>

e

o

Days from first breeding

Figure 1. Mean (+ SE) percent superficial cells in vaginal lavages
(A) and fecal oestradiol (B) and progestogen (C) metabolite con-
centrations in pregnant (n = 7) and pseudopregnant (n = 9) black-
footed ferrets (Mustela nigripes). Day 0 is the time of first mating.
(From Brown, 1997. Reprinted with permission of the Journal of
Wildlife Management.)
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Interestingly, records analysis indicated that a remark-
ably high proportion (>50 percent) of prime breeding-age
males (1-3 years old) inexplicably failed to sire offspring in
captive breeding situations. In 1995, there were 40 such adult
males (54.8 percent of the breeding-age male population)
that were exposed to prime age, estrual females and yet did
not produce young. Simultaneous evaluations also revealed
a genetic problem, largely that one of the original wild-born
ferret founders was poorly represented in the modern popula-
tion. This underrepresented lineage had only 43 descendants
compared to more than 300 descendants from each of the
remaining founder lineages. To help preserve original gene
diversity, it was imperative to balance founder representa-
tion. This situation was confounded by another challenge in
the underrepresented lineage—these males were consistently
sexually incompatible with designated mates, largely because
of aggression. Together, these issues prompted an examination
of the value of reproductive technology and assisted breeding.

At the request of black-footed ferret managers, we agreed
to (1) assess reproductive traits and breeding behavior in males
with proven versus unproven fertility; (2) establish a genome
resource bank containing cryopreserved spermatozoa from the
most genetically valuable males; and (3) use Al for improving
reproductive efficiency in nonbreeders, all for the ultimate
purpose of increasing the number of kits for reintroduction.

A survey was conducted in 1996 and 1997 to determine

the precise number of prime breeding-age males not siring
offspring and the reasons for failed reproduction. As in 1995, a
high percentage of 1- to 3-year-old males did not sire young in
1996 (38 of 69 males, 55.1 percent) or 1997 (35 of 60 males,
58.3 percent) (Wolf and others, 2000b). Semen evaluations
determined that there were no differences in sperm concentra-
tion, motility, or morphology between proven and unproven
breeders (Wolf and others, 2000b). A detailed review of breed-
ing data revealed that males failed to reproduce because of
improper breeding position, behavioral incompatibility (e.g.,
aggression), and poor testes development (Wolf and others,
2000b). As much of the problem was behaviorally based, we
speculated that assisted reproduction could be beneficial for
improving reproductive efficiency.

A systematic strategy was used to establish the genome
resource bank. Using the computer software program
(SPARKS; International Species Information System, Eagan,
Minn.) developed for SSP programs, sperm donors could
be selected on the basis of founder representation and mean
kinship (Ballou and Lacy, 1995; Johnston and Lacy, 1995;
Wisely, this volume). High-priority black-footed ferret males
were selected for inclusion in the bank, with semen samples
collected and cryopreserved for Al (as part of routine manage-
ment) or for long-term storage (as a hedge repository of valu-
able genes).

At the National Zoological Park’s Conservation &
Research Center, the natural breeding program for black-
footed ferrets was modified to include Al The goals were
to (1) produce offspring from behaviorally incompatible
animals, especially nonbreeding males, to meet reintroduction

demands and (2) increase founder representation in the
underrepresented lineage. In achieving these goals, other
opportunities arose, including examining the impact of male
age on reproductive success. From 1996 through 2003,
nonbreeding males of high genetic value were chosen as
candidates for assisted reproduction. Overall, 66 females were
monitored for natural estrus and were administered hCG or
LH (to induce ovulation) 5 to 7 days after maximal vulvar
swelling and >90 percent superficial cornified vaginal cells.
Twelve to 20 hours later, each female was anesthetized and,
under laparoscopic observation, inseminated in utero with
fresh or frozen-thawed spermatozoa. Five of six (83.3 percent)
females inseminated with semen from founder descendants
became pregnant and produced 16 kits (table 3). Males were
determined to produce excellent quality semen through 5 years
of age, 2 years longer than the normal female reproductive
life span (Wolf and others, 2000a). Eight of 11 (72.7 percent)
females inseminated with semen from 5-year-old males
produced 17 kits (table 3). A total of 28 of 49 (57.1 percent)
females gave birth to 95 kits following Al with semen from
genetically valuable, nonbreeding males (table 3). Overall, Al
resulted in 128 additional black-footed ferret kits, offspring
that never would have been born from natural mating.

There were other by-products as well. For example, we
observed that a high proportion of 1-year-old males produced
aspermic (no sperm) ejaculates during the breeding season
(Howard and others, 1998). These males experienced increases
in seasonal testicular tumescence (albeit somewhat slower than
elders; fig. 2) and copulated with females; however, systematic
seminal evaluations revealed that these yearlings produced
spermic ejaculates at least 4 weeks later in the breeding season
than older counterparts (fig. 2). This asynchrony in sperm

Table 3. Use of laparoscopic artificial insemination to enhance
propagation in nonbreeding founder descendants, 5-year-old
males, and genetically valuable male black-footed ferrets (Mus-
tela nigripes) from 1996 through 2003.

Genetically
Founder 5-year-old valuable
descendants® males® males®
(n=3males) (m=5males) (n=27males)
N umb.er of females 6 1 49
inseminated
Number of
pregnant 5(83.3) 8(72.7) 28 (57.1)
females (%)
Number of Kkits 16 17 95
born

“Males were descendants of a wild-caught founder whose genetic lineage
was underrepresented in the ex situ population.

"Reproductive competence was assessed in 5-year-old males.

‘Despite numerous breeding opportunities, reproductive failure in these
genetically valuable males was due primarily to behavioral incompatibility
(aggression or shyness) or inappropriate breeding position.



production probably influenced the incidence of pseudopreg-
nancy because aspermic males can induce ovulation following
copulation. This was an important observation with significant
implications for routine ferret management. Until this find-
ing, males used for breeding were selected on the basis of
enlarged testis size. Now, only males with spermic electroe-
jaculates are allowed access to females for natural breeding,
and introducing this simple semen assessment technique to the
management protocol in 1998 resulted in a striking 20 percent
increase in pregnancy success and 59 additional kits available
for reintroduction (table 4).
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Figure 2. Influence of age on testes develop