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The Complications of Wildness

fter a 7o-year absence, 41 wolves from Canada and northwest Montana were reintroduced to Yellowstone National
APark between 1995 and 1997. Numbers grew, meeting management targets; and wolves were delisted in 2009 (except

in Wyoming), but were then relisted in 2010, delisted again in 2011, delisted in Wyoming in 2012, then listed again in
Wyoming in 2014. It’s complicated. Everything with wolves is that way. Most people rate wolves among the most controver-
sial wildlife to live with; a colleague from India rates them as more controversial than tigers—a species that occasionally kills
people.

The back and forth of listing and delisting does not affect the status of wolves in the park—they’re protected either way. It’s
untrue that they are immune to influences from outside the park, but some refer to wolves in Yellowstone as “country club”
wolves or wolves that live in a world of fewer conflicts. That may be partially true, as the park is managed as natural, unlike
the human-dominated landscapes found elsewhere where wolves run into trouble...and people, too. This idea of natural is
important and has been a long-term park goal. It’s hard to imagine how this was accomplished without wolves.

Does natural mean wild? Many consider wolves to be a symbol of the wilderness (grizzly bears, too); wolf-less landscapes
seem to be missing something. Part of this dedicated issue on wolves is about what it means to have this wildness back.
Another part of having wolves back is people. Visitor enjoyment has been a big part of their return—a sensation almost—a
craving to see them, even know them. It’s something real in this contrived and digital age. Life and death. Real nature with no
bars in between. Most don’t get this in our daily lives, so it can be a thirst slaked by only the real thing. There are not many
places other than Yellowstone to go for this. Of course, there are other perspectives, such as the life and death of a wolf is
better left up to humans.

And this, in a nutshell, is the problem wolves have: wildness in a modern age. Wildness is hard to manage for, and people
have divergent views on the subject. Ecologist Paul Errington called it “the pricelessness of untampered nature.” But we like
to tamper. Thoughts like these stem from fundamentally different world views, which come from people’s values. Somehow
wolves have been, and continue to be, caught in the middle. It seems impossible that anything like this could be resolved.

But we try. We have the park, which is all of ours. And we have policy that says we need to keep it natural. . .whatever that is.
But you can be sure that includes wolves and their kind, which is why this beloved place is different. It’s wild, now especially.
This edition of Yellowstone Science is dedicated to the last 20 years of wolf recovery in Yellowstone. We hope you enjoy this
view into the complicated, rewarding world of bringing wildness back.

Douglas W. Smith
Senior Wildlife Biologist
Yellowstone Center for Resources
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Lessons Learned from the Yellowstone Wolf

Restoration Project

Bruce Babbitt

n the twenty-one years since I signed the final de-

cision documents, Yellowstone wolf restoration has

continued to yield important new insights and many
surprises, in the process attracting world recognition as
a model of ecological restoration. Back in the 1970s,
after passage of the Endangered Species Act, proposals
to bring back the wolves generated little but continuing
controversy. Again and again the effort seemed ready
to collapse in acrimony and congressional resistance.
Even the most optimistic proponents were unsure that
the wolf would return within our lifetimes.

How this restoration effort could succeed against such
long odds and in such a short time is a question that
deserves exploration. Exactly how did the wolf cast
off the image of reviled outlaw to inspire the most suc-
cessful restoration effort of our time? How did public
opinion swing so dramatically from negative to positive?
Can the gray wolf story instruct us in ongoing efforts to
save and restore endangered species, protect threatened
ecosystems, and confront global warming?

The first lesson that I take from the Yellowstone expe-
rience is the imperative to continually explain, in lan-
guage accessible to the public, the ecological case for
restoring endangered species and their habitats. Aldo
Leopold set an unforgettable example with his account
of shooting one of the last wolves in the Escudilla Wil-
derness, only to watch a “fierce green fire dying in her

9

eyes,” an epiphany that has ever since inspired so many
of us to action.

A second lesson from the Yellowstone experience is
that change typically comes up from the grass roots,
growing slowly from the sustained efforts of deter-
mined citizens. Defenders of Wildlife and the redoubt-
able Renée Askins (founder of the Wolf Fund in 1986 for
the sole purpose of reintroducing wolves into Yellow-
stone) were among the many who led the way. Others

must now carry on to complete the task of defining a

place for wolves on landscapes outside park boundaries
and to restore other endangered species across the land.

An especially important part of the grass roots pro-
cess was the manner in which advocates, park leaders,
and scientists came together to design and use the En-
vironmental Impact Statement decision process as an
outreach opportunity to organize innumerable public
meetings that awakened public opinion in favor of res-
toration.

And not least, the personnel of the National Park Ser-
vice and the U.S. Fish and Wildlife Service were the un-
sung heroes of this process, persevering in the face of
intense opposition from elected officials and local in-
terest groups. They deserve our respect and thanks and
continuing support.

Bruce Babbitt (pictured below wolf watching with
Doug Smith) served as the Secretary of the Interior during
the Clinton administration (1993-2001) when the initial
wolf reintroductions occurred. He was Governor of
Arizona from 1978 to 1987.
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' Leopold, A. 1966. A Sand County Almanac. Oxford University Press, New York, USA.
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Wolf Restoration in Yellowstone:

Reintroduction to Recovery

Douglas W. Smith, Daniel R. Stahler, Matthew C. Metz, Kira A. Cassidy,
Erin E. Stabler, Emily S. Almberg, & Rick Mclntyre

nthony R.E. Sinclair, long-time researcher in
Athe Serengeti of Africa, suggests that to under-

stand an ecosystem, one also must know its hu-
man history. For the Serengeti, he refers to the 1889 out-
break of rinderpest that killed 95% of Africa’s cattle and
many wild ungulates, and the 19th century ivory trade,
both of which drastically altered the plant-animal asso-
ciations of the 20th century. When first studied in the
1960s, no one was aware of this history, which impeded
an in-depth understanding of the ecosystem (Sinclair
2012). Yellowstone, too, has had human interventions

PHOTO © R. DONOVAN

that have affected its short and, sometimes, long-term
ecological relationships; but compared to the Serengeti,
our human history is better documented. Historic in-
terventions into Yellowstone include the fur trade, mar-
ket hunting, predator control, fire suppression, elk and
bison reductions, rewilding of black and grizzly bears,
and now wolf reintroduction. It is this last one which
is the focus of this issue. Although wolf reintroduction
lasted only three years and recovery has been a relatively
recent historical event, this human intervention is likely
to have impacts lasting well into the future.
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Since the first Yellowstone Science special issue on
wolves in 2005 (10th anniversary of reintroduction), a
lot has happened and our understanding has improved.
Wolves are no longer in the “colonization” phase of
recovery, which dominated the story in the 2005 issue.
Glimpses of a new Yellowstone are taking shape. Gone
for most of the 20th century, wolves and other carni-
vores have made a comeback; but wolves are arguably
the most notable as they are considered the dominant
North American carnivore (based on distribution and
abundance; Mech 1970). Bears were never eliminated,
but were reduced; and cougars have now recolonized as
well. With these increased carnivore densities, and in-
cluding other factors, elk have declined and bison have
increased, ushering in what now has to be considered
anew era in Yellowstone (White et al. 2013). This new
time may be the most “natural” in all of Yellowstone’s
long history.

“Natural” is what early park managers and outside sci-
entists struggled to define (Pritchard 1999). This is iron-
ic because at the time, most large carnivores were gone.
Surely part of the definition of “natural” would include
them, but public attitudes were strongly anti-carnivore;
and this had a significant influence on policy (Pritchard
1999). Given this cultural backdrop, the human inter-
vention of wolf reintroduction in the 1990s may be the
most deliberate and high profile among these recent
management actions. What follows is an update since
the 2005 special issue on wolves, 20 years in. Likely the
story will change each decade, but at least we can hope
all of these carnivores will be around for some time,
helping to keep Yellowstone as natural as it can be.

Human Attitudes and Wolf Recovery

In the first special wolf issue of Yellowstone Science, a
change in human attitudes was highlighted as the most
important factor in making wolf recovery possible. Hu-
mans are still the most important factor in wolf man-
agement, both inside and especially outside of the park.
It is worth a brief review of the intertwined policy and
people who pulled off this effort.

An early voice arguing for change before it was popu-
lar, Aldo Leopold mentioned Yellowstone as a place to
restore wolves, “Yellowstone and its adjacent national
forests...some of considerable size in which. ..[wolves]
may be allowed to continue their existence without mo-
lestation” (Leopold 1944). He also added, “Are we really
better off without wolves in the wilder parts of our for-
ests and ranges?” (Leopold 1991). Ultimately, Leopold’s
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vision for Yellowstone was realized and recognized
when the first wolf pack to naturally form in Yellow-
stone in over 70 years was named the Leopold pack.

Another significant step was in 1975-1977, when John
Weaver conducted a formal survey to look for wolves—
he found none—and once again restoration was recom-
mended through a reintroduction (Weaver 1978). Then
Douglas Houston, in his landmark book The Northern
Yellowstone Elk, did the same, calling Yellowstone “ide-
al” for wolves and that their absence was “the single
greatest departure from the objective of maintaining
natural ecosystems” (Houston 1982), harking back to the
early park managers who tried to define the meaning of
“natural,” yet without wolves (or other carnivores). By
the time Houston was recommending restoration, the
U.S. Fish and Wildlife Service had already produced a
Recovery Plan which was revised in 1987 (USFWS 1980,
1987). Both documents helped clear the way for more
planning that culminated in approval—bipartisan ap-
proval—from Congress to restore wolves to Idaho,
Montana, and Wyoming.

In short, the strategy was to nurture a new population
that had immigrated from Canada into northwest Mon-
tana and to reintroduce wolves to central Idaho and
Yellowstone. The goal was 30 breeding pairs across the
region and approved management plans from the three
states. In1995 and 1996, and only in Yellowstone in 1997,
76 wolves from Alberta, British Columbia, and north-
west Montana were released into central Idaho and
Yellowstone: 41in Yellowstone (14 from Alberta, 17 from
British Columbia, 10 from northwest Montana), and 35
in central Idaho (Bangs and Fritts 1996). The West’s new
wolf era was underway. Some said this was the most sig-
nificant wildlife conservation event of the 20th century
for the United States. Changing human attitudes were
revising the mystique of the old west-it would not go
quietly or completely, nor should it. And, it still can be
the “wild west,” perhaps even wilder with the carni-
vores.

Looking back, the process to restore wolves to Yel-
lowstone went surprisingly smoothly. Early U.S. Fish
and Wildlife Service work, combined with the vision
of National Park Service (NPS) Director William Penn
Mott, the quiet leadership of Yellowstone Superinten-
dent Robert Barbee, the detailed planning of the Re-
covery Team, support from the Clinton administration
and Secretary of the Interior Bruce Babbitt, and final
implementation by Edward Bangs and Steven Fritts of
the U.S. Fish and Wildlife Service, with big assists from



Yellowstone planners John Varley and Wayne Brewster,
were the reasons for the success. Michael Finley was
park superintendent when reintroduction occurred.
Public support was significant, truly a ground swell of
grassroots efforts from a variety of sources (The Wolf
Fund and Defenders of Wildlife both at the forefront,
plus many others). It is hard to imagine how such a con-
troversial program achieved the success it did. Behind
the scenes, there were many others, most notably Nor-
man Bishop, an NPS employee who worked on his own
time to educate the public about restoration and why to
support it. Later the Yellowstone team led by Michael
Phillips, and then Douglas Smith, carried the program
to successful completion. Of course, most credit is due
to the wolves; they only needed a little help.

Colonization to Saturation

Now, 20 years forth, some perspective on what hap-
pened can be achieved. Just by eyeballing the graph of
annual park wolf counts (figure 1), we can character-
ize two phases over the last 20 years: Phase 1 is up to
about 2008, where population growth was mostly pos-
itive; Phase 2 is where growth was mostly flat or even
negative. This first period we refer to as the “coloniza-
tion” phase (wolf numbers reached 174 in as many as
16 packs parkwide), and the second period the “satu-

ration” phase (wolf numbers during this time hovered
around 100 in 10 packs). Since 1997, after releases were
completed, average population growth was about 10%
per year, but year-to-year variation was greater, ranging
from +62% to -43%. This characterization helps us un-
derstand much of what is happening ecologically and
behaviorally. Will there be a Phase 3? Interestingly the
northern Yellowstone elk herd, after precipitously de-
clining, also appears to be stable since about 2010 (fig-
ure 2). Has some kind of equilibrium been achieved be-
tween wolves and other carnivores, elk, and bison?
With fewer elk, we suspect there are fewer vulnerable
elk. Wolves make their living from vulnerable prey, and
not just available prey, because prey are also dangerous
to wolves. We conclude this because elk probably now
exist below carrying capacity, unlike when there were
more than 20,000 elk (“The Challenge of Understand-
ing Northern Yellowstone Elk Dynamics after Wolf Re-
introduction,” this issue, for more details on the wolf-
elk relationship). Elk below carrying capacity generally
means there are plenty of resources for all; whereas, at
carrying capacity, comparatively more elk will not have
enough resources, be in poorer condition, and there-
fore be more vulnerable to wolf attacks. Anecdotally,
our capture crews support the characterization of elk
being in good nutritional condition in recent years. The
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Figure 1. Yellowstone National Park wolf numbers in early winter, 1995-2015.
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contract capture crew, who catch and collar elk, tell
us that Yellowstone elk are the leanest, meanest elk in
all of western North America. Why? Probably because
they are predator-tested and below carrying capacity.
How would you like to be a wolf faced with killing one
of these elk, an animal five to seven times your size and
you have nothing to use but your teeth and pack mates?

Another factor impacting wolf numbers is disease. In
fact, disease could be considered the defining feature of
Phase 1, or the outcome of growth and high wolf densi-
ty. During Phase 1 when population growth was mostly
positive, there were three outbreaks (1999, 2005, and
2008) of canine distemper virus (CDV) that caused the
population to decline (figure 1; “Infectious Diseases of
Wolves in Yellowstone,” this issue). After the first two
declines, the wolves immediately increased the next
year; we call this compensatory reproduction, and it
likely occurred because there was abundant food in the
form of vulnerable elk. After the third CDV outbreak in
2008, the wolves did not increase the next year; 2009
happened to be the year an epidemic of sarcoptic mange
peaked within the park. We also learned the spread of

both CDV and sarcoptic mange were somewhat depen-
dent on wolf density; packs in areas of lower density had
lower exposure rates to both CDV and mange (Almberg
et al. 2012, 2015). Mange is a chronic infection and may
be here to stay, but now with lower wolf densities will
there be another CDV outbreak? We know that CDV
does not impact only wolves, but probably all carnivores
in Yellowstone. So how will this dynamic affect wolves
and other wildlife in the future? These disease outbreaks
may be even more complicated. Interestingly, during
CDV outbreaks, black wolves appear to survive better
than gray, or at least wolves that carry the black coat
gene (“Yellowstone Wolves at the Frontiers of Genetic
Research,” this issue). This interaction between coat
color and disease resistance is far from worked out but
is an area of intense research.

Another interesting aspect of the saturation phase is it
appears wolves have occupied most of the suitable wolf
habitat in Yellowstone (figure 3). Habitat requirements
for wolves include protection from humans, year-round
availability of ungulate prey (Mech and Boitani 2003),
and enough space so pups are protected from other packs
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Figure 2. Winter counts of the northern range elk herd in Yellowstone National Park and adjacent areas of Montana,
1960-2016. Counts were not adjusted for elk sightability, and gaps represent years when no official count was conduct-
ed or when sightability was so poor due to weather conditions that a count was not released.
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Figure 3. Wolf pack territorial boundaries for packs living primarily in Yellowstone National Park in 2015.

(Smith et al. 2015). For Yellowstone the first requirement
is universally met. But with the park being such a harsh
winter environment, many ungulates migrate out, mak-
ing large portions of the park unsuitable for year-round
wolf occupation. For example, due to the large popula-
tion size and only partially migratory nature of northern
Yellowstone elk, the northern range of Yellowstone is
fully occupied (figure 3). No other area within the park
has as many wolves or is contiguously occupied. Other
areas of occupation are Pelican Valley, but to exist here
wolves have to range widely or switch to eating bison in
the winter because all the elk migrate out. Thorofare,
Bechler, and Snake River regions are also occupied; but

wolves living in these areas must range widely and often
have to leave the park. The Madison-Firehole River area
and Hayden Valley contain wolves that often migrate to
the northern range in winter. These factors have caused
wolf territory size to vary accordingly: northern range
wolf pack territories are smaller, averaging 274 km?/106
mi? (range = 58-1151 km?/22-444 mi?); whereas, interi-
or territories are comparatively larger and average 620
km?/239 mi* (range = 105-1675 km?/41-647 mi®).

What Protection Brings
Besides organizing across the landscape, wolves also
organize themselves into social units called packs. In
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fact, this behavior is what makes wolves so unique from
other wildlife. Referred to as cooperative breeding,
few mammals live this way; and the resulting sociality
drives much of wolf life history. Most wolf packs
outside Yellowstone suffer high levels of human-
caused mortality. In a study of wolf mortality in Idaho,
Montana, and Wyoming, it was found that about 80%
of wolves were killed by humans (Smith et al. 2010).
This influences pack structure. Conversely, low human-
caused mortality in Yellowstone allows for richer age
structures and more complex social organization
within wolf packs, including very different roles for
old individuals within the group (“Territoriality and
Inter-Pack Aggression in Gray Wolves,” this issue). This
protection from human hunting has also led to larger
packs. Average pack size was about ten wolves through
2008; when the population declined, so did wolf pack
size but not by much, to around nine wolves. The range
of pack sizes was from 2 (considered the minimum size
for a pack) to 37, which may be the largest pack ever
recorded. This pack, the Druid Peak pack of 2001, was
so large it was socially cumbersome and only rarely
observed together. Ultimately, this pack split into four
different packs (Druid Peak, Geode Creek, Agate Creek,
and Buffalo Fork) over the course of fall and early winter.
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These complex social groups may be a hallmark of wolf
packs in Yellowstone and have been intriguing to study.
Some of these packs stick around for along time, with an
average of about 12 years, but some are longer. Mollie’s
pack (originally Crystal Creek pack and renamed after
the late Director of the U.S. Fish and Wildlife Service)
and Yellowstone Delta pack (originally Soda Butte pack)
are two examples, and notably both packs are from first
year (1995) reintroductions. We’re not sure why these
two packs have persisted so long; but some possibilities
are that they staked out a good territory before other
wolves could (the benefit of being first), they don’t live
in a competitive environment like the northern reaches
of the park, and there have been some long-term indi-
viduals in these packs that may have been the “social
glue” (“Wolf Turf: A Glimpse at 20 Years of Wolf Spatial
Ecology in Yellowstone,” this issue, examines some of
these ideas).

Socially complex packs usually have pups, but impor-
tantly, not as often as presumed. Some say 90% of wolf
packs in any given year produce pups; but in the protect-
ed confines of Yellowstone, we find that the number of
breeding packs each year is lower than that-about 7o-
80% reproducing packs each year. Why this is so could
be due to many factors: death of a breeder, limited food,



disease, or competition between packs, collectively re-
ferred to as density dependence.

Beginning with low density and high food abundance
early on, wolf reproduction was super-charged, partic-
ularly on the northern range. Ample food availability,
coupled with increasing wolf density, led to more devi-
ations from a monogamous, single-pair breeding struc-
ture within packs; about 25% of wolf packs in Yellow-
stone had more than one litter. Only recently has this
started to drop. But average litter size is about 4.7 pups
with about 3.1 pups surviving until December of that
year (“Motherhood of the Wolf,” this issue). Typically
pup survival is about 70%; but some years, particular-
ly the ones of CDV outbreaks, pup survival can be less
than 20%.

The Value of Yellowstone

As a whole, Yellowstone wolves have added to our
understanding and appreciation of wolves everywhere.
Crowds of visitors continue to come to view them. This
was made possible by early park managers who had a vi-
sion and fought a decades-long struggle that led to Yel-
lowstone being more “natural,” or at least more pristine
than when it was established. This protection, or “nat-
ural baseline” as some early scientists called it, has led
to greater insights into how nature works. Protection of
the park has allowed for extensive research and insights
into wolf ecology, from coat color disease immunity to
discovering matrilineal pack organization, as well as the
other topics covered in this issue. What a rarity in this
modern-day sea of humanity. So despite all the histor-
ic human interventions and disturbances, each one and
each time adding to our knowledge, Yellowstone has
remained and thrived—largely because of the love so
many have for it. Wolves are just one more thing making
it slightly more natural and wild; and as Durward Allen
said, “wildness needs wolves” (Allen 1979).
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Motherhood of the Wolf

Daniel R. Stabler, Douglas W, Smith, & Daniel R. MacNulty

“She is the creature of life, the giver of life, and the giver of abundant love, care, and protection.
Such are the great qualities of a mother.” - Ama H. Vanniarachchy, archeologist and scholar

not only brings relief from winter’s challenges,

but also resets the biological calendar that gov-
erns individuals’ lives. As April’s temperatures rise and
its expanding daylight weakens the veneer of snow and
ice, many animals enter a new phase of their life histo-
ry through the process of birth. The female raven at her
cliff ledge nest, a cow bison on the big sage flats, and
a mother wolf down inside a boulder den—all share in
the culmination of their reproductive efforts from the
previous months. There are many challenges for ani-
mals of any sex and age to simply survive from one life
stage to the next. For a mother charged with the great
expense of gestation, birthing, lactation, and successful
raising of offspring, the costs are extraordinary. Because
of certain individual traits, or social and environmen-
tal conditions, some mothers are more successful than
others. While awe and admiration is deserved for all
who become mothers, a biologist studying animal re-
production is particularly interested in asking: What are
the qualities of a great mother? What factors play most
significantly in shaping success at this key life-history
stage?

Individuals’ life histories are the patterns of growth,
reproduction, and survival over their lifetimes. Varia-
tion in growth rates, age of maturity, reproductive per-
formance, and lifespan are the result of both species’
evolutionary histories and the environments to which
populations of individuals are exposed. For highly so-
cial species, social conditions can play a particularly in-
fluential role in individuals’ life histories, even beyond
that of prevailing ecological conditions. Wolves are a
great example of the role sociality plays in this regard,
as our scientific investigations on Yellowstone wolves
effectively show. Through group hunting (MacNulty
et al. 2012, 2014) and carcass use (Wilmers et al. 2003),
pack defense of territory (Cassidy et al. 2015), advantag-
es to the infirmed (Almberg et al. 2015), or the assistance
of nonbreeding helpers in raising young (Stahler et al.

F or many of Yellowstone’s species, spring’s arrival

2013), individual wolf survival, and the ability of pups to
survive, is often influenced by the qualities of the pack.

Reproduction is of great interest to biologists given its
importance to population dynamics through recruit-
ment, and to evolutionary processes through changes
in heritable traits passed from parents to offspring over
successive generations. Scientists studying a variety of
species have demonstrated that reproduction in social
organisms is shaped by numerous morphological, be-
havioral, and life-history traits, as well as environmen-
tal conditions faced by breeders (Clutton-Brock 1988).
However, little is known about the relative influence of
different traits, particularly in the context of environ-
mental conditions that determine their value in adapting
to changing environmental conditions. Interestingly, al-
though wolves are among the most-studied mammals
in the world (Mech and Boitani 2003), surprisingly
little has previously been researched on which traits
drive their reproduction. Here, we describe how our
detailed monitoring of female breeders in Yellowstone
has allowed us to better understand wolf reproduc-
tion. Using an impressive 14-year dataset (1996-2009)
on individually known females’ annual pup production,
we were able to simultaneously evaluate and rank the
effects of individual traits, pack size and composition,
and ecological factors influencing female reproductive
performance (Stahler 2011, Stahler et al. 2013).

For Yellowstone’s wolf packs and the community of
biologists and wolf enthusiasts who follow their lives,
great excitement surrounds the arrival of pups each
spring. Through this great maternal feat and the actions
of the females’ mates and pack members, much of our
ecological and cultural perception of the wolf pack re-
volves around having and raising pups. But before de-
scribing our findings, a brief overview of wolf natural
history will help place the importance of reproduction
in context.

Wolves live in territorial family groups that cooperate
to capture prey, raise young, and defend resources from
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competitors (Mech 1970). Wolves have a brief life his-
tory relative to other large carnivores, including early
first reproduction, high fecundity, rapid development,
and relatively short lifespans. The basic social unit of
wolf populations is the mated pair and their offspring
(Mech 1970). Due to delayed dispersal, wolf packs typi-
cally consist of multiple age and sex class compositions.
Wolves are true cooperative breeders, with the care of
offspring performed by both parents, as well as by other
pack members. Wolves are sexually dimorphic (males
and females have different size ranges), with males about
16-24% larger than females (MacNulty et al. 2009a),
and have a multi-year growth pattern (MacNulty et
al. 2009a, Stahler et al. 2013). Differences in body size
between males and females are presumably shaped by
selection pressures related to their respective reproduc-
tive strategies and roles in hunting and territoriality.

In Yellowstone, as in most wolf systems, breeding oc-
curs between January and March. Following a 61-63
day gestation period, offspring are born underground
in dens by late April. With typically just the dominant
male and female mating within a pack, wolves have long
been classified as having a monogamous mating system
(Mech1970). However, sexual dimorphism, unbalanced
reproductive success of both sexes, and occurrenc-
es of multiple litters produced by different females in
a pack suggest the evolution of a more flexible mating
system. In fact, we’ve documented about 25% of our
packs each year exhibiting exceptions to monogamy,
with both dominant and subordinate females and males
participating in breeding activity. This phenomenon is
believed to be influenced largely by Yellowstone’s prey
abundance, wolf density, and more complex pack struc-

tures containing multiple, unrelated, opposite-sex pack
members (Stahler 2011).

Our research simultaneously assessed and ranked the
strength of factors driving female reproductive success.
Specifically, we evaluated how a mother’s age, body size,
coat color, genetic variability, and pack size and compo-
sition influenced litter size and pup survival. The role
of environmental stressors such as competition and dis-
ease were also evaluated. By capturing, radio-collaring,
weighing, and monitoring individuals through time, as
well as applying molecular techniques, we were able to
measure individual traits and reproductive performance
for breeding females. We measured two components of
reproductive performance for each female breeder: lit-
ter size (pups emerging from dens) and litter survival
(pups surviving until their first winter). Early litter sizes
averaged 4.7 pups, with one litter as large as 11. The num-
ber of pups surviving until independence averaged 3.1
per litter and ranged up to 9. Pups are generally weaned
at 5-9 weeks of age, then fed by various pack members
via meat regurgitation until the pups can accompany
adults to carcasses by autumn. To evaluate the role of
body mass, we used age-specific weights taken from a
female growth model. Results showed females grow
rapidly in their first year of life, then more moderately
until reaching maximum body size just before three-
years-old. This age corresponds to when females typi-
cally begin reproducing.

We first looked at what individual traits are charac-
teristic of a successful mother. Reproductive perfor-
mance improved with increasing body mass, with larg-
er females having larger litters and better pup survival
(figure 1a). This pattern is consistent with many other

Figure 1a. Weight of female (kg)
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Figure 1b. Maternal Age (yr)
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Figure 1. Effects of (a) body mass and (b) age on the number of pups first emerging from dens (pups born) in Yellow-

stone National Park, 1996-20009.
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mammals, where larger body size indicates healthier in-
dividuals better able to invest resources towards repro-
duction. For wolves, the reproductive benefits of large
size, combined with rapid growth and early age of first
reproduction, indicate the first couple years of life are
important to a female’s lifetime reproductive success. As
with other species, we found age-specific reproductive
performance in wolves, a previously undetected pat-
tern (figure 1b). Females showed no improved success
following their first reproduction, but exhibited senes-
cence (i.e., age-related deterioration in performance)
around age five, which was the median lifespan for
wolves during our study.

Although measures of individual genetic variation
were not correlated with success, we found a surprising
effect of coat color. Other work on Yellowstone wolves
established that gray or black coat color is determined
by the K-locus, a gene that is associated with immunity
in other vertebrates (Anderson et al. 2009). Interestingly,
gray females had a 25% greater litter survival than black
females. While the mechanism for this effect is currently
unclear, it is possibly due to how a female’s color gen-
otype influences physiological trade-offs important to
reproduction and survival.

As in other cooperative breeding species, group size
is an important predictor of a mother’s success. Early
litter sizes peaked when eight wolves were present, after
which they decreased with additional pack members.
This latter pattern may reflect costs on maternal con-
dition incurred from intrapack competition for food
or social stress during the breeding season. In con-
trast, pup survival was enhanced with increasing pack
size (figure 2a). In addition to having more helpers to

provision young, larger packs have numerical advan-
tages during intergroup and intraguild competition for
resources like food (Wilmers et al. 2003) and territory
(Cassidy et al. 2015) which contribute to offspring sur-
vival. Importantly, the positive influence of helpers was
strongest for small packs, indicating there is a threshold
below which packmates are critical to breeder success.

However, itis notjustanumbers game. Just as individu-
als vary in quality, we’ve learned so do packs. With varia-
tion in sex and age composition, group size alone fails to
identify the true costs and benefits of pack members on
a mother’s success (Stahler 2011). For example, moth-
ers benefited more from additional male helpers than
female helpers. This makes sense in light of the demon-
strated importance of males as more proficient hunters
(MacNulty et al. 2009a) and aggressive defenders of ter-
ritory (Cassidy et al. 2015). On the other hand, mothers
experienced reduced litter survival in packs containing
multiple breeding females. Cooperation presumably has
its limits when mothers compete for resources needed
to raise their own pups in a multi-littered pack. Regard-
ing helpers’ ages, mothers benefited the most in packs
with more prime age wolves (2-5 years) than yearlings
and older helpers, likely due to these individuals being
higher quality foragers (MacNulty et al. 2009b).

Finally, besides a mother’s and her family’s qualities,
her environmental surroundings can be important. We
found higher wolf density (figure 2b) and disease out-
breaks had significant negative effects on pup survival.
Our finding of negative density-dependent effects is
likely due to increased competition and strife with other
packs under high wolf densities. Outbreaks of canine
distemper virus were associated with pronounced pup

Figure 2a. Pack Size
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Figure 2. Effects of (a) pack size and (b) wolf population size (number of wolves/1000km? in the northern GYE) on the
number of pups in a female's litter surviving until independence (pups survived) in Yellowstone National Park, December

1996-2009.
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mortality. Although unpredictable, disease prevalence
is a critical factor for female reproduction and may be
a strong selective force in wolf systems, especially if
linked to individual traits that offset its negative effects
(e.g., coat color).

Having shown what the qualities of a successful mother
wolf are, we then asked: What is the relative importance
of different traits under varying environmental condi-
tions? A sensitivity analysis, which allowed comparison
of effects across a common scale, indicated body mass
is most influential, followed by pack size. Reproductive
gains due to larger body size and cooperative breeding
appear to mitigate losses associated with population
density and disease effects. These findings highlight
the adaptive value of large body size and sociality for
wolves, in promoting a mother’s success in competitive
environments.

Our work on Yellowstone wolves helps to clarify how
life history, sociality, and ecological conditions interact
in this cooperatively breeding carnivore, and ranks the
adaptive value of different traits. Future work aims to
explore how similar traits influence male reproduction,
breeding strategies, and the link between food, territory,
and reproduction. Knowledge about which traits pro-
mote fitness in the context of environmental challenges
may help predict how wild populations will respond to
global climate change, disease, habitat alteration, and
human exploitation. Ultimately, we hope this knowl-
edge serves the conservation of this controversial but
charismatic and ecologically important carnivore. If
decades of research and management around the world
have taught us one thing, it is that wolves are resilient in
the face of great challenges. Studies such as these from
Yellowstone help explain why.
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