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The absence of top-level predators in many natural areas in North America has resulted in overabundant ungulate populations, cascading nega-
tive impacts on plant communities, and the loss of biodiversity and ecosystem processes. Meanwhile, distinct population segments of the gray wolf 
(Canis lupus) have been removed from the list of endangered and threatened species, implying an end to wolf recovery and reintroductions. We 
propose another paradigm for wolf conservation, one that emphasizes ecosystem recovery instead of wolf recovery. Improvements in technology, 
an enhanced understanding of the ecological role of wolves, lessons from other countries, and changing public attitudes provide a new context and 
opportunity for wolf conservation and ecosystem restoration. Under this new paradigm, small populations of wolves, even single packs, could be 
restored to relatively small natural areas for purposes of ecosystem restoration and stewardship. We acknowledge the complications and challenges 
involved in such an effort, but assert that the benefits could be substantial.
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as too small for conventional wolf recovery (“natural areas” 
are defined as public or private lands where the conservation 
of biodiversity and natural processes are a principal goal, 
and where hunting is not allowed or is ineffective in con-
trolling ungulates; e.g., national parks). Consequently, many 
natural area ecosystems will remain degraded as a result of 
overabundant ungulates and the absence of top-level preda-
tors. We propose a new and complementary paradigm for 
wolf conservation, one that recognizes the changing status of 
the species, ecological needs of natural areas, advancements 
in science and technology, and changing societal values.

The current paradigm
Since the passage of the ESA, wolf conservation in the 
contiguous United States has focused on the recovery of 
viable wolf populations. This “recovery” paradigm focuses 
on the reintroduction and restoration of only large popula-
tions of wolves, necessitating vast tracts of land, preferably 
with sparse human populations, few roads, and minimal 
livestock. For example, the 1992 Great Lakes Federal Wolf 
Recovery Plan states that 25,600 square kilometers (km2) of 
contiguous habitat are needed for a viable wolf population. 

Under the recovery paradigm, small wolf populations 
on comparatively small tracts of land have been viewed as 

The gray wolf (Canis lupus) historically occupied most   
of North America (see Paquet and Carbyn 2003) and 

played an important and perhaps keystone role in most 
ecosystems. As an apex predator, the wolf catalyzed many 
components of natural systems (e.g. , wolves affected ungu-
late populations which in turn affected plant communities), 
and those components adapted to and evolved with the pres-
ence of wolves. However, as a result of European settlement, 
the wolf was extirpated from most of the contiguous 48 US 
states, and was subsequently listed as endangered under the 
Endangered Species Act (ESA) of 1973. Protection under the 
ESA, and the accompanying change in societal values, was a 
turning point in wolf conservation.

Wolf numbers have increased in the Great Lakes and 
Northern Rocky Mountain regions to the point where these 
population segments have been delisted under the ESA, im-
plying the existence of viable populations and an end to wolf 
recovery (USFWS 2009a, 2009b). However, some conserva-
tionists do not believe the species is recovered (Bergstrom 
et al. 2009), and have proposed additional wolf reintroduc-
tion sites based on the conventional ESA recovery model 
(Fascione 2006). Yet even if wolves are reintroduced to these 
other sites, the species will continue to be absent from many 
natural areas, in part because most natural areas are viewed 



Forum

148   BioScience  •  February  2010 / Vol. 60 No. 2 www.biosciencemag.org

Forum

inconsequential, unnecessary, or second-tier populations. 
For example, the small, isolated population on Isle Royale in 
Lake Superior did not count toward recovery goals for the 
western Great Lakes wolf population because it did not meet 
sustainability criteria. Yet this population has had enormous 
scientific, ecological, aesthetic, recreational, and ecotourism 
values (McLaren and Peterson 1994, Vucetich and Peterson 
2004). Similarly, the Rocky Mountain recovery plan does 
not view small, isolated populations as important because 
they do not contribute to species recovery. It is clear that the 
ecological and societal values of small populations of wolves 
mostly have been ignored under the ESA recovery paradigm 
(Soulé et al. 2003, Carroll et al. 2006).

Wolves strongly influence ecosystem components, struc-
ture, and processes (see Mech and Boitani 2003, Paquet and 
Carbyn 2003, Smith et al. 2003, Berger and Smith 2005, Fas-
cione 2006). Most notably, wolves influence the abundance 
of ungulates, which in turn affects the structure and com-
position of plant communities. More wolves typically result 
in fewer ungulates, which leads to greater plant biomass and 
diversity; conversely, fewer wolves result in more ungulates, 
which in turn reduces plant biomass and diversity (figure 
1). In part due to the absence of wolves, overabundant un-
gulates threaten vegetation health across large portions of 
the United States (McShea et al. 1997). Furthermore, wolves 
influence the distribution, behavior, and foraging of surviv-
ing ungulates, which also has an effect on plant resources. 
Consider that in Yellowstone National Park, reintroduced 
wolves have created an “ecology of fear,” whereby elk (Cervus 
elaphus) reduce the amount of time they spend browsing 
on woody vegetation, allowing for recruitment of that same 
vegetation (Ripple and Beschta 2004). Yet wolf effects go far 
beyond predator-prey-plant interac-
tions. For example, wolf predation on 
ungulates influences the abundance 
and behavior of scavengers by provid-
ing them a source of carrion (Smith 
and Bangs 2009). And wolves can re-
duce the abundance of coyotes (Canis 
latrans) and alter their behavior, too 
(Smith and Bangs 2009), which di-
rectly influences other animal popu-
lations. Soulé and colleagues (2003) 
concluded that the absence of wolves 
may “result in the simplification of 
ecosystems” (p. 1244).

In addition to the ecological effects 
of wolves, their presence can have 
beneficial economic and recreational 
impacts. Wolves in Yellowstone Na-
tional Park increased visitation and 
ecotourism spending by $35 million 
in 2005 (Duffield et al. 2006). Duffield 
and colleagues (2006) also estimated 
that 325,000 park visitors saw wolves in 
that same year. The economic value of 

wolf populations is often as high as millions of dollars (see 
Fritts et al. 2003, Fascione 2006).

Wolves provide a variety of ecosystem and human ser-
vices (see Mech and Boitani 2003, Paquet and Carbyn 2003, 
Smith et al. 2003, Ripple and Beschta 2004, Berger and Smith 
2005); they: 

limit, and possibly regulate, the growth and abundance of •	
prey populations;

remove weak, injured, or otherwise less-fit prey and alter •	
sex and age ratios;

influence prey behavior, movement patterns, distribution, •	
and habitat use;

create a trophic cascade affecting the composition, struc-•	
ture, and functioning of plant communities, which in turn 
affects habitat availability for animals;

create a trophic cascade affecting other biotic and  •	
abiotic resources, including water, soil, and geomorphol-
ogy, which in turn affects habitat availability for other 
species;

create carrion that provides food for other species and •	
cycles nutrients;

affect the abundance, distribution, and behavior of other •	
animals (e.g., coyotes) through interspecific interactions;

increase ecotourism and benefit local economies;•	

enhance visitor experiences; and•	

provide opportunities for scientific research.•	

We propose that these benefits be evaluated and given more 
consideration in the management of natural areas that are 
deemed too small for wolves under the current wolf recovery 
model.

Figure 1. With carnivores reduced or absent (left), the overriding trophic inter-
action involves herbivores and vegetation. With intact carnivore fauna (right), 
however, the primary trophic interaction is between carnivores and herbivores. 
A trophic cascade involves correlated changes in alternating trophic layers; for 
example, carnivores and vegetation. Left and right diagrams indicate changes in 
biomass of each trophic layer as carnivores increase.
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A new paradigm
We propose a new paradigm in wolf conservation, one 
where small and non–self-sustaining populations of wolves 
are reintroduced for purposes of ecosystem restoration and 
stewardship. Such an approach would have ecological, edu-
cational, recreational, scientific, and economic benefits. The 
sum of these benefits could, in some cases, outweigh the cost 
of managing small wolf populations on comparatively small 
sites. We are not naive about the biological, political, cultural, 
administrative, aesthetic, and ethical challenges of managing 
small populations of wolves for purposes of ecosystem res-
toration and stewardship. We acknowledge that wolves are a 
symbol of wilderness to many people (Wilson 1997, Montag 
et al. 2005), and that intensively managed populations may 
be viewed as inconsistent with that symbolism. Yet our pro-
posed paradigm still allows for conventional wolf recovery, 
and the comparatively less-intensive management of those 
populations. Furthermore, we believe that our paradigm 
may actually enhance public understanding and apprecia-
tion of wolves. Our paradigm may also elevate the prestige of 
the natural areas where wolves are restored. National parks 
are especially well suited to the new paradigm because of 
their protected status, agency policies to conserve all native 
species and natural processes, prohibitions against hunting, 
potential for overabundant ungulates, and public expecta-
tions for the sites. Other public and private lands could also 
be used, especially where wolf protection can be assured and 
potential conflicts are manageable. Although the paradigm 
we propose is new to the United States, the reintroduction 
of large carnivores to small natural areas is routine in other 
parts of the world (Hayward et al. 2007, Licht et al. 2008).

As with conventional wolf recovery efforts, a unique set of 
conditions would be necessary to restore and manage wolves 
under the new paradigm; most important, adequate prey and 
manageable wolf-human conflicts. However, in contrast to 
current management programs, which are designed to recover 
large, self-sustaining wolf populations, and which therefore 
require immense landscapes, the new paradigm is not driven 
by wolf viability or ESA recovery goals, but rather by ecosys-
tem restoration and stewardship. Therefore, sites under the 
new paradigm need not be vast. We do not advocate a mini-
mum site size under the new paradigm; we simply assert that 
any site that has adequate prey to support a functioning wolf 
pack should be considered. This recommendation is made on 
the basis of our understanding of wolf behavior and ecology 
(i.e., the importance of the pack as a functioning unit), and 
on the positive experiences from sites such as (a) Isle Royale 
National Park, where only two to three packs have persisted 
for a half century (Vucetich and Peterson 2004); and (b) on 
preserves in South Africa that have successfully conserved 
single prides of lions (Panthera leo) or packs of African wild 
dogs (Lycaon pictus; Hayward et al. 2007, Funston 2008, Gus-
set et al. 2008, Lehmann et al. 2008).

Assuming adequate prey are available, the other primary 
consideration is minimizing wolf-human conflicts. Opposi-
tion to wolf reintroductions is generally on the basis of (a) wolf 

depredation of livestock, (b) attacks on pets, (c) concerns about 
human safety, (d) reduction in game populations, and (e) fear 
of government regulations and restrictions (see Williams  
et al. 2002). If these concerns can be eliminated or mitigated, 
then most of the ostensible resistance to wolf reintroductions 
will be nullified. We believe the following tools and approaches 
reduce or eliminate the stated concerns of wolf opponents, 
thereby allowing the restoration of small populations of wolves 
for purposes of ecosystem stewardship. We do not suggest that 
these management-intensive tools or approaches are appli-
cable for conventional wolf recovery programs.

Real-time animal tracking. The development and implementa-
tion of real-time satellite tracking technology has existed since 
the 1970s (Rodgers 2001). This technology typically consists of 
a collar that transmits a signal to satellites that then relay the 
information to a base station, which transmits the computed 
location data to an end user. Recent advances integrate more-
precise (location to within approximately 15 meters) GPS 
(global positioning system) technology to determine the ani-
mal’s location (Rodgers 2001, Fuller et al. 2005). The equipment 
and subscription costs are high (starting around $125 per collar 
per month); however, when used to collect a large number of 
relatively accurate real-time locations, the technology becomes 
cost-efficient when compared with conventional very-high-
frequency (VHF) telemetry. In some locations, cell-phone 
technology can be used in lieu of satellites to transmit the loca-
tion data. The location data can be integrated with mapping 
software to create a “geofence,” so once an animal approaches or 
crosses a predetermined boundary, an alert message is sent to a 
manager (see also the discussion below on virtual barriers). 

These real-time systems allow managers to efficiently, 
relatively reliably, and accurately track an animal’s where-
abouts, and to quickly respond to problem animals. Such 
an approach is being tested in Kenya with elephants; when 
a collared elephant leaves the natural area, the collar sends 
a message to park employees who then attempt to scare the 
animal back to the park (www.savetheelephants.org/research-
reader/items/elephant-geofencing.html). This information can 
also help assuage the concerns of neighbors. For example, in 
South Africa, the locations of certain animals are sometimes 
shared with local people to lessen concerns about lions in 
nearby protected areas (Hunter et al. 2007) and a lion project 
in Kenya is testing real-time collars and Google maps to share 
location data online (www.abycats.com/maps/catmap.html). 
Real-time satellite collars have been used successfully on 
wolves for research purposes (Walton et al. 2001), but we are 
not aware of any uses primarily for real-time management.

Reproductive control. Wildlife reproductive control remains con-
tentious for several reasons, including (a) uncertainties about 
the efficacy of nonsurgical methods for abundant free-ranging 
populations, (b) the loss of potential recreational opportuni-
ties for hunters, (c) concerns about human consumption of 
treated animals, (d) potential changes in animal behavior, and 
(e) ethical concerns. However, under certain circumstances, 
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or managing for biological diversity (i.e., with fences, but also 
with large predators fulfilling their ecological role).

Although fences are not used to manage predators in 
natural areas in the United States, the country does have a 
population of wolves that functions as if it were in a large, 
fenced reserve: the small population of wolves on Isle Royale 
in Lake Superior. The 550-km2 island has supported a mean 
of 24 wolves since 1959. Were it not for the natural recolo-
nization of the island by wolves there would likely be severe 
ecological degradation as a result of overabundant ungulates 
(McLaren and Peterson 1994), and the site would not be an 
International Biosphere Reserve. Wolves exist on the site 
with no public opposition; indeed, the public strongly sup-
ports the population there (Vucetich and Peterson 2004), 
demonstrating that the conservation of small populations of 
wolves is tenable under the right conditions. 

Virtual barriers. Virtual barriers are widely used to confine the 
spatial movements of domestic dogs. When a collared animal 
approaches a buried wire (i.e., the boundary), the collar gives 
the animal negative stimuli, typically in the form of a mild elec-
tric shock. Many studies have shown that animals learn to avoid 
boundaries after just a few stimulations (see Anderson 2007). 
Gehring and colleagues (2006) used shock collars on wild 
wolves in Michigan in an attempt to condition the collared ani-
mals and their packs to avoid bait piles. The shock collars were 
effective in reducing pack visits to the baits, and the packs con-
tinued to avoid the baits for more than 60 days after the shock 
period. These results suggest that a shock collar on a single wolf 
could help confine a wolf pack within a natural area.

Collar systems are now being developed that integrate GPS 
technology with on-board algorithms (i.e., maps), thereby 
eliminating the need for transmitting wires in the aversion 
zone (Anderson 2007). Such systems are better suited for 
wide-ranging animals, for which construction of ground-based 
systems would be impractical. Perhaps the biggest remaining 
challenge with wolves is to develop a collar that maintains con-
tact between electrodes and skin; however, such contact may 
be necessary only during the learning phase (Anderson 2007). 
The use of visual cues, such as fladry, may further enhance the 
effectiveness of negative stimuli (Gehring et al. 2006).

In Botswana, researchers are testing another form of vir-
tual barrier by using a chemical “bioboundary” to keep Af-
rican wild dogs out of undesirable areas. The method con-
sists of depositing African wild dog scent marks at the edge 
of the undesired area, thereby creating a virtual neighbor-
ing pack. Like wolves, African wild dogs are very territorial 
and have a high level of respect for neighboring packs’ ter-
ritories. Initial experimental results show that the concept 
has enormous potential for African wild dog management  
(J. Weldon McNutt, PhD director, Botswana Predator Conserva-
tion Trust, personal communication, 20 January 2009). However, 
it is uncertain if the method could be applied to wolves because 
wolf territories may be defined as much by auditory signals (i.e., 
howling) as by olfactory markings, but the use of auditory as 
well as olfactory cues may keep wolves within natural areas.

such as for small, isolated populations of wildlife that are not 
hunted or consumed, reproductive control is an effective man-
agement tool. Immunocontraceptives, pharmaceuticals, and 
surgery could all be used to prevent or suppress growth of a 
small population of wolves that is reintroduced for purposes 
of ecosystem stewardship, as is done in South Africa for other 
top-level predators on small reserves. Deslorelin has been used 
successfully with lions, cheetahs (Acinonyx jubatus), leopards 
(Panthera pardus), and African wild dogs (Kettles and Slotow 
2009) to suppress growth, and, in some cases, vasectomies are 
performed as well (Lehmann et al. 2008). Such tools would 
likely be necessary for managing small populations of wolves 
reintroduced for ecosystem stewardship purposes.

Barriers. The use of barriers to conserve predators is an anath-
ema in the United States; however, barriers are widely used in 
other parts of the world (Hayward and Kerley 2009). For ex-
ample, the “dingo fence” (Canis lupus dingo) is famously used 
to keep dingoes separated from livestock in Australia; in South 
Africa, lions and African wild dogs would likely be extirpated 
from most of the country if not for fenced nature preserves 
(Hunter et al. 2007, Funston 2008, Gusset et al. 2008). These 
fenced reserves—some as small as 15 km2—conserve small 
populations and even single social units of large predators 
such as lions (Hayward et al. 2007, Funston 2008, Lehmann et 
al. 2008). Although there are significant costs in constructing 
and maintaining these fences, and in the management of the 
small populations therein (e.g., assuring desired predator-
prey ratios, genetic augmentation; see Hayward et al. 2007, 
Funston 2008, Hayward and Kerley 2009), the ecological and 
ecotourism values of having large predators on a site often 
outweigh the costs (Lindsey et al. 2004).

Some of the strongest objections to fences have to do with 
aesthetics and the public’s desire that wildlife be free ranging. 
However, this objection is partly mitigated by scale. There 
are relatively few concerns in South Africa about the fence 
around the 20,000-km2 Kruger National Park. Yet even fenced 
reserves as small as 100 km2 are viewed as acceptable and sup-
portive of free-ranging populations of lions and other wildlife 
(see Bauer and Van Der Merwe 2004). Visitors flock to these 
sites from around the world and report positive wildlife-
viewing experiences. Likewise, at the appropriate scale, wolf 
observation and visitor experience within fenced protected 
areas can become “authentic” (Montag et al. 2005). 

Fences are used in the United States to conserve herbivores 
such as bison (Bison bison) with no strong objections from the 
public. In fact, were it not for fenced parks, refuges, and other 
properties, bison would be absent from the Great Plains. Such 
fences could be modified to conserve wolves while still allowing 
egress and ingress by other species. The use of fences may have 
the most merit in agrarian landscapes where there is a hard 
boundary between natural and developed lands. Licht and 
colleagues (2008) stated that the consideration of fences as a 
wildlife management tool, such as is practiced in South Africa, 
may come down to a choice between managing for a hands-
off “naturalness” (i.e., no fences, but also no large predators) 
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thereby meeting park goals. Hobbs (2006) developed a model 
that suggested that the presence of 20 wolves would eradicate 
chronic wasting disease (a transmissible neurological disease in 
deer and elk that produces lesions in infected animals’ brains) 
from elk in the park in two to three decades. Although public 
attitudes toward wolf reintroduction in Colorado are generally 
positive (Pate et al. 1996), the wolf alternative was not selected. 
One of the justifications for not selecting the alternative is that, 
at the time, wolves were an endangered species, and the use of 
a small number of them for ecosystem stewardship may have 
been incompatible with the ESA (NPS 2007).

Case study 3: Wind Cave National Park. The 114-km2 Wind Cave 
NP is fenced to contain bison. The park also supports abun-
dant elk, mule deer (Odocoileus hemionus), white-tailed deer 
(Odocoileus virginianus), and pronghorn antelope (Antilo-
capra americana). The ungulate biomass at the park is about 
32 kilograms per hectare; a total biomass comparable to the 
much-larger Isle Royale NP. On the basis of known relation-
ships between wolf abundance and prey biomass (Fuller et 
al. 2003), the park could support nine wolves. 

Wolves are currently absent from the park. The park his-
torically culled surplus elk through translocations to other 
sites, but that option is now prohibited as a result of chronic 
wasting disease. Consequently, the park is developing an 
environmental impact statement to evaluate alternatives to 
control the elk population. Early in the planning process 
the park considered developing an alternative that used 
intensively managed wolves as a stewardship tool. However, 
the alternative was not fully evaluated, in part because of 
the US Fish and Wildlife Service’s position that the park 
was not large enough to sustain a viable wolf population 
and therefore would not contribute to wolf recovery, even 
though the stated purpose of the action was reducing elk 
overabundance and providing other ecosystem services. In 
other words, the ESA was used to stop the evaluation of us-
ing wolves for purposes of ecosystem stewardship.

Conclusion
The desire to restore naturally functioning ecosystems within 
natural areas, along with the delisting of the gray wolf from 
the ESA, an increased understanding of the species’ ecological 
role, advances in technology, and changing public attitudes, 
provides an opportunity to reevaluate wolf conservation and 
natural areas management. We recommend serious consid-
eration and full evaluation of the use of wolves as an ecosys-
tem stewardship tool in planning efforts. There are, and will 
continue to be, sites in the United States that would benefit 
from the presence of small populations of wolves (as well as 
in other places such as Great Britain; see Macdonald et al. 
2000). As far back as 1991, The Wildlife Society (1991) sup-
ported the restoration of small populations of wolves when 
it stated: “If national parks and other protected areas cannot 
provide large enough areas for self-perpetuating populations 
of wolves, systematic and periodic reintroduction of wolves 
from outside may ensure population survival” (p. 8).

Case studies
In practice, none of the tools described above are likely to be 
infallible; therefore, we envision the use of a combination of 
tools to manage small populations of wolves and to allay the 
concerns of wolf opponents. For example, a perimeter bar-
rier could be used in combination with real-time telemetry. 
Furthermore, these technologies should be implemented in 
concert with community involvement and mitigation, such as 
is practiced in South Africa (Hunter et al. 2007). We provide 
three case studies; one from five decades ago, in which wolves 
were introduced for purposes of ecosystem restoration, but not 
intensively managed; and two cases in which there is a current 
need for ecosystem stewardship by wolves, but recent propos-
als were thwarted in part by the recovery paradigm (i.e., the 
areas were not large enough for viable wolf populations). In 
the latter two cases we do not claim that wolves are the best al-
ternative to reduce overabundant ungulates and conserve these 
ecosystems, only that the use of wolves is feasible and should be 
given full consideration as one of many possible alternatives. 
Ultimately, site managers are in the best position to determine 
which tools should be used to conserve ecosystems.

Case study 1: Coronation Island, Alaska. We know of only one 
case where wolves were reintroduced primarily for purposes 
of ecosystem restoration and not for species recovery. In 
1960, four wolves were introduced to the 117-km2 Corona-
tion Island in southeast Alaska for the purpose of reducing 
the overabundant black-tailed deer (Odocoileus hemionus 
sitkensis) population (Klein 1995). The wolves were extremely 
successful in reducing the island’s deer population. However, 
the introduced wolves were not managed, and they soon 
increased to 13 animals and depleted the deer population. 
Eventually the wolf population crashed and deer numbers 
rebounded. Klein (1995) speculated that the low fecundity of 
the deer, a consequence of the poor quality of the habitat re-
sulting from the long period of overbrowsing, may have con-
tributed to the dramatic deer decline immediately following 
wolf introduction. More intensive management and monitor-
ing of the predator and prey populations—as is practiced in 
South Africa—may have attenuated the boom-bust cycle and 
resulted in long-term success.

Case study 2: Rocky Mountain National Park. In 2007, Rocky 
Mountain National Park (NP) completed an environmen-
tal impact statement that evaluated several alternatives to 
reduce the elk population in the 1076-km2 unfenced park, 
including an alternative that called for the experimental 
reintroduction of 14 or fewer intensively managed wolves 
(NPS 2007). Growth of the wolf population would have 
been limited by fertility control or by removing individuals. 
The wolves would have been intensively tracked with VHF 
telemetry. Animals that approached the park boundary 
would have been captured and relocated to a soft-release pen 
in the park interior or removed from the population.

Coughenour (2002) developed an ecosystem model that pre-
dicted that wolves would greatly reduce the park’s elk population, 
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predators such as lions and African wild dogs (Hayward et al. 
2007, Hunter et al. 2007, Gusset et al. 2008, Licht et al. 2008). 
However, wolf management in North America transcends 
simple precedents, technology, and science (Nie 2001, Fritts et 
al. 2003). The wolf is a passion-inspiring symbol to many peo-
ple, but the symbolism varies and is polarizing. Restoring and 
managing the animal under our proposed paradigm appears 
doable; managing the symbolism remains the challenge.
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