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Designing and Managing
Protected Areas for Grizzly
Bears: How Much Is Enough?

David . Mattson
Stephen Herrero
R. Gerald Wright
Craig M. Pease

Grizzly bears (Ursus arctos) have survived in the southern part of their current
North American range only because of stringent protection and the availabil-
ity of habitat inaccessible to humans. Hunting regulations and the U.S. Endan-
gered Species Act have contributed substantially to grizzly bear survival, along
with de facto protection by roadless areas and the organic acts of provincial and
national parks (Keiter, 1991; U.S. Fish and Wildlife Service, 1993; Keiter &
Locke, 1996). However, as much as nearly all involved concede these points,
there is major disagreement over the protection grizzlies will need for long-
term survival in parts of their range that are more heavily impacted by humans
(Shaffer, 1992; Primm, 1993; Mattson & Craighead, 1994).

The debate has focused on the size and distribution of populations, the level
and effectiveness of protection accorded bears within their occupied range, and
the associated need for connectivity among populations (see Wilcove et al.,
1986). In other words, how many bears, distributed over how large an area, with
what level of interchange among “populations,” and exhibiting what level of
long-term fluctuations in growth, do humans want? At one level, this discus-
sion is about the degree to which short-term human prerogatives are curtailed
and the areas where these restrictions occur. Therefore, part of the debate could
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be resolved by identitying factors clearly relevant to answering questions about
the size, juxtaposition, and protection of bear ranges; at the very least, it would
provide a common framework for discussion.

Much of protected-area design is predicated on existing or potentially in-
duced heterogeneity in the vital rates of target species (see Howe et al., 1991).
In theory, species densities vary with the rates of births, deaths, immigration,
and emigration, depending largely on habitat productivity and the densities of
predators. Prior to the arrival of Europeans, the distribution of North Ameri-
can grizzlies reflected broad-scale patterns of climate and vegetation, possibly
modified by competition with black bears ( Ursus americanus) and low rates of
mortality caused by indigenous humans (Storer & Tevis, 1955; Herrero, 1978;
Brown, 1985). Grizzlies otherwise had no known major predators.

There is little doubt that the current persistence of grizzly bears at lower lat-
itudes is largely determined by human predation, modified by the effects of
food abundance on recruitment (Bunnell & Tait, 1981; Servheen, 1990; String-
ham, 1990; McLellan, 1994). The decline of grizzly bear populations is clearly
linked to human-caused mortality, which continues to account for virtually all
deaths of grizzly bears older than 1 year in the southern Canadian Rockies and
in the contiguous United States. Out of 174 grizzlies that were radio-marked
and died in this area between 1974 and 1996 (Russell et al., 1979; Dood et al.,
1986; Craighead et al., 1988; Aune & Kasworm, 1989; McLellan, 1989a; Nagy &
Gunson, 1990; Raine, 1991; Wakkinen & Zager, 1991; Mace & Manley, 1993;
Kasworm & Thier, 1994; Wielgus & Bunnell, 1994; Montana Department of
Fish, Wildlife, and Parks, unpublished data), 85 to 94 percent were killed by
humans (the range in percentages depends on whether unknown causes of
death were included and whether the calculation was pooled or averaged over
studies). The few demographic studies from this area have also concluded that
survivorship, especially of females, outweighs the effects of fecundity on popu-
lation growth and density (Knight & Eberhardt, 1985; McLellan, 1989b; Eber-
hardt et al., 1994).

Protection of grizzlies thus needs to reflect the importance of human-—
grizzly bear interactions. In particular, good management and reserve designs
depend on a robust understanding of factors that control the frequency and
lethality of contact between humans and grizzly bears (Mattson et al., 1996)
and especially the spatial characteristics of this contact. Ideally, we would know
what attributes of grizzly bear habitat increase the likelihood of human—grizzly
bear contact and which classes of bear are most affected; equally important, we
would know why. We would also know how human behavior affects human-
bear interactions and their outcome, and how human behavior is modified by
the presence of facilities such as roads, trails, and residences.
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8. Designing and Managing Protected Areas for Grizzly Bears: How Much Is Enough? 135

Having said this, human values are clearly of overriding importance in the
design of protected areas for grizzly bears (Mattson et al., 1996). We decide how
much we value grizzlies relative to resources that would otherwise be available
from their habitat. In other words, humans inescapably define the benefits and
opportunity costs of saving grizzly bears and, thus, the risk we are willing to
take with this species (Shrader-Frechette, 1991; Kellert, 1994a). This human-
centered accounting generates the policies that guide choices governing -what,
where, and when human activities occur, and are defined for our purposes in
terms of spatially explicit modifications of human behavior (if any) intended
to conserve grizzly bears (see Clark & Kellert, 1988).

For these reasons, this chapter is devoted to two major topics: (1) the spatial
dimensions of human-—grizzly bear relationships and factors that influence their
dynamics, and (2) a conceptual model for protected-area design that does not
just reflect grizzly bear behavior and related features of the biophysical envi-
ronment but also considers human behavior and the constraints imposed by
human values. We hope that this information will establish useful points of ref-
erence and thus promote more fruitful discussions about protected-area design,
not only for grizzly bears but also for other medium- to large-size carnivores.
To this end, we conclude the chapter by generalizing some points to the man-
agement of other carnivores as well as some guidelines for the design of carni-
vore protection in areas with substantial foreseeable or existing human impacts.

The Spatial Dimensions of Human-Grizzly Bear Relationships

Much of the research on grizzly bear habitat relationships has been motivated
by concerns over human impacts and safety. How much is bear habitat use af-
fected by the presence of humans or their facilities? Or, how do other human-
induced habitat modifications affect grizzly bear cover, security, and food?
Regardless of the specific question, these studies have typically relied on the rel-
ative spatial distribution of locations from radio-marked bears for their an-
swers and have registered human presence in terms of physical surrogates such
as roads, trails, campsites, and towns (Mattson, 1990; McLellan, 1990); it is too
difficult or has been deemed less important to track individual humans. Less
often, the research design has employed transects that provided absolute esti-
mates of sign density. In either case, the behavior and distribution of live bears
have been emphasized.

Perhaps more to the point, spatially explicit mortality risk has also been in-
vestigated. What is the probability of a given bear dying as a function of habi-
tat attributes, most importantly, those related to human presence? For various
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reasons, relatively little research on this topic has been done for bears despite its
obvious relevance; interestingly, elk researchers have vigorously pursued the is-
sue because of its tie to hunter success and behavior (Christensen et al., 1991).
However, whether we consider behavior or survival to be the primary mediator
of human-—grizzly bear interactions, both are important parts of the equation.
In the following sections, we consider behavior and survival separately but then
integrate these factors for a more holistic consideration of habitat-human—
grizzly bear interactions, using the Yellowstone ecosystem as an example.

Behavior as a Spatial Phenomenon

There is a relative wealth of information concerning the spatial responses of
grizzlies to humans or human facilities. At the population level, a number of
studies have shown that grizzlies typically underused areas within 100 to 500
meters of roads, but in one study avoided areas as far away as 914 meters
(Archibald et al., 1987; Mattson et al., 1987; McLellan & Shackleton, 1988; Aune
& Kasworm, 1989; Kasworm & Manley, 1990). Construed a different way, Mace
and Manley (1993) found that grizzlies in their Montana study area underused
habitat where road densities exceeded 1.6 kilometers per square kilometer. In-
terestingly, this underuse by bears did not vary appreciably with use by humans
or road design and was exhibited at very low levels of traffic (0.5-1.9 vehicles
per hour) (Archibald et al., 1987; McLellan & Shackleton, 1988).

Underuse of areas near campgrounds and town-sites was even more ex-
treme. Use of habitat within 400 to 2000 meters of campsites or cabins by griz-
zlies and brown bears was 40 to 67 percent less than expected by the available
area (Elgmork, 1983; Gunther, 1990). In Yellowstone National Park, underuse
of habitat near major recreational developments was typically evident out to
4-5 km (but in spring only out to 1 km) and was 46 to 94 percent less than ex-
pected by area and food abundance, depending on the season, food (e.g.,ungu-
lates or cutthroat trout [Onchorhychus clarki]), and site (Mattson et al., 1987;
Reinhart & Mattson, 1990; Mattson & Knight, 1992).

All of these studies were compromised potentially by uncontrolled biases.
Most important was the possible “avoidance” of human facilities as an artifact
of bears underusing inherently less attractive habitats that were fortuitously
correlated with roads and town-sites. Human-influenced habitat may also re-
ceive full, but undocumented, use at night (Schleyer, 1983; Harting, 1985;
McLellan & Shackleton, 1988; Nadeau, 1989). These biases most likely affect
studies based strictly on daytime sampling of radio-marked bears, coupled with
analyses that do not control for the spatial abundance of foods. Transect-based
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8. Designing and Managing Protected Areas for Grizzly Bears: How Much Is Enough? 137

studies of grizzlies using ungulate carcasses (Mattson & Knight, 1992) and
spawning cutthroat trout (Reinhart & Mattson, 1990) in Yellowstone National
Park avoided both pitfalls and suggested relatively strong avoidance of roads
and other human developments. Consistency of results among studies from di-
verse study areas, coupled with the nonexistence of studies showing bear use
greater than or equal to that expected at random near humans, increase our
confidence that, wherever killed by humans, grizzlies will not fully use habitat
near human facilities.

AHYPOTHESIS. These behavioral results could imply that grizzly bears exhibit an
irreducible avoidance of humans. Yet, there are numerous observations of griz-
zlies foraging within a few meters of humans during daylight hours (i.e., habit-
uating to the human presence) (Herrero, 1985). Bears are clearly able to tolerate
humans, presumably as a means of accessing food or finding security from
other potentially threatening bears (McCullough, 1982; Herrero, 1985; Mattson
et al., 1987, 1992; McLellan & Shackleton, 1988). Habituation therefore seems
to affect disproportionately subadult males and females with young, who are
plausibly at risk from older males (Tracy, 1977; Warner, 1987; Dau, 1989; Matt-
son et al., 1992; Fagen & Fagen, 1994).

We know or have good reason to believe that habituated bears are more likely
than wary bears to be killed by humans (Meagher & Fowler, 1989; Mattson et al.,
1992). Habituated bears are more vulnerable to poaching, more often in conflict
with humans, or simply viewed as more of a threat to human safety (Herrero,
1985). Yet, because habituated bears tend to concentrate nearer to humans (with-
in 2—4 km of human facilities in Yellowstone National Park), they are also candi-
dates for making fullest use of human-influenced habitats (Mattson et al., 1992).

Taken together, these results suggest that the behavioral responses of grizzly
bears to humans at the population level are largely artifacts of the rate at which
humans kill bears and the degree to which this mortality is selective against ha-
bituated animals. In other words, we expect greater “avoidance” of human fa-
cilities if bears able to use this human-influenced niche are killed faster than
they are recruited or simply at a higher rate than wary bears. This type of se-
lective mortality would provide surviving bears more foraging opportunities in
remote areas because of reduced overall bear densities. In summary, this hy-
pothesis predicts that habitat “impairment” and the related need for grizzly bear
habitat secure from humans devolve to the rate at which we kill bears and to the
degree of our tolerance for bears that tolerate humans. In any case, the focus is
on human-caused mortality rather than some presumed fundamental inability
of grizzlies to use habitat near humans.
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Mortality as a Spatial Phenomenon

In the relatively few instances when researchers have examined the joint distri-
butions of human facilities (for lack of records from humans themselves) and
known grizzly bear mortalities, there has been a positive association. Nagy et al.
(1989) found that 75 percent of bear mortalities occurred within 1 kilometer
of all-weather roads in their Alberta study area; Aune and Kasworm (1989)
and Dood et al. (1986) found similar concentrations within 1.0 kilometer
(63%) and 1.6 kilometers (48%), respectively, of roads in central and north-
western Montana. Unfortunately, none of these studies treated the analyses in
terms of how the observed pattern departed from patterns expected at random,
and other researchers have merely commented that most grizzly bears killed by
humans were shot from or near roads (McLellan & Shackleton, 1988). One of
the strongest associations between human access and, in this case, brown bear
mortality comes from Chichagof Island, Alaska, where deaths of legally hunted
bears were annually highly correlated (r2 = 0.86) with miles of road during a
period of road expansion (Titus & Beier, 1992).

Despite these convergent results, it could be argued that there is a bias toward
detecting grizzly bear deaths nearer roads, regardless of their frequency, simply be-
cause, at a road, it is more likely humans will discover a bear if it dies. Presumably,
this bias would be stronger for illegal mortality, which predictably goes unre-
ported by the perpetrator, and for observations of unmarked dead bears. By these
standards, the results from Alberta, Montana, and Alaska, based largely on reports
of legal hunting kills, would be relatively robust. However, we still do not know
how much illegal, unreported poaching goes on and to what extent this mortality
is dissociated from access. Clearly, this topic warrants further inquiry.

Although most of these studies are potentially biased or statistically incon-
clusive, and none has benefited from comprehensive analyses of the sev-
eral variables likely to influence grizzly bear mortality, they are consistent with
history, theory, and more numerous and conclusive observations of the
human-grizzly bear conflict. That is, observations of bear mortality concen-
trated near roads do not contradict some well-supported expectations. A num-
ber of studies at several locations in Alaska, Montana, and Wyoming have
shown that human—grizzly bear conflict is positively correlated with annual or
seasonal changes in human activity or frequency of human and bear contact,
especially in areas where human activity is largely unregulated (i.e., excluding
areas such as McNeil River Falls, Alaska) or where the bear population is pro-
tected from hunting (e.g., most national parks) (Martinka, 1982; Kendall, 1983;
Keating, 1986; Dalle-Molle & Van Horn, 1989; Smith et al., 1989; Albert &

‘Bowyer, 1991; Mattson et al., 1992; Fagen & Fagen, 1994). History also has
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Table 8.1 The proportion of total area and recorded grizzly bear mortalities, and numbers of
these mortalities prorated to the affected area, for strata defined by the level and nature of
human impacts and the control of firearms (i.e., park versus nonpark lands), for the
Yellowstone National Park ecosystem, 1975-1994

Proportion of

Proportion of recorded mortalities®  Mortalities per
Strata Yellowstone ecosystem2  (n = 179) 1000 km2
Town-sites and park developments® 0.09 < 0.30¢ 28.4
Primary (paved) roadse 0.12 =0.13 9.0
Secondary roads 0.12 <0.25 17.:2
U.S. Forest Service roadless areas 0.38 > 0.09 4.9
Yellowstone backcountry 0.29 > 0.23 2.6

aDefined by the most peripheral recorded grizzly bear mortalities (see Fig. 8.1).

bIncluding known, probable, and possible (see Craighead et al., 1988).

cMajor human facilities where food services and overnight accommodations are provided (see Fig. 8.1), including areas within
4 km (the zone of influence on bear behavior [Mattson et al., 1992]).

dIndicates the relationship of proportional mortality to proportional area; protected (df = 4, G = 121.8, P < .001) multiple
comparisons (Bonferroni confidence intervals) at « = 0.05.

¢Paved all-weather roads, open during the bears’ active season, including areas within 2 km (Mattson et al., 1992).

'Gravel roads passable to most vehicles during the bears’ active season, including areas with 1 km.

clearly shown that most grizzly bears that died between 1850 and the mid-1980s
were killed by humans (Storer & Tevis, 1955; Brown, 1985) who we know or
suspect did not range far from roads and trails (see Thomas et al., 1976; Lucas,
1980, 1985).

Results from the Yellowstone ecosystem suggest that mortality has varied
substantially depending on agency jurisdiction and nearness to human facili-
ties. Roughly 33 percent of the total habitat available to grizzlies is impacted
substantially by humans; this is evidenced most graphically by the dispropor-
tionate 68 percent of recorded grizzly mortality from 1975 through 1994, for
which humans are responsible (taken from Craighead et al. [1988] and Mon-
tana Department of Fish, Wildlife, and Parks, unpublished data). When pro-
rated to zones of influence defined by behavioral responses of grizzlies to
town-sites and roads, unit-area mortality was greatest near town-sites, and 5.8
to 11.0 times greater than the lowest rates in U.S. Forest Service roadless areas
and U.S. Park Service backcountry, respectively (Table 8.1). Mortality in front-
country areas was more often due to agency control of a “hazardous” bear, while
mortality in the National Forests, in roadless areas and near secondary roads,
was largely due to conflict with hunters and livestock, respectively (Table 8.2).
Mortality in Yellowstone’s backcountry was further distinguished from all other
strata by a high proportion of “natural” cub mortality (Table 8.3).
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8. Designing and Managing Protected Areas for Grizzly Bears: How Much Is Enough? 141

These results illustrate why it makes sense to describe grizzly bear habitat
fragmentation in terms of the increased mortality risk associated with human
facilities and differences in jurisdictions (Mattson & Reid, 1991). By this reck-
oning, fragmentation is an increasing threat to grizzly bear populations in their
southernmost ranges. The Yellowstone ecosystem is already substantially frag-
mented (Fig. 8.1), while most grizzly bear ranges in southern British Columbia
and Alberta are at risk (see Horejsi, 1989; McCrory et al., 1990)—situations ex-
acerbated by the common juxtaposition of human facilities with primary griz-
zly bear habitat concentrated in narrow transverse valleys (Purves et al., 1992).

SOURCES AND SINKS. There is a strong spatial component to grizzly bear mortal-
ity that is closely associated with human access and the unregulated presence of
firearms. This spatial heterogeneity is perhaps most usefully described as a
source-sink structure, with areas near human facilities constituting the sinks
(Knight et al., 1988; Doak, 1995). As an obvious consequence, grizzly popula-
tion growth rate will decline as the ratio of sink (human-impacted) habitat to
source (remote) habitat increases. More importantly, depending on the rate of
movement by bears between source and sink habitats, the decline in averaged
population growth rate may accelerate relative to the increase in areas impacted
by humans (Wilcox & Murphy, 1985; Doak, 1995).

Parks are commonly perceived as grizzly bear population sources. This
structure has been postulated for southern Alberta, associated with the Rocky
Mountain parks complex (Nagy & Gunson, 1990), and is also thought to exist
along some boundaries of Glacier (eastern) and Yellowstone (western) National
Park in the United States. As has been shown, backcountry areas of Yellowstone
National Park do seem to have the lowest unit-area mortality rates in the ecosys-
tem, approximately half being recorded in roadless areas under the jurisdiction
of the U.S. Forest Service. By contrast, town-sites or other major human devel-
opments on private and public lands are the most lethal to bears, followed by
areas affected by secondary roads. Relative to proportional area, there was also
a pronounced difference (2.3 times) between recorded grizzly bear mortality
inside and outside Yellowstone National Park (i.e., 23% of total mortality and
41% of total area in the park [log-likelihood test, G = 26.6, P < .001]). This
was despite the application of stringent protections to all federal lands under
the U.S. Endangered Species Act, in contrast to an even greater dichotomy of
protection between park and nonpark lands in Canada (Keiter & Locke,
1996).

Several researchers have observed that large ranges render grizzlies ex-
tremely vulnerable to population sinks, whether these are defined as settled ar-
eas outside park boundaries or simply as areas impacted by major human

FWS LIT_026006



National Parks and Protected Areas

142

"HoY09 0} paljuap! Jou S[ewiuys
‘plo sieak &L = AjreaidAy ‘BunoA yuspuadagp

‘BlRIS

Aq ‘asinured ‘suognquisip [euoiodord Yjog U PajeIndled S[eAIBjUl 8JUSPILUOD [UOLIBJUOG UO PaSE] ‘G0'0 = © JB JuaIayip Jou aIe SMOJ Ul Ja}ja| awes au) Aq pamoj|o} suoiiodoids
“BunoA Juspuadap Aq pajuedwoooe ssajun ‘pjo s1eak G > Sjewilyq

'50°0 = ® Je suosuedwoo sidinw (100" = d ‘2'9y = D ‘02 = Ip) parosjoid Aq ayebaibibe ul sayp jou pip Jejia] Bwes 8y} Aq paiyiusp! elenS:

40000 B651°0 qecy00

E9YL0 qeglL00 219410

Geeto BG29°0 ariio qegoz’0 asyo pSAND
BEBC0 e88L0 B/cc0 €802°0 BLYC0 8[ews} }npy
BE6C0 4ec900 qeQseo aseto qe/91'0 8lew Jnpy
80000 €290°0 eyLL0 8/91°0 BLLLO qd[BWa} Jnpeqng
qegyl0 Gc900 qegel’o qeQseo BS1E0 qd[BW }npegng
3 q oe ae e
(b =u) (9L =u) (5 = u) (g =u) (€5 =u) Moyoo abe-xes
SEale SS8|peo Anunooyoeq speo. Aiepuooag speol Alewid sjuswdojaneq J1eaq Ajzzug
90IMIBS 158104 SN BUOJSMO|[BA

¥661-G.61 ‘Wa)SAs09a yied |BUOLIEN SUOISMO|[SA 8y} 10} _Amﬂoz_::mu
10} |'g 9|qe] 98s) ejelis Aq ‘spioyoo abe-xas Jeaq buowe Ayjeriow Jeaq Ajzzilb papiodal jo uonngusip jeuoipiodold €8 a|qeL

FWS_LIT_026007



8. Designing and Managing Protected Argqs foI Qriz;ly Bgars: How Much Is Enoggh? j%

MAJOR
DEVELOPMENTS

SECONDARY
ROADS

PRIMARY
ROADS

FOREST SERVICE
BACKCOUNTRY

R

JACKSON
LAKE

Figure 8.1 Stratification of the Yellowstone National Park ecosystem by the nature of road access
and the legal presence of assembled firearms, configured by zones of influence on grizzly bear
behavior (see Table 8.1 for definition of strata). Unshaded areas in the core coincide with Yellow-
stone National Park backcountry.

development (Bunnell & Tait, 1980; Knight et al. 1988; McCrory et al., 1990).
For example, bears that spent relatively little time outside of Yoho and Koote-
nay National Parks in British Columbia were nonetheless quite vulnerable to le-
gal bear hunters (Raine, 1991). In effect, the rate of bear movement between
source and sink habitat is often quite high. While mitigating against unpre-
dictable nonlinear responses in population growth rate, this exchange between
source and sink habitats could make populations sensitive to each incremental
increase in the area of human impacts (Doak, 1995). By implication, het-
erogeneity in vital rates sufficient to maintain a stable source-sink structure
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may require very large areas free of substantial human-caused mortality, de-
pending on overall population growth rate (Doak, 1995; see Schonewald-Cox
& Bayless, 1986).

An Integrated View: Yellowstone National Park as an Example |

Grizzly bear research from the Yellowstone ecosystem gives us the opportunity
to construct an integrated view of relationships among grizzly bears, their
foods, and humans that may have general application to southern portions of
the grizzly bear range. The Yellowstone data set is of sufficient duration and
breadth to provide some room for inference, albeit with a dose of speculation.
Radio-marked grizzlies relevant to this discussion have been tracked since 1975,
and their relocations analyzed relative to a map of habitat types and human fea-
tures. The abundance of key foods was also monitored for much of this period,
and attention has been given to the consequences of bear behavior.

During this study, the survivorship of bears habituated to humans or condi-
tioned to human foods was much lower than bears judged to be wary. Propor-
tionally, 3.1 times as many radio-marked habituated bears were killed from 1975
to 1990 compared to their wary counterparts (Mattson et al., 1992). Because
these habituated bears accounted for most habitat use within 2 kilometers of
roads and 4 kilometers of major recreational developments, it is likely that the
higher mortality of these bears also accounted for the population-level under-
use of habitat in these corresponding zones (Mattson et al., 1987; see above).

Not all bear sex and age classes were equally prone to habituation. Adult
males, on average, were the wariest of all bears, while subadult males and adult
females with dependent young tended to range closest to human facilities and
were as likely as subadult females to be habituated (Mattson et al., 1992).
Humans were exceptionally intolerant of habituated subadult males and killed
most of these animals as they were recognized. Thus, apparently few habituated
subadult males survived to be habituated adults. At the same time, subadult
males and females with young seemed to avoid the surviving wary males dis-
tributed in typically remote areas, presumably because these males posed a
threat to them or to their dependent young (Mattson et al., 1987, 1992).

Thus, the human tendency not just to kill habituated bears but virtually
eliminate habituated subadult males had several plausible consequences. Re-
mote foraging sites were apparently preempted by the surviving wary adult
males, who displaced other bears into chronically underused human-
influenced habitats, where these bears habituated to humans as a means of
accessing otherwise unavailable resources. The common availability of foods at
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human facilities no doubt increased the frequency and intensity of habituation,
as these bears also conditioned to human foods (Herrero, 1985).

This situation arguably placed adult females in increased jeopardy by effec-
tively reducing the availability of habitat remote from humans. From the per-
spective of fitness strategies, they were in a catch-22 between what may have
been for them the palpable, evolutionarily potent risk of losing offspring to
other adults (Bunnell & Tait, 1981), and the latent, evolutionarily recent risk of
losing their own lives to humans. Although not yet conclusively demonstrated,
the demographic consequences were probably significant, given the sensitivity
of population growth rate to survivorship of adult females (Knight & Eber-
hardt, 1985).

Apparently, these conditions were aggravated by the juxtaposition of human
facilities and key bear habitats. Not surprisingly, roads, recreational develop-
ments, and town-sites were concentrated in lower-elevation valley bottoms as
was prime grizzly bear spring range (Mattson et al., 1987). Adult females also
happened to make disproportionately intense use of spring habitats (Mattson
et al., 1987), likely increasing the probability that they would lose their fear of
humans as they sought out and used ungulate carcasses on elk and bison winter
ranges. Although human-caused mortality occurred primarily during late sum-
mer and early fall, it is reasonable to expect that potentially fatal patterns of be-
havior could be initiated or reinforced at any time during the nondenning
season.

In contrast, human facilities typically were far removed from the richest fall
habitats (Mattson etal., 1987), where, during some years, bears foraged on seeds
in high-elevation whitebark pine stands (Pinus albicaulis) (Mattson & Rein-
hart, 1994). While this disposition was ostensibly favorable to grizzlies, bears
still died in their greatest numbers during the fall foraging season. However, this
mortality occurred largely during years when whitebark pine seeds were un-
available and bears sought out alternate foods that typically occurred at lower
elevations, nearer to, if not closely associated with, human facilities (Mattson et
al., 1992). Thus, it was not sufficient for humans to be remote from the richest
habitats when food crops produced in these areas failed. Perhaps as important,
grizzly bear mortality was dependent on the presence of humans in habitats
containing various alternate foods. Because predicting these alternate foods is
fraught with uncertainty (Mattson et al., 1991a) and because they are often
astride park boundaries, resolution of this problem is inherently difficult.

The choice of bears to kill and the placement of human facilities thus ap-
pear to be central parts of grizzly bear management, although likely secondary
to decisions regarding the overall level of bear mortality and human activity.
Killing “problem” habituated bears probably enhances human safety (Herrero,
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1985; Herrero & Fleck, 1990), but it very likely reduces a population’s ability to
fully use available habitat and could indirectly increase the vulnerability of
adult females to human-caused mortality. It probably is also insufficient to
merely judge the impacts of human activities in terms of habitats that are, on
average, most heavily used by bears during hyperphagia. Spring habitat and in-
frequently productive fall habitats are of equal importance to an assessment.

Designing Protected Areas

So far, we have emphasized the effects of human facilities on grizzly bear mor-
tality and distribution, and the extent to which these effects might vary de-
pending on the site and bear behavior. We have not addressed questions of
larger import related to the size, security, and connectivity of protected areas.
Although we cannot provide answers, in this section we identify some relevant
considerations and relate them to existing protected area strategies.

Given an interest in grizzly bear conservation, protected areas are relevant

- usually where the bears’ range has been or is becoming fragmented by human

settlement. Inareas typical of Alaska and northern Canada, there are few resident
humans, and currently conservation is primarily a function of managing legal
hunts and apprehending poachers. The design and establishment of protected
areas is thus most immediately relevant to conservation of grizzly bears in
Alberta and British Columbia and in the few areas of the contiguous United
States where grizzlies survive (McCrory et al., 1990; U.S. Fish and Wildlife Ser-
vice, 1993); it will become more importantin the North as resource development
continues.

A Conceptualization

Protected-area size is theoretically a function of population goals, range sizes
and range overlap, impairment by human activity and behavior (Schonewald-
Cox & Buechner, 1991), lethality of the surrounding matrix (Schonewald-Cox
& Bayless, 1986; Franklin, 1993), habitat variability (Goodman, 1987; Thomas,
1994), and the shape of the protected area (Schonewald-Cox & Bayless, 1986).
In other words, protected areas need to be larger if the desired population is
large, composed of wide-ranging animals that occupy highly variable habitat
impacted by substantial human use, and if the protected area is surrounded by
a deadly matrix from which the bears need to be buffered. Conversely, protected
areas theoretically can be smaller where range sizes and population goals are
smaller, the habitat better protected and less variable, and the surrounding ma-
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trix more benign. As illustrated by Kootenay and Yoho National Parks in south-
eastern British Columbia (McCrory et al., 1990; Raine, 1991), all else being
equal, linear protected areas leave bears more vulnerable than areas with a lower
edge-to-interior ratio.

SOME PRIMARY DETERMINANTS. It could be argued that population goals, more
than anything else, determine the size and design of protected areas for grizzly
bears (Fig. 8.2). Protected areas would vary substantially depending, for ex-
ample, on whether 50 or 2000 bears were deemed sufficient. In the same way,
societal decisions regarding acceptable risks to populations and relevant time .
frames have major theoretical implications to protected area design. Managing
at a very small risk of extinction within 1000 years obviously entails substan-
tially greater levels of protection than managing for a moderate risk of extinc-
tion within 100 years (compare Shaffer, 1992, and U.S. Fish and Wildlife
Service, 1993). Despite assertions to the contrary, these decisions are funda-
mentally expressions of human values, possibly influenced by a cost-benefit
analysis that considers biological information (Kellert, 1994a).

Carrying capacity is another important variable in protected area design
(see Fig. 8.2). Lower unit-area carrying capacity obviously engenders the need
for greater space, all else being equal. However, the usefulness of this concept is
compromised by its ambiguity and the fact that it has a frequently ignored tem-
poral dimension (McNab, 1985). Carrying capacity could be described in pri-
mal terms; i.e., given the existing vegetation, how many grizzlies would have
lived in an area prior to the arrival of Europeans? Inevitably, however, this type
of construct needs to be translated as “habitat effectiveness” or “habitat capa-
bility,” by accounting for diminishments attributable to humans. Sidestepping
these semantics, the area required to support a given number of bears will de-
pend on both habitat productivity and the human presence (Weaver et al.,
1986). Less productive habitat and a chronically lethal human presence will dic-
tate a need for greater space as a means of providing more inherently lower-
density feeding opportunities in areas secure from human impacts.

Humans, therefore, are perhaps best characterized as a habitat feature. Like
vegetation types, human presence will vary temporally and spatially. However,
unlike vegetation, which is understood primarily as a surrogate for population
productivity, the human presence is most fruitfully understood as a surrogate
for mortality, as described earlier. In simple terms, habitat variation is gainfully
understood as fecundity varying with food abundance and mortality varying
with the numbers and behavior of humans. Although not explicit in current
grizzly bear cumulative-effects models, this conceptualization is implicit to the
way habitat effectiveness is calculated and to the acknowledgment that separate
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calculations of mortality risk as a function of the human presence are needed
(Weaver et al., 1986).

While information on the spatial distributions of humans and foods is im-
portant, it is not sufficient for deciding how much protection a bear population
needs to achieve specified goals. The abundance and quality of food may vary
dramatically, not only from one year to the next but among decades or centuries
(Hamer & Herrero, 1987a; Mattson et al., 1991a; Mattson & Reid, 1991). Simi-
larly, both the numbers and behavior of humans may vary so that the frequency
and lethality of contact between bears and humans changes (see Fig. 8.2). In
theory, bear populations in areas subject to greater variation in human and bio-
physical domains need greater protection as well as prerogative on a larger area
to ensure longer-term survival (Goodman, 1987; Thomas, 1994).

These considerations are graphically illustrated by historical changes in the
Yellowstone National Park ecosystem and the Canadian ecosystem containing
the four Rocky Mountain National Parks (i.e., Banff, Jasper, Yoho,and Kootenay).
Habitat conditions are dynamic and relatively unpredictable in both areas. For
example, in the Yellowstone ecosystem, fires recently burned a substantial part of
available grizzly bear habitat (Schullery, 1989) during the same period that bears
were beginning to use an entirely new (at least in recent history) grizzly bear food
(army cutworm moths [ Euxoa auxiliaris]) (Mattson et al., 1991b). Fire control
along the east front of the southern Canadian Rockies has similarly led to the
widespread diminishment of a key bear food (buffalo-berry [ Sheperdia canaden-
sis]) that is dependent on periodic stand-replacement fires (Russell et al., 1979;
Hamer & Herrero, 1987b). Considerable annual variation in abundance of key
foods is further nested within these longer-term changes. More to the point, this
environmental variation has affected bears and, in the Yellowstone ecosystem, has
led not only to possible changes in grizzly bear fecundity (Mattson & Reinhart,
1994) but also dramatic variation in conflict with humans (Mattson et al., 1992).

Recent theoretical work suggests that catastrophes and endemic environ-
mental variation are important in defining extinction risks for currently stable
populations (e.g., Lande, 1993). Parenthetically, it is worth noting that both
types of variation are probably secondary in importance to the deterministic
effects of increasing numbers of humans in grizzly bear habitat (Mattson et al.,
1996). Nonetheless, annual human-caused mortality in or near protected areas
is quite varied, and, prorated to the number of humans, has no doubt changed
with time. While recognizing the importance of deterministic grizzly
bear—population declines, it makes sense to recognize variance in the human-
related causes and design, accordingly. If other buffers are absent, it seems
logical to buffer grizzlies from variations in habitat conditions that lead to vari-
ation in risk of human-caused mortality. It also makes sense to at least
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anticipate the possible consequences of catastrophes, most logically defined in
terms of dramatic adverse changes in either the numbers or behavior of
humans. Although grizzlies may be physically able to accommodate most an-
nual variation in the distribution and abundance of foods (Herrero, 1978; Stir-
ling & Derocher, 1990), they are exceptionally ill-equipped to buffer themselves
from temporal and spatial variations in risk posed by humans.

THE HUMAN DIMENSION. It is evident from these considerations that the key vari-
ables in designing protected areas for fragmented grizzly bear populations are
the numbers, distribution, and behaviors of humans, both in and around re-
serves, and management time frames and levels of acceptable risk (see Fig. 8.2).
While important, it would be difficult to argue that variation in habitat pro-
ductivity, aside from effects on the frequency of encounters between humans
and bears, equals the effects of those factors more directly tied to the rate at
which humans kill grizzlies. In part, this follows from the apparent greater sen-
sitivity of grizzly bear—population growth to survivorship rather than fecundity
(Knight & Eberhardt, 1985; McLellan, 1989a; Eberhardt et al., 1994), and the
demonstrated ability of humans to eliminate grizzlies, regardless of their re-
productive potential (Storer & Tevis, 1955; Brown, 1985).

Thesize and characteristics of protected areas, therefore, will largely be a func-
tion of human values and behavior, although therole of “carrying capacity”as well
as the need to understand how human numbers and behavior affect grizzly bear
vital rates should not be trivialized. In this light, protection is ultimately defined
in terms of frequency and lethality of contact with humans (see Fig. 8.2) (Matt-
son et al., 1996). Thus, the need to control humans varies with the number of
humans in bear habitat, their distribution, and their behavior. More specifically,
it is relevant whether humans are dispersed or aggregated, near or far from im-
portant bear habitat, armed or not, and prone to intolerance and fear of grizzlies.

Theoretically, grizzlies could coexist with relatively large numbers of
hnmans if the humans were unarmed, tolerant of injury and competition for
common resources, and aggregated in the poorest grizzly bear habitat. If this
scenario were pervasive, the issue of providing grizzly bears with areas secure
from humans might be moot. We do not know the theoretical or practical lim-
its of human tolerance, but we do know that grizzlies can become highly habit-
uated to humans and that unarmed humans do not pose much immediate risk
to a grizzly bear. Clearly, many issues—and limitations—of grizzly bear con-
versation are rooted in human values and behavior.

There is contradictory evidence and some dispute over the extent to which
human values can be changed in a short-term tactical sense (Clark & Reading,
1994; Kellert, 1994a). Additional information often is used to justify or ratio-
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nalize set values and opinions (Reading & Kellert, 1993). On the other hand, ed-
ucation can modify the expressed values of students (Caro et al., 1994). Re-
gardless, we know of no situation when, as a consequence of education
programs by advocacy groups or government agencies, base values have
changed toward the management of grizzly bears and their habitat. At best, such
efforts might serve to mobilize interested people and reduce unintended con-
flicts between bears and humans by providing people with the information
needed to produce an already desired outcome.

Although it may not be possible to change human values, human behavior
can be influenced by the extent to which people are involved in decision-
making processes. Greater acknowledgement of individual concerns often
serves to alleviate conflict and can lead to more successful management (Gre-
gory & Keeney, 1994; Wondolleck et al., 1994). In the case of grizzly bears, an-
tagonism toward protective measures and, possibly, the proclivity to kill bears
illegally might be reduced by recruiting acceptance, if not goodwill, through
collaborative development of management strategies (Kellert 1994b). Although
this type of endeavor would have to be bounded at some level by broad policy
objectives, there is good reason to believe that a consensus-building approach
may have the greatest short-term impacts on human behavior (see Cohn, 1988;
Nowak, 1995). Unfortunately, there has been little impetus from policymakers
for this kind of approach to grizzly bear management, and interaction between
managers and stakeholders has largely consisted of a formal exchange of “in-
formation” and “concerns.”

These reasons, as well as limited authority to change public values, have led
to a management style that emphasizes modification of human behavior
through coercion (i.e., laws, regulations, and their enforcement), access re-
striction, and control of firearms (as in most parks) (Dood et al., 1986; Nagy &
Gunson, 1990; U.S. Fish and Wildlife Service, 1993). In a proximal sense, this
management style has focused on sanitizing human facilities to reduce their at-
tractiveness to bears and regulating direct human-caused mortality. Very little
attention, if any, has been given to limiting the overall number of people in
grizzly bear habitat or to the major capital investments, such as roads and ac-
commodations, that often facilitate human presence. In the final analysis, be-
cause education seems to have limited tactical use—especially when
confronted by millions of transient tourists—because regulation of human
numbers seems to be challenging politically, and because disarming humans is
feasible politically only in a few areas, “protection” of grizzly bears has come to
be defined in terms of coercion and access restriction. Protected areas for griz-
zly bears are correspondingly defined primarily in terms of prohibitive regula-
tions and few roads.
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Corridors and Connectivity

Connectivity among populations is generally thought to enhance long-term
survival. Relatively high levels of exchange, in theory, allow for “risk averaging,”
characterized by periodic rescue of declining populations (see Brown & Kodric-
Brown, 1977) by emigration from growing populations and prevention of in-
breeding by maintenance of genetic heterozygosity. Conversely, Simberloff and
Cox (1987) point out that interchange among populations might transmit cat-
astrophic diseases and dilute local genetic adaptations in species, which tend to
maintain fragmented ranges under natural conditions. Therefore, as a bottom
line, these authors contend that connectivity is not always a good thing.

But how does connectivity affect bears? There is no evidence that grizzly
bear populations were characteristically fragmented or exhibited anything re-
sembling a classic metapopulation structure prior to European settlement.
There is no evidence that grizzlies exhibit major local genetic adaptations, as
would be expected by their more-or-less continuous distribution, large ranges,
phenotypic plasticity, and flexible behavior (E. Allendorf, personal communi-
cation). Unlike some other carnivores (see Young, 1994), brown bears are not
threatened by any known virulent diseases anywhere in the world. In short,
there are no obvious biological reasons why connectivity would be bad for griz-
zlies and numerous reasons to think it would be good (Shaffer, 1992; U.S. Fish
and Wildlife Service, 1993). Theoretically, it would be especially beneficial to in-
crease exchange among small, otherwise vulnerable, populations, especially if
connections were made to larger populations (Harrison, 1991).

Corridors are commonly conceived as strips of connecting habitat that not
only are attractive to a species but also are sufficiently secure to allow for safe
transit. In this sense, corridors provide a means for individuals to travel among
populations. However, this conception is useful only when populations are
within a range of lifetime movements (Fahrig & Merriam, 1994). There is lim-
ited information about how far grizzlies will disperse. In the Yellowstone area,
juvenile males have been known to relocate 45 to 105 kilometers from mater-
nal ranges through relatively friendly habitat (Blanchard & Knight, 1991).
Populations isolated by greater distances of hostile habitat, like Yellowstone’s
and possibly the bears in Washington State’s North Cascades, would not bene-
fit from traditionally conceived corridors. Successful movement to these more
isolated populations instead would depend, in particular, on the establishment
and survival of adult females in intervening habitat, which would function as a
sequence of demographic stepping stones. In these cases, connectivity be-
comes a matter of creating conditions where females can survive and repro-
duce; the exact demographic requirements logically depend on the distance
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between “populations.” In essence, separate populations would be united
(Shaffer, 1992).

Conclusions and Implications

Hopefully this discussion clarifies that there is no single size, configuration, or
suite of attributes for areas designed to protect grizzly bears. The primary de-
terminants of size seem to be (1) specified or operational time frames and levels
of acceptable risk; (2) rates of human-caused mortality and the extent to which
they are selective against habituated bears; (3) unit-area carrying capacity, in
the loose sense that it has been defined here; and (4) net exchange with other
bear populations. Of these key factors, only one falls largely within the biolog-
ical domain, while the others are determined primarily by human values, be-
havior, densities, and distribution within protected areas and the intervening
“hostile” matrix. It therefore is logical that the design of protected areas for griz-
zlies should consider pertinent information about humans and the attributes
of human—grizzly bear interactions that lead to bear deaths (Mattson et al.,
1996). By this reckoning, bear biology is secondary to human biology.

Compartmentalization: A Key Strategy

A key strategy has been implicit to this entire discussion, assuming that there
is some level of irreducible conflict between grizzlies and humans and related
demonstrable risks to human safety. This scheme, which we call compartmen-
talization, follows from our analyses and is a more formalized approach, con-
vergent with the fragmented evolution of grizzly bear management during the
last two decades. Simply put, compartmentalization seeks to segregate a given
number of humans and grizzlies, as a means of minimizing contact between
the two species. Implementation of this strategy depends on (1) minimizing
the attractiveness to bears of areas occupied by humans, whether this attrac-
tiveness derives from human activity or native foods (Herrero, 1985; Herrero
& Fleck, 1990); (2) aggregating as much human use as possible within areas
that are inherently unattractive to bears (Herrero et al., 1986; McCrory et al.,
1986); (3) coercing bears that enter these human aggregations to leave as soon
as they are detected (Greene, 1982; McCullough, 1982); and (4) excluding
humans from high-value grizzly bear habitat during the seasons when bears are
most active (Martinka, 1982). When implemented in concert with firearms
control, this strategy promises to maximize short-term compatibility between
grizzlies and humans.
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National parks in Canada and the United States have come closest to im-
plementing this strategy. Thus, we see grizzlies surviving during their active sea-
son in areas visited by several million people. Virtually all visitors remain
aggregated in relatively few areas, sanitation is usually stringent, and areas of
frequent bear use or known high-quality habitat are closed as needed or by a
regular schedule, which allows for areas permanently allocated to high levels of
human use, regardless of attractiveness to bears. Extremes of this strategy are
evident at places like McNeil River Falls, Alaska, where the number and tem-
poral and spatial distributions of humans are tightly controlled, albeit in ex-
tremely attractive bear habitat, but with minimal apparent impacts on bear
behavior or survival (Aumiller & Schoen, 1991).

However, conflicts continue to plague the national parks, partly because
many human developments were placed in attractive bear habitat at a time when
minimizing conflict with grizzlies was not a priority. This is especially true of
places such as Lake and Grant Villages in Yellowstone National Park, located on
top of cutthroat trout spawning streams (Reinhart & Mattson, 1990); Old Faith-
ful and Mammoth Villages, located in prime ungulate winter ranges (Mattson
& Knight, 1992); and the Town of Banft and the Trans-Canada Hiway in Banff
National Park, located in the middle of a travel corridor and otherwise produc-
tive habitat (Purves et al., 1992). In addition, the mere presence of such human
multitudes seems to precipitate unavoidable conflict.

There are thus obvious limits to compartmentalization, even in parks. How-
ever, predictably, these limits are reached sooner in nonpark areas, where
humans are freely armed and many are engaged in activities inherently prone
to disperse them on the landscape, i.e., hunting, backcountry recreation, ranch-
ing, and most industrial activities. In these cases, we are confronted with some-
how limiting the numbers of people or modifying their behavior to such an
extent that their presence poses little threat to grizzlies. For reasons discussed
previously and in other sources (Mattson & Craighead, 1994; Mattson et al.,
1996), these tactics are exceptionally difficult to implement. Parks will therefore
likely remain cornerstones of grizzly bear conservation (Martinka, 1982;
McCrory etal., 1990), especially in areas with high densities of resident humans
or where grizzlies still are hunted legally (Herrero, 1994).

Possible Improvements
HUMAN DIMENSIONS. It is vital for people involved in grizzly bear conservation,

and especially the biologists and scientists, to understand that population
goals and acceptable risks and time frames are societal choices that reflect the
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relative value placed on grizzlies by humans. None of these issues is inherently
“biological,” although biological information may be germane to human de-
liberations, especially as it elucidates the consequences of different choices
(Kellert, 1994a). Biological information commonly is used to support a given
position by highlighting specific implications, but this information still does
not equate to the advocated values. Thus, the single most important variable
in protected-area design is likely social and not biological. The process of de-
signing protected areas for grizzlies therefore may rely as much on the effi-
ciency and utility with which we garner consensus or specify guidance in law
as on our ability to generate and use information about grizzly bears (Mattson
et al., 1996).

Protected-area design and grizzly bear management, in particular, would
therefore benefit from more systematic elucidation of relevant norms, either
as a useful protocol for involving local stakeholders in the specification of
goals or as a useful direct specification in high-level policy documents (Matt-
son & Craighead, 1994; Mattson et al., 1996). Some have contended that
grizzly bear management already accounts for local social considerations.
However, we believe that it is important not to confuse the minimization of
risk to individual managers with the optimal expression of human values at
the local and national levels. It could be argued that grizzly bear management
has too often expressed more of the former and less of the latter, this ratio-
nalized as being attentive to “social realities” (Primm, 1993; Mattson & Craig-
head, 1994).

Moreover, managers would have more options and could be more effective
if they had greater knowledge of socially acceptable techniques for modifying
human behavior (Clark & Reading, 1994), with the intent of harmonizing
humans and grizzly bears. Although other means may exist, one promising
approach integrates stakeholders more closely in the development of manage-
ment objectives and strategies (see earlier discussion; Gregory & Keeney, 1994)
and even the design and implementation of research (Mattson et al., 1996).
This not only increases the positive investment of people most likely to
directly or indirectly affect bear survival, but also increases the likelihood that
their concerns will be addressed in a constructive preventive manner (Won-
dolleck et al., 1994). Most important, this type of process holds the promise of
increasing local acceptance of grizzly bears and the related necessary restric-
tions on human activity (Kellert, 1994b). Ironically, unless legislation in
the United States is revised so that citizens can be more directly involved in
management of federal lands, this potential reconciling tactic may be unavail-
able to managers.
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BIOLOGICAL DIMENSIONS. Our understanding of spatial variation in grizzly bear
mortality is not yet very robust. For example, no one has explicitly accounted
for either movement between sources and sinks or the effects of ancillary vari-
ables. Existing information also does not clarify whether park boundaries or
human-impacted areas, regardless of jurisdiction, better distinguish sinks and
sources; the utility of either stratification will likely depend on jurisdictional di-
chotomies in legal protection. By implication, further analysis and modeling
would simultaneously consider both stratifications of the landscape. Conser-
vation efforts would benefit substantially from a more detailed understanding
of how specific human activities affect grizzly bear survival and, taken together,
ultimately how they affect population growth (Mattson et al., 1996). As a
bottom line, ideally planners would be able to predict the demographic conse-
quences of changing the types, numbers, and locations of human facilities, or
changing management regimes associated with jurisdictional lines.

The existing empirical research for grizzly bears is a weak base for develop-
ing the spatially explicit models and predictions that most scientists and man-
agers consider central to applying scientific results. Doak (1995) modeled
the Yellowstone population as a fairly simplistic source-sink structure, yet elu-
cidated some important management implications. However, to go beyond this
type of first approximation, the available data must be subjected to more rig-
orous and comprehensive spatial analyses, and, perhaps, we will need to design
additional field studies around explicit hypotheses concerning the spatial com-
ponent of grizzly bear mortality. All of this research is inherently limited, how-
ever, by relatively small numbers of grizzly bears and the correspondingly small
numbers of dead animals on which we can base any model or statistical test. So
while this is a vital issue, we will have continuing difficulty generating relevant
but reliable information (Mattson et al., 1996).

Furthermore, designers and managers of protected areas would benefit
from being able to express biophysical landscapes in terms of grizzly bear fe-
cundity. Together with an understanding of how grizzly bear mortality varies
with the human presence, we would then be able to anticipate grizzly bear
population dynamics as a function of dynamic landscapes. The difficulties of
such an undertaking are obvious. There first needs to be some common cur-
rency for describing landscapes of the composition and productivity of varied
plant species. We then need to relate this currency to observed fecundity, pre-
sumably through some analysis of ecological energetics. Finally, if there are
density-dependent responses in reproduction at the landscape level, we need
at least to comprehend the magnitude and nature of this effect. At best, re-
searchers have made some small uncoordinated steps in this direction, but
there is a long way yet to go.
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Implications to Other Carnivores

We conclude this chapter with some observations on whether or how con-
siderations in the design and management of protected areas for grizzly
bears extrapolate to other medium- to large-sized carnivores such as black
bears, American martens (Martes americana), fishers (M. pennanti), lynx
(Lynx canadensis), cougars (Felis concolor), wolverines (Gulo gulo), and
wolves (Lupus canis). Commonalities logically follow from (1) the extent
to which humans cause mortality; (2) the extent to which densities are
affected by variations in prey induced by humans either directly or
through modification of habitat structure; (3) the extent to which there
are economic incentives for humans to kill the carnivore; and (4) the extent
to which the carnivore threatens human safety or assets such as livestock
and crops.

By these standards, cougars probably pose nearly as much threat to hu-
man safety as do grizzlies. Wolves and cougars (Dixon, 1982; Paradiso &
Nowak, 1982), along with grizzlies and black bears (Mattson, 1990), are
sometimes a threat to livestock. Together with wolverines (Banci, 1994), these
four large carnivores seem to die largely because humans kill them, at least
under the same types of conditions where protected areas are important to
conservation of grizzlies (Dixon, 1982; Paradiso & Nowak, 1982; Brown,
1983). Although humans may have additional substantive impacts on
cougars and wolves through management of ungulates, it is likely that direct
interactions with humans, and associated human behavior, are of great im-
portance to the design of protected areas for all four larger carnivores. Many
of the considerations regarding human-grizzly bear interactions are there-
fore relevant to black bears, wolves, cougars, and wolverines, although habit-
uation to humans may not be of as much importance to mortality of the
nonbear species.

Lynx, American martens, and fishers pose virtually no direct threat
to human safety or assets. All are potentially subject to heavy trapping be-
cause of the sometimes high economic value of their pelts, and all can be
dramatically affected by changes in the structure of their habitat, which are
manifested primarily through changes in prey tied closely to older, typically
closed-canopy, forests (see Powell, 1993; Buskirk et al., 1994; Ruggiero et al.,
1994). Because of these dissimilarities to grizzly bears, the considerations in
this chapter probably have minimal or, at most, only very general relevance
to conservation of these species. A different model would better tend to the
importance of habitat-prey dynamics and the economics of trapping and
timber harvest.
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