Crossing boundaries to restore species and habitats
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Introduction

Evaluations of long-term ccosystem states and processes for the Canadian
Rockies (Kay and White 1995; Kay et al. 1999; Kay and White, these proceedings)
have demonstrated that plains bison (Bison bison} were a significant prehistoric and
historic component of Banff National Park’s faunal assemblage. Bison were elimi-
nated from most their historic range by human overhunting (%{oe 1970). The park
management plan (Parks Canada 1997) requires an evaluation of bison restoration
(Shury 2000). In this paper we suminarize some perspectives on the ecological sig-
nificance of bison, potential habitat use and movement patterns, and mmplications for
management. We conclude by describing the ongoing restoration feasibility study
process.

Bison ecological interactions

Bison are the largest North American land mammal and may have had significant
ecological effects on ecosysten states and processes where the species occurred. Un-
derstanding potential ecological interactions in the Canadian Rockies &Figure 25.1)
has l)rovidcclpa focus for interdisciplinary research of archaeologists, anthropologists,
and ecologists (Magne et al. 1996; Magne 1999; Kay et al. 199 P Current ecological
research i1s of obvious importance, but it is of necessity carried out on existing cir-
cumstances that may not accurately reflect the variety of past ecological conditions.
Archaeologically derived data about bison population structure, distribution, diet,
and human use can provide 1umportant baseﬁine information about bison ecology in
the long time )erioJ before European mtervention (Cannon 2000). Modern bison
management sl}lould integrate ecological data from both contemporary and long-term
approaches.

Humans. In Banfl, bison boues have been identified at archaeological sites widely
spread apart in time and space throughout the park, although bison are not always
the domimant fauna 1 an assemblage, and bones of any kind are seldom found i
abundance (Langemann 2000a-h). Poor bone preservation often impedes identifica-
tion to a partictﬁar ungulate species; mtDNA (mitochondrial DNA) amplification
mav be able to distinguish ungulate bone fragments (Monsalve 2000), and has the
Lmtentiul to address more detailled questions about bison populations. The earliest
xnown bison occur at the deeply stratified Lake Minnewanka site in Banfl (EhPu-1);
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radiocarbon dates 0f 9990 +50 BP (year before present; Beta 122723) and 10370 60
BP (CAMS 60442) have been obtained on the collagen from bison bone in clearly
cultural contexts (Landals 2000). At the Vermilion Lakes site near Banfl townsite
(EhPv-8), a single bison bone occurred in a component dated to 9930 £50 BP; how-
ever, the dominant fauna in this and the earlier components was mountain blghorn
sheep (Ovis canadensis). In the archaeological sites from Waterton Lakes National
Park and the Crowsnest Pass, however, bison were consistently the dominant fauna,
and bison bones were often found in abundance.
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Figure 25.1, Simple trophic model for long-term Rocky Mountain ecosystem
states and processes.

Archacological research demonstrates that the Canadian Rockies were a cultural
ecotone that was used as part of the regular scasonal round by a number of different
peoples. Throughout the nearly 11,000-year-long record, sites in Banff show alter-
nating influences from both the plateau and plains. in terms of projectile point styles
and the source of lithic mdtum]l The numl)er and density of sites (ll*,() shows that
the mountains were itensively used, and were not a m.ngmdl no-man’s land. The
K’tunaxa (Kootenay) and Sccwcpemc (Salish) peoples have for millennia lived iu the
mountains, with a seasonal round that lllLllldf‘(ﬁ moving across the continental divide
between the castern and western valleys of the nountains (Reeves 2000). Peoples
from the plains mdudmg the Siksika (Blacklom) Pukani (Pcw‘m?, and. most re-
centlv, the Stoney (Nakoda) peoples wintered m the sheltered vallevs of the front
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ranges. In Banff, a series of repeatedly occupied houseﬂait sites in the Red Deer and
Bow River valleys suggests the regular use of these valleys over the last 3,000 years
by people with cultural ties to the interior plateau of British Columbia. Bison bones
have been found in these house pit and earth oven features (Langemann 2000a).

Bison were preferred prey for many First Nations, providing food, clothing,
shelter, and tooi)s (Roe 19705 Geist 1996). Human hunting may %ave been high
effective in virtually eluninating any bison that entered the steep-walled valleys of the
Canadian Rockies (Haines 1967; Kay et al. 1999). A]thougﬁ grassland habitat is
abundant in intermountain areas to the west, and could have supported abundant
numbers of bison, zooarchaeological evidence of bison is scarce (Kay 1994). Kay et
al. (1999) proposed tbat bison persisted in east-slope valleys despite heavy human
harvesting because they were sustained by large, nugrating herJ)s from the Great
Plains. White et al. (2001) suggested that Kootenay and Salish peoples may have
even purposely driven bison from the foothills into mountain valleys—in effect using
the valleys as giant pounds. Here, bison could be easily found and killed, particularly
when snowpacks were deep. In times of conflict, they could have been processed at
campsites more secure from Siksika enemies to the east. Further, 1 the period before
horses, hunting bison deep in these mountain valleys would have meant a much
shorter distance to pack the dried meat back to the winter camps in the western val-
leys. Evidence from dendrochronology (White et al. 2001) and ignition studies
(Heatheott 1999) indicated that historic east-slope fires were predominantly human-
ignited. Burning may have been used by people to maintain grassland areas and
movement corridors favorable for bison herds to move into the mountain valleys
from the nearby prairies (Kay et al. 1999; White et al. 2001).

Humans, sustained by bison and plant resources, likely affected densities of other
large herbivore species (Martin and gllutzer 1999; Kay 2000). The general order of
preference by human hunters for ungulates in the mountain areas was probably bison
> elk > moose (Alces alces) > mule deer (Odocoilens kemionns) > bighorn sheep =
white-tailed deer (0. virginianus). 1listorically, elk and moose populations may have
been driven to very low densities by human hunting combincdl with other predation
(Kay et al. 1999). ginger and Mack 19992 made similar predictions for clk densities
when recreational hunting was combmed with wolf (Canes lipus) predation in the
Yellowstone ecosystem.

Other predators. Wolves, grizzly bear (Ursus arctos), black bear (U. ameri-
canus), ané cougar (Felis concolor) competed with humans for bison and other prey.
Joly and Messier (2000) showed that wolf population size was correlated with Il)ison
numbers, similar to the numenical response seen 1 other wolf-prey systems {Packard
and Mech 1980; Fuller 1989; Messier 1994). Selectivity by wolves for extant large
mammal prey species in tbe Canadian Rockies is elk >= deer > moose > bighorn
sheep (Hug_ggarc[I 1993; Hebblewhite 2000). Bison are less vulnerable to wolf preda-
tion than moose (Larter et al. 1994? or clk (Smith et al. 2000). Hebblewhite 22000)
observed a steep Type 2 functional response for wolf-elk predation. Bison restora-
tion could thus result in lower densities of more vulnerable prey such as elk or
moose, where wolf numbers are sustained by bison, but where wolves prefer to kill
more vulnerable prey (Gates and Larter 1990).

Herbivores. Competition between bison and other herbivores has not been
studied in ecosystems that include both elk and keystone predators such as wolves
aud humans. Bison are predominantly grazers (Fludson and Frank 1987), in contrast
10 browsers such as moose or deer, or the generalist elk (Telfer and Catrns 1979). In
a boreal mixedwood system with few predators, sympatric elk and bison both se-
lected upland grassland vegetation types in all seasons (Cairns and Telfer 1980),
while moose and deer selected aspen and shrubland types. Ilowever. food competi-
tion between elk and bison may Le minimized because, although these species use
the same habitats, the use occurs in different arcas at different times (Telfer and
Cairns 1979: Wydeven and Dahlgren 1985). Smnilarly, Singer and Novdand (1994)
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observed only moderate habitat overlap between elk and bison even with high ungu-
late densities.

The release of herbivores from the long-term effects of human and carnivore pre-
dation has restructured Rocky Mountain national park montane ecosystems Sg(ay
1994; Kay et al. 1999; White et al. 1998; Berger 1999). Elk, normally vulnerable to

redation in these systems, have become extremely abundant (Banfi-Bow Valley
%ask Force 1996), and through competition for browse and other interactions may
have sharply reduced the abundance of moose (Hurd 1998) and beaver (Castor ca-
nadensts) SHess 1993; Nietvelt 2001). Birds may also be affected where release from
predation has resulted in high browsing impacts on riparian willows by elk (Nietvelt
2001) or moose (Berger 1999).

Important diseases such as anthrax, tuberculosis, and brucellosis are endenuc to
certain bison populations in North America. Anthrax, caused by the bacterium Ba-
ctllus anthracis, 1s indigenous to North America (Gates et al. 2001). B. anthracis

ersists in neutral-to-alkaline soils in the form of highly resistant endospores (Dragon
and Rennic 1995). Outbreaks typically last for six to eight weeks, then may not occur
agamn in the same area for many years (Gates et al. 1995). Bovine tuberculosis exists
only 1 bison populations i and near Wood Buffalo National Park (Tessaro et al.
1990). B()\-’ine]l))rucellosis is present m bison in the Wood Buffulo National Park area
(Tessaro et al 1993) and i bison and elk populations in and around Yellowstone
National Park (Rofte et al. 1999). Control measures in the Northwest Territories and
unrestricted hunting near Wood Buffalo National Park in Alberta reduce the risk of
infection of other northern Canadian bison populations (Gates et al. 1992?. Bison at
Elk Island National Park, location of the Canadian national breeding herds, are
tested annually and are negative for both brucellosis and tuberculosis.

Vegetation. Bison effects on vegetation depend on population density (Larson
1940), and fora ang and movement patterus (ﬁrivcn by predation risk and habitat
conditions (Bam%orﬁ] 1987; Epp 1988; Carbyn et al. 1993). Historic bison densities
were likely low 1n the parklan(\s and Rocky Mountains compared with the nearby
prairies {Malainey and Shernift 1996; Kay et al. 1999). Stable carbon isotopic analy-
sis of bison bone from archaeological sites dating from the last 3,000 years in Wa-
terton Lakes National Park and Bantf National Park has shown that all but one of 28
individuals tested obtained at least 10% to 23% of their diet from C4 vegetation. The
implication 1$ that even bison found in high-elevation areas and mountaiu valleys
spent some portion of their life in the more xeric prairie, where C4 grasses are pre-
sent (Langemann 2000b). However, grasslands in which C4 species occur are much
closer to the mountains in the Waterton Lakes area than in areas to the north. Bison
may have used mountain valley bottoms most often during the fall and winter if they
migrated off the prairies into surrounding foothills and aspen parklands (Moodie and
Ray 1976), or moved downwards from upper elevations IMeagher 1973; Van Vuren
and Bray 1986G). This would have favorc(i sclection of forage species adapted to rela-
tively low-intensity, dormant-season grazing such as rough fescue (Fesfuca saximon-
tana; Dormaar and Willms 1998). As noted above, the decline of bison and its main
predators, and the resulting increase in elk herbivory has resulted in the decline of
numerous Rocky Mountain plant species SWhite et al, 1998) mcluding aspen
(Populns tremuloides; Kay 1997; White et al. 1998), willow (Salix spp.; %Iietveh
2001). and possibly rongh fescue (C. White, personal observation).

Fire effects on vegetatuon communities used by clk and bison were evaluated by
Boyce and Merridl (1996), and Stnger and Mack (1999) for Yellowstone Natonal
Park. Fire-removal of lodgepole pine {Pinus contorta) cover was thought to decrease
forage availability immejiatelv after burning, but was followed by a period of in-
crease in both graminoid and forb diversity and production. In the absence of limita-
tion by predators, an increase in forage production following burning could support
,Q;I(_)er] m bison and elk popualations.

in Parks and on Public Lands * The 2001 GWS Biennial Conference 155



Crossing boundaries to restore species and habitats R

Restoration implications: source or sink population management?

Our review suggests that bison could have been a significant species in the mon-
tane ecosystem, interacting with humans, predators, other herbivores, and vegeta-
tion. Hence, reintroduction of bison would contribute to restoring the ecological
integrity of mountain park ecosystems. Furthernore, historic evidence clearly shows
that bison in the Rocky Mountains were at the edge of their western range, and that
this range limit was likely human-caused (Haines 1967). Thus, we make the inter-
esting proposition that if bison are restored to this ecosystem, they should be man-
aged as a sink, not a source population.

Sink-population management would require novel techniques for national parks
that tracﬁtionally have source-population management policies, such as low human
predation and encouragement of out-of-park movement of potential dispersers
(Caughley and Sinclair 1994; Wagner et al. 1995). Sink-population management
techniques might include penodic reduction of bison to very low densities (b( tradi-
tional human techniques or other predators), routine importing of animals from
other populations, and mimmal out-of-park dlspersal (Soulé et al. 1979; Berger and
Cunningﬁam 1994). Research would be required to test the strength of potential
regulating factors (Sinclair 1991), and manage for those that likely had greatest long-
term effects on bison ecology in mountain environments. For example, Geist (1996)
suggested that aboriginal hunters played an important role in developing bison mor-
ph%gi() 'y and behavior. Further, Eison restoration at its western range limit could
provide mteresting research opportunitics to understand what factors are important
at range edges following the methods suggested by Caughley et al. (1988).

Restoration feasibility study process

Parks Canada hosted a Rocky Mountain bison restoration research forum in Oc-
tober 1999 (Shury 2000). Attendees included ecologists, archaeologists, and land
nranagers. Main 1ssues discussed included containment of bison, range carrying ca-
pacity, adaptive management approaches, involvement of First Natuons, and moni-
toring and research requirements. A consistent message from provincial land man-
agers was that movements ol remtroduced bison on to Alberta lands could caunse
serious problems related to recreation and agriculture. It was recommended that any
trial restorations be restricted to national parks until critical knowledge gaps are ad-
dressed.

The group reviewed a proposed future direction and lproposed actions. Research
is ongoing to provide additional ecological and spatial habitat information that would
be used i the next bison restoration feasibility workshop scheduled for january
2002. If stakeholder concerns can be addressed, a trial restoration experiment, with
appropnate research design and management controls, would then be developed for
further review.

In April 2000, the Umiversity of Calgary Faculty of Environmental Design
(EVDS) developed a strategic plan for reintroduction of plains bison to Banff Na-
tional Park (Fleencr et al. 20005. The EVDS plan recommended that Parks Canada
tollow the IUCN guidehnes for species reintroductions, including mamntenance of
genetic integrity, habitat and historic range assessnients. and eliminatuon of previous
causes of decline,

Both the rescarch forum and EVDS groups recognized that First Nations are
critical stakeholders to the bison restorauon process. In fact. both groups recognized
that the long-term ecological relationslips 0}' bison could only be understood n the
context of First Nation traditional use and values. The approach of integrating long;-
term cultural processes into ecological management was a&so recently recommended
by the mimster’s independent panejf on ecological integrity (Parks Canada 2000).

156 Proceedings of the 11" Conference on Research and Resource Management
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Conclusion

Bison restoration to Canadian Rockies national parks provides an interesting set
of challenges that, if surmounted, could help achieve Pars){s Canada’s ecologica% In-
tegrity objectives. First, by restoring a complex set of predator-prey and herbivore
interactions, bison reintroduction could help solve a persistent set of problems tied
to elk overabundance and intense herbivory. Second, bison restoration as a sink
population would encourage manafgers to develop alternative para(ligms than the
source population model for wildlife management currently used for Rocky Moun-
tain natronal parks, Third, the full participation of First Nations in the planning and
restoration effort would not only recognize the great historical and spintual vaFue of
bison to their cultures, but also provide a focus on factors such as traditional hunting
and burning, likely prevalent in 101;1g—terrn ecosystem states and processes, but largely
tnissing in current management regimes.

References

Banfl-Bow Valley Task Force. 1996. Banff-Bow Valley: At the Crossroads. Technical
report of the Banff-Bow Valley Task orce. Ottawa: Minister of Supply and
Services Canada.

Bamforth, D.B. 1987. Historical documents and the bison ecology on the Great
Plains. Plains Anthropologist 32, 1-15.

Berger, J. 1999. Anthropogenic extinction of top carnivores and interspecific animal
behaviour: implications of the rapid decoupling of a web including wolves, bears,
moose and ravens. Proceedings of the Royal Society London, B 206, 261-267.

Berger, |.. and C. Cunningham. 1994, Bison: Mating and Conservation in Small
Populations. New York: Columbia University Press.

Boyce, M.S., and F.H. Mernll. 1996. Predicting Effects of 1988 Wildfires on Ungu-
lutes in Yellowstone National Park. Pp. 361-366 in Eftects of Grazing by Wild
Ungulates m Yellowstone National Park. F.J. Singer. ed. Technical Report
NPS/NRYELL/NRTR/96-01. Yellowstone National Park, Wyo.: National Park
Service.

Cairns, A.L., and E.S. Telfer. 1980. Habitat use by 4 sympatric ungulates in boreal
mixedwood forest. Jourual of Wildlife Management 44, 849-857.

Cannon, K.P. 2000. The application of prehistoric bison studies to modern bison
management. Paper submitted to Great Plains Research Conference: Bison—The
Past, Present and Future of the Great Plains. University of Nebraska, Lincoln.

Carbyn, L.N., S.M. Oosenbrug, and D.W. Anions. 1993. Wolves, Bison, and the
Dynamics Related to the Peace-Athabasca Della in Canada’s Wood Buffalo Na-
tional Park. Circumpolar Research Series no. 4. Edmonton, Alta.: Canadian Cir-
cumpolar Institute, University of Alberta.

Caughley, G., and A R.LE. Sinclair. 1994. Wildlife Ecology and Management. Boston:
Blackwell Scientific Press.

Caughley, G., D. Grice, R. Barker, and B. Brown. 1988. The edge of the range.
]Tmrnal of Anemal Ecology 57,771-785. '
Dormaar , J.F., and W.D. Willms. 1990. Sustaimable production from the rough fes-

cue prairie. Journal of Soil and Water Conservation 45, 137-140.

Dragon, D.. and B. Renme, 1995. The ecology of anthrax spores: tough but not -
vincible. Canadiarn Veterinary Jonrnal 36, 295-301.

Fpp. 1LE. 1988, Dual dispersion strategy among bison. Plains duthropologist 33,
309-320.

Fedje. DWW, LML White, M.C. Wilson, D.I%. Nelson, ].S. Vogel, and ].R. Southon,
1995, Vermilion Lakes Site: adaptations and environments in the Canadian
Rockies during the latest Pleistocene and early Holocene. dmeriean Anliquity
G0:1, S1-108.

in Parks and on Public Lands * The 2001 GWS Biennial Conference 157



Crossing boundaries to restore species and habitats.

Fleener, C.L., J. McKillop, A. Mendoza, T. Musk, and 5. Stevens, 2000. Strategic
Plan for the Reintrm}mrliou of Plains Bison to Banff National Park. Calgary,
Alta.: University of Calgary, Faculty of Environmental Design.

Fuller, T.K. 1989. Population dynamics of wolves in north-central Minnesota,
Wildlife Monograph 105, 1-41.

Gates, C.C., and N.C. Larter. 1990. Growth and dispersal of an erupting large her-
bivore population in northern Canada: The Mackenzie wood bison éﬁson bison
athabascae). Arctic 43:3,231-238.

Gates, C.C., T. Chowns, and H. Reynolds. 1992. Wood buffalo at the crossroads,
Pp. 139-165 in Alberta: Studies in the Arts and Sciences: Special Issue on the Buf-
falo. ]. Foster, D. Harrison, and 1.S. MacLaren, eds. Volume 3, no. 1. Edmonton,
Alta.: University of Alberta Press.

Gates, C.C., B. Elkin, and D. Dragon. 1995. Investigation, control and epizootiol-
ogy of anthrax in an isolated, free-roaming bison population in northern Canada.
Canadian Journal of Veterinary Research 59, 256-264.

Geist, V. 1996. Buffalo Nution: History and Legend of the North dwmerican Bison.
Calgary, Alta.: Fifth House Publishers.

[Tames, F.D. 1967. Western himits of bison range. dmerican West 4:4, 5-12, 66-67,

Heatheott, M. 1999. Lightning and lightning fire, central Cordillera, Canada.
Research Links 7:3, 1,5, 14,

Hebblewhite, M. 2000. Wolf and elk predator-prey dynamics in Banfl’ National
Park. M.Sc. thesis. University of Montana, Missoula.

Hess, K., Jr. 1993, Rocky Times in Rocky Mountain Natronal Park: dn Unnatural
History. Niwot, Colo.: University Press of Colorado.

Hudson, RJ., and S. Frank. 1987. Foraging ecology of bison m aspen-boreal habi-
tats. Jonrnal of Range Management 40, 71-75.

Huggard, D.J. Prey selectuvity of wolves in Banft Nattonal Park: [—Prey species. Ca-
nadian Journal of Zvology 71, 130-139.

Hurd, T.E. 1999. Factors limiting moose numbers and their interaction with elk and
wolves 1 the Central Rocky Mouuntains, Canada. M.Sc. thesis. University of
British Columbia, Vancouver.

Joly, D.O., and F. Messier. 2000. A numerical response of wolves to bison abun-
dance in Wood Buffalo National Park, Canada. Canadian Journal of Zoology 78,
1101-1104.

Kay, C.E. 1994. Abornginal overkill: the role of Native Americans in structuring
western ecosystems. Human Nature 5, 359-396.

———. 1997. Is aspen doomed? Journal of Forestry 95, 4-11.

———. 2000. Native burning in western North America: implications for hardwood
management. Pp. 19-27 in Proceedings: Workshop on Fire, People, and the
Central Hardwood Landscape. D.A. Yaussey, ed. U.S. Department of Agricul-
ture-Forest Service General Technical Report NE-274. N.p.

Kay, CLE., and C.A. White. 1995. Long-term ecosystem states and processes in the
Central Canadian Rockics: a new perspective on ecological integrity and ecosys-
tem management. Pp. 119-132 in Sustarnable Society and Protected Areas: Con-
tributed Papers of the 8th Couference on Rescarch and Resouree Management i
Parks and on Public Lands. R-M. Linn, ed. Hancock, Mich.: The George Wnght
Society.

Kav. (:.E(.., C.A. Wlate, LR. Pengelly, and B. Patton. 1999, Long-Term Fcosystem
States and Processes in Bunjfﬁ-’a{imml Park and the Contral Canadian Rockics.
Occasional Report 9, National Parks Branch. Ottawa: Parks Canada.

Landals, A. 2000. Lake Minnewanka Site 1999 nutigation program, interim report.
Contractor’s report prepared for Cultural Resource Services, Western Canada
Service Centre. Calgary., Alta.: Parks Canada,

158 Proceedings of the 11" Conference on Research and Resource Management



. Strategic
Calgary,

[innesota.

large her-
tson bison
‘ossroads.
n the Buf-

dmonton,

‘pizootiol-

1 Canada.
an Bison.

66-67.
Canada.

" National
nnatural
wreal habi-
ecies, Ca-

th elk and

versity of

son abun-

oology 78,

ructuring

wardwood
, and the
f Agricul-

ses in the
d ecosys-
eas: Con-
remeent in

re Wright

Feosysten
t Roclies.

m report,
y Canada

nagement

Langemann, I.G. 2000a. Archaeological evidence of bison in the central Rocky
Mountams. Pp. 6-12 in Proceedings of the Rocky Mountain Bison Research Fo-
rum. 'T'. Shury, ed. Banlff, Alta.: Parks Canada.

————. 2000b. Stable carbon 1sotopic analysis of archaeological bison bone: using
zooarchaeology to address questions of the past ecology of bison. Research Links
8:1,4,12.

Larsox;, I'. 1940. The role of the bison in mamntaining the shortgrass prairie. Ecelogy
21, 113-121.

Larter, N.C., A.R.E. Sinclair, and C.C. Gates. 1994. The response of predators to
an erupting bison (Bison bison athabascae) population. Canadian Field-Natural-
ist 108, 318-327.

Magne, M. 1999, Archaeology and Rocky Mountain ecosystem management: theory
and practice. The George ﬁrig/r.t Forum 16:4, 67-76.

Magne, M., K. Lesick, P.D. Francis, GG. Langemann, and R. Heitzmann. 1996. Ar-
chaeology—a critical role in ecosystem management. Cultural Resource Manage-
ment 20:4, 9-11

Malainey, M.L., and B.L. Shernfl. 1996. Adjusting our perceptions: historical and
archacological evidence of winter on the plains of western Canada. Plains An-
thropologist 41, 333-357.

Martin, P.S., and C.R. Szuter. 1999. War zones and game sinks in Lewis and Clark’s
West. Conservalion Biology 13, 36-45,

Meagher, MM, 1973, The %)r'.s'on of Yellowstone National Park. National Park Serv-
ice Scientific Monograph Series no. 1. Washington, D.C.: National Park Service.
Messter, IF. 1994. Ungulate population models wath predation: a case study with the

North American moose. Ecology 75, 478-488,

Monsalve, V.M. 2000. mtDNA analysis of samples of archaeological bones from sites
1210R (Banfl) and 16R (Rocky Mountain Iouse). Department of Pathology and
Laboratory of Medicine, University of British Co[uml)ia. Copies available from
Cultural Resource Services, Western Canada Service Centre. Calgary, Alta.:
Parks Canada.

Moodie, D.W., and A.J. Ray. 1976. Buffalo migrations on the Canadian plains.
Plains Anthropologist 21:35, 45-52.

Nietvelt, C.G. 2001. Herbivory interactions between beaver (Castor mnadmsis( and
elk (Cervns ela{)/zm} on wi?low {Salix spp) in Banfl National Park. M.Sc. thesis.
University of Alberta, Edmonton.

Packard, .M., and L..D. Mech. 1980. Population regulation in wolves. Pp. 135-150
in Biosocial Mechanisms of Populalion Regulation. M.N. Cohen, R.S. Malpass,
and H.G. Klein, eds. New Haven, Conn.: Yale University Press.

Parl({)S Canada. 1997. Banff National Park Management Plan. Banfl, Alta.: Parks

‘anada.

———. 2000a. “Unimpaired for I'nture Generalions?” Protecting Ecological Inlegrity
with Canada’s National Parks. Volione I: A Call to Action. Report of the Panel on
the Ecological Integrity of Canada’s National Parks. Ottawa: (Ell'ladial] Minmster of
Public Works and Government Services.

Reeves, B.O.K. 2000. Mistakis: the people and their land for the past 10,000 years.
Glacier National Park archaenl(Jgicarinventm‘y and assessment program, 1993-
1996, Final draft technical report. Denver: National Park Service.

Roe, .G, 1970, Lhe Novth Americaon Buffolo: A Critical Study of the Species in its
Wild State. Voronto: University of Toronto Press.

Rofte, T.]., J.C. Rhyan, K. Aune, L.M. Philo, D.R. Ewalt, and T". Gidlewski. 1999.
Brucellosis in Yellowstone National Park bison: quantitative serology and infec-
tion. fournal of Wildlife Management 63, 1132-1137.

Telfer, E.S., and A. Cairns. 1979, Bison-wapiti mterrelationships in Elk Island Na-
tional Park. Pp. Y14-121 tn Northe Amereean Elk: Ecology, Behavior. and Man-

=

in Parks and on Public Lands * The 2001 GWS Biennial Conference 159



Crossing boundaries to restore species and habitats

agement. M.S. Boyce and L..D. Hayden-Wing, eds. Laramie: University of Wyo-
ming Press.

Shury, T., ed. 2000. Proceedings of the Rocky Mountain Bison Research Forum,
Banff, Alta.: Parks Canada.

Sinclair, A.R.E. 1991. Science and the practice of wildlife management. Journal of
Wildlife Biology 55, 767-773.

Singer, F.J., and J.E. Norland. 1994. Niche relationships within a guild of ungulates
ﬁ)llowmg release from artificial controls. Cana lfmn FJonurnal of Zoology 72,
1383-1394.

Singer, F.J., and J.A. Mack. 1999. Predicting the effects of wildfire and carmvore
pleclauon on ungulates, Pp. 189-237 in &amwons in Ecosystems: The Yellow-
stone Experience. T.W, Clark, A.P. Curlee, S.C. Minta, and P.M. Kareiva, eds.
New Haven, Conn.: Yale Umversuv Press.

Smith, D.W., L.D. Mech, M. \Aeagher W.E. Clark, R. Jaffe, M.K. Phillips, and J.A.
Mack. 2000. Wolf-bison interactions in Yellowstone National Park. Journal of
Mammalogy 81, 1128-1135.

Soulé, M.E., B.A. \Vllco\ and C. Holthy. 1979. Benign neglect: a model of faunal
u)llapse in the game reserves of East Affica. Brological Conservation 15, 259-272,
Tessaro, S.V., L.B. Forbes, and C. Turcotte. 1990. A survey of brucellosis and tu-
berculosis in bison it and around Wood Buffalo National Park, Canada. Cana-

dran Veterinary Jonrnal 31, 174-180.

Van Vuren, D., and M.P. Bray. 1986. Population dynamics of bison in the Henry
Mountaius, Utah. Fournal of Mammalogy 67:3, 503-511.

Wagner, F.IH., R. Foresta, R.B. Gill, D.R. } McCullough, R.R. Pclton. W.F. Porter,
and H. Salwasser. 1995. Wildlife Policies in the U.S. National Parks. Washing-
ton, D.C.: Island Press.

White, C.A. 1985, Wildland Fires in Banff Nutional Pavk. 1880-1980. Occasional
Report 3. Ottawa: Parks Canada.

White, C.A., CLE. Olmsted, and C.I5. Kay. 1998, Aspen, elk. and hre in the Rocky
Mountain national parks of North America. Wildlife Socicly Bulletin 26. 449-462.
White, C.A., M.C. Feller, and P. Vera, 2001. New methods for testing fire history
hvpotheses in the Canadian Rockies. LForthcoming in Proceedings of the Interna-
tional Conference on Science and the Management of Protecled Areas. Wollville,

N.S.: Science and Management of Protected Kreas Association.

Wydeven, A.P., and R B. Dahlgren. 1985. Ungulate habitat relationships in Wind

Cave National Park. Fournal of Wildlife Management 49, 805-813.

160 Proceedings of the 11" Conference on Research and Resource Management



Crossing Boundaries in Park Management:
Proceedings of the 11th Conference on
Research and Resource Management in

Parks and on Public Lands

Edited by David Harmon

The George Wright Society Biennial Conference
April 16-20, 2001 » Denver, Colorado

Sponsor and Organizer:
The George Wright Society

Co-Sponsors:
National Park Service
U.S. Geological Survey Biological Resources Division

Supporter:

Fastern National

THE GEORGE WRIGHT SOCIETY
HANCOCK, MICHIGAN
2001



