8.0 DISCUSSION - DISEASE MANAGEMENT IN WBNP

The main focus of this thesis was to evaluate the potential of tuberculosis and
brucellosis to have caused the observed decline in bison abundance in WBNP since the
1950s. I have used a building block approach where I evaluated bison metapopulation
structure within WBNP, and then used these population units to evaluate
epidemiological and demographic aspects of the bison, pathogen, and predation
relationship. I have demonstrated several key aspects of the ecology of brucellosis and
tuberculosis in the WBNP bison population. First, in chapter 4 I found that the
prevalence of each pathogen has not been affected by the 5-fold decline in bison
numbers in WBNP. Dobson and Meagher (1996) proposed that brucellosis is not
sustained in populations less than 200 bison. I found that brucellosis prevalence in the
Nyarling River population was similar to that in the Delta population, although the
maximum number of bison counted in that population in the last 20 years was 236
animals. Bison population density must be very low for contact rates among bison to be
reduced to the point necessary for brucellosis disappearance. Although I could not
directly compare my tuberculosis prevalence estimates to previous surveys, I note that
tuberculosis prevalence in1950-1970 was 10% higher in the Hay Camp population than
the Delta population (Carbyn et al.1993), consistent with my estimated difference of §%.

This suggests that tuberculosis prevalence is relatively insensitive to changes in bison
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density. This is likely a consequence of the gregarious nature of bison. In general, I
conclude that the relative insensitivity of tuberculosis and brucellosis prevalence to bison
density will result in persistence of these pathogens at all but the lowest bison densities.

Second, I found that tuberculosis and brucellosis interact to affect the
demography of individual bison (chapters 5 and 6). Bison in the Hay Camp and Delta
populations with both tuberculosis and brucellosis had lower winter survival
probabilities and reduced pregnancy rates relative to those with one or neither pathogen.
The physiological mechanism behind this interaction is not clear, but I suggest that
maintaining an immune response to both pathogens is energetically costly. Ialso found
that tuberculosis-positive bison in the Nyarling River population had a reduced
pregnancy rate relative to negative bison. I maintain that due to errors in disease testing,
my estimate of the effect of these pathogens is constrained to be an underestimation of
the true effect.

Third, I have evaluated predictions of the disease-predation hypothesis, and
found that this hypothesis is a likely explanation for the decline of bison abundance in
WBNP. The trend of population decline is not unique to the Delta population, and so I
suggest that the cause of the decline cannot be ascribed to environmental conditions
unique to the Peace-Athabasca Delta. I found that predation by wolves was greater in
the Delta population than elsewhere in the park (chapter 6); however, I believe this is
simply because other populations reached low densities where predation relaxed in
advance of the Delta population. I expect predation will decline in the Delta population
as well now that numbers are low. Simulation of population dynamics with and without

exotic pathogens indicates a high probability that a population harbouring these
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pathogens will decline to low densities. In the absence of exotic pathogens or predation,
a population will likely grow to some unknown high density even if the effects of
anthrax and drowning are considered.

The potential role of tuberculosis and brucellosis in the ecology of bison in
WBNP has generated much controversy since they were introduced (reviewed by Gates
etal. 1997). W.A. Fuller (1962) asked the question, "Should further steps be taken to
control tuberculosis, and if so, should the objective be merely control, or elimination?"
(p. 41). He concluded that the effect of tuberculosis on the bison population was not
sufficient to justify elimination of the pathogen, as it would require "virtual elimination
of the bison." As there are no technologies presently available to eradicate brucellosis
and tuberculosis without whole herd depopulation and repopulation (e.g., Wobeser
1994b; Cheville et al. 1998), forty years later, we are faced with the same dilemna. A
depopulation program would cost many millions of dollars, would necessitate absence of
bison from WBNP for several years, (FEARO 1990) and would be a major intrusion into
a national park that may affect the perceived aesthetic value of a wilderness park. In
other respects, there are significant costs to the status quo. Since 1962, the WBNP bison
population has declined to a fraction of its former size; while other northern populations
appear to be thriving. For example, there are five free-ranging, exotic pathogen-free
wood bison populations in northern British Columbia, Alberta, and the Yukon and
Northwest Territories, totalling almost 3000 bison (RENEW 2001). All of these
populations are increasing in size; however, the National Recovery Plan for Wood Bison
(RENEW 2001) lists the presence of exotic pathogens in and around WBNP as the

single most important factor affecting further recovery of wood bison in northern
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Canada. Not only are further reintroductions of bison prevented within a major portion
of their range (Gates et al. 1994), but the Mackenzie Bison Sanctuary and Hay Zama
populations are at risk of becoming infected (APFRAN 1998).

What is the answer to the dilemna posted by W.A. Fuller? I believe the answer
lies in building consensus among members of the communities who are most affected by
the disease issue. In this thesis I have built an argument that introduction of tuberculosis
and brucellosis has resulted in the sustained decline in the WBNP bison population. The
people who are closest to the bison must now weigh the costs of disease management
against the costs of persistence of exotic pathogens in this system. It is clear that any
decision to eradicate tuberculosis and brucellosis must be supported by local
communities. It is only with the strength of a local consensus behind the decision that

governments will be able to conduct a pathogen eradication program.

154



8. LITERATURE CITED

Anderson, D.R., K.P. Burnham, and W.L. Thompson. 2000. Null hypothesis testing:
problems, prevalence, and an alternative. Journal of Wildlife Management 64:
912-923.

Anderson, R.M. and R.M. May. 1985. Vaccination and herd immunity to infectious
diseases. Nature 318: 323-329.

Animal, Plant and Food Health Risk Assessment (APFRAN) 1998. Risk assessment on
bovine brucellosis and tuberculosis in Wood Buffalo National Park and Area.
Canadian Food Inspection Agency, Nepean, ON.

Basson, P.A., and J.M. Hofmeyr. 1973. Mortalities associated with wildlife capture
operations. Pp. 151-153 in E. Young (ed.) The capture and care of wild animals.
Human and Rousseau, Cape Town, SA

Beringer, J., L.P. Hansen, W. Wilding, J. Fischer, and S.L. Sheriff. 1996. Factors
affecting capture myopathy in white-tailed deer. Journal of Wildlife Management
60: 373-380.

Bethke, R., Taylor, M., Amstrup, S., and F. Messier. 1996. Population delineation of
polar bears using satellite collar data. Ecological Applications 6: 311-317.

Blyth, C.B. 1995. Dynamics of ungulate populations in Elk Island National Park. M.Sc.

Thesis. University of Alberta, Edmonton, AB.

155



Burnham, K.P., and D.R. Anderson. 1998. Model selection and inference: a practical
information-theoretic approach. Springer-Verlag, New York.

Calef, G.W. 1984. Population growth in an introduced herd of wood bison (Bison bison
athabascae). Pp. 183- 200 in (R. Olson, R. Hastings, and F. Geddes eds.)
Northern ecology and resource management. University of Alberta Press,
Edmonton, AB.

Calef, G.W. and J. Van Camp. 1987. Seasonal distribution, group size and structure, and
movements of bison herds. Pp. 15-20 in (H.W. Reynolds and A.W.L. Hawley
eds.) Bison ecology in relation to agricultural development in the Slave River
Lowlands, NWT. Canadian Wildlife Service Occasional Paper Number 63.
Edmonton, AB.

Campell, B.H. and M. Hinkes. 1983. Winter diets and habitat use of Alaska bison after
wildfire. Wildlife Society Bulletin 11: 16-21.

Carbyn, L.N., N.J. Lunn, and K. Timoney, 1998. Trends in the distribution and
abundance of bison in Wood Buffalo National Park. Wildlife Society Bulletin
26:463-470.

Carbyn, L.N., S.M. Oosenbrug, and D.W. Anions. 1993. Wolves, bison and the
dynamics related to the Peace-Athabasca Delta in Canada's Wood Buffalo
National Park. Circumpolar Research Series Number 4, Canadian Circumpolar
Institute, University of Alberta, Edmonton.

Chalmers, G.A., and M.W. Barrett. 1982. Capture myopathy. Pp. 84-94 in G.L. Hoff and
J.W. Davis (eds.) Noninfectious diseases of wildlife. lowa State Univ. Press.

Ames, Iowa.

156



Chesson, J. 1983. The estimation and analysis of preference and its relation to foraging
models. Ecology 64: 1297-1304.

Cheville, N.F., D.R. McCullough, and L.R. Paulson. 1998. Brucellosis in the Greater
Yellowstone Area. National Academy of Sciences, Washington D.C. 188 Pp.
(Available online at http://www.nap.edu/openbook/0309059895/html/)

Choquette, L.P.E., E. Broughton, J.G. Cousineau, and N.S. Novakowski. 1978. Parasites
and diseases of bison in Canada IV. Serologic survey for brucellosis in Northern
Canada. Journal of Wildlife Diseases 14:329-332.

Choquette, L.P.E., J.F. Gallivan, J.L. Byrne, and J. Pilipavisus. 1961. Parasites and
diseases of bison in Canada I. Tuberculosis and some other pathological
conditions in bison at Wood Buffalo and Elk Island National Parks in the fall and
winter of 1959-1960. Canadian Veterinary Journal 2:168-174.

Corner, A.H., and R. Connel. 1958. Brucellosis in bison, elk and moose in Elk Island
National Park, Alberta, Canada. Canadian Journal of Comparative Medicine
22:9-21.

Costello, E., M.L. Doherty, M.L. Monaghan, F.C. Quigley, and P.F. O'Reilly. 1998. A
study of cattle-to-cattle transmission of Mycobacterium bovis infection. The
Veterinary Journal 155: 245-250.

Davis, D.S., J.W. Templeton, T.A. Ficht, J.D. Williams, J.D. Kopec, and L.G. Adams.
1990. Brucella abortus in captive bison. 1. Serology, bacteriology, pathogenesis,
and transmission to cattle. Journal of Wildlife Diseases 26:360-371.

Dobson, A., and M. Meagher. 1996. The population dynamics of brucellosis in the

Yellowstone National Park. Ecology 77:1026-1036.

157



Doherty, M.L., M.L. Monaghan, H.F. Bassett, P.J. Quinn, and W.B. Davis. 1996. Effect
of dietary restriction on cell-mediated immune responses in cattle infected with
Mycobacterium bovis. Veterinary Immunology and Immunopathology 49: 307-
320.

Dragon, D.C. and B.T. Elkin. 2001. An overview of early anthrax outbreaks in northern
Canada: field reports of the Health of Animals Branch, Agriculture Canada,
1962-71. Arctic 54: 32-40.

Ebedes, H. 1992. Long-acting neuroleptics in wildlife. Pp. 31-37 in H. Ebedes (ed.) The
use of tranquilizers in wildlife. Proceedings of the Wildlife Tranquilizer
Symposium. Pretoria, Republic of South Africa, 1989.

Eberhardt, L.L. 1977. Optimal management policies for marine mammals. Wildlife
Society Bulletin 5: 162-169.

Eberhardt, L.L. 1997. Is wolf predation ratio-dependent? Canadian Journal of Zoology
75: 1940-1944.

Eberhardt, L.L. 1998. Applying difference equations to wolf predation. Canadian Journal
of Zoology 76: 380-386.

Federal Environmental Assessment and Review Office. 1990. Northern diseased bison.
Environment Canada, Federal Environmental Assessment Review Office Report
No. 35. 47 Pp.

Ferguson, T.A. 1989. Native perspectives on the northern diseased bison issue: an
outline. Pp. 201-207 in Compendium of Submissions to the Northern Diseased
Bison Environmental Assessment Panel. Federal Environmental Review Office,

Vancouver, B.C.

158



Ferguson, T.A. and C. Burke. 1994. Aboriginal communities and the northern buffalo
controversy. Pp. 189-244 in J. Foster, D. Harrison, and 1.S. MacLaren (eds.)
Buffalo. University of Alberta Press, Edmonton, AB.

Fowler, C.W. 1981. Density-dependence as related to life history strategy. Ecology 62:
602-610.

Fowler, C.W. 1987. A review of density dependence in populations of large mammals.
Pp. 401-441 in H.H. Genoways (ed.) Current mammalogy, Vol. 1. Plenum
Publishing Corporation.

Francis, J. 1947. Bovine tuberculosis including a contrast with human tuberculosis.
Staples Press Limited, London. 220 Pp.

Francis, J., R.J. Seiler, L W. Wilkie, D. O'Boyle, M.J. Lumsden, and A.J. Frost. 1978.
The sensitivity and specificity of various tuberculin tests using bovine PPD and
other tuberculins. Veterinary Record 103:420-425.

Fraser, C.M., J.A. Bergeron, A. Mays and S.E. Aiello (eds.) 1991. The Merck Veterinary
Manual, 7th Edition. Merck and Co., Inc., Rahway, New Jersey.

Fuller, T.K. 1989. Population dynamics of wolves in north-central Minnesota. Wildlife
Monograph No. 105.

Fuller, T.K. and D.L. Murray. 1998. Biological and logistical explanations of variation in
wolf population density. Animal Conservation 1: 153-157.

Fuller, W.A. 1959a. The biology and management of the bison of Wood Buffalo
National Park. Ph.D. Thesis, University of Wisconsin, Madison, WI.

Fuller, W.A. 1959b. The horns and teeth as indicators of age in bison. Journal of

Wildlife Management 23: 342-344.

159



Fuller, W.A. 1962. The biology and management of the bison of Wood Buffalo National
Park. Canadian Wildlife Service Wildlife Management Bulletin Series 1 (16):1-
52.

Gaillard, J.-M., M. Festa-Bianchet, and N.G. Yoccoz. 1998. Population dynamics of
large herbivores: variable recruitment with constant adult survival. Trends in
Ecology and Evolution 13: 58-63.

Gaillard, J.-M., M. Festa-Bianchet, N.G. Yoccoz, A. Loison, and C. Toigo. 2000.
Temporal variation in fitness components and population dynamics of large
herbivores. Annual Review of Ecology and Systematics 31: 367-393.

Gall, D., K. Nielsen, L. Forbes, D. Davis, P. Elzer, S. Olsen, S. Balsevicius, L. Kelly, P.
Smith, S. Tan, and D.O. Joly. 2000. Validation of the fluorescence polarization
assay and comparison to other serological assays for the detection of serum
antibodies to Brucella abortus in Bison. Journal of Wildlife Diseases 36: 469-
4717.

Gasaway, W.C., R.D. Boertje, D.V. Grangaard, D.G. Kellyhouse, R.O. Stephenson, and
D.G. Larsen. 1992. The role of predation in limiting moose at low densities in
Alaska and Yukon and implications for conservation. Wildlife Monograph No.
120.

Gates, C.C. and N.C. Larter. 1990. Growth and dispersal of an erupting large herbivore
population in Northern Canada: the Mackenzie wood bison (Bison bison

athabascae) Arctic 43: 231-238.

160



Gates, C.C. 1993. Biopolitics and pathobiology: diseased bison in northern Canada. Pp.
271-288 in (R.E. Walter ed.) Proceedings of the Northern Public Bison Herds
Symposium. Lacrosse WI.

Gates, C.C. T. Chowns, and H. Reynolds. 1994. Wood buffalo at the crossroads. Pp.
139-165 in (J.E. Foster, D. Harrison, and 1.S. MacLaren, eds.) Buffalo.
University of Alberta Press, Edmonton, AB.

Gates, C.C., B.T. Elkin, and D.C. Dragon. 1995. Investigation, control, and
epizootiology of anthrax in a geographically isolated, free-roaming bison
population in northern Canada. Canadian Journal of Veterinary Research 59:
256-264.

Gates, C.C., B.T. Elkin, and L.N. Carbyn. 1997. The diseased bison issue in northern
Canada. Pp. 120-132 in (E.T. Thorne, M.S. Boyce, P. Nicoletti, and T. Kreeger,
eds). Brucellosis, bison, elk, and cattle in the greater Yellowstone area: defining
the problem, exploring solutions. Wyoming Game and Fish Department,
Cheyenne. WY.

Gerhart, K.L., R.G. White, R.D. Cameron, and D.E. Russel. 1996. Estimating fat content
of caribou from body condition scores. Journal of Wildlife Management 60: 713-
718.

Griffin, J.F.T., and G.S. Buchan. 1994. Aetiology, pathogenesis and diagnosis of
Mycobacterium bovis in deer. Veterinary Microbiology 40:193-205.

Gulland, F. 1997. The impact of parasites on wild animal populations. Parassitologica

39:287-291.

161



Haigh , J.C., and C.C. Gates. 1995. Capture of wood bison (Bison bison athabascae)
using carfentanil-based mixtures. Journal of Wildlife Diseases 31:37-42.

Haigh, J.C. 1990. Opioids in zoological medicine. Journal of Zoo and Wildlife Medicine
21:391-413.

Haigh, J.C., C. Gates, A. Ruder, and R. Sasser. 1991. Diagnosis of pregnancy in wood
bison using a bovine assay for pregnancy-specific protein B. Theriogenology
36:749-754.

Hanski, I. 1994. A practical model of metapopulation dynamics. Journal of Animal
Ecology 63: 151-162.

Heisey, D.M. and T.K. Fuller. 1985. Evaluation of survival and cause-specific mortality
rates using telemetry data. Journal of Wildlife Management 49: 668-674.

Holling, C.S. 1959. The components of predation as revealed by a study of small-
mammal predation of the European pine sawfly. Canadian Entomologist 91: 293-
320.

Holling, C.S. 1965. The functional response of predators to prey density and its role in
mimicry and population regulation. Memoirs of the Entomological Society of
Canada 45: 1-60.

Hooge, P.N. and B.E. Eichenlaub. 1997. Animal movement extension to ARCVIEW.
Version 1.1. Alaska Biological Science Center, United States Geological Survey,
Anchorage, AK. [URL http://www.absc.usgs.gov/glba/gistools/ ]

Hosmer, D.W., and S. Lemeshow. 1989. Applied logistic regression. John and Wiley &

Sons, New York.

162



Hudson, R.J., T. Tennessen, and A. Sturko. 1976. Behavioural and physiological
reactions of bison to handling during an anthrax vaccination program in Wood
Buffalo National Park. Pp. G1-G21 in J.G. Stelfox (ed.) Wood Buffalo National
Park: bison research 1972-1976. 1976 Annual Report. Canadian Wildlife
Service/Parks Canada.

Huggard, D.J. 1993. Prey selectivity of wolves in Banff National Park. I. Prey species.
Canadian Journal of Zoology 71:130-139.

Jarman, P.J. 1982. Prospects for interspecific comparison in sociobiology. Pp. 323-342
in King's College Sociobiology Group (editors) Current problems in
sociobiology. Cambridge University Press, Cambridge, U.K.

Jedrezejewski, W., B. Jedrzejewska, H. Okarma, K. Schmidt, K. Zub, and M. Musiani.
2000. Prey selection and predation by wolves in Bialowieza Primeval Forest,
Poland. Journal of Mammalogy 81: 197-212.

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

Joly, D.O., F.A. Leighton, and F. Messier, 1998. Tuberculosis and brucellosis infection
of bison in Wood Buffalo National Park, Canada: preliminary results. Pp.. 23-31
in L. Irby et al. (eds.). Proceedings of the International Symposium on Bison
Ecology and Management in North America, June 1997, Bozeman, Montana.

Kiracofe, G.H., J.M. Wright, R.R. Schalles, C.A. Ruder, S. Parish, and R.G. Sasser.
1993. Pregnancy-specific protein B in serum of postpartum beef cows. Journal of

Animal Science 71: 2199-2205.

163



Komers, P.E., F. Messier, and C.C. Gates. 1992. Search or relax: the case of bachelor
wood bison. Behavioral Ecology and Sociobiology. 31: 195-203.

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-Naturalist
108: 318-327.

Larter, N.C., A.R.E. Sinclair, T. Ellsworth, J. Nishi, and C.C. Gates. 2000. Dynamics of
reintroduction in an indigenous large ungulate: the wood bison of northern
Canada. Animal Conservation 4:299-309.

Larter, N.C., and C.C. Gates. 1994. Home-range size of wood bison: effects of age, sex,
and forage availability. Journal of Mammalogy 75:142-149.

Legg, J. and J.C.J. Maunder. 1940. Synthetic medium tuberculins: the single intradermal
caudal fold test. Australian Veterinary Journal 16:50-67.

Levins, R. 1969. Some demographic and genetic consequences of environmental
heterogeneity for biological control. Bulletin of the Entomological Society of
America 3: 237-240.

Lewis, R.J. 1977. Capture myopathy in elk in Alberta, Canada: a report of three cases.
Journal of the American Veterinary Association 171: 927-932.

Lin, M., E.A. Sugden, M.E. Jolley, and K. Stilwell. 1996. Modification of the
Mycobacterium bovis extracellular protein MPB70 with fluorescin for rapid
detection of specific serum antibodies by fluorescence polarization. Clinical and
Diagnostic Laboratory Immunology 3: 438-443.

MacMillan, A. 1990. Conventional serological tests. Pp. 153-197 in K. Nielsen and J.R.

Duncan. Animal Brucellosis. CRC Press, Florida.

164



McCarty, C.W. and M.W. Miller. 1998. A versatile model of disease transmission
applied to forecasting bovine tuberculosis dynamics in white-tailed deer
populations. Journal of Wildlife Diseases 34: 722-730.

McLoughlin, P.D. 2000. The spatial organization and habitat selection patterns of
barren-ground grizzly bears in the central Arctic. Ph.D. Thesis, University of
Saskatchewan, Saskatoon SK.

Messier, F. 1989. Effects of bison population changes on wolf-prey dynamics in and
around Wood Buffalo National Park. Pp. 229-262. in Northern Diseased Bison
Environmental Assessment Panel: compendium of government submissions and
technical specialist reports in response to the panel information requirements
document. Federal Environmental Assessment Review Office, Vancouver, B.C.

Messier, F. 1994. Ungulate population models with predation: a case study with the
North American moose. Ecology 75: 478-488.

Messier, F. 1995. On the functional and numerical responses of wolves to changing prey
density. Pp. 187-197 in (L.N. Carbyn, S.H. Fritts, and D.R. Seip. eds). University
of Alberta Press, Edmonton, AB.

Messier, F. and C. Blyth. 1995. Bison-ecosystem interactions in the greater Wood
Buffalo National Park: conceptual models and research priorities. Unpublished
report to Canadian Heritage, Wood Buffalo National Park, P.O. Box 750, Fort
Smith NWT Canada, XOE 0PO, 32 Pp.

Messier, F. and D.O. Joly. 2000. Comment: regulation of moose populations by wolf

predation. Canadian Journal of Zoology 75: 1940-1944.

165



Mitchell, J., C. Kaeser, and M. Bradley. 2000. Wood Buffalo National Park 1999
ungulate reconnaissance survey. Unpublished field report. Wood Buffalo
National Park, Ft. Smith, NT XO0E OPO.

Monaghan, M.L., M.L. Doherty, J.D. Collins, J.F. Kazda, and P.J. Quinn. 1994. The
tuberculin test. Veterinary Microbiology 40: 111-124.

Nielsen, K.H., L. Kelly, D. Gall, S. Baslevicius, J. Bosse, P. Nicolleti, and W. Kelly.
1996. Comparison of enzyme immunoassays for the diagnosis of bovine
brucellosis. Preventive Veterinary Medicine 26:17-32.

Northern Bison Management Review Board. 1992. Northern buffalo management
program report. Northern Buffalo Management Board. 131 Pp.

Novakowski, N.S. 1965. Slaughter report - Grand Detour 1964-1965. Unpublished
report No. 1105, Canadian Wildlife Service, Ottawa, ON.

Noyes, J.H., R.G. Sasser, B.K. Johnson, L.D. Bryant, and B. Alexander. 1997. Accuracy
of pregnancy detection by serum protein (PSPB) in elk. Wildlife Society Bulletin
25:695-698.

Olden, J.D., and D.A. Jackson. 2000. Torturing my data for the sake of generality: how
valid are my regression models? Ecoscience 7: 501-510.

O'Reilly, L.M., and C.J. Daborn. 1995. The epidemiology of Mycobacterium bovis
infections in animals and man: a review. Tubercle and Lung Disease 76
(Supplement) 1: 1-46.

Peace-Athabasca Delta Technical Studies. 1996. Final Report. Box 38, Fort Chipewyan,

AB TOP 1BO.

166



Peterman, R.M. 1990. Statistical power analysis can improve fisheries research and
management. Canadian Journal of Fisheries and Aquatic Sciences 47: 2-15.

Plum, N. 1924. Tuberkules Kastning hos Kveg, 225 iagttagne Tilfelde. Maanedskr. for
Dyrlager 45: 321 (not seen, cited in Plum, 1937).

Plum, N. 1937. Tuberculous abortion in cattle. Acta Pathologica et Microbiologica
Scandinavica Supplement 37: 438-448.

Prins, H.H.T. and F.J. Weyerhauser. 1987. Epidemics in populations of wild ruminants:
anthrax and impala, rinderpest and buffalo in Lake Manyara National Park,
Tanzania. Oikos 49: 28-38.

Pulliam, H. R. 1996. Sources and sinks: Empirical evidence and population
consequences. Pp. 45-69 in Population dynamics in ecological space and time.
University of Chicago Press, Chicago.

Pulliam, H.R. 1988. Sources, sinks and population regulation. American Naturalist 132:
652-661.

Real, L.A. 1977. The kinetics of functional response. American Naturalist 111: 289-300.

Real, L.A. 1979. Ecological determinants of functional response. Ecology, 60: 481-485.

Recovery of Nationally Endangered Wildlife (RENEW) 2001. National recovery plan for
the wood bison (Bison bison athabascae). No. 21. Canadian Wildlife Service
Ottawa, ON.

Rhyan, J.C. 2000. Brucellosis in terrestrial wildlife and marine mammals. Pp. 161-184 in
C. Brown and C.A. Bolin (eds.) Emerging diseases of animals. ASM Press,

Washington, DC.

167



Rhyan, J.C., T. Gidlewski, T.J. Roffe, K. Aune, L.M. Philo, and D.R. Ewalt. 2000.
Pathology of brucellosis in bison from Yellowstone National Park. Journal of
Wildlife Diseases 37: 101-109.

Rhyan, J.C., W.J. Quinn, L.S. Stackhouse, J.J. Henderson, D.R. Ewalt, J.B. Payeur, M.
Johnson, and M. Meagher. 1994. Abortion caused by Brucella abortus Biovar 1
in a free-ranging bison (Bison bison) from Yellowstone National Park. Journal of
Wildlife Diseases 30:445-446.

Rodwell, T.C., I.J. Whyte, and W.M. Boyce. 2001. Evaluation of population effects of
bovine tuberculosis in free-ranging African Buffalo (Syncerus caffer). Journal of
Mammalogy 82: 231-239.

Roffe, T.J., J.C. Rhyan, K. Aune, L.M. Philo, D.R. Ewalt, T. Gidlewski, and S.G.
Hennager. 1999. Brucellosis in Yellowstone National Park Bison: quantitative
serology and infection. Journal of Wildlife Management 63: 1132-1137.

Roffe, T.J., M. Friend, and L.N. Locke. 1994. Evaluation of causes of wildlife mortality.
Pp. 324-348 in T.A. Bookhout (ed.) Research and management techniques for
wildlife and habitats. 5th edition. The Wildlife Society, Bethesda, Maryland.

Romesburg, H.C. 1984. Cluster analysis for researchers. Wadsworth, Belmont CA.

Rothstein, A., and J.G. Griswold. 1991. Age and sex preferences for social partners by
juvenile bison bulls, Bison bison. Animal Behaviour 41: 227-237.

Semambo, D.K.N., P.D. Eckersall, R.G. Sasser, and T.R. Ayliffe 1992. Pregnancy-
specific protein B and progesterone in monitoring viability of embryo in early
pregnancy in the cow after experimental infection with Actinomyces pyogenes.

Theriogenology 37: 741-748.

168



Siegel, S. and N. J. Castellan. 1988. Nonparametric statistics for the behavioral sciences.
2" Ed. McGraw-Hill, Inc. New York.

Sinclair, A.R.E. 1979. Dynamics of the Serengeti ecosystem: process and pattern. Pp. 1-
30 in Sinclair, A.R.E., and M. Northorn-Griffiths (eds.). Serengeti: dynamics of
an ecosystem. Chicago University Press, Chicago, IL.

Smith, D.W., L.D. Mech, M. Meagher, 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.

Sokal, R.R., and F. J. Rohlf. 1995. Biometry 3" edition. W.H. Freeman Co. New York,
887 Pp.

Solomon, M.E. 1949. The natural control of animal populations. Journal of Animal
Ecology 18: 1-35.

Soper, J.D. 1941. History, range, and home life of the northern bison. Ecological
Monographs 11:347-412.

Spraker, T.R. 1982. An overview of the pathophysiology of capture myopathy and
related conditions that occur at the time of capture of wild animals. Pp. 150-164
in L. Neilsen, J.C. Haigh and M.E. Fowler (eds.) Chemical immobilization of
North American Wildlife. Wisconsin Humane Society Inc.

Taylor, M.K. and L.J. Lee. 1995. Distribution and abundance of Canadian polar bear

populations: a management perspective. Arctic 48: 147-154.

169



Taylor, M.K., Akeeagok, S., Andriashek, D., Barbour, W., Born, E.-W., Calvert, W.,
Cluff, H.D., Ferguson, S.H., Laake, J., Rosing-Asvid, A., Stirling, I., and F.
Messier. 2001. Delineating Canadian and Greenland polar bear (Ursus
maritimus) populations by cluster analysis of movements. Canadian Journal of
Zoology 79: 690-709.

Tessaro, S.V. 1986. The existing and potential importance of brucellosis and
tuberculosis in Canadian wildlife: a review. Canadian Veterinary Journal 27:119-
124.

Tessaro, S.V. 1987. A descriptive and epizootiologic study of brucellosis and
tuberculosis in bison in northern Canada. Ph.D. dissertation. University of
Saskatchewan, Saskatoon, SK.

Tessaro, S.V. 1989. Review of the diseases, parasites, and miscellaneous pathological
conditions of North American bison. Canadian Veterinary Journal 31: 174-180.

Tessaro, S.V., C.C. Gates, and L.B. Forbes. 1993. The brucellosis and tuberculosis status
of wood bison in the Mackenzie Bison Sanctuary, Northwest Territories, Canada.
Canadian Journal of Veterinary Research 57:231-235.

Tessaro, S.V., L.B. Forbes, and C. Turcotte. 1990. A survey of brucellosis and
tuberculosis in bison in and around Wood Buffalo National Park, Canada.
Canadian Veterinary Journal 31:174-180.

Thoen, C.O., K.J. Throlson, L.D. Miller, E.M. Himes, and R.L. Morgan. 1988.
Pathogenesis of Mycobacterium bovis infection in American bison. American

Journal of Veterinary Research 49: 1861-1865.

170



Van Camp, J. 1987. Predation on bison. Pp. 25 - 33 in (H.W. Reynolds and A.W.L.
Hawley eds.) Bison ecology in relation to agricultural development in the Slave
River Lowlands, NWT. Canadian Wildlife Service Occasional Paper Number 63.
Edmonton, AB.

Van Camp, J. and G.W. Calef. 1987. Population dynamics of bison. Pp. 21-24 in (H.W.
Reynolds and A.W.L. Hawley eds.) Bison ecology in relation to agricultural
development in the Slave River Lowlands, NWT. Canadian Wildlife Service
Occasional Paper Number 63. Edmonton, AB.

Van Zyll de Jong, C.G., C.C. Gates, H. Reynolds, W. and Olson. 1995. Phenotypic
variation in remnant populations of North American bison. Journal of
Mammalogy 76: 391-405.

Wells, J.V. and M.E. Richmond. 1995. Populations, metapopulations, and species
populations: what are they and who should care? Wildlife Society Bulletin 23:
458-462.

Williams, E.S., E.T. Thorne, S.L.. Anderson, and J.D. Herriges, Jr. 1993. Brucellosis in
free-ranging bison (Bison bison) from Teton County, Wyoming. Journal of
Wildlife Diseases 29:118-122.

Wilson, G.A. and C. Strobeck. 1999. Genetic variation within and relatedness among
wood and plains bison populations. Genome 42: 483-496.

Wobeser, G. 1981. Diseases of wild waterfowl. Plenum Press, New Y ork.

Wobeser, G.A. 1994a. Investigation and management of disease in wild animals. Plenum

Press, New York, NY.

171



Wobeser, G. 1994b. Disease in northern bison: what to do? A personal perspective. Pp.
179-188 in (J.E. Foster, D. Harrison, and 1.S. MacLaren, eds.) Buffalo.
University of Alberta Press, Edmonton, AB.

Wobeser, G.A. and T.R. Spraker. 1980. Post-mortem examination. Pp. 89-98 in S.D.
Schemnitz (ed.) Wildlife management techniques manual. 4th edition. The
Wildlife Society, Washington, DC.

Wood Buffalo National Park. 1995. Bison movement and distribution study final report.
Wood Buffalo National Park Technical Report 94-08WB, Box 750, Fort Smith
NT, XO0E 0PO.

Wrona, F.J. and R.W.J. Dixon 1991. Group size and predation risk: a field analysis of
encounter and dilution effects. American Naturalist 137: 186-201.

Yuill, T.M. 1987. Diseases as components of mammalian ecosystems: mayhem and
subtlety. Canadian Journal of Zoology 65: 1061-1066.

Zar, J.H. 1996. Biostatistical analysis. 3" edition. Prentice-Hall, Saddle River, NIJ.

172



APPENDIX A. DRUG DOSAGES USED TO CAPTURE AND HANDLE BISON

Table Al. Drug dosages used during capture and captivity while handling bison in Wood Buffalo National Park, 1997 and 1998. Mean

dose from a single injection is indicated by age group; standard error and sample size follows in parentheses.

Drug Calves Sub-adults Adult females Adult males
1997
Day 1 Azaperone (ug/kg) 49.9 49.9 43.5 52.2
(2.37,21) (3.86,42) (0.70, 43) (-, 1)
Day 1 Carfentanil (ug/kg) - -- 5.0 5.0
(0, 3) (0, 3)
Day 1 Xylazine/Rompun (ug/kg) -- -- 22.5 63.1
(0, 3) (0, 3)
Day 1 Naltrexone (mg/kg) 0.8 0.9 0.7 0.7
(0.19, 2) (0.06, 4) (0.04, 2) (0.04, 3)
Day 1 LAN (mg/kg) 0.6 0.8 0.8 1.0
(0.03, 22) (0.04, 38) (0.03, 39) (-, 1)
Day 3 Carfentanil (ug/kg) 59 5.6 4.3 5.0
(0.46, 22) (0.53,42) (0.08, 43) (0.33,3)
Day 3 Xylazine/Rompun (ug/kg) 99.7 63.1 47.8 63.1



Drug Calves Sub-adults Adult females Adult males
(10.57, 6) (9.95,5) (5.04,7) (4.59, 3)
Day 3 Naltrexone (mg/kg) 0.7 0.9 0.6 0.6
(0.04, 15) (0.08, 38) (0.01, 37) (0.05, 3)
1998
Day 1 Azaperone (ug/kg) 64.1 61.5 56.5 --
(2.86, 21) (1.47, 35) (0.16, 51)
Day 1 Carfentanil (ug/kg) - -- - 7.2
0,7)
Day 1 Xylazine/Rompun (ug/kg) - - -- 82.3
0,4)
Day 1 Naltrexone (mg/kg) -- -~ -- 0.9
(0.04,7)
Day 1 LAN (mg/kg) 0.4 0.5 0.5 --
(0.02, 21) (0.01, 35) (0.01, 51)
Day 3 Carfentanil (ug/kg) 34 3.7 3.6 6.9
(0.13, 21) (0.10, 34) (0.07, 48) (0.26,7)
Day 3 Xylazine/Rompun (ng/kg) 59.2 56.2 44.9 82.5
(2.48,17) (2.55, 24) (1.31, 40) (3.04,7)



Drug Calves Sub-adults Adult females Adult males
Day 3 Naltrexone (mg/kg) 0.5 0.6 0.6 1.0
(0.02, 21) (0.02, 33) (0.02,47) (0.03, 6)
Day 3 Tolazoline (mg/kg) 1.3 1.9 1.8 --
(0.07,21) (0.07,31) (0.04, 42)




Table A2. Drug dosages used for the capture and captivity techniques to handle bison in Wood Buffalo National Park, 1997 and 1998
(bison with multiple injections). Mean dose from each injection is indicated by age group; standard error and sample size
follows in parentheses.

Subadults Adult Females Adult Males
Drug 1" Injection 2™ Injection 1% Injection 2" Injection 3™ Injection 1% Injection 2™ Injection
1997
Day 1  Azaperone (ug/kg) 53.8 - 48.1 - - - --
(__a 1) (2109 2)
Day 1 Carfentanil (ug/kg) - - 7.5 - -- 5.1 3.9
(-~ 5) (0.65, 5) (2.99,2)
Day 1 Xylazine/Rompun (ug/kg) - - 75.4 - - 55.3 60.5
(- 1) (5.44,4) (11.47,2)
Day 1 Naltrexone (mg/kg) - - 1.0 - - 0.7 -
(- 1) (0.13, 5)
Day 1 LAN (mgkg) - - 1.0 - - - --
(0.05, 2)
Day 3  Carfentanil (ug/kg) 4.6 1.7 5.6 5.6 - 4.6 4.6
(- 1) (- 1) (1.17,2) (1.17,2) (0.37,4) (0.52, 3)
Day 3  Xylazine/Rompun (ug/kg) - - 75.4 - - 56.5 58.2
(- 1) (4.68,4) (6.17, 3)



Subadults Adult Females Adult Males

Drug 1" Injection 2" Injection 1% Injection 2" Injection 3™ Injection 1% Injection 2™ Injection
Day 3  Naltrexone (mg/kg) 1.1 - 1.2 - - 0.9 -
(- 1) (0.34,2) (0.04, 4)
1998
Day 1  Azaperone (ug/kg) 62.7 - 57.7 - - - -
(3.96, 3) (1.34,5)

Day 1 Carfentanil (ug/kg) - - - - - 6.1 6.5
(0.36, 6) (1.63,2)

Day 1 Xylazine/Rompun (ug/kg) - - - - - 68.4 -
(6.08, 4)

Day 1 Naltrexone (mg/kg) - - - - - 1.0 -
(0.11, 6)

Day 1 LAN (mgkg) 0.6 - 0.5 - - - -

(0.05, 3) (0.01, 5)



Subadults Adult Females Adult Males

Drug 1" Injection 2" Injection 1% Injection 2" Injection 3™ Injection 1% Injection 2™ Injection
Day 3  Carfentanil (ug/kg) 3.7 2.5 3.7 1.8 - 6.0 5.8
(0.33,3) (0.68, 3) (0.15,5) (0.74, 3) (0.35, 6) (0.54,4)
Day 3  Xylazine/Rompun (ug/kg) 40.9 40.9 42.7 61.4 62.2 70.9 69.1
(- 1) (- 1) (4.98,4) (6.07,4) (- 1) (4.21, 6) (6.40,4)
Day 3  Naltrexone (mg/kg) 0.7 - 0.6 - - 1.1 -
(0.12, 3) (0.06, 4) (0.17, 6)
Day 3  Tolazoline (mg/kg) 2.0 - 1.9 - - - -

(0.18, 3) (0.10, 5)




Table A3. Mean naltrexone:carfentanil ratio (standard error, sample size) used in handling bison (single and multiple injections on

days 1 and 3 of capture) in Wood Buffalo National Park, 1997 and 1998.

Injection Calves Subadults Adult Females Adult Males
1997

Day 1 Single -- -- 133.3 139.0
0,2) (8.3,3)

Day 3 Single 141.1 155.8 147.9 127.2
(8.1, 15) (3.0, 38) (2.0,36) (1.0, 3)

Day 1 Multiple -- - 133.3 122.0
("9 1) (949 5)

Day 3 Multiple -- 166.7 101.9 125.6
(-, 1) (9.3,2) (18.1, 4)



Injection Calves Subadults Adult Females Adult Males
1998

Day 1 Single -- -- -- 130.6
(2.0,7)

Day 3 Single 140.5 151.8 163.6 146.8
(4.0,21) (3.5,33) (2.8,47) (2.5, 6)

Day 1 Multiple -- -- -- 132.0
(13.2,6)

Day 3 Multiple -- 119.8 154.1 115.1
(2.8, 3) (17.1,4) (14.3, 6)




APPENDIX B. DISCUSSION OF CAPTURE-RELATED MORTALITY

B1. Capture and captivity

There were nine acute (i.e., within 3 days of capture) mortalities in the three
years of the study. In 1997, an adult female bit off her tongue during capture, severing it
approximately 15 cm posterior to the tip. The bison was euthanized as I concluded she
would not have been able to forage without a tongue and would starve. The second
mortality was an adult female who died in the pen two days after capture. The bison was
found in right lateral recumbency and had large amounts of internal fat deposits
suggesting the animal was not in nutritional stress. This individual was among the first
few bison handled, and among those few that were administered a general sedative
(carfentanil and xylazine) at the corral, and after the sedative was reversed, the bison had
to be aided in returning to it sternum. Haigh and Gates (1995) recommend a Naltrexone
to Carfentanil ratio of at least 125 mg Naltrexone: 1 mg Carfentanil when reversing a
sedated animal. This animal received a more conservative ratio of 133 mg Naltrexone: 1
mg Carfentanil, therefore re-narcotization is not likely to have been the cause of death.
A slight pale colour in the semitendinosis muscle as well as slight edema found between
the semimembranosus and semitendinosis muscles is consistent with reported symptoms
of capture myopathy in bison, pronghorn antelope, and elk (Hudson et al. 1976,
Chalmers and Barrett 1977, Lewis et al. 1977). The third acute mortality in 1997 was

an adult female who appeared normal at time of capture. She arrived dead at the pen
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after a four minute transport. The bison had excellent fat deposits. Both the lungs and
heart appeared normal, and no gross signs of capture myopathy were visible.

In 1998 there four acute mortalities. In the first case an adult female was found
in sternal recumbency in the pen. She had melted through the ice in the bottom of the
pen, and was found sitting in approximately two feet of water. Although still alive, she
was slightly hypothermic (body temperature 36.5°C). She died the following day. I
suspect that she was suffering from capture myopathy and was unable to stand up.
Because of this mortality, the placement of pens was changed; subsequently, pens were
only located where there was evidence of active bison feeding as an indication that the
ground was solid under the snow. In the second case a female yearling was found dead
in the pen on the third day of captivity. She was in right lateral recumbency. It appears
as if she became “cast” (i.e., on it side) and was unable to right herself. The cause of
death was aspiration of rumen contents. The third mortality, that of an adult female, was
also a consequence of capture myopathy. Although she was able to walk with difficulty
upon release from the pen, in two days she had only moved 15 metres away from the
pen. It rear legs were dysfunctional, and she was euthanized to prevent further suffering.
All of these mortalities occurred in animals that were captured and handled using the net
gun and captivity technique. Overall, 2.5% (6/236) of the bison handled with the capture
and corall technique suffered acute mortality (i.e., within three days of capture).

There were 11 bison mortalities within 60 days of capture in 1997. Three bison
were killed by wolves within 10 days of release from the pen. Insufficient remains were
present upon investigation to determine whether these bison suffered from capture

myopathy; however, to be conservative I assume these deaths were related to capture.
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Four bison mortalities were discovered first telemetry flight after the capture operation
(April 6, 1997), so these mortalities were detected 32-37 days after release from the pen.
In the first case a pack of wolves was found present on the carcass upon location 37 days
after release. The carcass was not yet fully frozen indicating a recent (< 2 days)
mortality, and there was evidence of a chase sequence in the snow as well as other
evidence of a struggle. I conclude that wolves were likely the proximate source of
mortality, and due to the time elapsed since release from the pen (35-37 days) I do not
believe capture was involved in the mortality of the bison. In two of the four cases,
evidence of chase and struggle and disarticulation of skeletal material also indicated that
wolves were the proximate source of mortality. Insufficient remains were found to
determine timing of mortality, therefore I cannot exclude after-effects of capture. The
fourth bison was determined to be dead on an aerial survey 33 days after release from the
pen; however [ was unable to conduct a ground investigation until much later in the
summer so I do not know the time or cause of death of this bison. I cannot exclude, and
therefore assume, a capture-related source of mortality for this bison. All three of the
remaining bison had been located alive in herds of 21-50 bison 49-52 days after release.
One of these apparently drowned during a spring flood along the Peace River, and the
cause of death could not be determined in the other two bison. I conclude that capture
was not implicated in the mortality of these three bison.

There were eight mortalities of female bison within 60 days of release from the
pen in 1998. The first was a four year old female discovered five days after release from
the pen. The carcass was found intact indicating that predation had not occurred.

Logistical reasons prevented a full necropsy of this individual; however, I strongly
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suspect that this bison died as a consequence of capture-related stress, possibly capture
myopathy. The second individual, a 17 year old female, was discovered six days after
release from the pen in lateral recumbency. It colon serosa was dark red and the serosal
surface exhibited ecchymoses. The colon contents were hard and dry, and copious
quantities of fibrin was present in the colon and cecum. In addition, about 400 ml of
straw coloured fluid was present in the abdomen. No fecal matter was present in the
body, and only raisin sized fecal pellets were located in the vicinity of the carcass. The
cause of death was determined to be colonic impaction related to dehydration during
captivity. The third bison, a two year old female, was discovered 12 days after release
from the pen. The carcass was discovered in lateral recumbency, and there was evidence
of thrashing as if she was attempting to stand. Although I could not conduct a full
necropsy, I conclude that this bison died of capture-related stress. The fourth bison was
discovered within 10 days of release from the pen, and on investigation it was
determined that wolf predation was the proximate cause, although I do not exclude
capture-related stress due to the short time since release. The fifth bison, a subadult
female, was discovered 15 days after release from the pen, clearly having been killed by
wolves. Straw-coloured fluid had been extracted from the left carpal joint at capture,
and she had a very high serological titre for brucellosis (complement fixation assay titre
1:5120). I cannot exclude capture-related stress due to the short time since release,
although the presence of an active brucellosis infection and associated lesions may have
predisposed it to wolf predation. Two bison were discovered dead 45 days after release
from captivity, both 13 year old females. I could not determine if the first bison was

killed by wolves or scavenged post mortem, although wolves had almost completely
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consumed the carcass. As this bison had not been relocated since release from the pen
and so time of death is unknown, I cannot exclude capture related mortality. In the
second case the carcass was discovered in 45 cm of water from the spring melt. The
carcass was disarticulated, with the bones scattered over a large area. Although the
spring melt had washed away any other evidence of a kill, I believe that wolf predation
was the proximate cause of mortality in this case. This bison gave no indication of being
in distress upon release, and was relocated alive 24 days after release in a large (21-50
animals) herd of bison. Therefore, I strongly believe that this bison died of natural
predation unrelated to capture.

I excluded male bison less than one year of age in this analysis due to small
sample sizes and a lack of a control. However, two of six male calves were killed by
wolves in 1998. Upon first relocation 15 days after release, the first calf was located
alive in a small herd of bison. On the next flight 10 days later the bison was found to
have been killed by wolves (indicated by a chase sequence in the snow). Bison of this
age experience high rates of mortality (e.g., compare calf:cow to yearling:cow ratios in
Carbyn et al. 1998); and so I believe this to be natural predation. In the second case of
mortality among this age class, the male calf was found to have been killed by wolves on
a survey 15 days after release. I cannot exclude a capture-related cause of mortality in
this case. There were no mortalities among eight male calves handled with this

technique in 1997.
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B2. Net-gun

There were no mortalities among bison handled with this technique in 1998 (n =
11). In 1999, an adult female was captured using a net gun and released after handling.
While processing, wolves were heard howling in the vicinity of the capture site. She
was found dead two days after release approximately 20 km from the capture site, clearly
having been killed by wolves (e.g., a chase sequence and signs of a struggle were
visible). While this mortality occurred within 3 days of capture, I elected to treat this
mortality in the analysis as a "chronic" mortality as the distance travelled from the
capture site (20 km) suggests she did not suffer from capture myopathy. One other
mortality occurred within 60 days of capture using this technique: a subadult female was
relocated dead eight days after release. The mortality was in a remote location and so I
could not investigate the mortality until late spring, at which point I was unable to
determine the cause of mortality. I suspect capture myopathy played a role in this

mortality.

B3. Darting

Two adult males died within three days of capture (2/34 or 5.8%). In the first
case, an adult male appears to have tread on thin ice a day after release from the first
handling event, fallen through and drowned. I cannot exclude re-narcotization as a
possible factor in this mortality, although nearby snowmobile tracks suggest that he was
startled and consequently ran on to the thin ice. In the second case, an adult male died

after chemical immobilization with carfentanil. The bull showed no sign of sedation 11
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minutes after the first dart was injected, and so a second was fired. Five minutes after
the second dart the bull laid down and after fifteen minutes (while another male was
being processed) the bull died. The bull was in good physical condition, although
lesions consistent with tuberculosis as well as brucellosis were found internally. The
immobilizing drug carfentanil has a wide margin of safety in bison and so I would not
expect the cause of death to be a drug overdose. Consequently, I conclude that the cause
of death is acute capture myopathy.

There were two mortalities among darted adult males that occurred within 60
days of capture (n =1 in 1998 and 1999), or 9.5% of bulls handled in this matter (2/21).
In 1998, a 14 year old bull was darted and reversed uneventfully (naltrexone: carfental
ratio 142:1). He was in poor body condition at capture (i.e., had poor fat deposits, body
condition score 1/5). He was relocated alive 12 and again 22 days after release alive;
however, he was discovered dead 31 days after release. The carcass was intact (i.e., not
a wolf kill), although some scavenging had occurred. I conclude that although capture
may have accelerated the process of mortality, this bull had poor survival prospects
during the most difficult time of year for bison (late winter). The second mortality was
of an adult male 10 days after release in 1999. The first day capture was relatively
uneventful; two doses of carfentanil and xylazine (4 mg of carfentanil and 50 mg of
xylazine) were required to immobilize the bison although this may have been the result
of poor placement of the first dart. I did have to inject another 60 mg of xylazine to
maintain sedation during handling. He was reversed with naltrexone and tolazoline
uneventfully. The third day capture was more difficult, as two darts of carfentanil and

xylazine as well as another 300 mg of xylazine were required to maintain sedation. He
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was injected with 24 cc of each of tolazoline and naltrexone to reverse the xylazine and
carfentanil respectively after handling. He was relocated dead 10 days after release, and
the necropsy conducted 5 days later revealed that he had been killed by wolves. As
wolves seem to rarely target adult males, I believe that re-narcotization may have

occurred and contributed to the death of this male.
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